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統合_0001 M. Zuo, I. Gamache, K. Fagbemi, F. R. Day, K. K.
Ong and D. Manousaki 2025

The causal role of endocrine 
disrupting chemicals in pubertal 
timing: a Mendelian randomization 
study

OBJECTIVES: Endocrine disrupting chemicals (EDCs) interfere with hormonal homeostasis, and have been observationally linked to altered pubertal timing, defined by the age of menarche (AAM) in girls and the age at 
voice change (AVC) in boys. However, the causality of these associations remains unclear. We used Mendelian randomization (MR) to investigate if genetically altered serum EDC levels affect pubertal timing. METHODS: 
We performed univariate MR to assess the effects of 22 EDCs on AAM and AVC, using the largest GWAS for EDCs as well as European and multi-ethnic GWAS on AAM and AVC. Multivariate MR (MVMR) and two-step 
MR were conducted to examine mediating effects of body mass index (BMI). RESULTS: We found causal MR associations with AAM for three polychlorinated biphenyls (PCBs): PCB 74 (β(IVW): -0.015, 95 % CI [-0.028, -
0.003], p=0.014), PCB 194 (β(IVW): -0.015, 95 % CI [-0.024, -0.007], p=3.27×10(-4)), and PCB 206 (β(IVW): -0.024, 95 % CI [-0.041, -0.006], p=0.0068) and for dibutyl phthalate (DBP, β(IVW): 0.006, 95 % CI [0.001, 
0.010], p=0.013). One MR association was found with AVC for bisphenol A (BPA, β(Wald ratio)= -0.032, 95 % CI [-0.044, -0.019], p=2.62×10(-7)). Mediation analyses by MVMR or Two-Step MR suggested BMI's 
mediating role in the associations of EDCs with AAM and AVC. CONCLUSIONS: Our findings indicate that exposure to specific PCBs leads to earlier AAM whereas exposure to DBP delays AAM. Exposure to BPA leads to 
earlier AVC, with BMI potentially acting as a mediator.

J Pediatr Endocrinol 
Metab. 2025 May 
22;38(7):753-760.

10.1515/jpem-2025-0146 40418773 ヒト ⽣殖発⽣ - - - - - - コホート研究 1 1 - - - 1 1 1 - - - - - - - - - - - -

統合_0002 F. Zufferey, N. Donzé, R. Rahban, A. Senn, E.
Stettler, S. Rudaz, S. Nef and M. F. Rossier 2020

Semen endocannabinoids are 
correlated to sperm quality in a 
cohort of 200 young Swiss men

BACKGROUND: A role for endocannabinoids in the male and female reproductive systems has been highlighted during the recent decades. Some of these compounds bind the cannabinoid CB1 receptor, which is 
abundantly expressed in the central nervous system but also present in the reproductive system, while others act as 'entourage compounds' modulators. OBJECTIVES: The present study aimed at evaluating the 
relationship between sperm quality and endocannabinoid profiles in a cohort of 200 young Swiss men and whether the presence of specific xenobiotics could influence these profiles. MATERIALS AND METHODS: Semen 
analysis was performed according to WHO guidelines. Endocannabinoid profiles in blood and semen, as well as bisphenol A and S in urine, were determined by LC-MSMS methods. The presence of selected drugs was 
tested in urine by immunological screening, and urinary tetrahydrocannabinol (THC) metabolites were quantified by GC-MS. RESULTS: Anandamide concentrations in seminal fluid and oleoylethanolamide (OEA) 
concentrations in blood serum appeared inversely correlated with sperm motility, while semen palmytoylethanolamide (PEA) was positively linked to sperm concentration. Moreover, OEA and PEA in seminal fluid were 
associated with better sperm morphology. Interestingly, the concentrations of the same endocannabinoids measured in both blood and semen were not correlated, and the presence of THC metabolites in some individuals 
was linked to lower concentrations of endocannabinoids. CONCLUSIONS: In the context of the general decline of the sperm count observed within the male population, endocannabinoids in semen constitute a class of 
promising biochemical markers that open new perspectives as a complement for the usual evaluation of semen quality or for the toxicological screening of individuals' exposure to putative endocrine disruptors.

Andrology Vol.8 Issue 5 
Pages 1126-1135

10.1111/andr.12785 32167658 ヒト - - - - - - - 横断研究 1 1 - - - - - - - - - - - - - - - - - -

統合_0003
H. Zoppé, J. Xavier, A. Dupuis, V. Migeot, S. 
Bioulac, R. Hary, F. Bonnet-Brilhault and M.
Albouy

2024

Is exposure to Bisphenol A 
associated with Attention-deficit 
hyperactivity disorder (ADHD) and 
associated executive or behavioral 
problems in children? A 
comprehensive systematic review

Numerous studies have investigated environmental risk factors in ADHD, and Bisphenol A (BPA), an endocrine disruptor, is suspected by several reviews. However, the quality of the studies has never been carefully 
assessed, leading us to rigorously examine associations between BPA exposure and ADHD and associated symptoms in children. Using PRISMA criteria, we conducted a systematic review on the MEDLINE/PubMed, Web 
of Science, EBSCOhost, PsycINFO, PsycARTICLES and Cochrane databases. We used the ROBINS-E tool to assess the quality, and the GRADE Approach. This study was registered with PROSPERO, CRD42023377150. 
Out of 10446 screened articles, 46 were included. Unlike pre-existing reviews, most studies failed to find clear links with ADHD or associated symptoms, with a high risk of bias and a very low level of certainty. Our 
systematic review reveals insufficient evidence regarding the impact of BPA on ADHD, despite some behavioral results that cannot be generalized. Future studies will require improved consideration of confounding 
factors and more precise sampling methods. This study did not receive specific funding.

Neurosci Biobehav Rev 
Vol.167 Pages 105938

10.1016/j.neubiorev.2024.105938 39551456 ヒト - - - - - - - システマティックレビュー 1 1 - - - - - - - - - - - - - - - - - -

統合_0004 Y. Zhu, K. Liu, J. Guo, J. Yang and Y. Su 2024
Bisphenol A exposure and thyroid 
dysfunction during pregnancy: A 
systematic review

Bisphenol A (BPA) is a phenolic chemical that has been found to be associated with human health outcomes. It is one of the risk factors for thyroid function. Pregnancy is a vulnerable window for thyroid problems, 
because of the fluctuations in hormone levels. This review aimed to evaluate the association between BPA exposure and thyroid function during pregnancy. We conducted a comprehensive search of relevant databases, 
including PubMed, Scopus, Embase, Web of Science, and the Cochrane Library, for original studies published in English that reported data on BPA levels and thyroid-related hormone levels in pregnant women. We used 
the Newcastle-Ottawa Scale (NOS) to assess the methodological quality of the studies and the Grading of Recommendations Assessment, Development, and Evaluation (GRADE) method to evaluate the quality of 
evidence. In total, 11 studies involving 6526 individuals were included in this systematic review. These studies explored fluctuations in thyroid-related hormones, including TSH, TT3, TT4, FT3, and FT4 levels, as well as 
the TT4/TT3 and FT4/FT3 ratios. The systematic review is to evaluate the evidences between bisphenol A exposure and thyroid-related hormones in pregnant women. We found that BPA exposure in pregnancy might 
disturb the homeostasis of maternal thyroid-related hormones and suggest an increased risk of hyperthyroidism. Further studies based on the findings are required to explore the underlying mechanisms and determine the 
potential effects of BPA exposure on thyroid function during pregnancy.

Reprod Toxicol Vol.129 
Pages 108680

10.1016/j.reprotox.2024.108680 39134212 ヒト - - - - - - - システマティックレビュー 1 1 - - - - - - - - - - - - - - - - - -

統合_0005 Y. Zhu, K. Liu, J. Guo, Y. Wang, J. Yang and Y.
Su 2025

Associations between coexposure to 
bisphenols mixture and metabolic 
diseases: based on three statistical 
models

INTRODUCTION: Bisphenol A (BPA) and its substitutes are common environmental endocrine disruptors. We investigated whether coexposure to BPA and its substitutes are associated with metabolic diseases (MDs), 
the related indicators, and their multimorbidity. METHODS: The study included 1409 participants from the National Health and Nutrition Examination Survey (NHANES). Generalized linear regression, Bayesian kernel 
machine regression, and the weighted quantile sum (WQS) models were used to study the associations between bisphenol concentrations and comprehensive MDs, including their multimorbidity. RESULTS: In the logistic 
regression model, BPA and bisphenol F were each independently associated with obesity, whereas BPA and bisphenol S (BPS) were each independently associated with multimorbidity. In the Bayesian kernel machine 
regression analysis, the joint effects of the three chemicals were positively associated with hypertension and obesity, with BPS generating the highest posterior inclusion probability. In the WQS regression analysis, the 
WQS index demonstrated significant associations with obesity and hypertension, with BPS the highest contributor to both of them. CONCLUSIONS: Three statistical methods confirmed that BPA and its substitutes were 
associated with specific MDs. Our findings indicate that coexposure to bisphenols significantly increases the risk of obesity and hypertension.

Obesity (Silver Spring). 
2025 Aug;33(8):1580-
1594.

10.1002/oby.24327 40641007 ヒト 代謝 - - - - - - 横断研究 1 1 - - - 1 1 1 - - - - - - - - - - - -

統合_0006
Y. Zhu, M. M. Hedderson, A. M. Calafat, S. E.
Alexeeff, J. Feng, C. P. Quesenberry and A.
Ferrara

2022

Urinary Phenols in Early to 
Midpregnancy and Risk of 
Gestational Diabetes Mellitus: A 
Longitudinal Study in a Multiracial 
Cohort

Environmental phenols are ubiquitous endocrine disruptors and putatively diabetogenic. However, data during pregnancy are scant. We investigated the prospective associations between pregnancy phenol concentrations 
and gestational diabetes mellitus (GDM) risk. In a nested matched case-control study of 111 individuals with GDM and 222 individuals without GDM within the prospective PETALS cohort, urinary bisphenol A (BPA), BPA 
substitutes (bisphenol F and bisphenol S [BPS]), benzophenone-3, and triclosan were quantified during the first and second trimesters. Cumulative concentrations across the two times were calculated using the area 
under the curve (AUC). Multivariable conditional logistic regression examined the association of individual phenols with GDM risk. We conducted mixture analysis using Bayesian kernel machine regression. We a priori 
examined effect modification by Asian/Pacific Islander (A/PI) race/ethnicity resulting from the case-control matching and highest GDM prevalence among A/PIs. Overall, first-trimester urinary BPS was positively 
associated with increased risk of GDM (adjusted odds ratio comparing highest vs. lowest tertile [aORT3 vs. T1] 2.12 [95% CI 1.00-4.50]). We identified associations among non-A/Ps, who had higher phenol 
concentrations than A/PIs. Among non-A/PIs, first-trimester BPA, BPS, and triclosan were positively associated with GDM risk (aORT3 vs. T1 2.91 [95% CI 1.05-8.02], 4.60 [1.55-13.70], and 2.88 [1.11-7.45], respectively). 
Triclosan in the second trimester and AUC were positively associated with GDM risk among non-A/PIs (P < 0.05). In mixture analysis, triclosan was significantly associated with GDM risk. Urinary BPS among all and 
BPA, BPS, and triclosan among non-A/PIs were associated with GDM risk. Pregnant individuals should be aware of these phenols' potential adverse health effects.

Diabetes. 2022 Dec 
1;71(12):2539-2551

10.2337/db22-0028 36227336 ヒト ⽣殖発⽣(妊娠糖尿病) - - - - - - 症例対照研究 1 1 - - - 1 1 1 - 1 - - - - - - - - - -

統合_0007 H. Zhu, Q. Cheng, J. Liu, L. Jin, Z. Li, A. Ren and
L. Wang 2023

Associations among bisphenol A, its 
analogs, and chlorinated derivatives 
in placenta and risk for neural tube 
defects: A case-control study

Bisphenol A (BPA) and its analogs such as bisphenol Z (BPZ) are widely used in the production of consumer products, but few studies have investigated the associations among BPA, its analogs, and chlorinated 
derivatives (collectively, BPs) and risk for NTDs. This study investigated the associations between concentrations of BPs in the placenta and risk for NTDs. This was a case-control study including 122 NTDs and 164 
controls. BPs in the placenta were determined using liquid chromatography-tandem mass spectrometry. The associations between BPs and NTD risk were evaluated using conventional logistic regression and weighted 
quantile sum regression (WQS) models. In the logistic regression, exposure to higher levels of BPA and BPZ was associated with increased NTD risk (odds ratio [OR] = 3.17, 95 % confidence interval [CI], 1.22-8.22; OR = 
3.11, 95 % CI, 1.20-8.09, respectively). Meanwhile, a significant dose-response relationship was found between BPA and BPZ concentrations and NTD risk. In the WQS model, a quartile increase in WQS index resulted in 
4.34 (95 % CI: 1.69, 11.20) higher odds for NTDs, and BPA and BPZ accounted for most of the weight index in the joint effects of BPs. In conclusion, high levels of BPs in the placenta are associated with increased risk for 
NTDs, of which BPA and BPZ are important risk factors.

Sci Total Environ. 2023 
Nov 20:900:165586.

10.1016/j.scitotenv.2023.165586 37474044 ヒト 発達神経 - - - - - - 症例対照研究 1 1 - - - 1 1 1 - - - - - - - - - - - -

統合_0008 Z. Zhou, Y. Lei, W. Wei, Y. Zhao, Y. Jiang, N.
Wang, X. Li and X. Chen 2019

Association between prenatal 
exposure to bisphenol a and birth 
outcomes: A systematic review with 
meta-analysis

BACKGROUND: Previous studies investigated the relation of prenatal exposure to bisphenol A (BPA) and birth outcomes, but these results were inconsistent. The aim of this study was to investigate the relation of 
prenatal exposure to BPA and birth outcomes, provide comprehensive results based on current studies. METHODS: The PubMed, Cochrane databases, and Web of Science databases were searched systematically by two 
researchers respectively from their inceptions to Oct. 2018, using the following keywords "bisphenol A, birth weight, birth length, head circumference, gestational age, birth outcomes". We extracted β coefficient and 95% 
confidence interval (CI) or β coefficient and standard deviation (SD) from included study. The subgroup analysis was performed to evaluate the potential heterogeneity between studies. We conducted sensitivity analysis 
by excluding the each individual study to assess the results whether were stable. Finally, the publication bias was performed by accumulative forest plot. RESULTS: Seven studies with 3004 participants met the inclusion 
criteria. BPA had significant positively association with birth weight (β = 21.92, 95%CI: 1.50-42.35, P = .04). No significant associations were found between BPA and birth length, head circumference and gestational age 
(All of P > .05). CONCLUSION: This meta-analysis demonstrated that the BPA was positively associated with birth weight. Therefore, further studies are needed to investigate the critical sensitive period of influencing 
fetal development and to investigate the difference on gender.

Medicine (Baltimore). 
2019 
Nov;98(44):e17672.

10.1097/md.0000000000017672 31689782 ヒト ⽣殖発⽣(メタアナリシス) - - - - - - メタアナリシス 1 1 - - - 1 1 1 - 1 - - - - - - - - - -

統合_0009 Y. Zhou, Y. Yao, Y. Shao, W. Qu, Y. Chen and Q.
Jiang 2019

Urinary bisphenol analogues 
concentrations and biomarkers of 
oxidative DNA and RNA damage in 
Chinese school children in East 
China: A repeated measures study

The associations between bisphenol analogues (BPs) exposure and oxidative damage was explored in this 3-year longitudinal study of 275 school children in East China. Nine BPs in first morning urine samples were 
measured to assess BPs exposure, and 8-hydroxydeoxyguanosine (8-OHdG) and 8-oxo-7,8-dihydroguanosine (8-OHG) were measured as biomarkers of oxidative DNA and RNA damage. Linear mixed model (LMM) was 
used for repeated measures analysis. School children were mainly exposed to BPA, BPS, BPF, and BPAF (detection frequencies: 97.9%, 42.2%, 13.3%, and 12.8%) with median concentrations of 1.55, 0.355, 0.236 and 
0.238 μg g(-1)(Cre), respectively. An interquartile range (IQR) increase in urinary BPA was significantly associated with 12.9% (95% CI: 6.1%, 19.6%) increase in 8-OHdG and 19.4% (95% CI: 11.7%, 27.1%) increase in 8-
OHG, and for total of BPs (the sum of BPA, BPS, BPF, and BPAF), they were 17.4% (95% CI: 8.9%, 26.0%) for 8-OHdG and 25.9% (95% CI: 16.1%, 35.7%) for 8-OHG, respectively. BPS was positively associated with 8-
OHG, but not with 8-OHdG. The study found positive associations of urinary levels of BPA and total BPs with 8-OHdG and 8-OHG and indicated that BPs exposure might cause oxidative RNA damage.

Environ Pollut. 2019 
Nov;254(Pt A):112921.

10.1016/j.envpol.2019.07.089 31394349 ヒト 遺伝毒性 - - - - - - 横断研究 1 1 - - - 1 1 1 - - - - - - - - - - - -

統合_0010

T. Zhou, S. Abrishamcar, G. Christensen, S. M.
Eick, D. B. Barr, A. Vanker, N. Hoffman, K. A. 
Donald, C. J. Wedderburn, S. S. Andra, R. O. 
Wright, H. J. Zar, D. J. Stein and A. Hüls

2025

Associations between prenatal 
exposure to environmental phenols 
and child neurodevelopment at two 
years of age in a South African birth 
cohort

OBJECTIVE: Evidence suggests that prenatal environmental phenol exposures negatively impact child neurodevelopment, however there is little research on the effects of mixtures of multiple phenol exposures. We 
analyzed associations between prenatal exposure to phenol mixtures and cognitive neurodevelopment at two years of age among 545 mother-child pairs from the South African Drakenstein Child Health Study. MATERIAL 
AND METHODS: We measured maternal urine environmental phenol concentrations once during the second trimester of pregnancy. We used the Bayley Scales of Infant and Toddler Development III to assess cognitive 
development at two years of age. We used linear regression models adjusted for maternal HIV status, maternal age, ethnicity, prenatal tobacco exposure, child sex, and socioeconomic status (SES) to examine individual 
associations. We compared four mixture methods: self-organizing maps (SOM), Bayesian kernel machine regression (BKMR), quantile-based G-computation (qgcomp) and weighted quantile sum (WQS) regression to 
explore joint effects of the exposure mixture. We assessed effect modification by SES, sex, prenatal tobacco exposure, and ethnicity. RESULTS: Across all methods, we found no association between individual phenol 
exposures or the joint exposure mixture with the cognitive score. Prenatal tobacco exposure modified the association between pentachlorophenol (PCP) and cognitive neurodevelopment (interaction p-value = 0.012), with 
higher PCP concentrations associated with lower cognitive scores among non-smokers (beta = - 2.17; 95% CI: -3.83, -0.51). Sex modified the association between bisphenol A (BPA) and cognitive neurodevelopment 
(interaction p-value = 0.021), with males having a significant adverse association (beta = -1.39; 95% CI: -2.54, -0.23). SES modified the association between bisphenol S (BPS) and cognitive neurodevelopment (interaction 
p-value = 0.003), with individuals of moderate-high SES having a significant adverse association (beta = -1.84; 95% CI: -3.26, 0.06) CONCLUSION: While we found no main effects of prenatal phenol exposure on cognitive 
neurodevelopment, the associations with PCP, BPA, and BPS were more pronounced among certain subgroups.

Environ Res. 2025 Jan 
1;264(Pt 1):120325.

10.1016/j.envres.2024.120325 39528036 ヒト 発達神経 - - - - - - コホート研究 1 1 - - - 1 1 1 - - - - - - - - - - - -

統合_0011 R. Zhou, L. Zhang, J. Yan, Y. Sun and H. Jiang 2023

Association of sleep problems with 
urinary concentrations of personal 
care and consumer product 
chemicals: a nationally 
representative, population-based 
study

Sleep problems are common in modern society and may be related to environmental chemicals. The objective of this study is to investigate the association between exposure to personal care and consumer product 
chemicals (PCCPCs) and sleep-related disorders. Nationally representative data from the National Health and Nutrition Examination Survey (NHANES) were used in this study (N=2415). Sleep-related variables, including 
sleep duration, snoring, and self-reported sleep problems, were included as outcome variables to assess sleep quality. Urinary PCCPC concentrations were used to assess the association of PCCPCs with sleep problems 
and adjusted for variables similar to those used in related studies. PCCPC levels were analysed as quartiles. Multivariate logistic regression and weighted quantile sum (WQS) regression were used to analyse the 
association of urinary PCCPCs with sleep problems. Nine of the 12 kinds of PCCPCs with a detection rate greater than 50% were included in our study. Specifically, the concentrations of bisphenol A (BPA), bisphenol F 
(BPF), methyl paraben (MP) and triclosan (TCS) were significantly related to insufficient sleep. Based on the WQS model, combined exposure to PCCPCs was also significantly related to insufficient sleep; TCS, BPA, and 
MP were the compounds with the greatest impact regarding combined exposure. A variety of PCCPCs were associated with insufficient sleep in participants but were not significantly associated with the other sleep 
problems reported in the NHANES. As poor quality sleep is associated with multiple adverse health outcomes, our study provides insight into the health risks of PCCPC exposure.

Environ Sci Pollut Res 
Int. 2023 
Feb;30(6):14533-14544.

10.1007/s11356-022-23148-9 36152103 ヒト 発達神経 - - - - - - 横断研究 1 1 - - - 1 1 1 - - - - - - - - - - - -

統合_0012 R. Zhou, L. Zhang, Y. Sun, J. Yan and H. Jiang 2023

Association of urinary bisphenols 
with oxidative stress and 
inflammatory markers and their role 
in obesity

Bisphenol A (BPA) and its substitutes are widely used in daily life. Animal and cell line experiments have confirmed the effects of bisphenols on oxidative stress and inflammation. However, current population evidence for 
the effects of BPA alternatives, such as bisphenol F (BPF) and bisphenol S (BPS), on oxidative stress and inflammation is still sparse. Based on the National Health and Nutrition Examination Survey 2013-2016 data, our 
study used linear regression, weighted quantile sum model, and Bayesian kernel machine regression model to evaluate the effects of BPA, BPS, and BPF alone and in combination on oxidative stress (serum total bilirubin, 
and iron) and inflammation (alkaline phosphatase, C-reactive protein, γ-glutamyl transferase ferritin, neutrophil count, lymphocyte count, and neutrophil-to-lymphocyte ratio) markers. On this basis, the possible roles of 
oxidative stress and inflammation in obesity, which is associated with exposure to bisphenols (BPs), were initially explored. Based on the different covariates selected, a total of 3039 and 2258 participants were included 
in our study for models 1 and 2, respectively; the median age of participants was 48 years, and 48.7 % were male. Based on all models, our results showed that exposure to BPs alone or in combination was associated 
with downregulation of serum total bilirubin. Urinary BPF concentration was specifically associated with the neutrophil-to-lymphocyte ratio. Serum total bilirubin may play a role in the association between obesity and BP 
mixture exposure. Upregulation of the neutrophil-to-lymphocyte ratio was not associated with obesity. In conclusion, our study found that single or combined exposure to BPs, as measured in urine, may be associated with 
changes in oxidative stress and inflammatory markers, and a decrease in serum total bilirubin may play a mediating role in BP-induced obesity.

Ecotoxicol Environ Saf. 
2023 Nov 1:266:115546.

10.1016/j.ecoenv.2023.115546 37827096 ヒト 代謝 - - - - - - 横断研究 1 1 - - - 1 1 1 - - - - - - - - - - - -

統合_0013 R. Zhou, S. Jin, C. Jin, Y. Sun, L. Zhang, J. Yan
and H. Jiang 2023

Association of urinary bisphenol A 
with chronic obstructive pulmonary 
disease-related diseases: evidence 
from the National Health and 
Nutrition Examination Survey 
database (2005-2016)

In vivo and in vitro studies have found that exposure to bisphenol A (BPA) can lead to pulmonary diseases, but there exists little evidence regarding the association between urinary BPA level and chronic obstructive 
pulmonary disease (COPD)-related diseases in the population. National Health and Nutrition Examination Survey data, from 2005 to 2016, were utilized in this study. Participants who self-reported having emphysema, 
chronic bronchitis, or COPD were defined as having COPD-related diseases. A multivariate logistic regression analysis was used to analyze the association of urinary BPA with COPD-related diseases in the overall 
population and according to sex. Three separate models including different covariates were used in our analyses. The association of urinary BPA with COPD-related diseases in different subgroups (age, smoking status, 
participants belonging to "ever had asthma" and "ever had cardiovascular disease") other than sex was also analyzed. Based on the different models, 9189, 7006, and 6946 participants were used in our study. BPA was 
found to be significantly associated with COPD-related diseases in all models. The concentration of BPA in urine was significantly associated with COPD-related diseases regardless of whether BPA concentration was 
treated as a continuous variable (odds ratio (OR): 1.24, 95% confidence interval (CI): 1.11-1.38, in model 3) or as tertiles (OR: 2.01, 95% CI: 1.49-2.72, between the lowest group and highest group, in model 3). This 
association was significant among male but not female participants. BPA also demonstrated a significant association with emphysema and chronic bronchitis in adults, particularly in males. No significant interaction was 
found for all the other subgroup analyses. Urinary BPA was associated with COPD-related diseases in adult participants, especially males.

Environ Sci Pollut Res 
Int. 2023 
Mar;30(12):33170-
33180.

10.1007/s11356-022-24572-7 36474039 ヒト 免疫 - - - - - - 横断研究 1 1 - - - 1 1 1 - - - - - - - - - - - -
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 適格性評価（動物）1：該当、0：該当しない  適格性評価（疫学）1：該当、0：該当しない  適格性評価（in vitro）1：該当、0：該当しない

適格性評価はタイトル及び要旨の情報に基づ
き可能な範囲で実施。明らかに適格性基準不
適合と判断されるもの以外を信頼性評価へ進
め、信頼性評価段階で原著に基づき精査。

引⽤評価機関
●：該当

統合_0014 R. Zhou, Z. Chen, T. Yang, H. Gu, X. Yang and S. 
Cheng 2024

Vitamin D Deficiency Exacerbates 
Poor Sleep Outcomes with 
Endocrine-Disrupting Chemicals 
Exposure: A Large American 
Population Study

Phthalates and bisphenol A are recognized as the predominant endocrine-disrupting substances (EDCs) in the environment, but their impact on sleep health remains unclear. Vitamin D has often been reported to play a 
role in sleep health and may be affected by endocrine-disrupting compounds. The study utilized data from 5476 individuals in the NHANES project to investigate the correlation between combined exposure to 
environmental EDCs and sleep duration through modeling various exposures. Furthermore, it emphasizes the importance of vitamin D in the present scenario. Preliminary analyses suggested that vitamin D-deficient 
individuals generally slept shorter than individuals with normal vitamin D (p < 0.05). Exposure to Mono-ethyl phthalate (MEP), triclosan (TRS), and Mono-benzyl phthalate (MZP), either alone or in combination, was 
associated with reduced sleep duration and a greater risk of vitamin D deficiency. Individuals with low vitamin D levels exposed to TRS experienced shorter sleep duration than those with normal vitamin D levels (p < 
0.05). TRS and MZP were identified as crucial factors in patient outcomes when evaluating mixed exposures (p < 0.05). The results provide new data supporting a link between exposure to EDCs and insufficient sleep 
length. Additionally, they imply that a vitamin D shortage may worsen the sleep problems induced by EDCs.

Nutrients. 2024 Apr 
26;16(9):1291.

10.3390/nu16091291 38732537 ヒト 発達神経 - - - - - - 横断研究 1 1 - - - 1 1 1 - - - - - - - - - - - -

統合_0015 F. Zhou, Z. Jin, L. Zhu, F. Huang, A. Ye and C. 
Hou 2022

A preliminary study on the 
relationship between environmental 
endocrine disruptors and precocious 
puberty in girls

OBJECTIVES: To explore the associations of environmental endocrine disruptors on precocious puberty in girls. METHODS: This was a case-control study in which 30 girls with precocious puberty and 46 age- and race-
matched prepubertal females were enrolled. The concentrations of 10 environment endocrine disruptors (bisphenol A, bisphenol B, butylparaben, propylparaben, ethvlparaben, methylparaben, mono-butyl phthalate, mono-
2-ethylhexyl phthalate, monoethyl phthalate, and monomethyl phthalate) in urine and 10 steroid hormones (dihydrotestosterone, corticosterone, hydrocortisone, 11-deoxycortisol, 17α-hydroxy progesterone, 4-androstene-
3,17-dione, estrone, deoxycorticosterone, pregnenolone, and dehydroepiandrosterone) in serum were detected with the liquid chromatography-mass spectrometry (LC-MS). RESULTS: According to the Mann-Whitney U 
test, urinary levels of bisphenol A, monobutyl phthalate, and monomethyl phthalate were significantly higher in the precocious group than in the prepubertal group, and blood levels of hydrocortisone, 11-deoxycortisol, 
corticosterone, deoxycorticosterone, and pregnenolone were significantly lower in the precocious group than in the prepubertal group (p<0.05, VIP>1). CONCLUSIONS: Our findings confirm the association between 
phthalate exposure and the incidence of precocious puberty in girls. Control and reduction of children exposure to phthalate esters should be considered as a health priority.

J Pediatr Endocrinol 
Metab. 2022 Jun 
14;35(8):989-997.

10.1515/jpem-2021-0691 35692072 ヒト ⽣殖発⽣ - - - - - - 症例対照研究 1 1 - - - 1 1 1 - - - - - - - - - - - -

統合_0016 B. Zhou, P. Yang, Y. L. Deng, Q. Zeng, W. Q. Lu 
and S. R. Mei 2020

Prenatal exposure to bisphenol a 
and its analogues (bisphenol F and 
S) and ultrasound parameters of 
fetal growth

BACKGROUND: Bisphenol A (BPA) has been shown to affect normal fetal growth, but human evidence on its analogues (BPF and BPS) is limited. OBJECT: To examine the associations between prenatal exposure to BPA 
and its analogues (BPF and BPS) and ultrasound parameters of fetal growth. METHODS: We measured urinary BPA, BPF, and BPS concentrations among 322 pregnant women during late pregnancy from a cohort study in 
Wuhan, China. Fetal biparietal diameter (BPD), head circumference (HC), femur length (FL), and abdominal circumference (AC) were measured by ultrasonography. The associations of maternal urinary BPA, BPF, and BPS 
concentrations with ultrasound parameters of fetal growth were estimated by multivariable adjusted models. RESULTS: We observed a gender difference in association of maternal urinary BPA concentrations and fetal 
HC (P for interaction = 0.003); each ln-unit increase in maternal urinary BPA concentration was associated with a mean decrease of 0.10 cm (95%CI: 0.18, -0.02) among boys and a mean increase of 0.14 cm (95%CI: 0.00, 
0.28) among girls for HC. The associations were robust for urinary BPA concentrations modeled as tertiles or including urinary BPA, BPF, and BPS into mutual adjustment models. We did not observe robust associations 
between maternal urinary BPF and BPS concentrations and ultrasound parameters of fetal growth, though an inverse association with AC and a positive association with FL were estimated for maternal urinary BPF 
concentrations modeled as continuous variables. CONCLUSIONS: Prenatal exposure to BPA but not BPF and BPS was sex-specifically associated with certain fetal growth parameters.

Chemosphere. 2020 
May:246:125805.

10.1016/j.chemosphere.2019.1258
05

31918106 ヒト ⽣殖発⽣ - - - - - - コホート研究 1 1 - - - 1 1 1 - - - - - - - - - - - -

統合_0017
R. Zhong, H. He, M. Jin, Z. Lu, Y. Deng, C. Liu, 
N. Shen, J. Li, H. Wang, P. Ying, B. Li, Q. Zeng, 
Q. Lu, L. Cheng, Y. Zhu, X. Miao and J. Tian

2022
Genome-wide gene-bisphenol A, F 
and triclosan interaction analyses on 
urinary oxidative stress markers

BACKGROUND: Bisphenols and triclosan (TCS) are common endocrine disrupters (EDCs) that may induce oxidative stress. However, there is limited information as to whether these EDCs interact with genetic variants 
to modify the levels of oxidative stress on a genome-wide scale. METHODS: We first performed a genome-wide scan among a Chinese population and also measured three urinary EDCs, including bisphenol A (BPA), 
bisphenol F (BPF) and TCS, and three urinary oxidative stress markers [4-hydroxy-2-nonenal-mercapturic acid (HNE-MA), 8-iso-prostaglandin-F(2α) (8-isoPGF(2α)) and 8-hydroxy-deoxyguanosine (8-OHdG)]. 
Subsequently, we examined interactions between three urinary EDCs and nearly 4.6 million genetic variants for three urinary oxidative stress markers by the general linear model. RESULTS: Urinary BPA, BPF and TCS 
were positively associated with HNE-MA, 8-isoPGF(2α) and 8-OHdG. Significant rs6855040 (4p15.32/between SNORA75B and QDPR)-BPA, rs1112943 (4q35.1/SNX25)-TCS interactions were associated with the 8-
isoPGF(2α) levels (all P < 5 × 10(-8)). In addition, rs4656116 (1p22.3/CACL1), rs16958760 (17p11.2/between USP43 and DHRS7C) and rs11651078 (17p11.2/LOC339260) showed significant gene-TCS interactions with 
8-OHdG (all P < 5 × 10(-8)). The gene-level analysis found significant interaction between SNX25 and TCS for 8-isoPGF(2α) levels (P < 2.12 × 10(-6)). CONCLUSION: Our results identify several gene-EDCs 
interactions for oxidative stress, highlighting that EDCs may modify the effect of genetic variants on oxidative stress.

Sci Total Environ. 2022 
Feb 10;807(Pt 
1):150753.

10.1016/j.scitotenv.2021.150753 34619205 ヒト その他(酸化ストレス) - - - - - - 横断研究 1 1 - - - 1 1 1 - - - - - - - - - - - -

統合_0018 Q. Zhong, M. Peng, J. He, W. Yang and F. Huang 2020

Association of prenatal exposure to 
phenols and parabens with birth 
size: A systematic review and meta-
analysis

Phenols and parabens are endocrine-disrupting chemicals and are widely used in daily life products due to their antibacterial action. Previous studies suggest associations of prenatal exposure to phenols and parabens 
with fetal development; however, such findings are rare and inconsistent. The aim of this review and meta-analysis is to estimate the associations between maternal exposure to phenols and parabens and birth size. We 
identified 21 relevant studies that met the inclusion criteria through databases of PubMed, Cochrane, EMBASE and Qvid Medline. The last search was in July 3, 2019. The heterogeneity and possibility of publication bias 
among included studies were assessed by Q-statistic and Begg's test, respectively. Meta-analysis revealed that prenatal exposure to triclosan [number of studies (n) = 12, regression coefficient (β) = -0.04 g; 95% 
confidence interval (CI): -0.139, 0.059], benzophenone-3 (n = 10, β = -0.001 g; 95% CI: -0.013, 0.012), bisphenol A (n = 9, β = -0.049 g; 95% CI: -0.199, 0.101), 2-4-dichlorophenols (n = 6, β = -14.124 g; 95% CI: -29.971, 
1.723), 2-5-dichlorophenols (n = 6, β = -0.061 g; 95% CI: -0.196, 0.074) and parabens were negatively associated with fetal birth weight. Most of them were insignificant. Inconsistent and insignificant associations were 
detected between exposure to phenols and parabens and other birth outcomes. Subgroup analysis suggested that heterogeneity in our meta-analysis was mainly attributed to the studies conducted in developed countries 
and samples collected in the second trimester. Insignificant and controversial associations of maternal exposure to phenols and parabens with birth size were observed in our study. The study design and methods of the 
included studies are inconsistent, and the effects of environmental pollutants on human health are complex. Further cohort studies with large samples and a consistent approach are thus required to evaluate the 
associations of maternal exposure to phenols and parabens with birth size.

Sci Total Environ. 2020 
Feb 10:703:134720.

10.1016/j.scitotenv.2019.134720 31731171 ヒト ⽣殖発⽣(メタアナリシス) - - - - - - メタアナリシス 1 1 - - - 1 1 1 - 1 - - - - - - - - - -

統合_0019

J. Zheng, J. E. Reynolds, M. Long, C. Ostertag, T. 
Pollock, M. Hamilton, J. F. Dunn, J. Liu, J. 
Martin, M. Grohs, B. Landman, Y. Huo, D. 
Dewey, D. Kurrasch and C. Lebel

2022
The effects of prenatal bisphenol A 
exposure on brain volume of 
children and young mice

Bisphenol A (BPA) is a synthetic chemical used for the manufacturing of plastics, epoxy resin, and many personal care products. This ubiquitous endocrine disruptor is detectable in the urine of over 80% of North 
Americans. Although adverse neurodevelopmental outcomes have been observed in children with high gestational exposure to BPA, the effects of prenatal BPA on brain structure remain unclear. Here, using magnetic 
resonance imaging (MRI), we studied the associations of maternal BPA exposure with children's brain structure, as well as the impact of comparable BPA levels in a mouse model. Our human data showed that most 
maternal BPA exposure effects on brain volumes were small, with the largest effects observed in the opercular region of the inferior frontal gyrus (ρ = -0.2754), superior occipital gyrus (ρ = -0.2556), and postcentral 
gyrus (ρ = 0.2384). In mice, gestational exposure to an equivalent level of BPA (2.25 μg BPA/kg bw/day) induced structural alterations in brain regions including the superior olivary complex (SOC) and bed nucleus of 
stria terminalis (BNST) with larger effect sizes (1.07≤ Cohens d ≤ 1.53). Human (n = 87) and rodent (n = 8 each group) sample sizes, while small, are considered adequate to perform the primary endpoint analysis. 
Combined, these human and mouse data suggest that gestational exposure to low levels of BPA may have some impacts on the developing brain at the resolution of MRI.

Environ Res. 2022 
Nov;214(Pt 3):114040.

10.1016/j.envres.2022.114040 35952745 ヒト、動物 発達神経 1 不明 1 不明 0 2.25 µg BPA/kg体重/⽇ コホート研究 1 1 - - - 1 1 1 - - - - - - - - - - - -

統合_0020 Y. Zhao, Y. Ye, H. Lin, X. Ruan, Y. Guo and J. 
Wu 2025

Infant urinary bisphenol A 
concentrations in relation to child 
neurodevelopment at 2 years of age

Prenatal and childhood bisphenol A (BPA) exposures are known to negatively affect neurodevelopment, but the impact of exposure during the infancy period remains unclear. This study aimed to investigate BPA exposure 
at 1 and 6 months of age and its correlation with neurodevelopmental scores at 2 years of age, focusing on age-specific effects and potential sex differences. In the cohort study conducted from May 2021 to December 
2023, urine samples were collected from infants at 1 and 6 months, followed by neurodevelopmental assessments at 2 years of age. Of the 240 and 210 urine samples collected at 1 and 6 months, urinary BPA was 
detected via liquid chromatographytandem mass spectrometry in 93.7 and 93.8 %, with median concentrations of 2.79 and 4.04 μg/L, respectively. At the 1-month assessment, no statistically significant associations 
were observed between urinary BPA concentrations and any neurodevelopmental outcomes in either male or female infants (all adjusted P > 0.05). However, at the 6-month assessment, significant inverse associations 
were identified exclusively in female infants. Specifically, higher urinary BPA concentrations at 6 months were independently associated with lower scores in the gross motor domain (adjusted β = -3.33; 95 % CI: -6.36, -
0.30; P = 0.032), adaptive behavior domain (adjusted β = -5.01; 95 % CI: -9.28, -0.74; P = 0.022), personal-social skills (adjusted β = -6.12; 95 % CI: -11.29, -0.94; P = 0.021), and the total neurodevelopmental score 
(adjusted β = -4.21; 95 % CI: -8.02, -0.40; P = 0.031) after controlling for relevant confounders. In contrast, no significant associations were detected between 6-month BPA concentrations and neurodevelopmental 
outcomes in male infants (all adjusted P > 0.05). Our study identified neurodevelopmental effects of BPA as specific to both exposure timing and infant sex, highlighted by the finding that exposure at 6 months was 
negatively associated with neurodevelopmental scores in females.

Ecotoxicol Environ Saf. 
2025 Sep 
15:303:118896.

10.1016/j.ecoenv.2025.118896 40840092 ヒト 発達神経 - - - - - - コホート研究 1 1 - - - 1 1 1 - - - - - - - - - - - -

統合_0021
Y. Zhang, Z. Zhang, F. Zhou, G. Xu, W. Huang, 
M. Wang, Y. Lan, W. Zhang, Z. Liu, S. Chang, S. 
Qiu, F. Qi and Z. Wei

2025

Association between endocrine 
disrupting chemicals exposure and 
the risk of all-cause mortality in 
individuals with diabetes mellitus or 
its complications: A prospective 
cohort study

OBJECTIVE: To investigate the association between exposure to endocrine disrupting chemicals (EDCs) and all-cause mortality in individuals with diabetes mellitus (DM) in U.S., including those with diabetic 
complications. METHODS: This prospective cohort study included participants with DM in the 1999-2018 National Health and Nutritional Examination Survey. Data on mortality was obtained from national death records 
up to December 31, 2019. Cox regression, WQS regression and LASSO regression were constructed to examine the associations between EDCs and all-cause mortality in individuals with DM or its complications, 
adjusted for potential confounders. Restricted cubic spline analysis was used to investigate the linear relationship. Subgroup analyses were also tested in prespecified subgroups of interest. RESULTS: The study included 
3,453 participants. Mono-(2-ethyl-5-hydroxyhexyl) phthalate (MEHHP), mono-(2-ethyl-5-oxohexyl) phthalate (MEOHP), and mono-2-ethyl-5-carboxypentyl phthalate (MECPP) showed positive associations with all-cause 
mortality (MEHHP: 1.14 (CI1.00-1.29); MEOHP: 1.14 (CI 1.00-1.30); MECPP: 1.17 (CI 1.00-1.37)). These also exhibited positive associations with all-cause mortality in the participants with diabetic kidney disease 
(MEHHP: 1.24 (CI 1.08-1.42); MEOHP: 1.27 (CI 1.10-1.47); MECPP: 1.43 (CI 1.19-1.71)). Bisphenol A 1.45 (1.08, 1.96) and MCPP 1.59 (CI 1.24-2.05) showed positive associations with all-cause mortality in the diabetic 
retinopathy (DR) participants. MEHHP exposure interacted with hypertension in DM and hypercholesterolemia, as well as with age in DR populations. MCPP exposure interacted with age in DR, significantly amplifying 
mortality risks (P interaction < 0.05). CONCLUSIONS: This study provided epidemiological evidence that higher concentrations of certain EDCs are associated with an increased risk of all-cause mortality in participants 
with DM or its complications.

Environ Int. 2025 
Jun:200:109556.

10.1016/j.envint.2025.109556 40446755 ヒト その他(死亡率) - - - - - - コホート研究 1 1 - - - 1 1 1 - - - - - - - - - - - -

統合_0022
Y. Zhang, V. Mustieles, P. L. Williams, J. Yland, 
I. Souter, J. M. Braun, A. M. Calafat, R. Hauser 
and C. Messerlian

2021
Prenatal urinary concentrations of 
phenols and risk of preterm birth: 
exploring windows of vulnerability

OBJECTIVE: To explore windows of vulnerability to prenatal urinary phenol concentrations and preterm birth. DESIGN: Prospective cohort. SETTING: A large fertility center in Boston, Massachusetts. PATIENT(S): A total 
of 386 mothers who sought fertility treatment and gave birth to a singleton between 2005 and 2018. INTERVENTION(S): None. MAIN OUTCOME MEASURE(S): Singleton live birth with gestational age <37 completed 
weeks. RESULT(S): Compared with women with non-preterm births, urinary bisphenol A (BPA) concentrations were higher across gestation among women with preterm births, particularly during mid-to-late pregnancy 
and among those with female infants. Second trimester BPA concentrations were associated with preterm birth (Risk Ratio [RR] 1.24; 95%CI: 0.92, 1.69), which was primarily driven by female (RR 1.40; 95%CI: 1.04, 1.89) 
and not male (RR 0.85; 95%CI 0.50, 1.46) infants. First trimester paraben concentrations were also associated with preterm birth (RR 1.17; 95%CI: 0.94, 1.46) and similarly the association was only observed for female (RR 
1.46; 95% CI: 1.10, 1.94) and not male infants (RR 0.94; 95%CIC: 0.72, 1.23). First trimester urinary bisphenol S concentrations showed a suggested risk of preterm birth (RR 1.25; 95%CI: 0.82, 1.89), although the small 
case numbers precluded sex-specific examination. CONCLUSION(S): We found preliminary evidence of associations between mid-to-late pregnancy BPA and early pregnancy paraben concentrations with preterm birth 
among those with female infants only. Preterm birth risk may be compound, sex, and window specific. Given the limited sample size of this cohort, results should be confirmed in larger studies, including fertile 
populations.

Fertil Steril. 2021 
Sep;116(3):820-832.

10.1016/j.fertnstert.2021.03.053 34238571 ヒト ⽣殖発⽣ - - - - - - コホート研究 1 1 - - - 1 1 1 - 1 - - - - - - - - - -

統合_0023
Y. Zhang, V. Mustieles, P. L. Williams, B. J. 
Wylie, I. Souter, A. M. Calafat, M. Demokritou, A. 
Lee, S. Vagios, R. Hauser and C. Messerlian

2021
Parental preconception exposure to 
phenol and phthalate mixtures and 
the risk of preterm birth

BACKGROUND: Parental preconception exposure to select phenols and phthalates was previously associated with increased risk of preterm birth in single chemical analyses. However, the joint effect of phenol and 
phthalate mixtures on preterm birth is unknown. METHODS: We included 384 female and 211 male (203 couples) participants seeking infertility treatment in the Environment and Reproductive Health (EARTH) Study who 
gave birth to 384 singleton infants between 2005 and 2018. Mean preconception urinary concentrations of bisphenol A (BPA), parabens, and eleven phthalate biomarkers, including di(2-ethylhexyl) phthalate (DEHP) 
metabolites, were examined. We used principal component analysis (PCA) with log-Poisson regression and Probit Bayesian Kernel Machine Regression (BKMR) with hierarchical variable selection to examine maternal 
and paternal phenol and phthalate mixtures in relation to preterm birth. Couple-based BKMR model was fit to assess couples' joint mixtures in relation to preterm birth. RESULTS: PCA identified the same four factors for 
maternal and paternal preconception mixtures. Each unit increase in PCA scores of maternal (adjusted Risk Ratio (aRR): 1.36, 95%CI: 1.00, 1.84) and paternal (aRR: 1.47, 95%CI: 0.90, 2.42) preconception DEHP-BPA factor 
was positively associated with preterm birth. Maternal and paternal BKMR models consistently presented the DEHP-BPA factor with the highest group Posterior Inclusion Probability (PIP). BKMR models further showed 
that maternal preconception BPA and mono(2-ethyl-5-hydroxyhexyl) phthalate, and paternal preconception mono(2-ethylhexyl) phthalate were positively associated with preterm birth when the remaining mixture 
components were held at their median concentrations. Couple-based BKMR models showed a similar relative contribution of paternal (PIP: 61%) and maternal (PIP: 77%) preconception mixtures on preterm birth. We found 
a positive joint effect on preterm birth across increasing quantiles of couples' total mixture concentrations. CONCLUSION: In this prospective cohort of subfertile couples, maternal BPA and DEHP, and paternal DEHP 
exposure before conception were positively associated with preterm birth. Both parental windows jointly contributed to the outcome. These results suggest that preterm birth may be a couple-based pregnancy outcome.

Environ Int. 2021 
Jun:151:106440.

10.1016/j.envint.2021.106440 33640694 ヒト ⽣殖発⽣ - - - - - - コホート研究 1 1 - - - 1 1 1 - 1 - - - - - - - - - -

統合_0024
Y. Zhang, V. Mustieles, P. L. Williams, I. Souter, 
A. M. Calafat, M. Demokritou, A. Lee, S. Vagios, 
R. Hauser and C. Messerlian

2022

Association of preconception 
mixtures of phenol and phthalate 
metabolites with birthweight among 
subfertile couples

Although parental preconception exposure to some phenols and phthalates have been associated with reduced birthweight, few studies have examined these chemicals as complex mixtures. METHODS: We included 384 
mothers and 211 fathers (203 couples) who gave birth to 384 singletons from a prospective cohort of couples seeking fertility evaluation. Urinary concentrations of bisphenol A (BPA), parabens, and 11 phthalate 
metabolites including those of di(2-ethylhexyl) phthalate (DEHP) were examined. Birthweight was abstracted from delivery records. We used principal component analysis and Bayesian Kernel Machine Regression 
(BKMR) to examine maternal and paternal preconception mixtures in relation to singleton birthweight. We also fit couple-based BKMR with hierarchical variable selection to assess couples' joint mixtures in relation to 
birthweight. RESULTS: PC scores of maternal and paternal preconception low molecular weight phthalates factor, and paternal preconception DEHP-BPA factor were associated with reduced birthweight. In BKMR 
models, we found that maternal preconception monoethyl phthalate and BPA concentrations, and paternal preconception mono-n-butyl phthalate concentrations were inversely associated with birthweight when the 
remaining mixture components were held at their median concentrations. In couple-based BKMR models, paternal preconception biomarkers contributed more to couples' joint effect on birthweight compared with 
maternal preconception biomarkers. A decreasing trend of birthweight was observed across quantiles of maternal, paternal, and couples' total preconception mixture concentrations, respectively. CONCLUSIONS: Results 
from this preconception cohort of subfertile couples suggest a complex interplay between paternal and maternal preconception exposure to mixtures of nonpersistent chemicals, with both parental windows of exposure 
jointly contributing to reduced birthweight.

Environ Epidemiol. 2022 
Aug 31;6(5):e222.

10.1097/ee9.0000000000000222 36249269 ヒト ⽣殖発⽣ - - - - - - コホート研究 1 1 - - - 1 1 1 - 1 - - - - - - - - - -

統合_0025
X. Zhang, G. Zhao, J. Ma, F. Tao, C. W. Pan, F. 
Zhang, Y. Wang, W. Yang, Y. Xiang, X. Wang, Y. 
Tian, J. Yang, W. Du and Y. Zhou

2023
Design, methodology, and baseline 
of eastern China student health and 
wellbeing cohort study

PURPOSE: To describe the study design, methodology, and cohort profile of the Eastern China Student Health and Wellbeing Cohort Study. The cohort baseline includes (1) targeted disease (myopia, obesity, elevated 
blood pressure, and mental health) and (2) exposures (individual behaviors, environment, metabolomics, and gene and epigenetics). PARTICIPANTS: Annual physical examination, questionnaire-based survey, and bio-
sampling have been carried out in the study population. In the first stage (2019-2021), a total of 6,506 students in primary schools are enrolled in the cohort study. FINDINGS TO DATE: Of all the cohort participants, the 
ratio of male to female is 1.16 among a total of 6,506 student participants, of which 2,728 (41.9%) students are from developed regions and 3,778 (58.1%) students are from developing regions. The initial age of 
observation is 6-10 years, and they will be observed until they graduate from high school (>18 years of age). (1) Targeted diseases: The growth rates of myopia, obesity, and high blood pressure vary by regions, and for 
developed regions, the prevalence of myopia, obesity, and elevated blood pressure is 29.2%, 17.4%, and 12.6% in the first year, respectively. For developing regions, the prevalence of myopia, obesity, and elevated blood 
pressure is 22.3%, 20.7%, and 17.1% in the first year, respectively. The average score of CES-D is 12.9 ± 9.8 in developing regions/11.6 ± 9.0 in developed regions. (2) Exposures: ① The first aspect of individual 
behaviors: the questionnaire topics include diet, physical exercise, bullying, and family. ② The second aspect of environment and metabolomics: the average desk illumination is 430.78 (355.84-611.56) L(X), and the 
average blackboard illumination is 365.33 (286.83-516.84) L(X). Metabolomics like bisphenol A in the urine is 0.734 ng/ml. ③ The third aspect of gene and epigenetics: SNPs (rs524952, rs524952, rs2969180, rs2908972, 
rs10880855, rs1939008, rs9928731, rs72621438, rs9939609, rs8050136 and so on) are detected. FUTURE PLANS: Eastern China Student Health and Wellbeing Cohort Study is aiming to focus on the development of 
student-targeted diseases. For children with student common diseases, this study will focus on targeted disease-related indicators. For children without targeted disease, this study aims to explore the longitudinal 
relationship between exposure factors and outcomes, excluding baseline confounding factors. Exposure factors include three aspects: (1) individual behaviors, (2) environment and metabolomics, and (3) gene and 
epigenetics. The cohort study will continue until 2035.

Front Public Health. 
2023 Apr 
27:11:1100227.

10.3389/fpubh.2023.1100227 37181702 ヒト ⼀般毒性 - - - - - - Protocol paper 1 1 - - - 1 1 1 - - - - - - - - - - - -

統合_0026 X. Zhang, M. Fu, K. Li, X. Cheng, X. Zhang, X. 
Shen, B. Lei and Y. Yu 2024

Bisphenol chemicals in colostrum 
from Shanghai, China during 2006-
2019: Concentration, temporal 
variation, and potential influence on 
birth parameters

Bisphenol A (BPA) and its alternatives bisphenol S (BPS) and bisphenol F (BPF) are identified as endocrine disruptors that have negative impacts on infant growth. Their temporal variations in human milk and potential 
effects on fetal growth are not well known. In this study, colostrum collecting at four time points between 2006 and 2019 and paired urine in 2019 from Shanghai, China, were analyzed for eight bisphenols. The total 
concentrations in colostrum in 2019 were up to 3.43 ng/mL, with BPA being dominant, followed by BPS and BPF. BPA levels in colostrum noticeably decreased from 2010 to 2013. Additionally, obvious percentage changes 
in bisphenols were observed in 2019. The BPA concentrations in paired colostrum and urine were not significantly correlated. High levels of BPA in colostrum were linked to a significant reduction in birth head 
circumference in 2019 (p = 0.031). BPA and BPS in colostrum might have similar negative effect on fetal growth in 2019, but these effects were generally non-significant. Further studies are needed to testify the potential 
impact. The hazard indexes for infants in the first week of life were below 1, suggesting no obvious health risks. However, the high contribution from BPA still warrants further attention.

Food Chem Toxicol. 
2024 Mar:185:114485.

10.1016/j.fct.2024.114485 38301991 ヒト ⽣殖発⽣ - - - - - - コホート研究 1 1 - - - 1 1 1 - - - - - - - - - - - -
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統合_0027 W. Zhang, Y. Li, T. Wang, X. Zhang, J. Zhang, X. 
Ji and L. Lu 2024

Distribution and potential risk 
factors of bisphenol a in serum and 
urine among Chinese from 2004 to 
2019

BACKGROUND: Bisphenol A (BPA) is an oil-derived, large-market volume chemical with endocrine disrupting properties and reproductive toxicity. Moreover, BPA is frequently used in food contact materials, has been 
extensively researched recently, and widespread exposure in the general population has been reported worldwide. However, national information on BPA levels in general Chinese people is lacking. METHODS: This study 
collected and analyzed 145 (104 in urine and 41 in serum) research articles published between 2004 and 2021 to reflect the BPA internal exposure levels in Chinese populations. The Monte Carlo simulation method is 
employed to analyze and estimate the data in order to rectify the deviation caused by a skewed distribution. RESULTS: Data on BPA concentrations in urine and serum were collected from 2006 to 2019 and 2004 to 2019, 
respectively. Urinary BPA concentrations did not vary significantly until 2017, with the highest concentration occurring from 2018 to 2019 (2.90 ng/mL). The serum BPA concentration decreased to the nadir of 1.07 ng/mL 
in 2011 and gradually increased to 2.54 ng/mL. Nationally, 18 provinces were studied, with Guangdong (3.50 ng/mL), Zhejiang (2.57 ng/mL), and Fujian (2.15 ng/mL) having the highest urine BPA levels. Serum BPA was 
investigated in 15 provinces; Jiangsu (9.14 ng/mL) and Shandong (5.80 ng/mL) were relatively high. The results also indicated that males' urine and serum BPA levels were higher than females, while the BPA levels in 
children were also higher than in adults (p < 0.001). Furthermore, the volume of garbage disposal (r = 0.39, p < 0.05), household sewage (r = 0.34, p < 0.05), and waste incineration content (r = 0.35, p < 0.05) exhibited a 
strong positive connection with urine BPA levels in Chinese individuals. CONCLUSION: Despite using a data consolidation approach, our study found that the Chinese population was exposed to significant amounts of 
BPA, and males having a higher level than females. Besides, the levels of BPA exposure are influenced by the volume of garbage disposal, household sewage, and waste incineration content.

Front Public Health 
Vol.12 Pages 1196248

10.3389/fpubh.2024.1196248 38379678 ヒト - - - - - - - バイオモニタリング 1 1 - - - - - - - - - - - - - - - - - -

統合_0028 S. Zhang, L. Dai, Z. Wan, Z. Huang, M. Zou and 
H. Guan 2024

Sex-specific associations of 
bisphenol A and its substitutes with 
body fat distribution among US 
adults: NHANES 2011-2016

Bisphenol A (BPA) and its structural analogs (bisphenol S (BPS) and bisphenol F (BPF)) are widely consumed endocrine disrupting chemicals that may contribute to the etiology of obesity. To date, few studies have 
directly investigated the sex-related associations between bisphenols and body fat distribution in adults. In this study, we included 2669 participants from the National Health and Nutrition Examination Survey (NHANES) 
2011-2016 to evaluate and compare sex-specific differences of the associations of BPA, BPS, and BPF with body fat distribution. We found that there were significant positive correlations between BPS and body fat 
indices (STFAT [adjustedβ=1.94, 95% CI: (0.24, 3.64)], TAF [0.18 (0.04, 0.32)], SAT [0.15 (0.03, 0.27)], android fat mass [0.20 (0.004, 0.40)], BMI [1.63 (0.61, 2.65)], and WC [3.19 (0.64, 5.73)] in the highest quartiles of 
BPS), but not in BPA and BPF. Stratified analyses suggested that the significant associations of BPS with body fat indices were stronger in women than men (STFAT [adjustedβ=3.75, 95% CI: (1.04, 6.45) vs. adjustedβ
=-0.06, 95% CI: (-2.23, 2.11), P for interaction < 0.001], TAF [ 0.32 (0.09, 0.54) vs. 0.01 (-0.17, 0.19), P for interaction < 0.001], SAT [0.27 (0.09, 0.45) vs. 0.01 (-0.14, 0.16), P for interaction < 0.001], android fat mass [0.41 
(0.12, 0.71) vs. -0.02 (-0.28, 0.24), P for interaction < 0.001], gynoid fat mass [0.56 (0.11, 1.01) vs. -0.05 (-0.41, 0.31), P for interaction = 0.002], BMI [2.76 (1.08, 4.44) vs. 0.47 (-0.80, 1.74), P for interaction < 0.001], and 
WC [5.51 (1.44, 9.58) vs. 0.61 (-2.67, 3.88), P for interaction < 0.001]), and positive associations between BPS with fat distribution were also observed in non-smoking women. Our study indicated that in women, higher 
concentration of urinary BPS was associated with increased body fat accumulation, except for visceral adipose tissue mass. These findings emphasize the role of environmental BPS exposure in the increasing fat 
deposits, and confirm the need for more prospective cohort studies on a sex-specific manner.

Environ Sci Pollut Res 
Int. 2024 
Jan;31(5):7948-7958.

10.1007/s11356-023-31589-z 38172318 ヒト 代謝 - - - - - - 横断研究 1 1 - - - 1 1 1 - - - - - - - - - - - -

統合_0029 N. Zhang, Y. Zhao, L. Zhai, Y. Bai, W. Wei, Q. 
Sun and L. Jia 2024

Urinary concentrations of bisphenol 
A and its alternatives: Potential 
predictors of and associations with 
antral follicle count among women 
from an infertility clinic in Northern 
China

BACKGROUND: Experimental studies have suggested exposure to bisphenol A (BPA) and its alternatives, such as bisphenol F (BPF) and bisphenol S (BPS), may exert adverse effects on ovarian reserve, but human 
evidence is limited. Moreover, the potential predictors of exposure to bisphenols among women seeking infertility treatment have not been reported. OBJECTIVE: To explore whether individual or mixture of BPA, BPF, and 
BPS were related to antral follicle count (AFC), and further identify the predictors of exposure to bisphenols among women seeking assisted reproductive treatment. METHODS: A total of 111 women from a reproductive 
center in Shenyang, China were enrolled in this study from September 2020 to February 2021. The concentrations of urinary BPA, BPF, and BPS were measured using ultra-high-performance liquid chromatography-triple 
quadruple mass spectrometry (UHPLC-MS/MS). AFC was measured by two infertility physicians through transvaginal ultrasonography on the 2-5 days of a natural cycle. Demographic characteristics, dietary habits, and 
lifestyles were obtained by questionnaires. The associations between individual and mixture of urinary bisphenols concentrations (BPA, BPF, and BPS) and AFC were assessed by the Poisson regression models and the 
quantile-based g-computation (QGC) model, respectively. The potential predictors of exposure to bisphenols were identified by the multivariate linear regression models. RESULTS: After adjusting for confounders, 
elevated urinary concentrations of BPA, BPF and BPS were associated with reduced AFC (β = -0.016; 95%CI: -0.025, -0.006 in BPA; β = -0.017; 95%CI: -0.029, -0.004 in BPF; β = -0.128; 95%CI: -0.197, -0.060 in BPS). 
A quantile increase in the bisphenols mixture was negatively associated with AFC (β = -0.101; 95%CI: -0.173, -0.030). Intake of fried food had higher urinary concentrations of BPF, BPS, and total bisphenols (∑BPs) than 
women who did not eat, and age was related to increased urinary BPF concentrations. CONCLUSION: Our findings indicated that exposure to individual BPA, BPF, BPS and bisphenol mixtures were associated with 
impaired ovarian reserve. Furthermore, the intake of fried food, as identified in this study, could serve as an important bisphenols exposure route for reproductive-aged women.

Environ Res. 2024 May 
15:249:118433.

10.1016/j.envres.2024.118433 38331151 ヒト ⽣殖発⽣ - - - - - - 横断研究 1 1 - - - 1 1 1 - - - - - - - - - - - -

統合_0030 N. Zhang, Y. Zhao, L. Zhai, Y. Bai and L. Jia 2023

Urinary bisphenol A and S are 
associated with diminished ovarian 
reserve in women from an infertility 
clinic in Northern China

Bisphenol A (BPA) has been demonstrated to cause ovarian toxicity including disruption of steroidogenesis and inhibition of follicle growth. Still, human evidence is lacking on its analogs such as bisphenol F (BPF) and 
bisphenol S (BPS). In this study, we aimed to investigate the associations between exposure to BPA, BPF, and BPS with ovarian reserve in women of childbearing age. We recruited 111 women from an infertility clinic in 
Shenyang, North China between September 2020 and February 2021. Anti-müllerian hormone (AMH), follicle-stimulating hormone (FSH), and estradiol (E2) were measured as indicators of ovarian reserve. Urinary BPA, 
BPF, and BPS concentrations were quantified by ultra-high-performance liquid chromatography-triple quadruple mass spectrometry (UHPLC-MS/MS). Linear and logistic regression models were applied to assess the 
associations between urinary BPA, BPF, and BPS levels and indicators of ovarian reserve and DOR, respectively. Restricted cubic spline (RCS) models were further utilized to explore potential non-linear associations. Our 
results showed that urinary BPS concentrations were negatively associated with AMH (β = - 0.287, 95 %CI: - 0.505, - 0.070, P = 0.010) and this inverse relationship was further confirmed in the RCS model. In addition, 
higher levels of BPA and BPS exposure were associated with increased DOR risk (BPA: OR = 7.112, 95 %CI: 1.247, 40.588, P = 0.027; BPS: OR = 6.851, 95 %CI: 1.241, 37.818, P = 0.027). No significant associations of BPF 
exposure with ovarian reserve. Our findings implied that higher BPA and BPS exposure may be related to decreased ovarian reserve.

Ecotoxicol Environ Saf. 
2023 May:256:114867.

10.1016/j.ecoenv.2023.114867 37027940 ヒト 卵巣 - - - - - - 横断研究 1 1 - - - 1 1 1 - - - - - - - - - - - -

統合_0031 L. Zhang, J. Zhang, S. Fan, Y. Zhong, J. Li, Y. 
Zhao, S. Ni, J. Liu and Y. Wu 2023

A case-control study of urinary 
concentrations of bisphenol A, 
bisphenol F, and bisphenol S and 
the risk of papillary thyroid cancer

The incidence of thyroid cancer (TC), especially papillary thyroid cancer (PTC), has dramatically increased globally. Whereas some endocrine disruptors have been linked to neoplastic processes, the associations 
between human exposure to bisphenol analogs and the risk of TC remain unclear. This present case-control study examined the associations between the urinary concentrations of bisphenol A (BPA) and other bisphenols, 
namely bisphenol F (BPF) and bisphenol S (BPS), and the risk of PTC. After adjusting for confounders and creatinine standardization, significantly positive associations were observed for BPF (odds ratio [OR] = 1.80, 95% 
confidence interval [CI] = 1.27-2.54), but negative associations observed for BPA (OR = 0.38, 95% CI = 0.19-0.77) and BPS (OR = 0.63, 95% CI = 0.43-0.93), in the total population. However, after stratification by age and 
smoking, statistical significance was retained only in non-smoking women, suggesting the adverse effects of BPF exposure on PTC risk, especially in women. These findings require replication and confirmation in further 
research.

Chemosphere. 2023 
Jan;312(Pt 1):137162.

10.1016/j.chemosphere.2022.1371
62

36347349 ヒト 発がん - - - - - - 症例対照研究 1 1 - - - 1 1 1 - - - - - - - - - - - -

統合_0032 J. Zhang, M. Yuan, Y. Liu, X. Zhong, J. Wu and 
W. Chen 2025

Bisphenol A exposure and 
neurodevelopmental disorders and 
problems in children under 12 years 
of age: A systematic review and 
meta-analysis

BACKGROUND: Bisphenol A (BPA) exposure may lead to neurodevelopmental disorders and problems (NDPs) in children under 12 years old. In recent years, the number of relevant studies has increased, but the evidence 
is inconsistent. Therefore, we conducted a comprehensive systematic review and meta-analysis to determine the association between BPA exposure and NDPs and potential gender differences. METHODS: A literature 
search was conducted in eight bibliographic databases for peer-reviewed research articles published from database inception to October 11, 2024. Eligible studies were epidemiological, observational studies in children 
under 12 years old, which evaluated the associations between BPA of biosamples and NDPs. The converted effect sizes were synthesized using multilevel random effects meta-analysis models. Meta-regression analysis, 
sensitivity analysis, unmeasured confounding bias, and publication bias tests were examined to substantiate the results. RESULTS: The search identified 1090 unique studies, 32 of which involving 15,669 participants 
were finally included in the meta-analysis. The meta-analysis showed that BPA exposure was associated with intellectual disability (Cohen's d = 0.14, 95 %CI = 0.06-0.22), autism spectrum disorder (ASD, Cohen's d = 
0.10, 95 %CI = 0.02-0.17), attention deficit and hyperactivity disorder (ADHD, Cohen's d = 0.28, 95 %CI = 0.10-0.47), and communication disorders (Cohen's d = 0.12, 95 %CI = 0.01-0.23) in all children. Gender differences 
exist while BPA was associated with intellectual disability, ASD, ADHD, and motor disorders in boys, and with intellectual disability and ADHD in girls. CONCLUSION: This study indicated that BPA exposure was 
associated with an increased risk of NDPs in children, particularly in boys, underscoring the importance of considering BPA exposure as a potential risk factor for children's brain health.

J Hazard Mater. 2025 
Jun 15:490:137731.

10.1016/j.jhazmat.2025.137731 40054188 ヒト 発達神経(メタアナリシス､神経発達障害) - - - - - - メタアナリシス 1 1 - - - 1 1 1 - - - - - - - - - - - -

統合_0033 H. Zhang, S. Feng, S. Song, Q. Zhao, Y. Gao and 
T. Zhang 2025

First evidence in the association of 
phenolic endocrine-disrupting 
chemicals with secondary non-
alcoholic fatty liver disease: A case-
control study in South China

The presence of phenolic endocrine disrupting chemicals (EDCs) in patients with secondary non-alcoholic fatty liver disease (S-NAFLD) and their associations with S-NAFLD incidence have not been previously 
documented. In this study, serum concentrations of 32 phenolic EDCs, including parabens, benzophenone-type UV-filters, bisphenols, and bisphenol A diglycidyl ether derivatives, were detected in patients with S-NAFLD 
as well as healthy population from South China. These target EDCs were ubiquitous in serum samples from both cohorts. Interestingly, significantly higher (p < 0.05) serum levels of most analytes were detected in 
individuals with S-NAFLD compared to those in the healthy population. Through multiple modeling analyses, we observed that parabens and bisphenols mixtures were positively associated with S-NAFLD incidence. A list 
of high-risk EDCs for S-NAFLD-related diseases was identified, including propyl paraben (PrP), butyl paraben (BuP), bisphenol A (BPA), and bisphenol AP (BPAP). Furthermore, significant positive correlations were found 
between the serum levels of these high-risk analytes and liver clinic indices. To the best of our knowledge, this study firstly examined the serum levels of multiple phenolic EDCs in patients with S-NAFLD, aiming to 
provide novel insights into high-risk EDCs associated with S-NAFLD incidence and their associations with clinic liver indices.

Environ Pollut. 2025 
May 15:373:126086.

10.1016/j.envpol.2025.126086 40118363 ヒト 肝 - - - - - - 症例対照研究 1 1 - - - 1 1 1 - - - - - - - - - - - -

統合_0034 D. Zhang, K. Zhao, T. Han, X. Zhang, X. Xu, Z. 
Liu, X. Ren, X. Zhang, Z. Lu and C. Qin 2024

Bisphenol A promote the cell 
proliferation and invasion ability of 
prostate cancer cells via regulating 
the androgen receptor

A synthetic organic substance called bisphenol A (BPA) is used to make polyester, epoxy resin, polyacrylate, and polycarbonate plastic. BPA exposure on a regular basis has increased the risk of developing cancer. Recent 
research has shown that there is a strong link between BPA exposure and a number of malignancies. We want to investigate any connections between BPA and prostate cancer in this work. The scores of bisphenols in 
the prostate cancer cohort were obtained using the ssGSEA algorithm. The analysis of Gene Ontology (GO) and Kyoto Encyclopedia of Genes and Genomes (KEGG) enrichment was used to investigate probable pathways 
that are closely related to the genes tied to BPA. The BPA-based risk model was built using regression analysis. Additionally, the molecular docking method was employed to assess BPA's capacity to attach to important 
genes. Finally, we were able to successfully get the BPA cohort ratings for prostate cancer patients. Additionally, the KEGG enrichment study showed that of the malignancies linked to BPA, prostate cancer is the most 
highly enriched. In a group of men with prostate cancer, the BPA-related prognostic prediction model exhibits good predictive value. The BPA demonstrated strong and efficient binding to the androgen receptor, according 
to the molecular docking studies. According to cell proliferation and invasion experiments, exposing prostate cancer cells to BPA at a dosage of 10(-7) uM could greatly enhance their ability to proliferate and invade.

Ecotoxicol Environ Saf. 
2024 Jan 1:269:115818

10.1016/j.ecoenv.2023.115818 38091676 in vitro 発がん - - - - - - - - - 1 0 10-7µM 1 1 1 - - - - - - - - - - - -

統合_0035 D. Zhang, X. Liu, Q. Xiao, L. Han, J. Yang, X. Li, 
J. Xu, Q. Zheng, J. Ma, J. Chen and S. Lu 2023

Co-Exposure to Bisphenols, 
Parabens, and Antimicrobials and 
Association with Coronary Heart 
Disease: Oxidative Stress as a 
Potential Mediating Factor?

Coronary heart disease (CHD) is the leading cause of global morbidity, but the effect of plasticizers and antimicrobial additives on CHD is unknown. Here, we conducted a case-control study to investigate the mediating 
role of oxidative stress in the association between co-exposure to seven bisphenols, four parabens, triclosan (TCS), triclocarban, and CHD risk in Guangzhou, China. Quantile-based g-computation and weighted quantile 
sum regression were used to analyze mixture-outcome associations. Quantile-based g-computation showed a positive joint effect of a decile increase in exposure to all examined pollutants on CHD risk (OR: 1.52, 95% CI: 
1.25-1.84), with bisphenol A (BPA), bisphenol F (BPF), n-butyl paraben (BuP), and TCS representing major contributors. The results also showed a decile nonmonotonic increase in the exposure mixtures, positively 
correlated with a 2.22 ng/mL (95% CI: 1.21-3.23 ng/mL) elevation of 8-hydroxy-2'-deoxyguanosine (8-OHdG), with BuP, TCS, bisphenol AP (BPAP), and BPF contributing dominantly. Mediation analysis showed that 8-
OHdG mediated the relationship between BPA, BPF, BPAP, and TCS, and CHD risk. Moreover, the mediating role of high-density lipoprotein (HDL) between several bisphenols and CHD was also identified. It is yet to be 
verified, but bisphenols may elevate CHD risk by reducing HDL status and increasing oxidative stress.

Environ Sci Technol. 
2023 Jan 10;57(1):531-
538.

10.1021/acs.est.2c06488 36534741 ヒト ⼼⾎管 - - - - - - 症例対照研究 1 1 - - - 1 1 1 - - - - - - - - - - - -

統合_0036
C. Zhang, Y. Luo, S. Qiu, X. Huang, K. Jin, J. Li, 
M. Yang, D. Hu, X. Zheng, Z. Jiang, M. Wang, X. 
Zou and Q. Wei

2022

Associations between urinary 
concentrations of bisphenols and 
serum concentrations of sex 
hormones among US. Males

BACKGROUND: Bisphenol A (BPA) exposure and its structural analogs (BPS and BPF) might cause endocrine alterations and adverse physiological effects. Few studies to date have directly explored the association 
between its structural analogs (BPS, BPF) and sex hormones in adult male participants. Therefore, we aimed to assess the associations between BPA, BPS, BPF, and sex hormones in American adult men. METHODS: We 
used data from the U.S. National Health and Nutrition Examination Survey 2011-2016. We excluded participants without data available on sex hormones and urinary bisphenols. Furthermore, participants consuming sex 
hormone medications were excluded. Multivariable regression models were performed to assess the association between bisphenols and sex hormones. RESULTS: In this study, 2367 participants were included. Of 2367, 
in 1575 participants, the data on BPS and BPF were available. We found that a per unit increase in BPF was associated with 0.575 ng/dL higher total testosterone (TT) (Model 2: 95% CI: 0.047, 1.103, P = 0.033). However, 
there was no significant association between BPA or BPS and TT. Furthermore, increased BPA and BPS levels were associated with higher levels of sex hormone-binding globulin (SHBG) (Model 2: β = 0.364, 95% CI: 
0.158, 0.571; β = 0.25, 95% CI: 0.071, 0.429, respectively). Additionally, participants in the highest BPA exposure quartile (quartile 4) had 4.072 nmol/L higher levels of SHBG than those in quartile 1 (Model 2: 95% CI: 
0.746, 7.397, P = 0.017; P for trend =0.005). Both BPA and BPS were negatively associated with free testosterone (FT, nmol/L) after full adjustment (Model 2, β = - 0.01%, P = 0.0211, P = 0.0211; Model 2, β = - 0.01%, P =
 0.0258, respectively). However, BPF was positively associated with FT (Model 2, β = 0.0029%, P = 0.0028). CONCLUSION: Our study indicated that exposure to both BPA and its substitutions could alter sex hormone 
levels. This finding supports the possibility that human exposure to bisphenols at environmental levels might affect the endogenous hormone balance.

Environ Health Vol.21 
Issue 1 Pages 135

10.1186/s12940-022-00949-6 36550468 ヒト - - - - - - - 横断研究 1 1 - - - - - - - - - - - - - - - - - -

統合_0037 B. Zhang, Y. He, H. Zhu, X. Huang, X. Bai, K. 
Kannan and T. Zhang 2020

Concentrations of bisphenol A and 
its alternatives in paired maternal-
fetal urine, serum and amniotic fluid 
from an e-waste dismantling area in 
China

Bisphenol A (BPA) and its alternatives are suspected endocrine disruptors. However, prenatal exposure and transplacental transfer of bisphenols (BPs is still limited. Therefore, BPA and its six alternatives in maternal 
serum (MS), maternal urine (MU), cord serum (CS), and amniotic fluid (AF) samples collected from 106 maternal-fetal pairs in an e-waste dismantling site in Southern China were determined. Bisphenol AF (BPAF) and 
bisphenol S (BPS) were the dominant BPA alternatives observed in MS and CS, and the geometric mean (GM) concentration of BPAF (0.013 ng/mL in MS, 0.097 ng/mL in CS) and BPS (0.01 ng/mL in MS, 0.03 ng/mL in 
CS) in MS and CS was lower than that of BPA (0.5 ng/mL in MS, 1.2 ng/mL in CS). The ratios of BPA concentrations between MU and MS (MU:MS ratio) were over three times higher than those of AF and CS (AF:CS 
ratio), thereby suggesting low biotransformation/metabolism of BPA in fetuses. The placental transfer rates of BPs (i.e., CS:MS ratio) were compound-specific (BPAF 3.26, BPA 1.94, BPS 1.11). Results suggest that BPA 
and its alternatives can pass through the placental barrier. The placental transfer rates of BPs are positively related to molecular weight or log K(ow) values. This finding indicates that an active transport is responsible 
for the placental transfer of BPs.

Environ Int Vol.136 
Pages 105407

10.1016/j.envint.2019.105407 31955035 ヒト - - - - - - - バイオモニタリング 1 1 - - - - - - - - - - - - - - - - - -

統合_0038 W. Zhan, H. Yang, J. Zhang and Q. Chen 2022
Association between co-exposure to 
phenols and phthalates mixture and 
infertility risk in women

BACKGROUND: Exposure to phenols and phthalates has been separately linked to increased risks of infertility in women of reproductive age. However, the combined effect of phenols and phthalates exposure on infertility 
has not been explored. METHODS: Data from the National Health and Nutrition Examination Surveys (NHANES) were used. A total of 857 women of reproductive age (18-45 years) with available information on urinary 
phenol and phthalate metabolites, reproductive questionnaires, and covariates were included in the present study. The definition of infertility was based on self-reports. Multivariable logistic regression, principal 
component analysis (PCA), and Bayesian kernel machine regression (BKMR) with stratified variable selection were applied to determine what associations were found between combined exposure to these mixtures and 
risk of infertility among women of reproductive age. RESULTS: After adjusting for potential confounders, bisphenol A (BPA), mono(3-carboxypropyl) phthalate (MCPP) and four di(2-ethylhexyl) phthalate (DEHP) 
metabolites [mono(2-ethylhexyl) phthalate (MEHP), mono(2-ethyl-5-hydroxyhexyl) phthalate (MEHHP), mono(2-ethyl-5-oxohexyl) phthalate (MEOHP) and mono(2-ethyl-5-carboxypentyl) phthalate (MECPP)] were 
positively associated with infertility. PCA revealed that the DEHP-BPA factor's PC score was significantly positively related to the likelihood of infertility [adjusted odds ratio (aOR) = 1.45; 1.08, 1.82]. The DEHP-BPA 
component consistently had the highest group posterior inclusion probability (PIP) in BKMR models. The BKMR model also found that MEOHP, MEHHP, and BPA were positively associated with infertility risk when the 
remaining combination concentrations were held at their median values. In addition, we observed that the probability of infertility increased dramatically as the quantiles of total mixture concentration increased. 
CONCLUSION: Our findings indicate that a combination of phenol and phthalate metabolites is linked to infertility among reproductive-age women. BPA and DEHP, in particular, are significantly related to the risk of 
infertility.

Environ Res Vol.215 
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統合_0039 W. Zhan, W. Tang, X. Shen, H. Xu and J. Zhang 2023

Exposure to bisphenol A and its 
analogs and polycystic ovarian 
syndrome in women of childbearing 
age: A multicenter case-control 
study

BACKGROUND/OBJECTIVES: In recent years, the reproductive toxicity of new bisphenol analogs has garnered much interest, but it remains to be determined whether bisphenol analogs affect polycystic ovarian syndrome 
(PCOS). METHODS: This study utilized data from a multicenter hospital-based case-control study conducted in 2014-2016 to examine the association between endocrine-disrupting chemicals and infertility in China. 321 
PCOS cases and 412 controls were included in the current analysis. We quantified seven bisphenol analogs in urine samples, including bisphenol A (BPA), bisphenol AP (BPAP), bisphenol AF (BPAF), bisphenol B (BPB), 
bisphenol S (BPS), bisphenol P (BPP), and bisphenol Z (BPZ). Spearman correlation and generalized linear regression were used in assessing the relationship between bisphenol analogs and hormonal parameters. To 
examine the association of bisphenol analogs with odds of PCOS, multiple logistic regression, and two multi-pollutant models [quantile-based g-computation (QGC) and extreme gradient boosting (XGBoost) methods] 
were used. RESULTS: After covariates adjustment, BPA, BPS, and BPAF were positively correlated with testosterone (T) in the control group (P < 0.05). Dose-response relationships were discovered between BPA, BPS, 
BPZ, and BPAF quartiles and PCOS. Mixed exposure to seven bisphenol analogs was found to be positively associated with the odds of PCOS (adjusted odds ratio = 1.26; 1.12-1.45), which was primarily driven by BPS 
(weight = 0.51), BPZ (weight = 0.26), and BPAF (weight = 0.23). Women who were overweight or obese tended to have a stronger association between bisphenol analogs and PCOS than normal-weight women. 
CONCLUSIONS: Environmental exposure to bisphenol analogs was associated with increased odds of PCOS in this case-control study. This association was stronger among obese and overweight women.

Chemosphere. 2023 
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統合_0040

J. Y. Zeng, M. Zhang, X. H. Chen, C. Liu, Y. L. 
Deng, P. P. Chen, Y. Miao, F. P. Cui, T. Shi, T. T. 
Lu, X. Y. Liu, Y. Wu, C. R. Li, C. J. Liu and Q. 
Zeng

2024

Prenatal exposures to phthalates 
and bisphenols in relation to 
oxidative stress: single pollutant and 
mixtures analyses

Prenatal exposures to phthalates and bisphenols have been shown to be linked with adverse birth outcomes. Oxidative stress (OS) is considered a potential mechanism. The objective of this study was to explore the 
individual and mixtures of prenatal exposures to phthalates and bisphenols in associations with OS biomarkers. We measured eight phthalate metabolites and three bisphenols in the urine samples from 105 pregnant 
women in Wuhan, China. Urinary 8-hydroxydeoxyguanosine (8-OHdG), 8-isoprostaglandin F(2α) (8-isoPGF(2α)), and 4-hydroxy-2-nonenal-mercapturic acid (HNE-MA) were determined as OS biomarkers. The OS 
biomarkers in associations with the individual chemicals were estimated by linear regression models and restricted cubic spline (RCS) models, and their associations with the chemical mixtures were explored by quantile 
g-computation (qg-comp) models. In single-pollutant analyses, five phthalate metabolites including monomethyl phthalate (MMP), monoethyl phthalate (MEP), mono-(2-ethylhexyl) phthalate (MEHP), (2-ethyl-5-
hydroxyhexyl) phthalate (MEHHP), and mono (2-ethyl-5-oxohexyl) phthalate (MEOHP) were positively associated with urinary 8-OHdG levels (all FDR-adjusted P = 0.06). These associations were further confirmed by the 
RCS models and were linear (P for overall association ≤ 0.05 and P for non-linear association > 0.05). In mixture analyses, qg-comp models showed that a one-quartile increase in the chemical mixtures of phthalate 
metabolites and bisphenols was positively associated with urinary levels of 8-OHdG and 8-isoPGF(2α), and bisphenol A (BPA) and bisphenol F (BPF) were the most contributing chemicals, respectively. Prenatal 
exposures to individual phthalates and mixtures of phthalates and bisphenols were associated with higher OS levels.

Environ Sci Pollut Res 
Int Vol.31 Issue 9 Pages 
13954-13964
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統合_0041
J. Y. Zeng, P. P. Chen, C. Liu, Y. L. Deng, Y. 
Miao, M. Zhang, F. P. Cui, T. T. Lu, T. Shi, K. D. 
Yang, C. J. Liu and Q. Zeng

2022

Bisphenol A analogues in 
associations with serum hormone 
levels among reproductive-aged 
Chinese men

BACKGROUND: Bisphenol A (BPA) as an endocrine disrupting chemical has been shown to alter reproductive endocrine function, but little is known on its analogues such as bisphenol F (BPF) and bisphenol S (BPS) with 
increasing usage and exposure. OBJECTIVE: To explore the associations between exposures to BPA, BPF and BPS and serum reproductive hormones among reproductive-aged Chinese men. METHODS: We measured 
BPA, BPF and BPS concentrations in repeated urine samples and multiple reproductive hormones in the serum samples collected from 462 men attending an infertility clinic in Wuhan, China. Linear regression models 
were applied to assess the associations between averaged urinary BPA, BPF and BPS levels and serum hormone concentrations, and restricted cubic spline (RCS) models were further utilized to explore potential non-
linear associations. We also examined potential modifying effects by age and body mass index (BMI). RESULTS: There was little evidence of associations between BPA exposure and altered reproductive hormones. 
However, we found that elevated BPF and BPS exposures were in negative associations with estrogen (E2) levels and E2/T (total testosterone) ratio (all P for trends < 0.05), and that elevated BPS exposure was 
negatively associated with SHBG levels (P for trend = 0.09). Based on the RCS models, these linear negative associations except that between BPS exposure and E2/T ratio were further confirmed. In stratified analyses, 
BPF and BPS exposures in relation to reduced E2 and E2/T ratio were more pronounced among men aged > 30 years, whereas their associations with reduced SHBG levels were more pronounced among men aged ≤ 30. 
Also, BPS exposure in negative association with FSH only emerged among men with BMI ≥ 24 kg/m(2) (P for interaction = 0.03). CONCLUSION: BPF and BPS exposures were negatively associated with male serum E2, 
E2/T ratio and SHBG levels, and these associations varied by age and BMI.

Environ Int. 2022 
Sep:167:107446.
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統合_0042
M. Zbucka-Krętowska, U. Łazarek, W. Miltyk, I. 
Sidorkiewicz, P. Pierzyński, R. Milewski, S. Woł
czyński and J. Czerniecki

2019

Simultaneous analysis of bisphenol 
A fractions in maternal and fetal 
compartments in early second 
trimester of pregnancy

Background Bisphenol A (BPA) is an estrogenic, endocrine-disrupting compound widely used in the industry. It is also a ubiquitous environmental pollutant. Its presence was confirmed in human fetuses, which results 
from maternal exposure during pregnancy. The mechanisms behind maternal-fetal transfer, and relationships between pregnant women and fetal exposures remain unclear. The aim of this study was to assess the impact 
of maternal exposure to BPA on the exposure of the fetus. Methods Maternal plasma and amniotic fluid samples were collected from 52 pregnant women undergoing amniocentesis for prenatal diagnosis of chromosomal 
abnormalities. BPA was measured by gas chromatography-mass spectrometry (GC-MS). The permeability factor - a ratio of fetal-to-maternal BPA concentration - was used as a measure delineating the transplacental 
transfer of BPA. Results The median concentration of maternal plasma BPA was 8 times higher than the total BPA concentration in the amniotic fluid (8.69 ng/mL, range: 4.3 ng/mL-55.3 ng/mL vs. median 1.03 ng/mL, 
range: 0.3 ng/mL-10.1 ng/mL). There was no direct relationship between the levels of BPA in maternal plasma and amniotic fluid levels. The permeability factor, in turn, negatively correlated with fetal development (birth 
weight) (R = -0.54, P < 0.001). Conclusion Our results suggest that the risk of fetal BPA exposure depends on placental BPA permeability rather than the levels of maternal BPA plasma concentration and support general 
recommendations to become aware and avoid BPA-containing products.
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統合_0043
A. N. Zamora, E. Marchlewicz, M. M. Téllez-
Rojo, C. F. Burant, A. Cantoral, P. X. K. Song, A. 
Mercado, D. C. Dolinoy and K. E. Peterson

2022

Trimester two gestational exposure 
to bisphenol A and adherence to 
mediterranean diet are associated 
with adolescent offspring oxidative 
stress and metabolic syndrome risk 
in a sex-specific manner

BACKGROUND: Exposure to prenatal bisphenol A (BPA) and Mediterranean Diet Score (MDS) has been linked to metabolic risk in child offspring. It remains unclear if independent and interactive effects persist in 
adolescence. METHODS: We examined prenatal BPA and MDS on adolescent offspring metabolic syndrome risk score (MRS) and 8-isoprostane (8-iso), a biomarker of oxidative stress. Data from maternal-adolescent 
dyads from a Mexico City cohort were utilized, including trimester-specific prenatal BPA from spot urine and MDS from food frequency questionnaires. Offspring socio-demographic data and biomarkers to estimate MRS 
and 8-iso were obtained during peri-adolescence. RESULTS: Adjusted linear regression models examined associations between trimester-specific BPA, MDS, and BPA(*)MDS on outcomes. Sex-stratified analyses 
revealed a significant association between MDS with increased 8-iso (β = 0.064, p < 0.05), and a marginal association between trimester two BPA with increased 8-iso (β = 0.237), while MDS modified the marginal 
association between BPA and 8-iso in females (β = 0.046). A negative, marginal association was observed between trimester two BPA and MRS (β = - 0.728), while BPA (*) MDS was marginally, positively associated 
with MRS (β = 0.152) in males. CONCLUSIONS: Study findings indicate that trimester two prenatal BPA and maternal adherence to a Mediterranean diet may have sexually dimorphic effects on adolescent offspring 
oxidative stress and metabolic syndrome risk.

Front Nutr. 2022 Oct 
5:9:961082.
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統合_0044

A. N. Zamora, E. C. Jansen, J. M. Goodrich, M. 
M. Téllez-Rojo, P. X. K. Song, J. D. Meeker, D. C. 
Dolinoy, A. T.-O. L, A. Cantoral and K. E. 
Peterson

2023

Cross-sectional associations 
between phthalates, phenols, and 
parabens with metabolic syndrome 
risk during early-to-mid adolescence 
among a cohort of Mexican youth

BACKGROUND: Epidemiological studies on children and adults have linked toxicants from plastics and personal care products to metabolic disruption. Yet, the impact of endocrine-disrupting chemicals (EDCs) on 
adolescent metabolic syndrome (MetS) risk during early and mid-adolescence is unclear. METHODS: To examine the links between exposure to EDCs and MetS risk and its components, cross-sectional data from 344 
Mexican youth in early-to-mid adolescence (10-17 years) were analyzed. Urinary biomarker concentrations of phthalates, phenol, and paraben analytes were measured from a single spot urine sample collected in 2015; 
study personnel obtained anthropometric and metabolic measures. We examined associations between summary phthalates and metabolites, phenol, and paraben analytes with MetS risk z-scores using linear regression, 
adjusted for specific gravity, sex, age, pubertal status, smoking, alcohol intake, physical activity level, and screen time. As a secondary aim, mediation analysis was conducted to evaluate the role of hormones in the 
association between summary phthalates with lipids and MetS risk z-scores. RESULTS: The mean (SD) age was 13.2 (1.9) years, and 50.9% were female. Sex-stratified analyses revealed associations between summary 
phthalates and lipids ratio z-scores, including Σ DEHP [β = 0.21 (95% CI: 0.04, 0.37; p < 0.01)], phthalates from plastic sources (Σ Plastic) [β = 0.22 (95% CI: 0.05, 0.39; p < 0.01)], anti-androgenic phthalates (Σ AA) 
[β = 0.22 (95% CI: 0.05, 0.39; p < 0.01)], and individual phthalate metabolites (MEHHP, MEOHP, and MECPP) among males. Among females, BPA [β = 0.24 (95% CI: 0.03, 0.44; p < 0.05)] was positively associated with 
lipids ratio z-score and one phenol (2,5 DCP) [β = 0.09 (95% CI: 0.01, 0.18); p < 0.05)] was associated with increased waist circumference z-score. Results showed no evidence of mediation by hormone concentrations in 
the association between summary phthalates with lipids ratio or MetS risk z-scores. CONCLUSION: Higher EDC exposure was positively associated with serum lipids during adolescence, particularly among males.
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統合_0045 O. Yuruker, C. Dalkan, M. Uncu, O. Yetkin, A. 
Babayigit and N. N. Bahceciler 2023

High fetal bisphenol A exposure 
enhances IL22 secretion: A 
proinflammatory cytokine

BACKGROUND: Bisphenol A (BPA) is an industrial product, widely used in human consumed types of equipment that can be transmitted orally, by inhalation or through dermal absorption and is detectable in many body 
fluids including cord blood. A correlation between BPA concentration in maternal serum and cord blood has been demonstrated previously, suggesting a possible transfer of BPA via the transplacental path. OBJECTIVE: 
Our objective is to determine the impact of cord blood BPA level on cytokine responses. METHODS: In this cross-sectional study, healthy pregnant women who delivered healthy newborns followed by the Obstetrics and 
Gynecology Department between September 2016 to June 2017 were enrolled. Cord blood samples were obtained and BPA and IL4, IL5, IL10, IL17, IL22, IFN gama and TGF beta levels were studied by ELISA. RESULTS: 
Among 197 deliveries, 176 of them were included in the study. Due to lack of cut-off value, BPA levels were stratified as percentiles. No statistically significant difference was detected in comparison of cytokine levels 
based on BPA concentrations below and above the 25th and 50th percentiles. Significantly higher IL22 levels (p = 0.007) and increased ratio of IL22/TGFβ (p = 0.04) were detected in those with BPA level above 75th 
percentile (>19.16 ng/ml) compared to the below group. CONCLUSIONS: This in vivo real-life study demonstrated that very high BPA levels in cord blood of expectant mothers enhances IL22 secretion in cord blood which 
is a proinflammatory cytokine. Studies evaluating long term immunological effects on those highly exposed newborns are necessitated.

Asian Pac J Allergy 
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統合_0046 B. Yue, S. Ning, H. Miao, C. Fang, J. Li, L. Zhang, 
Y. Bao, S. Fan, Y. Zhao and Y. Wu 2023

Human exposure to a mixture of 
endocrine disruptors and serum 
levels of thyroid hormones: A cross-
sectional study

Exposure to endocrine disruptors (EDCs) could disrupt thyroid hormone homeostasis. However, human epidemiological studies reported inconsistent observations, and scarce information on the effect of a mixture of 
chemicals. The aim of the present study was to examine the associations of multiple chemicals with thyroid hormones among adults from China. We measured serum levels of thyroid hormones and urinary levels of 11 
EDCs, including six phthalate metabolites, bisphenol A (BPA), bisphenol F (BPF), bisphenol S (BPS), perchlorate, and thiocyanate among 177 healthy adults without occupational exposure. Associations of multiple urinary 
analytes with serum thyroid hormones were examined by performing general linear regression analysis and bayesian kernal machine regression analysis. These EDCs were detected in almost all samples. After adjusting 
for various covariates, we observed only BPF significantly associated with total thyroxin (TT4) (β=-0.27, 95% confidence interval (CI) [-0.41, -0.14]), total triiodothyronine (TT3) (β=-0.02 95% CI [-0.03, -0.01]), free T4 
(fT4) (β=-0.02, 95% CI [-0.03, -0.01]), and free T3 (fT3) (β=-0.04, 95% CI [-0.07, -0.01]), and mono-(2-ethyl-5-oxohexyl) phthalate (MEOHP) and monoethyl phthalate (MEP) positively associated with TT4 (β=0.24, 95% 
CI [0.01, 0.48]) and fT4 (β=0.02, 95% CI [0.01, 0.04]), respectively. Moreover, we observed significant dose-response relationships between TT4 and the mixture of 11 EDCs, and BPF was the main contributor to the 
mixture effect, suggesting the priority of potential effect of BPF on disrupting thyroid function under a real scenario of human exposure to multiple EDCs. Our findings supported the hypothesis that human exposure to low 
levels of EDCs could alter thyroid hormones homeostasis among non-occupational healthy adults.
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統合_0047 Y. Yuan, Q. Chen, X. Ding, Q. Zhong and X. 
Zhong 2024

Endocrine disrupting chemical 
Bisphenol A and its association with 
cancer mortality: a prospective 
cohort study of NHANES

INTRODUCTION: There is evidence suggesting that Bisphenol A (BPA) is associated with increased all-cause mortality in adults. However, the specific nature of the relationship between BPA exposure and cancer 
mortality remains relatively unexplored. METHODS: The National Health and Nutrition Examination Survey (NHANES) dataset was used to recruit participants. Urinary BPA was assessed using liquid chromatography-
mass spectrum (LC-MS). Through the use of multivariable Cox proportional hazard regressions and constrained cubic splines, the relationships between urine BPA and death from all causes and cancer were investigated. 
RESULTS: This study has a total of 8,035 participants, and 137 died from cancers after a 7.5-year follow-up. The median level of BPA was 2.0 g/mL. Urinary BPA levels were not independently associated with all-cause 
mortality. For cancer mortality, the second quartile's multivariable-adjusted hazard ratio was 0.51 (95% confidence interval: 0.30 to 0.86; p = 0.011) compared to the lowest quartile. The restricted cubic splines showed 
that the association was nonlinear (p for nonlinearity = 0.028) and the inflection point was 1.99 ng/mL. CONCLUSION: Urinary BPA exposure was U-shaped associated with the risk of cancer mortality, and a lower level of 
BPA less than 1.99 ng/mL was associated with a higher risk of cancer mortality.

Front Public Health. 
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統合_0048 S. Yuan, X. Du, H. Liu, X. Guo, B. Zhang, Y. 
Wang, B. Wang, H. Zhang and H. Guo 2023

Association between bisphenol A 
exposure and thyroid dysfunction in 
adults: a systematic review and 
meta-analysis

The occurrence of thyroid dysfunction is affected by environmental factors, and BPA is a ubiquitous environmental pollutant with the potential to cause thyroid dysfunction. However, the limited epidemiological evidence 
shows an inconsistent association between BPA exposure and thyroid dysfunction. Therefore, the literature on the impact of BPA on thyroid was sorted and analyzed to study the relationship between BPA and adult 
thyroid function. The studies published on or before 23rd May 2022 from PubMed, Web of Science, and Scopus were collected analyzing the association between BPA exposure and the levels of thyroid hormones. The 
methodological quality of each study was assessed, the sensitivity analysis and subgroup analysis based on study population and gender were also performed, and publication bias was evaluated. A total of 2969 literature 
studies were retrieved. Based on inclusion and exclusion criteria, eleven studies were included. Our results showed that BPA concentration was negatively correlated with FT4 and TSH in males. Pooled correlation 
coefficients between BPA and FT4/TSH were -0.027 (95%CI = -0.030~-0.024) and -0.058 (95%CI = -0.111~-0.004). BPA concentration was positively correlated with FT4 in females, and the pooled correlation coefficient 
was 0.006 (95%CI = 0.003-0.008). The effects of BPA on thyroid hormone levels were significantly different between males and females. BPA may significantly decrease the levels of FT4 and TSH in males but increase 
the levels of FT4 in females. Considering the high heterogeneity among studies and the limited investigations into subgroups, the relationship between BPA exposure and thyroid dysfunction needs to be further 
investigated.
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統合_0049 N. Yuan, J. Sun, X. Zhao and W. Li 2024
Relationship between bisphenol A 
and autoimmune thyroid disease in 
women of childbearing age

BACKGROUND: Autoimmune thyroid disease (AITD) is the main cause of hypothyroidism in women of childbearing age. Bisphenol A (BPA) is an environmental factor affecting AITD. This study aims to investigate 
relationship between BPA and AITD in women of childbearing age, thereby contributing novel evidence for the prevention of hypothyroidism in this specific demographic. METHODS: A total of 155 women of childbearing 
age were enrolled in this study, including the euthyroid group comprised 60 women with euthyroidism and thyroid autoantibodies negativity and the AITD group consisted of 95 women with euthyroidism and at least one 
thyroid autoantibody positivity. The general information, thyroid function, thyroid autoantibodies, and thyroid ultrasound results of the two groups of women of childbearing age were recorded. Urinary BPA and urinary 
BPA/creatinine were detected. The difference of BPA levels between the two groups was compared. logistic regression was used to analyze the correlation between BPA and AITD. RESULTS: The proportion of 
multiparous and serum thyroid stimulating hormone levels were significantly higher in the AITD group compared to the euthyroid group. Logistic regression analysis revealed that BPA levels did not exhibit a statistically 
significant association with AITD. Spearman correlation analysis revealed a statistically significant correlation between BPA and urinary iodine levels (r=0.30, P < 0.05), as well as a correlation between urinary BPA and 
free tetraiodothyronine (FT4) levels (r=0.29, P < 0.05). CONCLUSION: This study revealed a correlation between urinary BPA levels and FT4 levels. However, it did not establish a relationship between BPA and AITD in 
women of childbearing age.
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統合_0050
K. Y. Yuan, Y. H. Gu, Y. H. Pei, S. Y. Yu, T. Z. Li, 
T. Feng, Y. Liu, J. Tian, X. Miao, J. Xiong, M. Hu 
and B. F. Yuan

2025

Comprehensive analysis of 
transplacental transfer of 
environmental pollutants detected in 
paired maternal and cord serums

Prenatal exposure to hazardous environmental pollutants is a critical global concern due to their confirmed presence in umbilical cord blood, indicating the ability of pollutants to cross the placental barrier and expose the 
fetus to harmful compounds. However, the transplacental transfer efficiencies (TTEs) of many pollutants remain underexplored. Herein, we developed a liquid chromatography-tandem mass spectrometry (LC-MS/MS) 
method to quantitatively analyze 91 environmental pollutants, including 13 bisphenols (BPs), 18 organophosphorus flame retardants (OPFRs), 7 brominated and other flame retardants (BFRs), 34 phthalates (PAEs), and 19 
per- and polyfluoroalkyl substances (PFASs), in paired maternal and cord serums. 38 pollutants were detected in serums, including 5 BPs, 13 OPFRs, 2 BFRs, 4 PAEs, and 14 PFASs. Among the detected pollutants, 
bisphenol A (BPA) exists in the highest concentration (GM: 10.92 ng/mL in maternal serums and 12.66 ng/mL in cord serums), followed by tris(1,3-dichloro-2-propyl) phosphate (TDCIPP), perfluorooctanoic acid (PFOA), 
and 4,4'-(1,3-phenylenediisopropylidene) bisphenol (BPM). The exposure concentrations of the same type of pollutants were highly correlated between maternal and cord serums. Perfluorohexanoic acid (PFHxA) had the 
highest TTE value (5.526), while perfluorooctane sulfonic acid (PFOS) had the lowest (0.206). TTEs of PFOS and perfluorononanoic acid (PFNA) were higher for female newborns, whereas TTEs of perfluorohexadecanoic 
acid (PFHxDA) and perfluorodecane sulfonic acid (PFDS) were higher for male newborns. Moreover, the expression levels of the transplacental transporters ABCA1, ABCC2, ABCC3, ABCC4, ABCG1, SLCO3A1, and 
SLC22A3 were associated with the transplacental transfer of triphenyl phosphate (TPHP), TDCIPP, di-n-propyl phthalate (DPRP), perfluoroundecanoic acid (PFUnDA), perfluorotridecanoic acid (PFTrDA), and PFOS. 
Further research is essential to unveil the mechanisms involved in the transplacental transfer of environmental pollutants, ultimately boosting our comprehension of their impact on fetal health and birth outcomes.

J Hazard Mater Vol.486 
Pages 136970

10.1016/j.jhazmat.2024.136970 39740555 ヒト - - - - - - - バイオモニタリング 1 1 - - - - - - - - - - - - - - - - - -

統合_0051 S. J. Yoo, H. Joo, D. Kim, M. H. Lim, E. Kim, M. 
Ha, H. J. Kwon, K. C. Paik and K. M. Kim 2020

Associations between Exposure to 
Bisphenol A and Behavioral and 
Cognitive Function in Children with 
Attention-deficit/Hyperactivity 
Disorder: A Case-control Study

OBJECTIVE: Bisphenol A (BPA) is a widely produced synthetic chemical used to manufacture polycarbonate plastics and epoxy resins. We aimed to investigate the association between exposure to BPA and behavioral and 
cognitive function in children with attention-deficit/hyperactivity disorder (ADHD) and healthy controls. METHODS: The study included 444 children aged from 6 to 10 years. The ADHD and control groups included 195 and 
249 children, respectively. BPA levels were assessed via urinalysis, while behavior was assessed using the Korean version of the ADHD Rating Scale (K-ARS) and the Behavior Assessment System for Children (BASC-2). 
Cognitive function was assessed using the Continuous Performance Test (i.e., ADHD Diagnostic System [ADS]). Participants were categorized into tertile groups based on urinary BPA concentration. RESULTS: Scores 
on the K-ARS and the hyperactivity, aggression, anxiety, and depression subscales of the BASC-2 were significantly different among tertile groups for urinary BPA levels. Scores on visual omission error, commission error, 
response time variability, and auditory commission error of the ADS were significantly different among three BPA groups. Subgroup analysis revealed that these differences of behavior and cognition among three BPA 
groups were observed in only boys and normal controls. CONCLUSION: Exposure to BPA was associated with unfavorable behavioral and cognitive outcomes. Our study extends the findings of previous studies regarding 
the association between BPA exposure and behavior/cognitive function by including children with ADHD. Further studies are required to determine the mechanisms underlying sex- and group-based differences in these 
associations.

Clin Psychopharmacol 
Neurosci. 2020 May 
31;18(2):261-269.

10.9758/cpn.2020.18.2.261 32329307 ヒト 発達神経 - - - - - - 症例対照研究 1 1 - - - 1 1 1 - - - - - - - - - - - -

統合_0052 T. Yin, X. Zhu, I. Cheang, Y. Zhou, S. Liao, X. Lu, 
Y. Zhou, W. Yao, X. Li and H. Zhang 2023

Urinary phenols and parabens 
metabolites associated with 
cardiovascular disease among adults 
in the United States

The field of environmental health has begun to examine the effects of higher-order chemical combinations. The current literature lacks studies exploring associations between multiple organic chemical mixtures and 
cardiometabolic diseases (CVDs). This study aimed to evaluate associations between urinary phenols, parabens metabolites, and total and individual CVDs among a nationally representative sample of adults in the US. 
This cross-sectional study analyzed 7 urinary chemicals detected among the general population from the 2005-2016 National Health and Nutrition Examination Survey (NHANES, n=10,428). Multivariate logistic regression 
and weighted quantile sum (WQS) regression were applied to examine relationships between phenols and parabens metabolites, alone and in combination, and total and individual CVDs prevalence. Compared with the 
lowest quartile, URBPA (OR: 1.52; 95% CI: 1.20-1.91; P=0.001) levels in the highest quartile were independently associated with increased total CVD. The WQS index of phenols and parabens mixtures were independently 
correlated with total CVD (adjusted odds ratios [OR]: 1.16; 95% confidence interval [CI]:1.06-1.28; P=0.002), angina (adjusted OR: 1.30; 95% CI: 1.07-1.59; P=0.009), and heart attack (adjusted OR: 1.30; 95% CI: 1.12-1.51, 
P<0.001). Urinary bisphenol A (URBPA, weight=0.636) was the most heavily weighted component in the total CVD model. Restricted cubic spline regression demonstrated positive correlations and nonlinear associations 
between URBPA and both total CVD (P for nonlinearity=0.032) and individual CVD (heart attack; P for nonlinearity=0.031). Our findings suggested that high combined levels of phenols, and parabens are associated with 
an increased CVD risk, with URBPA contributing the highest risk.

Environ Sci Pollut Res 
Int Vol.30 Issue 10 
Pages 25093-25102
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統合_0053 D. Yeum, S. Ju, K. J. Cox, Y. Zhang, J. B. Stanford 
and C. A. Porucznik 2019

Association between peri-
conceptional bisphenol A exposure 
in women and men and time to 
pregnancy-The HOPE study

BACKGROUND: Bisphenol A (BPA) is a non-persistent endocrine-disrupting chemical with nearly ubiquitous, involuntary exposure. Previous studies have shown that BPA causes reproductive dysfunction in animal models, 
but there are limited data regarding the effects of BPA exposure on time to pregnancy (TTP) in humans. OBJECTIVE: To evaluate whether peri-conceptional BPA exposure of women and men is associated with couples' 
TTP. METHODS: A total of 164 heterosexual couples (164 women; 163 men) who have available BPA information as well as time to pregnancy from the Home Observation of Peri-conceptional Exposures (HOPE) Study 
were included and were followed up to 12 months. Women collected first-morning urine samples starting at the beginning of the fertile window and continued until the onset of menses or 18 days after the estimated day 
of ovulation (EDO+18 days). The time to pregnancy (TTP) after the enrolment was self-reported and used for the analysis. Discrete-time Cox proportional hazards models were performed to generate fecundability odds 
ratio (FOR) between BPA and TTP after adjusting for education and age, accounting for right censoring and prior number of cycles trying to conceive. RESULTS: Among 164 couples, 125 couples became pregnant during 
the study. There was no association between TTP and peri-conceptional BPA exposure for both men (FOR 1.02, 95% CI 0.72, 1.47) and women (FOR 1.07, 95% CI 0.75, 1.53) after adjusting for education and age. 
CONCLUSIONS: No association was found between peri-conceptional BPA exposure and fecundability in this preconception cohort of relatively young, healthy pregnancy planners.

Paediatr Perinat 
Epidemiol. 2019 
Nov;33(6):397-404.

10.1111/ppe.12578 31468552 ヒト ⽣殖発⽣ - - - - - - コホート研究 1 1 - - - 1 1 1 - 1 - - - - - - - - - -

統合_0054

O. Yesildemir, Y. Akdevelioglu, A. Duyan 
Camurdan, B. Cuhaci Cakir, S. B. Erdemli Kose, 
D. Arca Cakir, A. Yirun, A. Balci Ozyurt, S. 
Sabuncuoglu and P. Erkekoglu

2024

Estimated exposure to bisphenol A 
in breastfed and breastfed plus 
formula-fed infants in Turkey: a 
comparison study

This study aimed to estimate and compare dietary exposure to bisphenol A (BPA) in exclusively breastfed (EBF) and breastfed plus formula-fed (BF + FF) infants. A total of 70 mothers and their 0-6 month-old infants (40 
in the EBF group and 30 in BF + FF group) were included in the study. After the questionnaire form was applied to the mothers, maternal breast milk, infant formula, and infant urine were collected from mother-infant 
dyads. Total BPA levels in breast milk, infant formula, and infant urine samples were analyzed by the high-pressure liquid chromatography (HPLC). While BPA was detected in 92.5% of the breast milk samples in the EBF 
group (mean ± SD = 0.59 ± 0.29 ng/mL), BPA was detected in all of the breast milk samples in the BF + FF group (mean ± SD= 0.72 ± 0.37 ng/mL) (p < 0.05). Similarly, 100% of the infant formula samples in the BF + FF 
group had detectable levels of BPA (mean ± SD = 7.54 ± 1.77 ng/g formula). The mean urinary BPA levels in the EBF infants (4.33 ± 1.89 µg/g creatinine) were not statistically different from the BF + FF infants (5.81 ± 
0.11 µg/g creatinine) (p > 0.05). The average daily BPA intake in EBF infants (0.18 ± 0.13 µg/kg body weight (bw)/day) was found to be significantly higher than in BF + FF infants (0.12 ± 0.09 µg/kg bw/day) (p < 0.05). The 
estimated dietary intakes of BPA for infants in both groups were below the temporary tolerable daily intake (t-TDI) (4 µg/kg bw/day). Consequently, BPA intake of EBF and BF + FF infants were within safe daily limits 
during the first six months of life.

Drug Chem Toxicol 
Vol.47 Issue 3 Pages 
253-263

10.1080/01480545.2022.2160456 36571147 ヒト - - - - - - - バイオモニタリング 1 1 - - - - - - - - - - - - - - - - - -

統合_0055 K. E. Yeo, S. Lim, A. Kim, Y. B. Lim, C. R. Lee, J. 
I. Kim and B. N. Kim 2025

Association Between Endocrine-
Disrupting Chemicals Exposure and 
Attention-Deficit/Hyperactivity 
Disorder Symptoms in Children With 
Attention-Deficit/Hyperactivity 
Disorder

OBJECTIVES: This study investigated the relationship between exposure to endocrine-disrupting chemicals (EDCs), specifically phthalates, bisphenol A, bisphenol F, and bisphenol S, and the severity of attention-
deficit/hyperactivity disorder (ADHD) symptoms using neuropsychological tests in children diagnosed with ADHD. METHODS: This study included 67 medication-naïve children with ADHD aged 6-16 years. The urinary 
concentrations of EDCs were measured, and ADHD symptom severity was evaluated using neuropsychological tests and clinical symptom scale measurements. The Jonckheere-Terpstra test, Pearson and Spearman 
correlation analyses, linear regression models, and multiple regression models were used to examine the relationship between EDC exposure and ADHD symptoms. RESULTS: A significant correlation was observed 
between urinary phthalate metabolite concentrations and commission error T-scores in the visual Advanced Test of Attention test. No significant associations were found with other neuropsychological indicators or 
bisphenol levels. CONCLUSION: Phthalate exposure affects impulsivity in children with ADHD, which is consistent with the results of previous studies that used parental surveys. However, bisphenols are not clearly 
associated with ADHD symptoms, which is consistent with the results of previous studies.

J Korean Acad Child 
Adolesc Psychiatry. 
2025 Jan 1;36(1):18-25.

10.5765/jkacap.240035 39811025 ヒト 発達神経 - - - - - - 横断研究 1 1 - - - 1 1 1 - - - - - - - - - - - -

統合_0056
N. N. Yenigül, S. Dilbaz, B. Dilbaz, İ. Kaplanoğlu, 
F. Güçel, O. Aldemir, E. Baser, R. Ozelci and O. 
Moraloglu Tekin

2021

The effect of plastic bottled water 
consumption on outcomes of ICSI 
cycles undertaken for unexplained 
infertility

RESEARCH QUESTION: Do bisphenol A (BPA) levels in maternal urine, serum and follicular fluid affect embryo quality and intracytoplasmic sperm hinjection (ICSI) cycle outcomes in women with unexplained infertility? 
DESIGN: Prospective study conducted between 1 April 2019 and 30 September 2019. The study cohort consisted of 82 women aged between 23 and 33 years who underwent intracytoplasmic sperm injection owing to 
unexplained infertility and provided urine, blood and follicular fluid samples on the day of oocyte retrieval. Consumption of drinking water from plastic carboys or bottles at home were considered as chronic BPA exposure. 
Demographic features and IVF outcomes of the patients were collected. RESULTS: Among the 82 women with unexplained infertility, clinical pregnancy was achieved in 22 (26.8%) patients after the IVF and embryo 
transfer cycle. The patients who consumed tap water had statistically significantly lower BPA values in three body fluids compared with patients who consumed plastic bottled water (all P < 0.001). Women who had grade 
1 embryos transferred had lower serum BPA values than women who had grade 2 embryos transferred (10.8 ± 5.2 versus 26.9 ± 22 ng/ml, P = 0.003). Serum and follicular fluid BPA levels were statistically significantly 
higher in women who failed to achieve clinical pregnancy (P < 0.001, P = 0.006, respectively) and obtain a live birth (both P = 0.007). CONCLUSIONS: A negative relationship was found between serum and follicular fluid 
BPA levels and embryo quality, clinical pregnancy and live birth in these women. In addition, the BPA levels of women who consume tap water at home were lower than those who use plastic bottled water.

Reprod Biomed Online. 
2021 Jul;43(1):91-99

10.1016/j.rbmo.2021.04.010 34001442 ヒト ⽣殖(不妊) - - - - - - コホート研究 1 1 - - - 1 1 1 - - - - - - - - - - - -

統合_0057 J. F. Yap, K. S. Wan, M. F. M. Yusoff, Y. C. Lim 
and R. K. Supramanian 2025

Challenges in diagnosing 
occupational allergic contact 
dermatitis: a case report

BACKGROUND: In Malaysia, occupational allergic contact dermatitis (ACD) is often under-reported. This case report describes a chemical engineer who developed possible ACD, likely due to workplace allergen 
exposure. CASE PRESENTATION: He presented with a 4-month history of intensely itchy rashes on both hands, which improved during work breaks. A dermatological examination revealed lichenified, pruritic papules with 
well-defined borders on the palmar surfaces of both hands. A skin patch test identified reactions to five allergens, including 'fragrance mix,' 'methyldibromo glutaronitrile,' 'clioquinol,' 'epoxy resin,' and 'textile dye mix.' 
However, among these, only 'bisphenol A diglycidyl ether,' a component of 'epoxy resin,' was listed in the safety data sheet as a confirmed occupational exposure. In accordance with local regulations, this case was 
reported as 'occupational dermatitis' to the Department of Occupational Safety and Health. The patient was prescribed symptomatic topical treatments, including emollients and topical corticosteroids. Additionally, he 
was advised to switch to hypoallergenic products. On follow-up, his chronic inflammatory skin lesions showed improvement. CONCLUSIONS: Thorough occupational history-taking and patch testing are essential for 
diagnosing ACD. Personalized health education and regular follow-ups, is crucial in monitoring lesion resolution and evaluating the effectiveness of preventive measures in workplace settings.

Ann Occup Environ 
Med. 2025 Apr:37:e7.

10.35371/aoem.2025.37.e7 40394836 ヒト 免疫 - - - - - - 症例報告 1 1 - - - 1 1 1 - - - - - - - - - - - -

統合_0058
J. Yao, F. Wang, Y. Zhang, Z. Zhang, J. Bi, J. He, 
P. Li, X. Han, Y. Wei, X. Zhang, H. Guo and M. 
He

2022

Association of serum BPA levels 
with changes in lipid levels and 
dyslipidemia risk in middle-aged and 
elderly Chinese

Previous evidences exploring the associations of BPA with lipid changes and dyslipidemia did not obtain consistent results. To evaluate whether serum BPA concentration was associated with changes in blood lipid levels 
and incident dyslipidemia risk in middle-elderly Chinese adults, we conducted a prospective study with 1093 participants (average 62.65 years old) derived from the Dongfeng-Tongji cohort which was founded in 2008 and 
followed up each 5 years. Serum BPA levels were measured by high-performance liquid chromatography-tandem mass spectrometry (HPLC-MS). Changes in lipid levels were named as Δ lipids which equal to Lipid(2013) 
- Lipid(2008). The diagnosis of dyslipidemia was according to Chinese Guidelines on Prevention and Treatment of Dyslipidemia in 2016. We used multivariable linear regression and Logistic regression to explore the 
relations between serum BPA levels and changes in lipid levels and incident dyslipidemia risk, respectively. Besides, restricted cubic splines were used to explore the dose-response relations. After 5 years' follow-up, 51 
individuals developed with hypercholesterolemia, 87 with hypertriglyceridemia, 34 with high-LDL-cholesterolemia, 74 with low-HDL-cholesterolemia, and 199 with dyslipidemia. At baseline serum BPA levels were 
positively related to TC, LDL-c, and Non-HDL-c levels. In the prospective study, each Ln-BPA increase was associated with 0.05 (95% CI: 0.02, 0.09) mmol/L increase in Δ TC, 0.07 (95% CI:0.03, 0.11) mmol/L increase 
in Δ Non-HDL-c, 0.05 (95% CI: 0.01, 0.08) increase in Δ TC/HDL-c, and 0.05 (95% CI: 0.01, 0.08) increase in Δ Non-HDL-c/HDL-c. We only observed significant associations in females but not in males. Besides, serum 
BPA levels were positively associated with hypercholesterolemia (OR=1.12, 95% CI: 1.01, 1.25). The restricted cubic splines obtained similar results. In conclusion, serum BPA was associated TC and Non-HDL-c 
changes, and BPA was also associated with increased risk of hypertriglyceridemia. Further prospective studies with large sample size are warranted to validate our findings.

Ecotoxicol Environ Saf. 
2022 Aug:241:113819.

10.1016/j.ecoenv.2022.113819 36068747 ヒト 代謝 - - - - - - コホート研究 1 1 - - - 1 1 1 - - - - - - - - - - - -

統合_0059
Z. Yang, H. Liu, J. Wei, R. Liu, J. Zhang, M. Sun, 
C. Shen, J. Liu, K. Men, Y. Chen, X. Yang, P. Yu, 
L. Chen and N. J. Tang

2024
Bisphenol mixtures, metal mixtures 
and type 2 diabetes mellitus: 
Insights from metabolite profiling

BACKGROUND: Little is known about the combined effect of bisphenol mixtures and metal mixtures on type 2 diabetes mellitus (T2DM) risk, and the mediating roles of metabolites. METHODS: The study included 606 
pairs of T2DM cases and controls matched by age and sex, and information of participants was collected through questionnaires and laboratory tests. Serum bisphenol and plasma metal concentrations were measured 
using ultra-performance liquid chromatography-mass spectrometry (UPLC-MS/MS) and inductively coupled plasma-mass spectrometry (ICP-MS), respectively. Widely targeted metabolomics was employed to obtain the 
serum metabolomic profiles. Conditional logistic regression models were used to assess the single associations of bisphenols and metals with T2DM risk after multivariable adjustment. Additionally, the joint effects of 
bisphenol mixtures and metal mixtures were examined using quantile-based g-computation (QG-C) models. Furthermore, differential metabolites associated with T2DM were identified, and mediation analyses were 
performed to explore the role of metabolites in the associations of bisphenols and metals with T2DM risk. RESULTS: The results showed bisphenol mixtures were associated with an increased T2DM risk, with bisphenol 
A (BPA) identified as the primary contributor. While the association between metal mixtures and T2DM remained inconclusive, cobalt (Co), iron (Fe), and zinc (Zn) showed the highest weight indices for T2DM risk. A total 
of 154 differential metabolites were screened between the T2DM cases and controls. Mediation analyses indicated that 9 metabolites mediated the association between BPA and T2DM, while L-valine mediated the 
association between Zn and T2DM risk. CONCLUSIONS: The study indicated that BPA, Co, Fe, and Zn were the primary contributors to increased T2DM risk, and metabolites played a mediating role in the associations of 
BPA and Zn with the risk of T2DM. Our findings contribute to a better understanding of the mechanisms underlying the associations of bisphenols and metals with T2DM.

Environ Int. 2024 
Aug:190:108921.

10.1016/j.envint.2024.108921 39098088 ヒト 代謝 - - - - - - 症例対照研究 1 1 - - - 1 1 1 - - - - - - - - - - - -

統合_0060 Y. Yang, X. Bai, J. Lu, R. Zou, R. Ding and X. Hua 2023

Assessment of five typical 
environmental endocrine disruptors 
and thyroid cancer risk: a meta-
analysis

INTRODUCTION: There are conflicting reports on the association between environmental endocrine disruptors (EEDs) and thyroid cancer. This meta-analysis aimed to elucidate the relationship between EEDs and thyroid 
cancer. METHODS: We searched for epidemiological studies on EEDs and thyroid cancer published in PubMed and Web of Science up to December 2022. We then screened the articles that could extract data on EEDs 
concentration levels in both thyroid cancer patients and healthy controls. We excluded articles that could not calculate effect sizes, focused on other thyroid diseases, or lacked controls. Standardized mean difference 
(SMD) was calculated to analyze the association between EEDs and thyroid cancer. We measured the heterogeneity among the included studies using I2, assessed publication bias by Egger's and Begg's test, and 
evaluated article quality using the Newcastle-Ottawa Quality Score (NOS). In the end, fifteen eligible case-control studies were included. RESULTS: Our comprehensive analysis revealed that polychlorinated biphenyls 
(PCBs) were negatively associated with thyroid cancer{ SMD = -0.03, 95% confidence interval (CI) = (-0.05, -0.00), P = 0.03}, while polybrominated diphenyl ethers (PBDEs), phthalates (PAEs), and heavy metals were 
positively associated with thyroid cancer{PBDEs: SMD = 0.14, 95%CI = (0.04, 0.23), P = 0.007; PAEs: SMD = 0.30, 95%CI = (0.02, 0.58), P = 0.04; heavy metals: SMD = 0.21, 95%CI = (0.11, 0.32), P < 0.001}. We did not 
find a statistically significant relationship between bisphenol A (BPA) and thyroid cancer. Most of the included studies did not show publication bias, except for those on PCBs. DISCUSSION: Our results indicate that 
exposure to certain EEDs, such as PBDEs, PAEs, and heavy metals, increases the risk of thyroid cancer. However, further large-scale epidemiological studies and mechanism studies are needed to verify these potential 
relationships and understand the underlying biological mechanisms.

Front Endocrinol 
(Lausanne). 2023 Oct 
30:14:1283087.

10.3389/fendo.2023.1283087 38027118 ヒト 発がん(メタアナリシス) - - - - - - メタアナリシス 1 1 - - - 1 1 1 - - - - - - - - - - - -

統合_0061
P. Yang, B. G. Lin, B. Zhou, W. C. Cao, P. P. 
Chen, Y. L. Deng, J. Hou, S. Z. Sun, T. Z. Zheng, 
W. Q. Lu, L. M. Cheng, W. J. Zeng and Q. Zeng

2021

Sex-specific associations of prenatal 
exposure to bisphenol A and its 
alternatives with fetal growth 
parameters and gestational age

BACKGROUND: Bisphenol A (BPA) can cause detrimental effects on fetal growth. However, the effects of BPA alternatives, such as bisphenol F (BPF) and bisphenol S (BPS), on fetal growth are less known. OBJECTIVE: 
To investigate the relationships of prenatal BPA, BPF, and BPS exposures with fetal growth parameters and gestational age. METHODS: Urinary BPA, BPF, and BPS were measured in 1,197 pregnant women before 
delivery in a Chinese cohort. The associations of prenatal exposure to BPA, BPF, and BPS with fetal growth parameters and gestational age were examined, and associations stratified by fetal sex were also conducted. 
We used a restricted cubic splines (RCS) model to examine the dose-response associations between exposures and outcomes. RESULTS: Maternal urinary BPA and BPF were negatively related to birth length (-0.30 cm, 
95% CI: -0.44, -0.15 and -0.21 cm, 95% CI: -0.36, -0.07 comparing the extreme exposure groups, respectively, both p for trends < 0.01). These associations were more pronounced in girls with inverted U-shaped dose-
response relationships. Maternal urinary BPA and BPF were positively related to ponderal index (0.05 g/cm(3) × 100, 95% CI: 0.01, 0.09 and 0.04 g/cm(3) × 100, 95% CI: 0.01, 0.08 comparing the extreme exposure groups, 
respectively, both p for trends = 0.02), and maternal urinary BPS was associated with shorter gestational age (-0.20 weeks, 95% CI: -0.37, -0.03 comparing the extreme exposure groups, p for trend = 0.02). These 
associations were only observed in girls and exhibited a linear dose-response relationship. CONCLUSIONS: Prenatal BPA, BPF, and BPS exposures were associated with detrimental effects on fetal growth parameters, 
and stronger effects were noted in female infants.

Environ Int. 2021 
Jan:146:106305.

10.1016/j.envint.2020.106305 33395947 ヒト ⽣殖発⽣ - - - - - - コホート研究 1 1 - - - 1 1 1 - 1 - - - - - - - - - -

統合_0062
L. Yang, Y. Liu, H. Zhang, Y. Zhao, G. Zhang, Y. 
Cai, L. Yang, J. Xi, Z. Wang, H. Liang, M. Miao, 
T. Zhang and J. Xue

2025

Interpretable machine learning-
based insights into early-life 
endocrine disruptor exposure and 
small vulnerable newborns

Early-life exposure to endocrine-disrupting chemicals (EDCs) may contribute to small vulnerable newborns, including conditions such as being small for gestational age (SGA) and preterm birth (PTB), yet evidence 
remains limited. This study, which is based on 739 mother-infant pairs in the Chinese Jiashan Birth Cohort (2016-2018), including 39 SGA and 38 PTB cases, employed interpretable machine learning to elucidate the 
isolated effects of 34 EDCs on SGA and PTB risk and sex interactions in a multi-substance exposure context. Extra Trees and CatBoost classifiers performed best for SGA and PTB, respectively, achieving sensitivities of 
0.60 and 0.73 and specificities of 0.82 and 0.97. For SGA, key predictors included bisphenol A (2,3-dihydroxypropyl) glycidyl ether (BADGE-H(2)O), benzophenone (bZp), bisphenol A bis(2,3-dihydroxypropyl) ether (BADGE-
2H(2)O), propyl paraben (PrP), and 2-methylthio-benzothiazole (2-Me-S-BTH). Lower exposures to BADGE-H(2)O, bZp, and BADGE-2H(2)O (concentrations below 0.21, 4.22, and 0.93 μg·g(-1) creatinine, respectively) 
and higher exposure to 2-Me-S-BTH (above 0.15 μg·g(-1) creatinine) were both associated with increased SGA risk. Notably, BADGE-H(2)O, BADGE-2H(2)O, and PrP showed significant interactions with fetal sex. For 
PTB, key predictors included ethyl paraben (EtP), methyl paraben (MeP), bZp, BADGE-H(2)O, and 1H-benzotriazole (1-H-BTR). Lower BADGE-H(2)O and higher EtP and bZp exposures increased PTB risk (< 0.10 and > 
0.01 and 0.60 μg·g(-1) creatinine, respectively). Male fetuses appeared more susceptible to EtP and MeP, and female fetuses were more susceptible to 1-H-BTR. Bayesian kernel machine regression was performed to 
compare the results. This study demonstrated the potential of interpretable machine learning in environmental epidemiology.

J Hazard Mater. 2025 
Jul 15:492:138067.

10.1016/j.jhazmat.2025.138067 40158502 ヒト ⽣殖発⽣ - - - - - - コホート研究 1 1 - - - 1 1 1 - 1 - - - - - - - - - -

統合_0063 J. Yang, H. Wang, H. Du, L. Xu, S. Liu, J. Yi, Y. 
Chen, Q. Jiang and G. He 2021

Serum Bisphenol A, glucose 
homeostasis, and gestational 
diabetes mellitus in Chinese 
pregnant women: a prospective 
study

Lab studies have suggested that exposure to Bisphenol A (BPA) could disturb glucose homeostasis, but epidemiologic studies are limited and show inconsistent results for pregnant women. For this, 535 pregnant women 
were selected from a pregnant women cohort established in Tangshan City in North China between 2013 and 2014. Serum concentrations of BPA were measured in the early term of pregnancy, and fasting glucose and 
insulin levels were repeatedly measured in each of three terms of pregnancy (early, middle, and late). Gestational diabetes mellitus (GDM) were examined by Oral Glucose Tolerance Test (OGTT) in the middle and late 
terms of pregnancy. BPA was detected in 97.5% of pregnant women with a median of 6.50 ng/ml. Natural log-transformed BPA (Ln BPA) was positively associated with fasting glucose level (β (95% CI): 0.038 
(0.015~0.061)), fasting insulin level (0.195 (0.069~0.321)), and homeostasis model insulin resistance index (HOMA-IR) (0.226 (0.087~0.364)) in the middle term of pregnancy by multiple linear regression model after 
adjusting for potential confounders. After serum BPA levels were divided into three groups (low, middle, and high), BPA showed a positive dose-response relationship with blood glucose, insulin, and HOMA-IR in the 
middle term of pregnancy. Increased BPA concentration tended to increase the RR of GDM although not statistically significant (risk ratio: 2.51 (95% CI: 0.68~9.30) for high vs low tertile of BPA concentrations). These 
findings suggested that exposure to BPA might affect glucose homeostasis and the middle term of pregnancy was a potentially sensitive period.

Environ Sci Pollut Res 
Int. 2021 
Mar;28(10):12546-
12554.

10.1007/s11356-020-11263-4 33083951 ヒト ⽣殖発⽣(妊娠糖尿病) - - - - - - コホート研究 1 1 - - - 1 1 1 - 1 - - - - - - - - - -

統合_0064 C. F. Yang, W. J. J. Karmaus, C. C. Yang, M. L. 
Chen and I. J. Wang 2020

Bisphenol a Exposure, DNA 
Methylation, and Asthma in Children

Epidemiological studies have reported the relationship between bisphenol A (BPA) exposure and increased prevalence of asthma, but the mechanisms remain unclear. Here, we investigated whether BPA exposure and 
DNA methylation related to asthma in children. We collected urinary and blood samples from 228 children (Childhood Environment and Allergic Diseases Study cohort) aged 3 years. Thirty-three candidate genes potentially 
interacting with BPA exposure were selected from a toxicogenomics database. DNA methylation was measured in 22 blood samples with top-high and bottom-low exposures of BPA. Candidate genes with differential 
methylation levels were validated by qPCR and promoter associated CpG islands have been investigated. Correlations between the methylation percentage and BPA exposure and asthma were analyzed. According to our 
findings, MAPK1 showed differential methylation and was further investigated in 228 children. Adjusting for confounders, urinary BPA glucuronide (BPAG) level inversely correlated with MAPK1 promoter methylation (β = 
-0.539, p = 0.010). For the logistic regression analysis, MAPK1 methylation status was dichotomized into higher methylated and lower methylated groups with cut off continuous variable of median of promoter methylation 
percentage (50%) while performing the analysis. MAPK1 methylation was lower in children with asthma than in children without asthma (mean ± SD; 69.82 ± 5.88% vs. 79.82 ± 5.56%) (p = 0.001). Mediation analysis 
suggested that MAPK1 methylation acts as a mediation variable between BPA exposure and asthma. The mechanism of BPA exposure on childhood asthma might, therefore, be through the alteration of MAPK1 
methylation. The mechanism of BPA exposure on childhood asthma might, therefore, be through the alteration of MAPK1 methylation.

Int J Environ Res Public 
Health. 2020 Jan 
1;17(1):298.

10.3390/ijerph17010298 31906378 ヒト 免疫 - - - - - - 横断研究 1 1 - - - 1 1 1 - - - - - - - - - - - -

統合_0065 S. S. Yalçın, E. Okman, B. B. Kuşkonmaz, S. Yalç
ın, O. Aykut and D. U. Çeti Nkaya 2025

Engraftment after pediatric 
hematopoietic stem cell 
transplantation and its association 
with recipient and donor phthalate 
and bisphenol A exposure levels: A 
cohort study

Phthalates and bisphenols, ubiquitous compounds found in various everyday products, have garnered attention due to their potential health-disrupting effects. This study aimed to (1) investigate urinary phthalate 
metabolites and bisphenol A (BPA) levels in donors and recipients prior to allogeneic hematopoietic stem cell transplantation (HSCT) and monitor changes in these compounds in pediatric recipients at different time 
points (day-9, day 0, day+7, day+28, day+90), and (2) assess their association with engraftment success. Urine samples from pediatric recipients and donors were collected for analysis of phthalate metabolites and BPA 
in 34 donor-recipient pairs. Monomethyl phthalate metabolite was not detectable in any of the urine samples. A notable increase in phthalate metabolites and BPA levels was observed in recipients starting from day+28. 
Granulocyte engraftment time showed a positive correlation with donor urinary levels of mono-n-butyl phthalate (MBP), mono-2-ethylhexyl phthalate (MEHP), and monobenzyl phthalate metabolites with recipient MBP 
levels measured on day-9. Moreover, donor urinary MBP and MEHP levels were also linked to delayed platelet engraftment. No relationship was observed between engraftment timing and the urine levels of monoethyl 
phthalate metabolite or BPA in donor-recipient pairs. In cases of mucositis, MEHP and MEP levels on day 0 were higher compared to the non-mucositis group. No relationship was identified between hemorrhagic cystitis 
and the levels of urine phthalate metabolites or BPA. These findings highlight the potential role of plasticizer exposure in influencing engraftment outcomes, although no significant associations were found between MEP 
or BPA levels and engraftment.

Environ Toxicol 
Pharmacol. 2025 
Mar:114:104625.

10.1016/j.etap.2024.104625 39734026 ヒト 免疫 - - - - - - コホート研究 1 1 - - - 1 1 1 - - - - - - - - - - - -
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統合_0066 S. S. Yalçin, İ. Erdal, B. Oğuz and A. Duzova 2022

Association of urine phthalate 
metabolites, bisphenol A levels and 
serum electrolytes with 24-h blood 
pressure profile in adolescents

BACKGROUND: Among the possible causes of hypertension in adolescence, electrolyte imbalances and environmental pollutants are drawing increasing attention. We aimed to examine the relationship between bisphenol 
A (BPA), phthalate metabolites, and serum electrolytes and blood pressure. METHODS: Eighty-six participants aged 12-15 years were included in the study. Body mass index (BMI), office blood pressure and 24-h 
ambulatory blood pressure measurements (ABPM), and carotid intima-media thickness were determined. Blood samples were taken for hemogram, renal function tests, and serum electrolytes. Free- and total-BPA and 
phthalate metabolites were analyzed from urine samples. RESULTS: Of the participants, 34 were evaluated as normal blood pressure profile, 33 as white-coat hypertension (WCHT), and 19 as ABPM-hypertension. 
Adolescents in ABPM- hypertension groups had higher BMI-standard deviation score (SDS), leucocyte, platelet count; but lower serum chloride, compared to the normal blood pressure profile group. The percentage of 
adolescents with detectable urinary mono-benzyl phthalate (MBzP) was higher in ABPM-hypertension (42.1%) and WCHT groups (33.3%), compared to the normal blood pressure profile group (5.9%, p = 0.004). 
Associations between MBzP and ABPM- hypertension and WCHT were remained after confounding factor adjustment. Adolescents with detectable MBzP levels had also higher "albumin-corrected calcium" and lower 
serum phosphate and "albumin-corrected calcium x phosphate product" compared to others. Adolescents with detectable urinary MBzP levels had higher blood pressure profiles in some 24-h (mean arterial pressure-SDS, 
systolic blood pressure-SDS), daytime (systolic blood pressure-SDS), and night-time (mean arterial pressure-SDS, systolic blood pressure-SDS, and diastolic blood pressure-SDS) measurements, compared to others. 
WCHT was found to be associated negatively with monomethyl phthalate and the sum of dibutyl phthalate metabolites and ABPM-HT with MCPP. There was no significant association between blood pressure profiles and 
free- and total-BPA status. CONCLUSION: MBzP was associated with adverse blood pressure profiles in adolescence. Additive follow-up studies are necessary for cause-effect relations.

BMC Nephrol Vol.23 
Issue 1 Pages 141

10.1186/s12882-022-02774-y 35410150 ヒト - - - - - - - 横断研究 1 1 - - - - - - - - - - - - - - - - - -

統合_0067

Y. J. Xu, H. L. Gao, H. Liu, N. W. Zhao, Q. Cheng, 
F. R. Zhang, J. Ye, A. Q. Wang, Y. J. Dou, B. Ma, 
F. Zhu, X. L. Xu, C. J. Li, J. Wu, N. Shen and B. 
Xue

2021

Urinary levels of dimethoate, 
bisphenol A and benzo[a]pyrene in 
first-year students of Hohai 
University from different 
geographical regions

BACKGROUND: The objective of this study was to detect the urinary levels of dimethoate, benzo(a) pyrene (BaP), and bisphenol A (BPA) in first-year Hohai University students with different geographic origins. 
METHODS: First-morning urine samples were collected from 540 healthy freshmen aged 17 to 19 years. Chemical levels were measured using β-glucuronidase hydrolysis followed by a high-performance liquid 
chromatography-tandem mass spectrometry-based method. Geometric means (GMs) of these three chemicals are presented by body mass index (BMI) and location in a volume-based and creatinine-standardized way. 
RESULTS: GM concentrations of omethoate, BPA and 3-OHBaP were 9.47 μg/L (10.80 μg/g creatinine), 3.54 μg/L (4.04 μg/g creatinine) and 0.34 ng/L (0.39 ng/g creatinine), respectively. The GM concentration of 
omethoate in males was significantly higher than that in females. The individuals with a BMI higher than 23.9 had higher GM concentrations of omethoate, BPA, and 3-OHBaP. The inhabitants of Southwest China had 
significantly lower GM concentrations of omethoate, BPA, and 3-OHBaP than those who lived in other locations in China. CONCLUSION: The average level of environmental chemical accumulation in freshmen is lower in 
Southwest China and differs in youth who live in different regions. In addition, obesity is correlated with higher toxin levels in youth.

BMC Public Health 
Vol.21 Issue 1 Pages 
1692

10.1186/s12889-021-11726-4 34530795 ヒト - - - - - - - バイオモニタリング 1 1 - - - - - - - - - - - - - - - - - -

統合_0068
Y. Xu, H. Gao, Z. Du, H. Liu, Q. Cheng, F. Zhang, 
J. Ye, A. Wang, Y. Dou, B. Ma, N. Zhao, F. Zhu, 
X. Xu, N. Shen, J. Wu and B. Xue

2022

A new approach for reducing 
pollutants level: a longitudinal 
cohort study of physical exercises in 
young people

BACKGROUND: The present study aimed to evaluate the elimination of three common pollutants (dimethoate, benzo(a)pyrene (BaP) and bisphenol A (BPA) by different physical exercises and to assess the possible 
factors which could affect the pollutants elimination. METHODS: A total of 200 individuals who chose different kinds of exercises in accordance to their own wish were recruited. The levels of urinary pollutants were 
measured using β-glucuronidase hydrolysis followed by a high-performance liquid chromatography tandem mass spectrometry-based method. RESULTS: Totally, the levels of dimethoate, BaP and BPA were reduced after 
physical exercises. However, the elimination of BaP in male was higher than that in female but the elimination of BPA in female was higher than that in male. Multivariate logistic regression showed that the degree of 
heart rate (HR) change was a protective factor affecting the improvement effect of dimethoate, BaP and BPA while BMI (body mass index) was a risk factor. Nevertheless, sex was a risk factor affecting the improvement 
of dimethoate and BaP but had a lower efficacy on BPA improvement. CONCLUSION: The present findings indicate that physical exercises can be considered as a novel approach to eliminate pollutants level in human 
body and can also give suggestions for choosing specific physical exercises to male and female individuals. Moreover, those who are with higher BMI need to lose weight before eliminating pollutant level through physical 
exercises.

BMC Public Health 
Vol.22 Issue 1 Pages 
223

10.1186/s12889-022-12621-2 35114971 ヒト - - - - - - - バイオモニタリング 1 1 - - - - - - - - - - - - - - - - - -

統合_0069 S. Xu, X. Yuan, Y. Wang, Z. Fu, K. Chen, Z. Cui, 
L. Xu, H. Zhang, D. Xia and Y. Wu 2025

Bisphenols exposure at 
environmentally relevant dose 
promoted ovarian cancer 
progression and modulated tumor 
microenvironment through β-
catenin/SPP1 axis

Bisphenol A (BPA) and its substitute, Bisphenol S (BPS) are typical endocrine-disrupting chemicals used in plastics, but their cancer-promoting effect has remained controversial. Here, we investigated the effects of 
environmentally relevant doses of BPA/BPS exposure on the tumor microenvironment (TME) in ovarian cancer. BPA exposure levels was exhibiting a declining trend and BPS showing an ascending trend in the female 
population by analyzing the NHANES data (2013-2016). Low doses of BPA/BPS both significantly promoted the migration and invasion of ovarian cancer cells in a dose-dependent manner by activating the Wnt/β-catenin 
signaling pathway, thereby facilitating the SPP1 gene transcription. Notably, low-dose BPA/BPS exposure stimulated ovarian cancer cells to secrete OPN protein (coded by the SPP1 gene), subsequently inducing the 
transformation of fibroblasts into cancer-associated fibroblasts (CAFs), which could reshape the TME of ovarian cancer. Two in-vivo experiments established with nude mice and SPP1(-/-) mice respectively, both 
confirmed that low-dose BPA/BPS exposure increased the incidence of tumor metastasis accompanied by CAF infiltration, while administration of OPN-neutralizing antibodies effectively blocked these effects. Our 
results indicated that exposure to either BPA or its substitute BPS could promote the release of secreted protein OPN via the β-catenin/SPP1 axis, ultimately modulating the TME and enhancing the progression of 
ovarian cancer, providing new evidence and potential intervention strategies for the toxicological assessment and management of bisphenols.

J Hazard Mater. 2025 
Jun 15:490:137824.

10.1016/j.jhazmat.2025.137824 40054195 動物、in vitro 発がん(移植卵巣癌細胞の転移促進とmigration亢進） 1 1 移植＋単独あり ヌードマウス、SPP1(-/-)マウス 0 50 µg/kg:1 - - - 1 0 不明 1 1 - 1 - - - - - - - - - - -

統合_0070 Y. Xiong, S. Xu, Z. Wang, Z. Wang, S. Li, M. 
Zhang and Y. Zhang 2024

BPA-free? Exploring the 
reproductive toxicity of BPA 
substitutes BPS and BPF on 
endometrial decidualization

Bisphenol A (BPA) exposure is linked to multiple adverse health outcomes, prompting the rise of "BPA-free" products. However, substitutes like Bisphenol S (BPS) and Bisphenol F (BPF) are equally prevalent, with 
detection frequencies and concentrations rivaling BPA. Our research previously identified BPA as an endocrine disruptor affecting reproductive and developmental systems. This study explores the impact of BPA, BPS, and 
BPF on endometrial decidualization and receptivity. We detected these bisphenols in serum samples from infertile women undergoing assisted reproductive technology (ART) treatment whose average age was 31.58 
years. Human endometrial stromal cells were exposed to varying concentrations (0, 1 nM, 10 nM, 100 nM, and 1 µM) of BPA, BPS, and BPF, following hormonal induction of decidualization (10 nM E2 (Estradiol) + 0.5 mM 
cAMP (Cyclic adenosine monophosphate) + 1 µM MPA (Medroxyprogesterone acetate) for 6 days). Methods including CCK-8, RT-qPCR, untargeted metabolomics, and transcriptome sequencing assessed cell 
proliferation, molecular markers, gene expression, and metabolites. BPS levels in the serum of infertile patients were significantly higher than BPA (14.52 vs. 2.58 ng/mL) and even more pronounced in the recurrent 
implantation failure (RIF) group compared to the Control group (23.46 vs. 5.57 ng/mL). Findings revealed that BPA and its substitutes inhibited endometrial stromal cell proliferation and reduced decidualization markers. 
Differential metabolites (25, 66, 104) and gene expressions (3260, 9686, 10357) were observed with BPA, BPF, and BPS exposure, respectively. Enriched pathways included glutathione metabolism, arginine biosynthesis, 
ABC transporters, cAMP signaling, and glucagon signaling. Metabolomics and transcriptome analyses unveiled the reproductive toxic effects of BPA and its substitutes, suggesting significant impacts on endometrial 
decidualization through diverse signaling pathways.

Ecotoxicol Environ Saf. 
2024 Nov 
15:287:117275.

10.1016/j.ecoenv.2024.117275 39536566 in vitro ⼦宮 - - - - - - - - - 1 0 0, 1 nM, 10 nM, 100 nM,  1 µM 1 1 1 - - - - - - - - - - - -

統合_0071 Y. Xiong, Z. Li, X. Xiong, Z. Luo, K. Zhong, J. Hu, 
S. Sun and C. Chen 2025

Associations between phenol and 
paraben exposure and the risk of 
developing breast cancer in adult 
women: a cross-sectional study

Increasing evidence suggests that endocrine-disrupting chemicals (EDCs) have adverse effects on breast cancer (BC). The aim of this study was to assess the association between exposure to prevalent EDCs-phenols 
and parabens-and the risk of developing BC. Data on urinary bisphenol A (BPA), triclosan (TRS), benzophenone-3 (BP3), methyl paraben (MPB), ethyl paraben (EPB), propyl paraben (PPB), and butyl paraben (BUP) were 
obtained from the 2005-2014 National Health and Nutrition Examination Survey. A total of 4455 subjects were included in this cross-sectional study. The results from the weighted multivariable regression models 
indicated that exposure to elevated concentrations of TRS increased the risk of developing BC by 2.33 (Q2: 95% CI = 1.45-3.75, p < 0.001) and 1.94 times (Q3: 95% CI = 1.21-3.09, p = 0.006), respectively. The nonlinear 
association between TRS concentrations and the risk of developing BC was statistically significant (P nonlinear = 0.007), with the restricted cubic splines (RCS) curve exhibiting an inverted U shape. The association 
between TRS concentrations and the risk of developing BC was more pronounced among overweight individuals (BMI ≥ 25 kg/m(2)), those aged < 60 years, and white individuals. Weighted quantile sum (WQS) and 
Bayesian Kernel Machine Regression (BKMR) analysis revealed no significant overall association between mixtures of urinary phenol and paraben metabolites and BC risk. However, TRS exposure was the most 
influential, with higher TRS concentrations (both continuous and categorical) significantly associated with an increased BC risk, particularly in overweight individuals (BMI ≥ 25 kg/m(2)), those aged < 60 years, and white 
individuals.

Sci Rep Vol.15 Issue 1 
Pages 4038

10.1038/s41598-025-88765-z 39900803 ヒト - - - - - - - 横断研究 1 1 - - - - - - - - - - - - - - - - - -

統合_0072 C. Xiong, L. Xu, X. Dong, Z. Cao, Y. Wang, K. 
Chen, M. Guo, S. Xu, Y. Li, W. Xia and A. Zhou 2023

Trimester-specific associations of 
maternal exposure to bisphenols 
with neonatal thyroid stimulating 
hormone levels: A birth cohort study

BACKGROUND: Growing evidence suggests that exposure to bisphenol A (BPA) during pregnancy could interfere with neonatal thyroid function. Bisphenol F (BPF) and bisphenol S (BPS) are increasingly used as the 
substitutes of BPA. However, little is known about the effects of maternal exposure to BPS and BPF on neonatal thyroid function. The current study was aimed to investigate the trimester-specific associations of 
maternal exposure to BPA, BPS, and BPF with neonatal thyroid stimulating hormone (TSH) levels. METHODS: Between November 2013 and March 2015, a total of 904 mother-newborn pairs were recruited from the Wuhan 
Healthy Baby Cohort Study, providing maternal urine samples in the first, second, and third trimesters for bisphenol exposure assessment, and neonatal heel prick blood samples for TSH measurement. Multiple informant 
model and quantile g-computation were used to evaluate the trimester-specific associations of bisphenols individually and mixture with TSH, respectively. RESULTS: Each doubling concentration increase of maternal 
urinary BPA in the first trimester was significantly related to a 3.64 % (95% CI: 0.84 %, 6.51 %) increment in neonatal TSH. Each doubling concentration increase of BPS in the first, second and third trimesters were 
associated with 5.81 % (95 % CI: 2.27 %, 9.46 %), 5.70 % (95 % CI: 1.99 %, 9.55 %), 4.36 % (95 % CI: 0.75 %, 8.11 %) higher neonatal blood TSH, respectively. No significant association between trimester-specific BPF 
concentration and TSH was observed. The relationships between exposures to BPA/BPS and neonatal TSH were more evident in female infants. Quantile g-computation indicated that maternal co-exposure to bisphenols 
in the first trimester was significantly associated with neonatal TSH levels in a non-linear fashion. CONCLUSION: Maternal exposure to BPA and BPS were positively associated with neonatal TSH levels. The results 
indicated the endocrine disrupting effect of prenatal exposure to BPS and BPA, which should be of particular concern.

Sci Total Environ. 2023 
Jul 1:880:163354.

10.1016/j.scitotenv.2023.163354 37023811 ヒト 甲状腺 - - - - - - コホート研究 1 1 - - - 1 1 1 - - - - - - - - - - - -

統合_0073

C. Xiong, K. Chen, L. L. Xu, Y. M. Zhang, H. Liu, 
M. L. Guo, Z. G. Xia, Y. J. Wang, X. F. Mu, X. X. 
Fan, J. Q. Chen, Y. R. Liu, Y. Y. Li, W. Xia, Y. J. 
Wang and A. F. Zhou

2024

Associations of prenatal exposure to 
bisphenols with BMI growth 
trajectories in offspring within the 
first two years: evidence from a birth 
cohort study in China

BACKGROUND: Prenatal bisphenol exposure has been reported to be associated with lower birth weight and obesity-related indicators in early childhood. These findings warrant an investigation of the relationship 
between prenatal bisphenol exposure and the dynamic growth of offspring. This study aimed to evaluate the relationship of maternal bisphenol concentration in urine with the body mass index (BMI) growth trajectory of 
children aged up to two years and to identify the critical exposure periods. METHODS: A total of 826 mother-offspring pairs were recruited from Wuhan Children's Hospital between November 2013 and March 2015. 
Maternal urine samples collected during the first, second, and third trimesters were analyzed for bisphenol A (BPA), bisphenol S, and bisphenol F (BPF) concentrations. Measurements of length and weight were taken at 
0, 1, 3, 6, 8, 12, 18, and 24 months. Children's BMI was standardized using the World Health Organization reference, and group-based trajectory modeling was used to identify BMI growth trajectories. The associations 
between prenatal bisphenol exposure and BMI growth trajectory patterns were assessed using multinomial logistic regression models. RESULTS: The BMI growth trajectories of the 826 children were categorized into 
four patterns: low-stable (n = 134, 16.2%), low-increasing (n = 142, 17.2%), moderate-stable (n = 350, 42.4%), and moderate-increasing (n = 200, 24.2%). After adjusting for potential confounders, we observed that 
prenatal exposure to BPA during the second trimester [odds ratio (OR) = 2.20, 95% confidence interval (CI) = 1.09-4.43] and BPF during the third trimester (OR = 3.28, 95% CI = 1.55-6.95) at the highest quartile 
concentration were associated with an increased likelihood of the low-increasing BMI trajectory. Furthermore, in the subgroup analysis by infant sex, the positive association between the highest quartile of prenatal 
average urinary BPF concentration during the whole pregnancy and the low-increasing BMI trajectory was found only in girls (OR = 2.82, 95% CI = 1.04-7.68). CONCLUSION: Our study findings suggest that prenatal 
exposure to BPA and BPF (a commonly used substitute for BPA) is associated with BMI growth trajectories in offspring during the first two years, increasing the likelihood of the low-increasing pattern. Video Abstract 
(MP4 120033 kb).

World J Pediatr. 2024 
Jul;20(7):701-711.

10.1007/s12519-023-00767-x 38019382 ヒト ⽣殖発⽣ - - - - - - コホート研究 1 1 - - - 1 1 1 - 1 - - - - - - - - - -

統合_0074
T. Xiao, Z. Huang, C. Zheng, B. Quach, Y. Zhu, F. 
Li, W. Liang, J. Baker, C. Reichetzeder, B. 
Hocher and Y. Yang

2024

Associations of bisphenol A 
exposure with metabolic syndrome 
and its components: A systematic 
review and meta-analysis

Mounting evidence shows that bisphenol A (BPA) is associated with metabolic risk factors. The aim of this study was to review related epidemiologic studies and conduct a meta-analysis to quantitatively estimate the 
association between BPA and metabolic syndrome. Four electronic databases were systematically searched to identify suitable articles. A total of 47 published studies were finally included. Two studies involved 
metabolic syndrome. Of the 17, 17, 14, and 13 studies on the relationship between BPA with abdominal obesity, blood pressure, fasting plasma glucose, and dyslipidemia, 10, 6, 3, and 4 studies were included in the meta-
analysis, respectively. The results showed that the risk of abdominal obesity increased with the increase of BPA exposure, especially in the group with higher BPA exposure levels (Quartile 2 vs. Quartile 1, pooled OR = 
1.16, 95%CI: 1.01, 1.33; Q(3) vs. Q(1), pooled OR = 1.31, 95%CI: 1.13, 1.51; Q(4) vs. Q(1), pooled OR = 1.40, 95%CI: 1.21, 1.61). However, there was no significant correlation between BPA exposure and metabolic syndrome 
components including hypertension, abnormal fasting plasma glucose, and dyslipidemia. The present study found that BPA exposure is significantly associated with a higher risk of abdominal obesity. However, the 
relationship between BPA with metabolic syndrome and its other components needs further longitudinal studies to verify.

Obes Rev. 2024 
Jun;25(6):e13738.

10.1111/obr.13738 38491337 ヒト 代謝(メタアナリシス) - - - - - - メタアナリシス 1 1 - - - 1 1 1 - - - - - - - - - - - -

統合_0075 L. Xiao, X. Wen, L. Li and Y. Li 2024

Correlation of bisphenol A and 
bisphenol S exposure with the 
metabolic parameters on FDG 
PET/CT image

PURPOSE: Bisphenol A (BPA) and its analogs have been proved to be harmful to human health. This study aimed to assess the correlation of BPA and its major analog, Bisphenol S (BPS), with metabolic parameters within 
main organs using (18)F-fluorodeoxyglucose positron emission tomography/computed tomography ((18)F-FDG PET/CT) imaging. METHODS: A retrospective analysis was conducted on patients who had undergone FDG 
PET/CT imaging and were also examined for BPA and BPS levels. Urine samples were collected for detection of BPA and BPS. Standardized uptake values (SUV(max) and SUV(mean)) of main organ tissues including liver, 
blood, spleen, muscle, thyroid, and cerebral cortex were quantified. Statistical analysis was performed using Spearman's rank correlation. RESULTS: Forty patients (20 female, 20 male; mean age: 56.1 ± 15.4 years) were 
included. Mean urine BPA and BPS concentrations were 2.1 ± 1.2 ng/mL and 1 ± 0.6 ng/mL, respectively. Urine BPA exhibited a moderate positive correlation with liver SUV(max) (r = 0.351, p = 0.026) and SUV(mean) 
(r = 0.361, p = 0.022) in male. No significant correlations were found between BPA and blood, muscle, spleen, thyroid, and cerebral cortex (p > 0.05). Conversely, urine BPS demonstrated a negative correlation with thyroid 
SUV(max) in male (r = -0.43, p = 0.012) and SUV(mean) (r = -0.432, p = 0.012), while a positive correlation was observed between BPS and cerebral cortex SUV(max) in female (r = 0.366, p = 0.033). CONCLUSION: Urinary 
levels of BPA and BPS exerted distinct influences on tissue metabolic parameters observed via FDG PET/CT imaging, particularly affecting the liver, thyroid, and cerebral cortex.

Front Public Health 
Vol.12 Pages 1433122

10.3389/fpubh.2024.1433122 39664558 ヒト - - - - - - - バイオモニタリング 1 1 - - - - - - - - - - - - - - - - - -

統合_0076 Z. Xiang, H. Wang, K. Zhu, R. Liu, S. Zhao, H. 
Fan, Q. Chen, B. Zhu and R. Song 2025

Phenol exposure, polygenic risk 
score, and dyslexia in Chinese 
children: Gene-environment 
interaction

Phenols, widespread environmental chemicals, may influence neurodevelopment, but their association with dyslexia remains poorly understood. This case-control study, part of the Tongji Reading Environment and 
Dyslexia Research Project, included 1062 children. We measured urinary levels of three bisphenols, three benzophenones, and two antimicrobials, and constructed a dyslexia-specific polygenic risk score (PRS) using 
genome-wide association study data. Conditional logistic regression assessed the relationship between phenol exposure and dyslexia risk. Participants were stratified into four groups based on median phenol exposure 
and PRS levels to examine the modifying role of genetic susceptibility. Phenol compounds were detected in most urine samples. Elevated urinary bisphenol A (BPA) levels were significantly associated with increased 
dyslexia risk (OR = 1.23, 95 % CI: 1.03-1.46), particularly in girls. Children with high PRS and high BPA exposure had a substantially higher dyslexia risk (OR = 1.70, 95 % CI: 1.05-2.76) compared to those with low PRS and 
low BPA exposure. However, no significant interaction was observed between PRS and BPA exposure. These findings emphasize the importance of reducing BPA exposure as a potential preventive measure and highlight 
the need for further research to elucidate causal pathways and mechanisms underlying these associations.

Environ Pollut. 2025 
Aug 15:379:126536.

10.1016/j.envpol.2025.126536 40425062 ヒト 発達神経 - - - - - - 症例対照研究 1 1 - - - 1 1 1 - - - - - - - - - - - -

統合_0077 Z. Xia, C. Lv, Y. Zhang, R. Shi, Q. Lu, Y. Tian, X. 
Lei and Y. Gao 2023

Associations of exposure to 
bisphenol A and its substitutes with 
neurodevelopmental outcomes 
among infants at 12 months of age: 
A cross-sectional study

BACKGROUND: Bisphenol A (BPA) exposure has been linked to adverse childhood neurodevelopment, but little is known about whether BPA substitutes exposures are also related to childhood neurodevelopment. 
OBJECTIVES: To investigate the associations of exposure to BPA and its substitutes with infant neurodevelopment at 12 months. METHODS: A total of 420 infants at 12 months were included from the Laizhou Wan (Bay) 
Birth Cohort in Shandong, China. Urinary concentrations of BPA and its substitutes including bisphenol S (BPS), bisphenol B (BPB), bisphenol AF (BPAF), bisphenol AP (BPAP), bisphenol P (BPP) and bisphenol Z (BPZ) 
were measured. Developmental quotient (DQ) scores based on the Gesell Development Schedules (GDS) were used to evaluate infant neurodevelopment. The multivariable linear regression and weighted quantile sum 
(WQS) regression were applied to estimate the associations of exposure to individual bisphenols and their mixtures with DQ scores, respectively. Sex-stratified analyses were also performed. RESULTS: BPA was 
detected in most infants (89.05%) and had the highest median concentration (0.709 ng/mL) among all bisphenols. BPA substitutes except BPZ were ubiquitous in infants' urine samples (>70%), and BPS showed the 
highest median concentration (0.064 ng/mL) followed by BPAP (0.036 ng/mL), BPAF (0.028 ng/mL), BPP (0.015 ng/mL) and BPB (0.013 ng/mL). In multivariable linear regression, only BPAF exposure was inversely 
associated with social DQ scores among all infants (β = -0.334; 95% CI: -0.650, -0.019). After sex stratification, this inverse association was significant in girls (β = -0.605; 95% CI: -1.030, -0.180). Besides, BPA 
exposure was negatively related to gross motor DQ scores in boys (β = -1.061; 95% CI: -2.078, -0.045). WQS analyses confirmed these results. CONCLUSIONS: Our study suggests that bisphenol exposure during infancy 
may be associated with poor infant neurodevelopment, and BPAF as a commonly used BPA substitute contributing the most to this adverse association deserves more attention.

Chemosphere Vol.341 
Pages 139973

10.1016/j.chemosphere.2023.1399
73

37640215 ヒト - - - - - - - 横断研究 1 1 - - - - - - - - - - - - - - - - - -

統合_0078 J. Xi, X. Su, Z. Wang, H. Ji, Y. Chen, X. Liu, M. 
Miao, H. Liang and W. Yuan 2023

The associations between 
concentrations of gestational 
bisphenol analogues and thyroid 
related hormones in cord blood: A 
prospective cohort study

Animal studies indicated that Bisphenol analogues (BPs) exhibited potential thyroid toxicity. However, little is known of the associations between maternal BPs exposure and offspring's thyroid related hormones in 
humans. On the basis of Shanghai-Minhang Birth Cohort study, we analyzed BPs in maternal urine collected at the third trimester of pregnancy. Thyroid related hormones (THs), including total triiodothyronine (TT3), free 
triiodothyronine (FT3), total thyroxine (TT4), free thyroxine (FT4), and thyroid-stimulating hormone (TSH) were measured in cord blood samples. We performed multiple linear regression and Bayesian kernel machine 
regression (BKMR) models to explore the single and joint effects of gestational BPs exposure on thyroid related hormones in cord blood among 258 mother-child pairs. Statistically significant inverse associations of 
categorized BPA with FT3 and TT4 concentrations were observed. We also found a significant association between the mixture of BPs in maternal urine and increased concentration of TT3 in cord blood and a marginally 
significant association between BPs mixture and increased FT3 concentrations. Further associations of BPA with lower TT4/FT4 and of Bisphenol AF (BPAF) with higher TT3/FT3 were also suggestive, by BKMR model, 
when other BPs were fixed at 25th percentiles. It was concluded that prenatal BPs exposure was associated with THs in cord blood. Exposure to BPA and BPAF might have large contributions to the effects on thyroid 
function than other bisphenols.

Ecotoxicol Environ Saf. 
2023 May:256:114838.

10.1016/j.ecoenv.2023.114838 36989560 ヒト 甲状腺 - - - - - - コホート研究 1 1 - - - 1 1 1 - - - - - - - - - - - -
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統合_0079
M. Wu, S. Wang, Q. Weng, H. Chen, J. Shen, Z. 
Li, Y. Wu, Y. Zhao, M. Li, Y. Wu, S. Yang, Q. 
Zhang and H. Shen

2021
Prenatal and postnatal exposure to 
Bisphenol A and Asthma: a systemic 
review and meta-analysis

BACKGROUND: Bisphenol A (BPA) is a plasticizer with high production and ubiquitous usage in polycarbonate plastics and epoxy resins. The association between prenatal or postnatal exposure to BPA and childhood 
wheeze/asthma has not been well established. Our study aimed to provide further justification for the current studies. METHODS: Studies were searched from PubMed, Web of Science, Scopus and Embase from 
inception until Sep 15, 2020. Meta-analysis was performed to calculate pooled adjusted odds ratios (aOR). The methodological quality of included studies was assessed by using the Newcastle Ottawa Scale (NOS). 
RESULTS: Of 2,814 screened articles, 9 studies with 3,885 participants were included in the final analysis. When all studies were pooled, postnatal exposure to BPA was associated with a higher risk of childhood asthma 
(aOR =1.43; 95% CI: 1.28-1.59) or childhood wheeze (aOR =1.38; 95% CI: 1.18-1.62). Prenatal exposure to BPA had a small but significant increased risk of childhood asthma (aOR =1.17; 95% CI: 1.01-1.34). An increased 
risk of childhood wheeze was related to prenatal exposure to BPA at 16 weeks' gestation (aOR =1.29; 95% CI: 1.07-1.55), but not at 26 weeks' gestation (aOR =1.07; 95% CI: 0.88-1.29) nor at random-time gestation (aOR 
=1.02; 95% CI: 0.89-1.16). CONCLUSIONS: Prenatal and postnatal exposure to BPA was related to an increased risk of childhood asthma. However, only postnatal and early gestational exposure (at 16 weeks) to BPA 
could induce the risk of childhood wheeze, but not late gestational exposure (at 26 weeks).

J Thorac Dis. 2021 
Mar;13(3):1684-1696.

10.21037/jtd-20-1550 33841959 ヒト 免疫(メタアナリシス) - - - - - - メタアナリシス 1 1 - - - 1 1 1 - 1 - - - - - - - - - -

統合_0080 L. H. Wu, Y. X. Liu, Y. J. Zhang, L. L. Jia and Y. 
Guo 2023

Occurrence of bisphenol diglycidyl 
ethers and bisphenol analogs, and 
their associations with DNA 
oxidative damage in pregnant 
women

Bisphenol diglycidyl ethers (BDGEs) and Bisphenol A and its analogs (bisphenols) may have the same exposure routes and coexposure phenomenon in sensitive populations such as pregnant women. Previous 
biomonitoring studies on BDGEs are limited. Levels of fifteen bisphenols, six BDGEs and the DNA oxidative damage biomarker 8-hydroxy-2-deoxyguanosine (8-OHdG) were measured in the urine of pregnant women 
recruited in south China (n = 358). We aimed to provide the occurrence of bisphenols and BDGEs in pregnant women, and to investigate the potential relationship between their exposure and oxidative stress. Bisphenol A, 
bisphenol S, bisphenol F, bisphenol AP and all BDGEs (except for BADGE·2HCl) were frequently detected. The total concentrations of all bisphenols and BDGEs were 0.402-338 and 0.104-32.5 ng/mL, with geometric 
means of 2.87 and 2.48 ng/mL, respectively. BFDGE was the most abundant chemical of BDGEs, with a median concentration of 0.872 ng/mL, followed by BADGE·H2O·HCl (0.297 ng/mL). Except for pre-pregnancy 
obesity, maternal age/height, employment, fasting in the morning and parity did not affect the urinary concentrations of BDGEs. Significant and weak correlations were observed between concentrations (unadjusted) of 
total bisphenols and BDGEs (r = 0.389, p < 0.01), indicating their similar sources and exposure routes. The biomarker 8-OHdG was detected in all samples, with concentrations ranging from 1.98 to 32.6 ng/mL (median: 
9.96 ng/mL). Levels of 8-OHdG were positively correlated with urinary several bisphenol concentrations (adjusted β range: 0.037-0.089, p < 0.05) but were not correlated with those of BDGEs. Further studies should 
focus on whether BDGEs and bisphenols exert combined effects on oxidative stress. Our study provided the first BDGEs exposure data in pregnant women and indicated that BDGEs exposure was highly prevalent in 
pregnant women as early as 2015 in south China.

Environ Res Vol.227 
Pages 115739

10.1016/j.envres.2023.115739 36963715 ヒト - - - - - - - バイオモニタリング 1 1 - - - - - - - - - - - - - - - - - -

統合_0081 L. Wu, J. Zhang, Y. Xin, J. Ma, T. Chen, J. Nie 
and P. Niu 2024

Associations between phenols, 
parabens, and phthalates and 
depressive symptoms: The role of 
inflammatory markers and 
bioinformatic insights

Phenols, parabens, and phthalates are commonly found in consumer products, yet there is limited research on their individual and combined effects on depressive symptoms, particularly regarding the role of inflammation 
in these associations. This study aimed to evaluate these effects and explore potential molecular mechanisms, with a focus on inflammation as a mediator. We conducted a cross-sectional analysis involving 2766 adult 
participants from the National Health and Nutrition Examination Survey (NHANES) 2013-2016. Urine samples were analyzed for 15 chemicals, including 3 phenols, 2 parabens, and 10 phthalates. Depressive symptoms 
were assessed using the Patient Health Questionnaire-9 (PHQ-9). Statistical analyses included linear regression, restricted cubic splines, Bayesian Kernel Machine Regression and quantile g-computation models to 
investigate the relationships between chemical exposures and depressive symptoms. Additionally, mediation analysis was employed to explore the potential role of inflammation (immune cells, CRP, NLR) in these 
associations. The underlying molecular mechanisms were analyzed using bioinformatic approaches. Notably, BPA, MECPP, MEHHP, MiBP and MBP were found to be positively associated with depressive symptoms 
among females. Besides, BPA was the most significant positive contributor to the effect in the context of the chemical mixture, while the overall mixture effect was relatively weak. Furthermore, WBC were found to 
mediate a marginal portion (4 %) of the potential effects of MBP on depressive symptoms. The 15 genes identified are primarily involved in neurotransmission, mood regulation, and stress response. Further research is 
needed to elucidate the mechanisms underlying the observed associations.

Ecotoxicol Environ Saf 
Vol.286 Pages 117191

10.1016/j.ecoenv.2024.117191 39442251 ヒト - - - - - - - 横断研究 1 1 - - - - - - - - - - - - - - - - - -

統合_0082 F. Wu, M. Hu, W. D. Qu and Y. Zhou 2022

[The association between bisphenol 
A exposure and obesity/overweight 
in children and adolescents: dose-
response Meta analysis]

Objective: To explore the relationship between bisphenol A (BPA) exposure and obesity/overweight in children and adolescents through Dose-response Meta analysis. Methods: Articles published up to September 1st 
2021 were systematically searched in PubMed, Web of science, Scopus, Embase, Cochrane library, CNKI, Wanfang databases and VIP Chinese Science and Technology Journal by using "bisphenol A" "BPA" "obesity" 
"weight" "fat""overweight" "body mass index" "BMI" "waist circumference" (both in English and in Chinese) as keywords. Use Stata 15.1 software to calculate the pooled OR (95%CI), perform heterogeneity test, subgroup 
analysis, sensitivity analysis, publication bias and the exposure-response relationship fitting. Results: A total of 9 English articles were included from 1 948 articles retrieved, including 8 articles from American and 1 
article from China. 15 614 children/adolescents and 3 446 obese/overweight cases were further used for Meta-analysis of dose-response relationship. Meta-analysis results showed that there was heterogeneity among 
the highest dose groups in different studies(I(2)=52.1%, P=0.033). The random effect model-analysis found that compared with those in the lowest group, the OR(95%CI) for those in the highest group of urine BPA was 
1.56(1.18-1.94)for the risk of obesity/overweight in children and adolescents, but there was no linear or nonlinear dose-response relationship. Sensitivity analyses showed that the results were robust, Egger's 
test(P=0.263) and Begg's test(P=0.348) showed that there was no publication bias. Conclusion: Bisphenol A exposure may increase the risk of obesity/overweight epidemics in children and adolescent.

Zhonghua Yu Fang Yi 
Xue Za Zhi. 2022 Apr 
6;56(4):519-524.

10.3760/cma.j.cn112150-
20210924-00922

35488553 ヒト 代謝(メタアナリシス) - - - - - - メタアナリシス 1 1 - - - 1 1 1 - - - - - - - - - - - -

統合_0083 B. Wu, Y. Jiang, X. Jin and L. He 2020

Using three statistical methods to 
analyze the association between 
exposure to 9 compounds and 
obesity in children and adolescents: 
NHANES 2005-2010

BACKGROUND: Various risk factors influence obesity differently, and environmental endocrine disruption may increase the occurrence of obesity. However, most of the previous studies have considered only a unitary 
exposure or a set of similar exposures instead of mixed exposures, which entail complicated interactions. We utilized three statistical models to evaluate the correlations between mixed chemicals to analyze the 
association between 9 different chemical exposures and obesity in children and adolescents. METHODS: We fitted the generalized linear regression, weighted quantile sum (WQS) regression, and Bayesian kernel 
machine regression (BKMR) to analyze the association between the mixed exposures and obesity in the participants aged 6-19 in the National Health and Nutrition Examination Survey (NHANES) 2005-2010. RESULTS: In 
the multivariable logistic regression model, 2,5-dichlorophenol (2,5-DCP) (OR (95% CI): 1.25 (1.11, 1.40)), monoethyl phthalate (MEP) (OR (95% CI): 1.28 (1.04, 1.58)), and mono-isobutyl phthalate (MiBP) (OR (95% CI): 
1.42 (1.07, 1.89)) were found to be positively associated with obesity, while methylparaben (MeP) (OR (95% CI): 0.80 (0.68, 0.94)) was negatively associated with obesity. In the multivariable linear regression, MEP was 
found to be positively associated with the body mass index (BMI) z-score (β (95% CI): 0.12 (0.02, 0.21)). In the WQS regression model, the WQS index had a significant association (OR (95% CI): 1.48 (1.16, 1.89)) with the 
outcome in the obesity model, in which 2,5-DCP (weighted 0.41), bisphenol A (BPA) (weighted 0.17) and MEP (weighted 0.14) all had relatively high weights. In the BKMR model, despite no statistically significant 
difference in the overall association between the chemical mixtures and the outcome (obesity or BMI z-score), there was nonetheless an increasing trend. 2,5-DCP and MEP were found to be positively associated with 
the outcome (obesity or BMI z-score), while fixing other chemicals at their median concentrations. CONCLUSION: Comparing the three statistical models, we found that 2,5-DCP and MEP may play an important role in 
obesity. Considering the advantages and disadvantages of the three statistical models, our study confirms the necessity to combine different statistical models on obesity when dealing with mixed exposures.

Environ Health Vol.19 
Issue 1 Pages 94

10.1186/s12940-020-00642-6 32867766 ヒト - - - - - - - 横断研究 1 1 - - - - - - - - - - - - - - - - - -

統合_0084

A. H. Wu, A. A. Franke, L. R. Wilkens, C. Tseng, 
S. M. Conroy, Y. Li, M. Sangaramoorthy, L. M. 
Polfus, M. C. DeRouen, C. Caberto, C. Haiman, 
D. O. Stram, L. Le Marchand and I. Cheng

2021

Risk of breast cancer and 
prediagnostic urinary excretion of 
bisphenol A, triclosan and parabens: 
The Multiethnic Cohort Study

Exposure to bisphenol A (BPA), triclosan and parabens is widespread but their impact on breast cancer risk remains unclear. This nested case-control study investigated endocrine-disrupting chemicals (EDCs) and 
breast cancer risk within the Multiethnic Cohort (MEC). We measured prediagnostic urinary BPA, triclosan and parabens in 1032 postmenopausal women with breast cancer (48 African American, 77 Latino, 155 Native 
Hawaiian, 478 Japanese American and 274 White) and 1030 individually matched controls, using a sensitive and validated liquid chromatography mass spectrometry assay. Conditional logistic regression was used to 
examine risk with these EDCs with adjustment for creatinine and potential confounders. In all women, breast cancer risk was not associated with BPA (P(trend)  = 0.53) and was inversely associated with triclosan 
(OR(T3 vs T1)  = 0.83, 95% CI: 0.66-1.04, P(trend)  = 0.045) and total parabens (OR(T3 vs T1)  = 0.77, 95% CI: 0.62-0.97, P(trend)  = 0.03). While risk of hormone receptor positive (HR+) cancer was 20% to 23% lower 
among women in the upper two tertiles of paraben exposure (P(trend)  = 0.02), risk of HR negative (HR-) was reduced 27% but only among those in the upper tertile of exposure. Although risk associations did not differ 
significantly by ethnicity or by body mass index (BMI), the inverse association with triclosan was observed mainly among overweight/obese women (OR(T3 vs T1)  = 0.76, 95% CI: 0.56-1.02, P(trend)  = 0.02). In summary, 
breast cancer risk in a multiethnic population was unrelated to BPA and was weakly inversely associated with triclosan and paraben exposures. Studies with multiple urine samples collected before breast cancer 
diagnosis are needed to further investigate these EDCs and breast cancer risk.

Int J Cancer. 2021 Oct 
1;149(7):1426-1434.

10.1002/ijc.33692 34013527 ヒト 発がん - - - - - - nested case-control 1 1 - - - 1 1 1 - - - - - - - - - - - -

統合_0085

M. L. Woodbury, A. Aguiar, S. D. Geiger, M. T. 
Aung, S. Ng, M. Hines, A. Martens, D. J. 
Watkins, G. Huerta-Montañez, J. F. Cordero, J. 
D. Meeker, A. N. Alshawabkeh, S. L. Schantz 
and E. Zimmerman

2025

Examining the association between 
gestational phenol exposure and 
infant non-nutritive suck in two 
Environmental influences on Child 
Health Outcomes cohorts

BACKGROUND: Non-nutritive suck (NNS) is a measure of neurofunction sensitive to environmental exposures in utero. This study aimed to evaluate the relationship between gestational phenol exposure and NNS 
patterning. METHODS: Mother-infant pairs from two diverse prospective cohorts were enrolled in the Environmental influences on Child Health Outcomes Program. Phenols were measured in prenatal maternal urine 
samples and adjusted for specific gravity. NNS was sampled in 1-8-week-old infants using a custom pacifier for ~5 minutes. Associations of 11 phenols and triclocarban with 5 NNS outcomes were assessed individually 
and as a mixture using generalized linear models adjusted for cohort, child sex and assessment age, and maternal age and education. RESULTS: Altogether, 215 mother-infant pairs were included. Bisphenol-F was related 
to a lower NNS frequency. Triclosan was associated with a higher NNS frequency. Propylparaben, 2,4-dichlorophenol, and 2,5-dichlorophenol were associated with lower NNS amplitude. Benzophenone-3, 2,4-
dichlorophenol, and 2,5-dichlorophenol were related to more NNS bursts/minute. Propylparaben was associated with more NNS cycles/bursts. Seven phenols were included in mixture analyses: 2,4-dichlorophenol, 2,5-
dichlorophenol, benzophenone-3, bisphenol-A, bisphenol-S, methylparaben, and propylparaben. Both Bayesian kernel machine regression and quantile g-computation showed that higher concentrations of the mixture were 
associated with lower amplitude but more bursts/minute and cycles/burst. Propylparaben was important in the overall mixture effect on amplitude, whereas benzophenone-3 was important in the relationship with 
bursts/minute. CONCLUSIONS: Gestational phenol exposure is linked to altered NNS patterning in neonates. Future work should further investigate phenol mixture effects, potential mechanisms, and the association of 
altered NNS with neurodevelopment.

Environ Epidemiol. 2025 
Jun 13;9(4):e399.

10.1097/ee9.0000000000000399 40525131 ヒト 発達神経 - - - - - - コホート研究 1 1 - - - 1 1 1 - - - - - - - - - - - -

統合_0086 K. Wieczorek, D. Szczęsna and J. Jurewicz 2022

Environmental Exposure to Non-
Persistent Endocrine Disrupting 
Chemicals and Endometriosis: A 
Systematic Review

Endometriosis is a disease characterized by the presence of the uterine endometrium outside of its normal location. As the etiology of endometriosis is not well known and hormonal imbalance is central to disease 
pathogenesis, the potential contribution of exposure to endocrine-disrupting chemicals (EDCs) has been hypothesized in endometriosis. A systematic search of the literature was carried out to identify relevant studies 
using: PubMed, Scopus, Elsevier, Springer; EBSCO, and Web of Science. A total of 22 studies were considered. Most of the studies reviewed in this paper showed an association between exposure to BPA and phthalates 
and endometriosis. In the case of phthalate exposure, the reviewed studies found an association between the concentration of at least one phthalate metabolite and endometriosis. Only one study was performed to 
assess the exposure to parabens and a significant relationship with endometriosis was found. Additionally, only one study assessed the relationship of non-persistent pesticide exposure with endometriosis, observing a 
significant association between endometriosis and the urinary concentration of diazinon, chlorpyrifos, and chlorpyrifos-methyl. Studies struggled to provide a conclusion on the effect of exposure to benzophenones on 
endometriosis. Despite the numerous limitations of the results, the reviewed studies suggest that exposure to non-persistent endocrine disruptors, especially bisphenol A and phthalates may affect endometriosis. The 
results of the studies on exposure to parabens, benzophenones, and non-persistent insecticides are inconclusive.

Int J Environ Res Public 
Health Vol.19 Issue 9

10.3390/ijerph19095608 35565013 ヒト - - - - - - - システマティックレビュー 1 1 - - - - - - - - - - - - - - - - - -

統合_0087

A. K. Wesselink, J. Weuve, V. Fruh, T. N. Bethea, 
B. Claus Henn, Q. E. Harmon, R. Hauser, P. L. 
Williams, A. M. Calafat, M. McClean, D. D. Baird 
and L. A. Wise

2021

Urinary concentrations of phenols, 
parabens, and triclocarban in 
relation to uterine leiomyomata 
incidence and growth

OBJECTIVE: To examine the association of urinary concentrations of phenols, parabens, and triclocarban with incidence and growth of uterine leiomyomata (UL; fibroids). DESIGN: Case-cohort study, nested within the 
Study of Environment, Lifestyle, and Fibroids, a prospective cohort study. SETTING: Clinic visits at baseline and every 20 months for 60 months. PATIENT(S): 754 Black women aged 23-35 years residing in the Detroit, 
Michigan area (enrolled during 2010-2012). INTERVENTION: None. MAIN OUTCOME MEASURE(S): At each study visit, women underwent transvaginal ultrasound for measurement of UL incidence and growth and 
provided urine specimens in which we quantified concentrations of seven phenols, four parabens, and triclocarban. We used Cox proportional hazards regression to estimate hazard ratios and 95% confidence intervals 
(CIs) characterizing the relation of urinary biomarker concentrations with UL incidence during the 60 months of follow-up. In a subset of UL detected and measured at multiple time points, we used linear regression to 
assess the associations between biomarker concentrations and UL growth. RESULT(S): Urinary biomarker concentrations were generally inversely associated with UL incidence, but the associations were weak and 
nonmonotonic. For example, hazard ratios comparing concentrations ≥90th with <50th percentile were 0.77 (95% CI: 0.46, 1.27) for bisphenol A, 0.72 (95% CI: 0.40, 1.28) for bisphenol S, and 0.76 (95% CI: 0.43, 1.33) for 
methylparaben. Biomarker concentrations were not strongly associated with UL growth. CONCLUSION(S): In this study of reproductive-aged Black women, urinary phenols, parabens, and triclocarban biomarkers were 
neither strongly nor consistently associated with UL incidence and growth.

Fertil Steril. 2021 
Dec;116(6):1590-1600.

10.1016/j.fertnstert.2021.07.003 34366109 ヒト ⼦宮 - - - - - - nested case-control 1 1 - - - 1 1 1 - 1 - - - - - - - - - -

統合_0088 X. Wen, Y. Xiong, X. Qu, L. Jin, C. Zhou, M. 
Zhang and Y. Zhang 2019

The risk of endometriosis after 
exposure to endocrine-disrupting 
chemicals: a meta-analysis of 30 
epidemiology studies

Endocrine-disrupting chemicals (EDCs) are suspected to be associated with endometriosis (EMs). This study aimed to synthesize published data and evaluate the relationship between four classic EDCs exposure and 
the risk of EMs. A systematic literature search for original peer reviewed papers was performed in the databases PubMed, EMBASE, and Web of Science based on inclusion criteria up to January 2018. Subsequently, a 
total of 20 papers conducting 30 studies fulfilled the eligibility criteria and were included in this meta-analysis (four studies for bisphenol A (BPA), 12 studies for polychlorinated biphenyls (PCBs), eight studies for 
organochlorine pesticides (OCPs), and six studies for phthalate esters (PAEs)). The overall odds ratio (OR) across all exposures and EMs was 1.41 (95% confidence interval (CI): 1.23-1.60). When assessing four specific 
chemicals, respectively, consistent increases in the risk of EMs were found in PCBs group (OR = 1.58; 95% CI: 1.18-2.12), OCPs group (OR = 1.40; 95% CI: 1.02-1.92) and PAEs group (OR = 1.27; 95% CI: 1.00-1.60), while 
BPA showed no significant association with EMs. Besides, in the di-(2-ethylhexyl)-phthalate (DEHP) group - the most commonly used PAEs, significant risk was also found (OR = 1.42; 95% CI: 1.19-1.70). The current 
meta-analysis strengthens the evidence that specific EDCs or their metabolites may promote the occurrence of EMs.

Gynecol Endocrinol. 
2019 Aug;35(8):645-
650.

10.1080/09513590.2019.1590546 30907174 ヒト ⼦宮(メタアナリシス) - - - - - - メタアナリシス 1 1 - - - 1 1 1 - 1 - - - - - - - - - -

統合_0089 X. Wen, Y. Xiong, L. Jin, M. Zhang, L. Huang, Y. 
Mao, C. Zhou, Y. Qiao and Y. Zhang 2020

Bisphenol A Exposure Enhances 
Endometrial Stromal Cell Invasion 
and Has a Positive Association with 
Peritoneal Endometriosis

Results of previous epidemiology studies on BPA exposure and endometriosis (EMs) risk were inconsistent, and were limited by inappropriate control selection, incorrect BPA detection method, and the generalization of 
different subtypes of EMs. Upregulated matrix metalloproteinase (MMP) 2 and MMP9 are involved in the development of EMs. We conducted a case-control study among 120 EMs patients and 100 healthy women to 
evaluate the relationships between BPA exposure and MMP2, MMP9 expressions, and the risk of EMs subtypes. Besides, we used human endometrial stromal cell lines (HESCs) to investigate the underlying mechanisms. 
Creatinine-adjusted urinary BPA concentrations were positively correlated with serum MMP2, MMP9 levels, and the risk of peritoneal EMs (third vs lowest quartile: OR 4.92, 95% CI 1.47, 16.50; fourth versus lowest 
quartile: OR 3.70, 95% CI 1.07, 12.74, P(trend) = 0.030). The risk of peritoneal EMs increased approximately tenfold when creatinine-adjusted urinary BPA concentration was 2 μg/g. In vitro study found that BPA exposure 
increased MMP2, MMP9 expressions in a dose-dependent manner. The effects of BPA on HESCs could be blocked by G protein-coupled estrogen receptor (GPER) inhibitor or mitogen-activated protein 
kinase/extracellular signal-regulated kinase (MAPK/ERK) inhibitor. This study provides evidence that BPA exposure promotes peritoneal EMs, and raises a concern about the potential toxicity of BPA on the female 
reproductive system.

Reprod Sci. 2020 
Feb;27(2):704-712.

10.1007/s43032-019-00076-7 32046440 ヒト ⼦宮 - - - - - - 症例対照研究 1 1 - - - 1 1 1 - - - - - - - - - - - -

統合_0090 J. Wei, R. Liu, Z. Yang, H. Liu, Y. Wang, J. Zhang, 
M. Sun, C. Shen, J. Liu, P. Yu and N. J. Tang 2024

Association of metals and 
bisphenols exposure with lipid 
profiles and dyslipidemia in Chinese 
adults: Independent, combined and 
interactive effects

BACKGROUND: Although studies have assessed the association of metals and bisphenols with lipid metabolism, the observed results have been controversial, and limited knowledge exists about the combined and 
interactive effects of metals and bisphenols exposure on lipid metabolism. METHODS: Plasma metals and serum bisphenols concentrations were evaluated in 888 participants. Multiple linear regression and logistic 
regression models were conducted to assess individual associations of 18 metals and 3 bisphenols with 5 lipid profiles and dyslipidemia risk, respectively. The dose-response relationships of targeted contaminants with 
lipid profiles and dyslipidemia risk were captured by applying a restriction cubic spline (RCS) function. The bayesian kernel machine regression (BKMR) model was used to assess the overall effects of metals and 
bisphenols mixture on lipid profiles and dyslipidemia risk. The interactive effects of targeted contaminants on interested outcomes were explored by constructing an interaction model. RESULTS: Single-contaminant 
analyses revealed that exposure to iron (Fe), nickel (Ni), copper (Cu), arsenic (As), selenium (Se), strontium (Sr), and tin (Sn) was associated with elevated lipid levels. Cobalt (Co) showed a negative association with 
high density lipoprotein cholesterol (HDL-C). Bisphenol A (BPA) and bisphenol AF (BPAF) were associated with decreased HDL-C levels, with nonlinear associations observed. Vanadium (V), lead (Pb), and silver (Ag) 
displayed U-shaped dose-response relationships with most lipid profiles. Multi-contaminant analyses indicated positive trends between contaminants mixture and total cholesterol (TC), triglycerides (TG), low density 
lipoprotein cholesterol (LDL-C), and non-high-density lipoprotein cholesterol (non-HDL-C). The interaction analyses showed that Se-Fe exhibited synergistic effects on LDL-C and non-HDL-C, and Se-Sn showed a 
synergistic effect on HDL-C. CONCLUSIONS: Our study suggested that exposure to metals and bisphenols was associated with changes in lipid levels, and demonstrated their combined and interactive effects.

Sci Total Environ. 2024 
Oct 10:946:174315.

10.1016/j.scitotenv.2024.174315 38942316 ヒト 代謝 - - - - - - 横断研究 1 1 - - - 1 1 1 - - - - - - - - - - - -

統合_0091

C. Warembourg, L. Maitre, I. Tamayo-Uria, S. 
Fossati, T. Roumeliotaki, G. M. Aasvang, S. 
Andrusaityte, M. Casas, E. Cequier, L. Chatzi, A. 
Dedele, J. R. Gonzalez, R. Gražulevičienė, L. S. 
Haug, C. Hernandez-Ferrer, B. Heude, M. 
Karachaliou, N. H. Krog, R. McEachan, M. 
Nieuwenhuijsen, I. Petraviciene, J. Quentin, O. 
Robinson, A. K. Sakhi, R. Slama, C. Thomsen, J. 
Urquiza, M. Vafeiadi, J. West, J. Wright, M. 
Vrijheid and X. Basagaña

2019
Early-Life Environmental Exposures 
and Blood Pressure in Children

BACKGROUND: Growing evidence exists about the fetal and environmental origins of hypertension, but mainly limited to single-exposure studies. The exposome has been proposed as a more holistic approach by studying 
many exposures simultaneously. OBJECTIVES: This study aims to evaluate the association between a wide range of prenatal and postnatal exposures and blood pressure (BP) in children. METHODS: Systolic and diastolic 
BP were measured among 1,277 children from the European HELIX (Human Early-Life Exposome) cohort aged 6 to 11 years. Prenatal (n = 89) and postnatal (n = 128) exposures include air pollution, built environment, 
meteorology, natural spaces, traffic, noise, chemicals, and lifestyles. Two methods adjusted for confounders were applied: an exposome-wide association study considering the exposures independently, and the deletion-
substitution-addition algorithm considering all the exposures simultaneously. RESULTS: Decreases in systolic BP were observed with facility density (β change for an interquartile-range increase in exposure: -1.7 mm 
Hg [95% confidence interval (CI): -2.5 to -0.8 mm Hg]), maternal concentrations of polychlorinated biphenyl 118 (-1.4 mm Hg [95% CI: -2.6 to -0.2 mm Hg]) and child concentrations of dichlorodiphenyldichloroethylene 
(DDE: -1.6 mm Hg [95% CI: -2.4 to -0.7 mm Hg]), hexachlorobenzene (-1.5 mm Hg [95% CI: -2.4 to -0.6 mm Hg]), and mono-benzyl phthalate (-0.7 mm Hg [95% CI: -1.3 to -0.1 mm Hg]), whereas increases in systolic BP 
were observed with outdoor temperature during pregnancy (1.6 mm Hg [95% CI: 0.2 to 2.9 mm Hg]), high fish intake during pregnancy (2.0 mm Hg [95% CI: 0.4 to 3.5 mm Hg]), maternal cotinine concentrations (1.2 mm Hg 
[95% CI: -0.3 to 2.8 mm Hg]), and child perfluorooctanoate concentrations (0.9 mm Hg [95% CI: 0.1 to 1.6 mm Hg]). Decreases in diastolic BP were observed with outdoor temperature at examination (-1.4 mm Hg [95% CI: 
-2.3 to -0.5 mm Hg]) and child DDE concentrations (-1.1 mm Hg [95% CI: -1.9 to -0.3 mm Hg]), whereas increases in diastolic BP were observed with maternal bisphenol-A concentrations (0.7 mm Hg [95% CI: 0.1 to 1.4 
mm Hg]), high fish intake during pregnancy (1.2 mm Hg [95% CI: -0.2 to 2.7 mm Hg]), and child copper concentrations (0.9 mm Hg [95% CI: 0.3 to 1.6 mm Hg]). CONCLUSIONS: This study suggests that early-life exposure 
to several chemicals, as well as built environment and meteorological factors, may affect BP in children.

J Am Coll Cardiol. 2019 
Sep 10;74(10):1317-
1328.

10.1016/j.jacc.2019.06.069 31488269 ヒト ⼼⾎管 - - - - - - 横断研究 1 1 - - - 1 1 1 - - - - - - - - - - - -

7



別添-2 統合⽂献リスト  

統合No. 著者名 発⾏年 タイトル アブストラクト 書誌情報 doi PMID
ヒト/動物/in vitro/ex 

vivo/in silico
分野

（疫学/動物） 哺乳動物 経⼝投与
BPA

単独ばく露

⼀般的な動物
種及び系統の
無処置動物

対照群と
3⽤量以上の
BPA投与群

10 mg/kg/⽇
以下の

⽤量設定

コホート研究/症例対照研究
/メタアナリシス

全ての
集団

全ての
ばく露経路

BPA
単独ばく露

遺伝毒性
試験

遺伝毒性試験以外
については100nM
以下の濃度設定の

試験

適格性評価基準
通過

（1534報）

信頼性評価対象
⽂献

(1012報)

疫学納品
⽂献(716報)

動物納品
⽂献(299報)

※１報取得不
可を含む

疫学情報
抽出⽂献

（170報）

動物情報
抽出⽂献

（123報）

EFSA
2023

EFSA
2016

EFSA
2015 BfR KEMI ANSES FDA NIFDS

CLARITY
-BPA

 適格性評価（動物）1：該当、0：該当しない  適格性評価（疫学）1：該当、0：該当しない  適格性評価（in vitro）1：該当、0：該当しない

適格性評価はタイトル及び要旨の情報に基づ
き可能な範囲で実施。明らかに適格性基準不
適合と判断されるもの以外を信頼性評価へ進
め、信頼性評価段階で原著に基づき精査。

引⽤評価機関
●：該当

統合_0092 J. B. Ward, S. S. Casagrande and C. C. Cowie 2020
Urinary phenols and parabens and 
diabetes among US adults, NHANES 
2005-2014

BACKGROUND AND AIMS: Phenols and parabens are ubiquitous and have been associated with markers of cardiovascular health. However, the literature lacks population-based studies examining the link between these 
endocrine disruptors and diabetes. We examined the association between paraben/phenol concentrations and diabetes among a nationally representative sample of US adults. METHODS AND RESULTS: We utilized data 
from the 2005-2014 National Health and Nutrition Examination Surveys (N = 8498). Total urinary concentrations of BPA, triclosan, BP-3, and propyl, butyl, ethyl, and methyl parabens were measured from urine specimens 
collected during the examination session. Diabetes status was based on self-report of a previous diagnosis or HbA1c≥6.5%. We used logistic regression to estimate odds ratios (ORs) and 95% confidence intervals (CI) 
associated with the difference in log-transformed values of the 75th and 25th percentiles for each phenol/paraben, adjusting for potential confounders. The adjusted ORs (95% CI) of diabetes comparing the 75th to 25th 
percentiles of each paraben/phenol were 1.09 (0.96-1.23) for BPA, 0.84 (0.72-0.98) for triclosan, 0.69 (0.61-0.79) for BP-3, 0.71 (0.61-0.83) for propyl paraben, 0.66 (0.54-0.80) for butyl paraben, 0.60 (0.51-0.71) for ethyl 
paraben, and 0.79 (0.68-0.91) for methyl paraben. CONCLUSIONS: Higher concentrations of triclosan, BP-3, and propyl, butyl, ethyl, and methyl parabens were associated with lower odds of diabetes. These findings 
warrant further investigation into the potential mechanism behind the observed associations and the temporal direction of the associations, given that we cannot rule out reverse causation. Future studies of these 
endocrine disruptors may improve the understanding of their relationship with diabetes.

Nutr Metab Cardiovasc 
Dis Vol.30 Issue 5 
Pages 768-776

10.1016/j.numecd.2020.01.005 32127337 ヒト - - - - - - - 横断研究 1 1 - - - - - - - - - - - - - - - - - -

統合_0093 Z. Wang, Y. Zhou, H. Liang, M. Miao, Y. Chen, X. 
Zhang, X. Song and W. Yuan 2021

Prenatal exposure to bisphenol 
analogues and digit ratio in children 
at ages 4 and 6 years: A birth cohort 
study

Bisphenol analogues (BPs), including bisphenol A (BPA), have been shown to exhibit similar endocrine disrupting activities. However, epidemiological evidence on the reproductive and developmental toxicities of BPs other 
than BPA is scarce. The second to fourth digit ratio (2D:4D), an endocrine-sensitive endpoint, has been suggested to be a biomarker of prenatal sex steroid exposure and associated with reproductive outcomes in later 
life. Using the data of 545 mother-child pairs from the Shanghai-Minhang Birth Cohort Study, we prospectively assessed the effects of prenatal exposure to BPs on 2D:4D in children at ages 4 and 6 years. Single-spot 
urine samples were collected in the third trimester and analyzed for BPs. Digit lengths were measured using a vernier caliper in children at ages 4 and 6 years, and the 2D:4D values for both hands were calculated. A 
multivariable linear regression model was applied to examine associations between prenatal BPs exposure and 2D:4D digit ratios at each age separately. The generalized estimating equation (GEE) model was used to deal 
with repeated 2D:4D measures obtained at ages 4 and 6 years. We found that prenatal exposure to BPA alternatives including BPF, BPS, and BPAF was associated with higher digit ratio in boys and/or girls (feminizing), 
while TCBPA, a halogenated bisphenol, was associated with lower 2D:4D in boys (masculinizing). These associations were more pronounced at 4 years of age, and tended to remain after further considering the potential 
confounding from prenatal co-exposure to other BPs and childhood BPs exposure. Our study provides epidemiological evidence that BPs exposure during pregnancy may alter the digit development in children, indicative of 
disrupted reproductive development in later life. Given these new findings, further studies are needed to corroborate our results.

Environ Pollut. 2021 Jun 
1:278:116820.

10.1016/j.envpol.2021.116820 33689944 ヒト ⽣殖発⽣ - - - - - - コホート研究 1 1 - - - 1 1 1 - 1 - - - - - - - - - -

統合_0094 Z. Wang, M. Miao, J. Xu, Y. Chen, H. Liang, L. 
Yang, X. Liu, S. Wen, X. Tu and W. Yuan 2022

Gestational exposure to bisphenol 
analogues and kisspeptin levels in 
pregnant women and their children: 
A pregnancy-birth cohort study

Gestational exposure to bisphenol analogues (BPs)，especially bisphenol A (BPA), has been associated with adverse pregnancy-related outcomes and altered reproductive development of offspring, but the underlying 
mechanisms are not well documented. Kisspeptin, a key regulator of reproductive health, could be the potential target for endocrine disrupting compounds like BPs. Among 528 mother-child pairs, we investigated the 
associations of gestational BPs exposure with kisspeptin levels in two critical life stages, pregnancy and pre-puberty. Maternal BPs and kisspeptin concentrations were measured in urine samples collected in the third 
trimester. Children's urine samples were collected at 6-year visit and analyzed for kisspeptin levels. Associations were observed between BPA and its alternatives and lower kisspeptin in pregnant women but higher 
kisspeptin in their children. In contrast, TCBPA was suggestively associated with higher kisspeptin in pregnant women but lower kisspeptin in children. Our study provides the first epidemiologic evidence that gestational 
exposure to selected BPs may be associated with altered kisspeptin system in both pregnant women and their children, sheds some light on the potential mechanisms underlying the various reproductive health outcomes 
following gestational BPA exposure, and suggests potential reproductive toxicities of other BPs in humans.

Sci Total Environ. 2022 
Nov 20:848:157720.

10.1016/j.scitotenv.2022.157720 35914601 ヒト ⽣殖発⽣ - - - - - - コホート研究 1 1 - - - 1 1 1 - 1 - - - - - - - - - -

統合_0095 Y. Wang, H. Wu, K. Li, R. Huang, J. Liu, Z. Lu, Y. 
Wang, J. Wang, Y. Du, X. Jin, Y. Xu and B. Li 2024

Environmental triggers of 
autoimmunity: The association 
between bisphenol analogues and 
systemic lupus erythematosus

The aim of this research was to examine the correlation between the exposure to bisphenol analogues (BPs), such as bisphenol A (BPA), bisphenol F (BPF), and bisphenol S (BPS), and the risk of developing systemic 
lupus erythematosus (SLE). Ultra performance liquid chromatography/tandem mass spectrometry (UPLC-MS/MS) was utilized to measure the levels of BPA, BPF, and BPS in the urine of 168 female participants 
diagnosed with SLE and 175 female participants who were deemed healthy controls. Logistic regression models were utilized to assess the connections between levels of bisphenol and the risk of SLE. The findings 
indicated that levels of BPA and BPF in the urine of individuals with SLE were markedly elevated compared to those in the control group. Higher exposure to BPA and BPF exhibited positive dose-response relationships 
with increased SLE risk. No significant associations were identified between BPS and the risk of SLE. These findings suggest exposure to BPA and BPF may be implicated as novel environmental triggers in the 
development of autoimmunity such as SLE. The significantly increased levels of these bisphenol analogues detected in SLE patients versus healthy controls, along with the associations between higher exposures and 
elevated SLE risk, which offers crucial hints for comprehending how endocrine-disrupting substances contribute to the genesis of autoimmune illnesses. Further research using robust longitudinal assessments of 
bisphenol analogue exposures is warranted to corroborate these epidemiological findings. Overall, this study highlights potential environmental risk factors for SLE while calling for additional investigation into the impact 
of bisphenol exposures on autoimmunity development.

Ecotoxicol Environ Saf 
Vol.278 Pages 116452

10.1016/j.ecoenv.2024.116452 38744066 ヒト - - - - - - - 横断研究 1 1 - - - - - - - - - - - - - - - - - -

統合_0096 Y. Wang, R. Aimuzi, M. Nian, Y. Zhang, K. Luo 
and J. Zhang 2021

Bisphenol A substitutes and sex 
hormones in children and 
adolescents

Bisphenol F (BPF) and bisphenol S (BPS) are increasingly used as bisphenol A (BPA) substitutes in consumer products. Little is known about the effects of BPA substitutes on reproductive endocrine function in children 
and adolescents. Thus, we conducted a cross-sectional study to examine the associations of BPA, BPF, and BPS with sex steroid hormones among 6-19-year old participants. Included were 1317 participants with 
information on BPA, BPF, BPS, and serum sex hormones [total testosterone (TT), estradiol (E(2)), and sex hormone binding globulin (SHBG)]. Multiple linear regression accounting for complex survey design was used to 
assess the association between bisphenols and sex hormones by sex-age groups. Exposure-response (ER) relationships were examined via restricted cubic splines. Significant association with BPF or BPS was sporadic, 
but BPA presented inverse association with the free androgen index (FAI, calculated as the ratio of TT to SHBG) and E(2) and positive association with SHBG and TT/E(2) in female adolescents. Further exploration of ER 
relationships showed that BPA (P for non-linearity = 0.03), BPF (P for non-linearity = 0.005), and BPS (P for non-linearity = 0.08) had a U-shaped relationship with FAI among female adolescents. Additionally, an inverse 
U-shaped curve was observed for BPA (P for non-linearity = 0.03), BPS (P for non-linearity = 0.01), and BPF (P for non-linearity = 0.01) with SHBG. The associations were virtually nonsignificant among males. Our study 
demonstrated that BPS and BPF may possess similar endocrine interrupting abilities as BPA.

Chemosphere Vol.278 
Pages 130396

10.1016/j.chemosphere.2021.1303
96

33819883 ヒト - - - - - - - 横断研究 1 1 - - - - - - - - - - - - - - - - - -

統合_0097 X. Wang, N. Tang, S. F. Nakayama, P. Fan, Z. 
Liu, J. Zhang and F. Ouyang 2020

Maternal urinary bisphenol A 
concentration and thyroid hormone 
levels of Chinese mothers and 
newborns by maternal body mass 
index

Animal studies indicated that bisphenol A (BPA) exposure during pregnancy may disrupt thyroid function which is critical for fetal development. However, few epidemiological studies have examined this topic and the 
results were inconsistent. We aimed to evaluate whether prenatal BPA exposure is associated with thyroid hormone levels in Chinese mothers and newborns with stratification by maternal body mass index (BMI). BPA 
concentration were measured in urine samples collected from 555 women at late pregnancy. Maternal serum free thyroxin (FT4), thyroid-stimulating hormone (TSH) and thyroid peroxidase antibody (TPO-Ab) 
concentrations at the third trimester were abstracted from medical records. Cord serum-free triiodothyronine (FT3), FT4, TSH, and TPO-Ab levels were measured in 398 newborns. Prenatal urinary BPA was detected in 
98.5% of mothers with a geometric mean of 1.32 ng/mL (95% CI 1.17-1.49 ng/mL). With each 10-fold increase in BPA concentrations, maternal log10_(TSH) mIU/L was 0.10 lowered (95% CI - 0.20, - 0.005, p < 0.05) 
among pre-pregnancy BMI > 23 kg/m(2), with adjustment for maternal age, maternal education, gestation diabetes mellitus (GDM), husband smoking during pregnancy, parity, and gestational age at thyroid parameters 
measured, but no association was observed in pre-pregnancy BMI < 18.5, or 18.5-22.9 kg/m(2) stratum. No BPA-associated changes were observed in maternal FT4 level or odds of positive TPO-Ab in all BMI stratum. 
Also, no associations were observed between prenatal urinary BPA concentration and cord serum FT4, FT3, TSH levels, and odds of positive TPO-Ab in both male and female newborns among pre-pregnancy BMI < 18.5, 
18.5-22.9 or > 23 kg/m(2) stratum. In this study, prenatal urinary BPA concentration was associated with lower maternal TSH among women with overweight, but not associated with other maternal thyroid parameters or 
cord serum thyroid parameters across maternal BMI categories. More research on pregnant women and newborns cohort with BPA exposure are warranted.

Environ Sci Pollut Res 
Int. 2020 
Apr;27(10):10939-
10949.

10.1007/s11356-020-07705-8 31953761 ヒト 甲状腺 - - - - - - コホート研究 1 1 - - - 1 1 1 - - - - - - - - - - - -

統合_0098 X. Wang, Z. C. Luo, O. Du, H. J. Zhang, P. Fan, R. 
Ma, Y. Chen, W. Wang, J. Zhang and F. Ouyang 2023

The association between maternal 
urinary Bisphenol A levels and 
neurodevelopment at age 2 years in 
Chinese boys and girls: A 
prospective cohort study

The impact of maternal exposure to Bisphenol A on child cognitive development as well as its sex dimorphism remains uncertain. This study used data of 215 mothers and their children from a birth cohort in Shanghai. 
Urinary BPA were measured in spot urine samples of mothers at late pregnancy and children at age 2 years. Cognitive development was evaluated by Ages & Stages Questionnaires, Third Edition (ASQ-3) at age 2 years. 
Urinary BPA was detectable in 98.9% of mothers (geometric mean, GM: 2.6 μg/g. creatinine) and 99.8% children (GM: 3.4 μg/g. creatinine). Relative to the low and medium BPA tertiles, high tertile of maternal urinary 
BPA concentrations were associated with 4.8 points lower (95% CI: -8.3, -1.2) in gross motor and 3.7 points lower (95% CI: -7.4, -0.1) in problem-solving domain in girls only, with adjustment for maternal age, maternal 
education, pre-pregnancy BMI, passive smoking during pregnancy, parity, delivery mode, birth-weight for gestational age, child age at ASQ-3 test. This negative association remained with additional adjustment for child 
urinary BPA concentrations at age 2 years. No association was observed in boys. These results suggested the sex-dimorphism on the associations of maternal BPA exposure with gross motor and problem-solving 
domains in children at age 2 years. This study also indicated that optimal early child development should start with a healthy BPA-free "in utero" environment.

Ecotoxicol Environ Saf. 
2023 Oct 1:264:115413.

10.1016/j.ecoenv.2023.115413 37651794 ヒト 発達神経 - - - - - - コホート研究 1 1 - - - 1 1 1 - - - - - - - - - - - -

統合_0099 X. Wang, Z. Hu, Y. Jin, M. Yang, Z. Zhang, X. 
Zhou, S. Qiu and X. Zou 2024

Exploring the relationships between 
exposure levels of bisphenols and 
phthalates and prostate cancer 
occurrence

We established an ultra-performance liquid chromatography-tandem mass spectrometry (UPLC-MS/MS) method for simultaneously analyzing the metabolites of bisphenols and phthalates in urine to identify the 
associations between these exposure levels and prostate cancer (PCa) based on a case-control study. After purifying urine samples with SPE, 18 metabolites were separated on a C(18) column, and MS detection was 
performed. The UPLC-MS/MS method has been proven effective at evaluating bisphenol and phthalate exposure (0.020-0.20 μg/L of the limits of detection, 71.8 %~119.4 % of recoveries, 0.4 %~8.2 % of precision). 
Logistic regression explored the association between exposure level and PCa in 187 PCa cases and 151 controls. The detection rates of bisphenol A (BPA) and most phthalate metabolites were 100 % ranging from 0.06-
46.74 and 0.12-899.92 μg/g creatinine, respectively, while the detection rates of other bisphenols and mono-benzyl phthalate (MBzP) are low, ranging from 0 % to 21.85 %. Correlation analysis of the metabolite levels 
indicated that the exposure sources of BPA, di-ethyl phthalate (DEP), and di(2-ethylhexyl) phthalate (DEHP) were different, and that the exposure sources of di-n-butyl phthalate (DnBP) and di-isobutyl phthalate (DiBP) 
may differ between two groups. Logistic regression analysis revealed that BPA (OR(<0.45 vs ≥1.43) =10.02()) and DEHP exposure (OR(<21.75 vs ≥45.42) =48.26) increased the risk of PCa.

J Hazard Mater. 2024 
Aug 5:474:134736.

10.1016/j.jhazmat.2024.134736 38815394 ヒト 発がん - - - - - - 症例対照研究 1 1 - - - 1 1 1 - - - - - - - - - - - -

統合_0100 P. W. Wang, Y. F. Huang, C. H. Wang, L. J. Fang 
and M. L. Chen 2024

Prenatal to preschool exposure of 
nonylphenol and bisphenol A 
exposure and neurodevelopment in 
young children

BACKGROUND: Nonylphenol (NP) and bisphenol A (BPA) are produced in large quantities worldwide as multipurpose agents. However, studies on relations between NP and BPA exposure and childhood neurodevelopment 
are few, and the results are inconsistent. This study aimed to investigate associations between prenatal and early childhood NP and BPA exposure and neurodevelopment in mother-child pairs. METHODS: Pregnant 
women at 27-38 weeks' gestation were recruited, as were children 2-3 years of age (n = 94) and 4-6 years of age (n = 56) years. Urine was collected to assess NP and BPA exposure. Bayley Scales of Infant and Toddler 
Development (3rd edition; Bayley-III), Wechsler Preschool and Primary Scale of Intelligence (4th edition), and the Full Scale Intelligence Quotient (WPPSI-IV-FSIQ) were used to assess the neurodevelopment of the 
children. RESULTS: The detection rate and concentration of NP and BPA in the urine of children 4-6 years old were higher than in those 2-3 years old. Children were divided into a high concentration group (3rd tertile) and 
a reference group (1st and 2nd tertiles) based on natural log-transformed urine concentration of NP and BPA. Girls' Bayley-III motor scores in the high concentration group were higher than those of the BPA reference 
group of urine of mothers (β = 6.85, 95% confidence interval [CI]: 1.58-12.13). Boys' FSIQ in the higher concentration group were significantly lower than those in children 2-3 years old in the NP reference group (β = -
11.29, 95% CI: -18.62 to -3.96) (all, p < 0.05). CONCLUSIONS: Prenatal and childhood exposure to NP and BPA may have different effects on the neurodevelopment of young children, and there are no consistent effects 
between boys and girls.

Pediatr Neonatol. 2024 
Jan;65(1):76-84.

10.1016/j.pedneo.2023.04.011 37679260 ヒト 発達神経 - - - - - - コホート研究 1 1 - - - 1 1 1 - - - - - - - - - - - -

統合_0101 N. Wang, Y. Wang, H. Zhang, Y. Guo, C. Chen, 
W. Zhang, H. Wan, J. Han and Y. Lu 2020

Association of bone mineral density 
with nine urinary personal care and 
consumer product chemicals and 
metabolites: A national-
representative, population-based 
study

Personal care and consumer products are extensively used and contain various chemicals that are recognized as endocrine disrupting chemicals. Few epidemiological studies measured the associations of these 
chemicals and metabolites, especially phenols, with bone health. We measured the associations between nine urinary phenol biomarkers and BMD and the subsequent prevalence of osteopenia/osteoporosis. National 
representative data from US adults aged over 20 years who participated in the National Health and Nutrition Examination Survey from 2005 to 2010 were used. 2,267 men, 1,145 premenopausal women and 1,033 
postmenopausal women were included in the final analyses. Bisphenol A, benzophenone-3, triclosan, butylparaben, ethylparaben, methylparaben, propylparaben, 2,5-dichlorophenol and 2,4-dichlorophenol were measured 
by high-performance liquid chromatography-isotope dilution tandem mass spectrometry. Paraben concentrations, especially ethyl-, methyl- and propylparabens, were related to greater BMD in the femoral neck and 
intertrochanter and lumbar spine in men and premenopausal women. 2,4-dichlorophenol concentrations was associated with lower BMD and a higher prevalence of osteopenia + osteoporosis in men. Bisphenol A was 
associated with a higher prevalence of osteopenia + osteoporosis in the lumbar spine in postmenopausal women. Benzophenone-3 tended to be associated with a higher BMD of femur in men and premenopausal women. 
In conclusion, certain urinary personal care and consumer product chemicals and metabolites were significantly associated with BMD or osteopenia + osteoporosis. These results further indicate that, in future research, 
determination of the causal relationships and detection of undelying mechanism could be next important directions.

Environ Int. 2020 
Sep:142:105865.

10.1016/j.envint.2020.105865 32585503 ヒト ⼼⾎管 - - - - - - 横断研究 1 1 - - - 1 1 1 - - - - - - - - - - - -

統合_0102 L. J. Wang, Y. H. Huang, W. J. Chou, S. Y. Lee, H. 
Y. Chang, C. C. Chen and H. R. Chao 2023

Interrelationships among growth 
hormone, thyroid function, and 
endocrine-disrupting chemicals on 
the susceptibility to attention-
deficit/hyperactivity disorder

Abnormal growth hormones and thyroid function may be linked to pathophysiology of attention-deficit/hyperactivity disorder (ADHD). Phthalates and bisphenol-A (BPA), two endocrine-disrupting chemicals (EDCs), may 
affect the human endocrine system. In this study, we aimed to perform a comprehensive investigation of whether growth hormone, thyroid function, and EDCs exhibited differential levels between ADHD patients and 
healthy controls. In total, 144 children with ADHD and 70 healthy control subjects were enrolled. Their endocrine systems were evaluated using the serum levels of insulin-like growth factor-1 (IGF-1), IGF-binding 
protein-3 (IGFBP-3), thyroid-stimulating hormone (TSH), triiodothyronine (T3), thyroxine (T4), and Free T4. The urinary levels of EDCs, including monoethyl phthalate (MEP), mono-methyl phthalate (MMP), monoethylhexyl 
phthalate (MEHP), mono-n-butyl phthalate (MnBP), monobenzyl phthalate (MBzP), and BPA, were also examined. Patients with ADHD had lower IGF-1 levels than healthy controls (p = 0.003), but we observed no 
significant difference in IGFBP-3, TSH, T3, T4, or Free T4. Compared to the control group, patients with ADHD demonstrated higher MEHP levels (p = 0.043), MnBP (p = 0.033), and MBzP (p = 0.040). Furthermore, MEHP 
levels (p < 0.001) and BPA levels (p = 0.041) were negatively correlated with IGF-1 levels, while IGF-1 levels were negatively correlated with principal components consisting of ADHD clinical symptoms and 
neuropsychological performance variables. We suggest that MEHP exposure may be associated with decreased serum levels of IGF-1 and increased risk of ADHD. The mechanism underlying this association may be 
important for protecting children from environmental chemicals that adversely affect neurodevelopment.

Eur Child Adolesc 
Psychiatry. 2023 
Aug;32(8):1391-1401.

10.1007/s00787-021-01886-4 35119524 ヒト 発達神経 - - - - - - 症例対照研究 1 1 - - - 1 1 1 - - - - - - - - - - - -

統合_0103
J. Wang, H. Mei, A. F. Zhou, L. L. Huang, Z. Q. 
Cao, A. B. Hong, M. Yang, Q. T. Xie, D. Chen, S. 
P. Yang, H. Xiao and P. Yang

2021

The associations of birth outcome 
differences in twins with prenatal 
exposure to bisphenol A and its 
alternatives

BACKGROUND: Bisphenol A (BPA) and its alternatives, including BPF and BPS, exhibit endocrine disruption activities. However, the effects of bisphenols on fetal growth in twins remain unclear. OBJECTIVE: To explore 
the associations of prenatal BPA, BPF, and BPS exposure with birth outcome differences in twins. METHODS: We recruited 289 twin pregnant women who visited the hospital for prenatal examination during the first 
trimester from 2013 to 2016. Urinary bisphenol levels were determined during the first, second, and third trimesters. The associations of maternal exposure to bisphenols with birth outcome differences in twins were 
analyzed after stratification by different trimesters. We applied the multiple informant model to estimate trimester-specific associations between urinary bisphenol concentrations and birth outcome differences in twins. 
RESULTS: We found low reproducibility (ICC<0.40) for maternal urinary BPA and moderate reproducibility (0.40 < ICC<0.75) for BPF and BPS. Urinary BPA concentrations were positively associated with within-pair twin 
birth weight difference when comparing the third vs. the first tertile in each of the three trimesters (i.e., 133.06 g, 95% CI: 68.19, 197.94; 144.5 g, 95%CI: 81.82-207.18 g; and 135.04 g, 95%CI: 71.37-198.71 g for the 1st, 
2nd, and 3rd trimester, respectively). The effect of urinary BPA concentration on increased birth length difference within-pair twins were also observed across different trimesters (All P for trends < 0.05). Urinary BPA 
levels were positively associated with the within-pair birth weight and birth length differences across pregnancy trimesters (All of Type 3 P for values < 0.05). CONCLUSION: Maternal BPA exposure appeared to influence 
birth wight and birth length differences in twins. Our results warrant further confirmation.

Environ Res. 2021 
Sep:200:111459.

10.1016/j.envres.2021.111459 34126051 ヒト ⽣殖発⽣ - - - - - - コホート研究 1 1 - - - 1 1 1 - 1 - - - - - - - - - -

統合_0104 H. Wang, S. Tang, X. Zhou, R. Gao, Z. Liu, X. 
Song and F. Zeng 2022

Urinary concentrations of bisphenol 
analogues in the south of China 
population and their contribution to 
the per capital mass loads in 
wastewater

Bisphenol analogues (BPs) are heavily used and negatively affect the health of human beings, however, there is little knowledge regarding human exposure to BPs other than BPA. This study aims to assess human 
exposure to BPs through investigating pooled urine and wastewater samples. Twenty-four pooled urine samples were prepared from 960 specimens (classified by age and gender). Wastewater samples were collected 
from six major wastewater treatment plants (WWTPs) in Guangzhou, South of China. BPA, BPS, and BPAF were widely detected in urine samples, with a median concentration of 0.96, 0.42, and 0.15 μg/L, respectively. 
Median urinary levels of BPA and BPS were higher in males than females (p > 0.05). In addition, BPA and BPS urinary levels in young adults (15-30 years old) were greater than those in children (0-15 years old) (p > 0.05). 
Nevertheless, most of the BPs were detected in wastewater samples, of which BPA and BPS were predominant BPs, with a median concentration of 1.0 and 0.29 μg/L. The average per capital mass loads of ΣBPs on the 
weekdays of mix typed WWTP was much higher than those of the weekends. Nonetheless, the average loads of ΣBPs on the weekdays of domestic WWTP was slightly lower than those of the weekends. This indicated 
that important sources of BPs might include industrial wastewater and household cleaning products. Urinary BPA, BPS, and BPAF accounted for less than 5% per capital mass loads in wastewater, suggesting that much 
of the BPA, BPS, and BPAF in municipal wastewater originate non-human excretion. Hence, the wastewater-based epidemiology (WBE) approach based on parent compounds is not available for assessing human 
exposure to BPs, neither for other industrial chemicals with diverse sources in municipal wastewater. These results contributes to the development of an efficient surveillance system which can provide insight in the 
trends of human exposure of BPs.

Environ Res Vol.204 
Issue Pt D Pages 
112398

10.1016/j.envres.2021.112398 34800536 ヒト - - - - - - - バイオモニタリング 1 1 - - - - - - - - - - - - - - - - - -
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統合_0105 H. Wang, C. Tang, Y. Wang, M. Han, F. Jiang, L. 
Jiang, J. Wu, C. Fu, Y. Chen and Q. Jiang 2021

Urinary antibiotic level of school 
children in Shanghai, East China, 
2017-2020

In recent years, an extensive exposure to antibiotics from various sources has been demonstrated in China by the biomonitoring method, but the temporal trend remains little known. The study aim was to explore the 
temporal trend of exposure to antibiotics and associated health risk in children. A dynamic child cohort was established in Shanghai, East China between 2017 and 2020. A total of 684 school children aged 7-11 years 
were included, and 280 in 2017, 279 in 2018, 288 in 2019, and 287 in 2020 participated in annual surveys. Twenty-three typical antibiotics and three metabolites from five categories (four tetracyclines, five qinolones, six 
macrolides, eight sulfonamides, and three phenicols), bisphenol A (BPA), and monobutyl phthalate (MBP) were determined in urine. Logistic regression analysis with generalized estimating equations was conducted to 
investigate the associations between various variables and the detection frequency of antibiotics in urine. Seventeen antibiotics and three metabolites were found in 51.9% of all urine samples. Compared to 2017, the 
detection frequency in urine reduced 31.8% in 2020 for all antibiotics (58.2% vs 39.7%) and reduced 36.8%-55.8% for tetracyclines (11.4% vs 7.0%), qinolones (34.3% vs 21.3%), macrolides (8.6% vs 3.8%), sulfonamides 
(16.4% vs 8.7%), and phenicols (19.3% vs 12.2%). After accounting for personal characteristics, food consumption, and urinary BPA and MBP, a decreasing temporal trend of detection frequencies was observed from 2017 
to 2020 for most antibiotics. Urinary concentration, estimated daily intake, and acceptable daily intake-based health risk of antibiotics showed a temporal trend similar to detection frequency. There was an extensive 
exposure to antibiotics in children. However, a decreasing temporal trend occurred for the exposure during the period from 2017 to 2020. The trend was likely to be caused by decreased antibiotic use and/or decreased 
residues in food and/or drinking water.

Environ Pollut Vol.291 
Pages 118167

10.1016/j.envpol.2021.118167 34534827 ヒト - - - - - - - バイオモニタリング 1 1 - - - - - - - - - - - - - - - - - -

統合_0106 H. Wang, Z. H. Liu, J. Zhang, R. P. Huang, H. Yin 
and Z. Dang 2020

Human exposure of bisphenol A and 
its analogues: understandings from 
human urinary excretion data and 
wastewater-based epidemiology

This work evaluated human exposure to bisphenol A (BPA) and its analogues based on human urinary excretion data and wastewater-based epidemiology (WBE). The results showed that the world's average human daily 
intake ranked from high to low is in order of bisphenol A (BPA), bisphenol F (BPF), bisphenol S (BPS), bisphenol P (BPP), bisphenol AP (BPAP), bisphenol B (BPB), bisphenol Z (BPZ), and bisphenol AF (BPAF), and their 
corresponding human daily intakes are 2.53, 0.68, 0.60, 0.41, 0.36, 0.29, 0.24, and 0.06 μg/p/day, respectively. BPA is clearly the dominant bisphenol for human exposure. However, the results also showed that humans 
have been widely exposed to BPA analogues as well. Many BPA analogues showed similar estrogenic activities to those of BPA; therefore, the adverse effects of BPA and its analogues on humans should be 
comprehensively evaluated. The nominal exposure levels obtained based on wastewater-based epidemiology ranked high to low are in order of BPA (513.73 μg/p/day), BPF (10.20 μg/p/day), BPS (5.21 μg/p/day), BPP 
(1.15 μg/p/day), BPZ (0.66 μg/p/day), BPB (0.61 μg/p/day), BPAF (0.58 μg/p/day), and BPAP (0.35 μg/p/day). The world's human average daily intakes of BPA and its analogues are only 0.5-47.9% of the intakes of 
their corresponding human nominal exposures. This study suggests that other sources rather human excretions are important origins in municipal wastewater, which indicates that the WBE method based on parent 
compounds is inappropriate for evaluations of human daily intakes of BPA and its analogues, neither for other industrial compounds that have multiple important sources. Three main important sources of BPA and its 
analogues in municipal wastewater are likely effluents of industrial wastewater, discharges of hospital wastewater, and landfill leachates. To decrease discharges of BPA and its analogues to the natural environment, 
any mixing of industrial and hospital wastewater as well as landfill leachates in municipal wastewater is not favorable.

Environ Sci Pollut Res 
Int Vol.27 Issue 3 Pages 
3247-3256

10.1007/s11356-019-07111-9 31838679 ヒト - - - - - - - バイオモニタリング 1 1 - - - - - - - - - - - - - - - - - -

統合_0107 H. Wang, R. Gao, W. Liang, S. Wei, Y. Zhou and 
F. Zeng 2022

Assessment of BPA and BPS 
exposure in the general population 
in Guangzhou, China - Estimation of 
daily intakes based on urinary 
metabolites

Human exposure to bisphenol A (BPA) and bisphenol S (BPS) has garnered considerable global health concerns. In this paper, the daily intake (DI) of BPA and BPS in the general population of Guangzhou, China, were 
back-calculated using the biomarkers BPA glucuronides (BPA-G) and BPS glucuronides (BPS-G), respectively. The biomarkers are preferable to total BPA and BPS measurements because they are not susceptible to 
external contamination. A total of 1440 urine samples were gathered from the general population in Guangzhou, China, which were classified by age and sex into 36 pooled urine samples. 100% and 98% of pooled urine 
samples contained BPA-G and BPS-G at median values of 1.57 and 0.38 ng/mL, respectively. Based on urinary BPA-G and BPS-G concentrations, we determined the median DI of BPA and BPS to be 31.07 and 7.37 ng/(kg 
bw*d), respectively, and the highest values to be 106.77 ng/(kg bw*d) and 18.19 ng/(kg bw*d), respectively. Furthermore, our results showed that for the entire dataset, the DI of BPA and BPS were considerably greater in 
males than in females (p < 0.01)and declined significantly with age (p < 0.05). For risk assessment, the estimated DIs of BPA and BPS were much lower than the European Food Safety Authority(') s (EFSA) the temporary 
acceptable reference dose of 4 μg/(kg bw*d) advised for BPA, suggesting that the exposure risk of BPA and BPS for Guangzhou population is within a controllable safety range. This is the first study to investigate BPA 
and BPS exposure in the general population of Guangzhou, China, on the basis of urinary metabolites.

Environ Pollut Vol.315 
Pages 120375

10.1016/j.envpol.2022.120375 36220574 ヒト - - - - - - - バイオモニタリング 1 1 - - - - - - - - - - - - - - - - - -

統合_0108 H. Wang, R. Gao, W. Liang, S. Wei, Y. Zhou, Z. 
Wang, L. Lan, J. Chen and F. Zeng 2023

Large-scale biomonitoring of 
bisphenol analogues and their 
metabolites in human urine from 
Guangzhou, China: Implications for 
health risk assessment

Bisphenol analogues (BPs) are ubiquitous in the environment and have gained significant attention regarding their associated health risks. However, there is a lack of comprehensive biomonitoring data on BPs and their 
metabolites in human urine. To address this, we conducted a study evaluate the exposure to BPs in the general population of Guangzhou, China. A total of 1440 urine samples were collected from volunteers and analyzed 
for the presence of BPs and their metabolites after being pooled into 36 groups based on age and gender. The findings revealed the common detection of ten free-form BPs, as well as the urinary metabolites of BPA and 
BPS, in the pooled urine samples. BPA was the predominant free-form compound, constituting 50% of the total BPs. The primary urinary metabolites of BPA and BPS are BPA-G and BPS-G, respectively, indicating 
glucuronidation as their primary metabolic pathway. The composition of urinary metabolites of BPA and BPS varied by age and sex, while the concentration of total BPs in urine was not significantly associated with age 
and sex. Enzymatic hydrolysis yielded a mean amplification of individual BPs concentrations in urine samples ranging from 1.8 times (BPA) to 4.6 times (BPS). Based on the outcomes, it was estimated that conjugated 
forms accounted for 96.9%, 96.2%, 94.7%, 94.1%, 92.6%, 89.1%, 87.3%, 87.2%, 87.1% and 85.8% of BPP, BPAF, BPZ, BPE, BPAP, BPF, BPA, BPC, BPS and BPF, respectively, in the pooled urine samples. Preliminary risk 
assessments indicated that the estimated daily intake of BPA was much higher than the latest proposed tolerable daily intake. Due to the unavailability of health-based guideline values for alternative BPs, some of them 
exhibit daily intakes comparable to BPA, implying that greater attention should be paid to health risks associated with exposure to BPs.

Chemosphere Vol.338 
Pages 139601

10.1016/j.chemosphere.2023.1396
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統合_0109 F. Wang, Y. Zhang, S. Zhang, X. Han, Y. Wei, H. 
Guo, X. Zhang, H. Yang, T. Wu and M. He 2022

Combined effects of bisphenol A 
and diabetes genetic risk score on 
incident type 2 diabetes: A nested 
case-control study

Observational studies reported inconsistent results on the association between bisphenol A (BPA) and type 2 diabetes (T2D) risk. Whether genetic factors modified the association remains unclear. The present nested 
case-control study prospectively investigated the association of BPA with T2D risk, and the interaction and combined effects of diabetes genetic risk score (GRS) and serum BPA on T2D risk. Based on the Dongfeng-
Tongji cohort study, 995 incident diabetes cases and 1:1 age- and gender-matched controls were included. T2D was diagnosed based on the American Diabetes Association criteria. Serum BPA concentration was 
measured at baseline. Diabetes GRS was constructed by 88 diabetes-related SNPs selected from large-scale GWASs. A U-shaped association was observed between serum BPA levels and T2D risk, with the lowest odds 
of T2D at the serum BPA levels of 1.00 ng/mL (P = 0.001 for nonlinearity). Compared with the middle group, the multivariate-adjusted ORs of T2D in the lowest group and the highest group of serum BPA were 1.52 (95% 
CI: 1.04, 2.22) and 1.40 (95% CI: 1.08, 1.81), respectively. Both serum BPA levels (β = 0.107, P = 0.001) and weighted-GRS (w-GRS) (β = 0.072, P = 0.02) were significantly associated with baseline FPG levels. 
Participants with both highest w-GRS and serum BPA levels had highest risk of T2D (OR = 2.53, 95%CI: 1.49, 4.31, P = 0.001) and higher baseline FPG levels (β = 0.218, P = 0.01), compared with those with both lowest 
w-GRS and serum BPA levels. Non modified effects of serum BPA levels and w-GRS on T2D, baseline FPG levels, and 5-y changes of FPG levels were detected (All P(interaction) > 0.05). Our results suggested a U-
shaped association between serum BPA levels and T2D risk. Participants with higher serum BPA levels and diabetes genetic risk had higher FPG levels and higher risk of T2D.
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統合_0110 C. Wang, H. Wang, J. Cai and X. Xu 2025

Individual and mixture analyses of 
the associations of phenols and 
phthalates with lung function among 
US adults

The effects of endocrine disruptors including phenols and phthalates on adult lung function remain unclear. In the present study, data from 2007-2012 National Health and Nutrition Examination Survey (NHANES) were 
extracted, and 4338 participants were included in the final analyses. The associations of three phenols and four phthalate metabolites with six lung function parameters were investigated. In generalized linear regression 
models (GLM) and restricted cubic spline (RCS) analyses, bisphenol A (BPA) was associated with decreased forced expiratory volume in the first second (FEV1) and forced vital capacity (FVC), and 2,5-dichlorophenol 
(DCP) was associated with reduced FEV1, FVC and peak expiratory flow rate (PEF), and increased prevalence of restrictive lung function (RLF) in adults. Furthermore, weighted quantile sum (WQS) regression and 
Bayesian kernel machine regression (BKMR) models demonstrated that mixed exposures to phenols and phthalates were linked to reduced FEV1, FVC and PEF and increased prevalence of RLF, and these associations 
were mainly driven by BPA and 2,5-DCP. In conclusion, mixed exposure to phenols and phthalates was linked to compromised and a restrictive pattern of lung function. The mechanisms of the effects of phenol and 
phthalate exposures on lung function and respiratory diseases need to be further investigated.
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統合_0111 B. Wang, S. Wang, Z. Zhao, Y. Chen, Y. Xu, M. 
Li, M. Xu, W. Wang, G. Ning, Y. Bi and T. Wang 2020

Bisphenol A exposure in relation to 
altered lipid profile and dyslipidemia 
among Chinese adults: A repeated 
measures study

Animal experiments suggest that bisphenol A (BPA) could potentially induce lipid abnormalities. However, whether BPA exposure associates with altered lipid metabolism in humans has not been fully elucidated. We thus 
comprehensively investigated the relationship of BPA exposure and its change with lipid profile and development of incident dyslipidemia among Chinese adults. We initially included 1872 participants aged 40 years or 
older who were free of dyslipidemia at baseline in 2009, and followed them for 4 years. Urinary BPA and serum lipids including total cholesterol (TC), low-density lipoprotein cholesterol (LDL-C), high-density lipoprotein 
cholesterol (HDL-C), and triglycerides (TG) were determined at baseline and follow-up. Linear mixed models were used for repeated measures analyses and linear and logistic regression models were used to evaluate 
longitudinal changes in lipid profile and risk of incident dyslipidemia. In repeated measures analyses, per doubling of urinary BPA concentrations was associated with higher serum levels of LDL-C, non-HDL-C, TC to 
HDL-C ratio, and lower levels of HDL-C and TG. In longitudinal change analyses, participants with high BPA at both baseline and follow-up showed an additional 2.94% increase in LDL-C (95% CI: 0.02%, 5.95%) and 
6.12% increase in TG (95% CI: 0.74%, 11.8%), as compared with those who maintained low BPA. Furthermore, participants with sustained high BPA at two time points had increased odds of developing hyper-LDL 
cholesterolemia (odds ratio = 1.93, 95% CI: 1.02, 3.66). Our results suggested that high BPA exposure, especially maintained a long time period apart, was associated with deterioration of lipid profiles among middle-aged 
and elderly adults, supporting a detrimental role of BPA in lipid metabolism.
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統合_0112 M. L. Y. Wan, V. A. Co and H. El-Nezami 2022
Endocrine disrupting chemicals and 
breast cancer: a systematic review 
of epidemiological studies

BACKGROUND: Endocrine-disrupting compounds (EDCs) are ubiquitous substances that are found in our everyday lives, including pesticides, plasticizers, pharmaceutical agents, personal care products, and also in food 
products and food packaging. Increasing epidemiological evidence suggest that EDCs may affect the development or progression of breast cancer and consequently lead to lifelong harmful health consequences, 
especially when exposure occurs during early life in humans. Yet so far no appraisal of the available evidence has been conducted on this topic. OBJECTIVE: To systematically review all the available epidemiological 
studies about the association of the levels of environmental exposures of EDCs with breast cancer risk. METHODS: The search was performed in accordance with the PRISMA guidelines. We retrieved articles from 
PubMed (MEDLINE) until 10 March 2021. The key words used in this research were: "Endocrine disruptor(s)" OR "Endocrine disrupting chemical(s)" OR any of the EDCs mentioned below AND "Breast cancer" to locate all 
relevant articles published. We included only cohort studies and case-control studies. All relevant articles were accessed in full text and were evaluated and summarized in tables. RESULTS: We identified 131 studies 
that met the search criteria and were included in this systematic review. EDCs reviewed herein included pesticides (e.g. p,p'-dichlorodiphenyltrichloroethane (DDT), p,p'-dichlorodiphenyldichloroethylene (DDE), atrazine, 
2,3,7,8-tetrachloridibenzo-p-dioxin (TCDD or dioxin)), synthetic chemicals (e.g. bisphenol A (BPA), phthalates, per- and polyfluoroalkyl substances (PFAS), parabens, polychlorinated biphenyls (PCBs), polybrominated 
diphenyl ethers (PBDEs), contraceptive pills), phytoestrogens (e.g. genistein, resveratrol), and certain mycotoxins (e.g. zearalenone). Most studies assessed environmental EDCs exposure via biomarker measurements. 
CONCLUSION: We identified certain EDC exposures could potentially elevate the risk of breast cancer. As majority of EDCs are highly persistent in the environment and bio-accumulative, it is essential to assess the 
long-term impacts of EDC exposures, especially multi-generational and transgenerational. Also, since food is often a major route of exposure to EDCs, well-designed exposure assessments of potential EDCs in food and 
food packing are necessary and their potential link to breast cancer development need to be carefully evaluated for subsequent EDC policy making and regulations.
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統合_0113
A. Waits, C. H. Chang, Y. F. Huang, M. S. Tsai, J. 
W. Hou, P. W. Wang, C. Y. Chen, C. J. Hsieh, M. 
T. Wu, S. L. Wang and M. L. Chen

2025

Socioeconomic status in the 
association between use of personal 
care products and exposure to 
endocrine-disrupting chemicals in 
pregnant Taiwanese women

BACKGROUND: Maternal exposure to endocrine-disrupting chemicals (EDCs), particularly those found in personal care products (PCPs), may affect child development. Socioeconomic inequalities in EDC exposure 
warrant further investigation. This study assessed the role of income and education in the association between PCP use and exposure to bisphenol A (BPA) and parabens in pregnant women. METHODS: Associations 
between PCP use and urinary concentrations of BPA and four parabens in pregnant women from the Taiwan Maternal and Infant Cohort Study were estimated using linear regression, with results expressed as the 
percentage change in concentrations for each additional PCP use per week. The analysis was stratified by income and education and predicted concentrations, and a 95% confidence interval (CI) was graphed according 
to the frequency of PCP use. RESULTS: Higher concentrations of methylparaben, ethylparaben, and propylparaben were associated with more frequent use of different PCPs, especially makeup. The above-lowest income 
group showed positive associations between frequency use of rinse-off PCPs and methylparaben (2.5%, 95%CI = 0.9%, 4.0%), propylparaben (2.8%, 95%CI = 0.3%, 5.3%), and between leave-on PCPs and methylparaben 
(3.1%, 95%CI = 1.8%, 4.4%), ethylparaben (2.2%, 95%CI = 0.1%, 4.2%), and propylparaben (2.8%, 95%CI = 0.8%, 4.9%). BPA was negatively associated with rinse-off PCPs (-1.2%, 95%CI = -2.3%, -0.2%). A positive 
association between leave-on PCPs and BPA was suggested in the lowest income group (1.7%, 95%CI = -0.4%, 3.7%). Predicted BPA concentrations were significantly higher in the lowest income group at higher 
frequencies of PCP use. Stratification by education showed the strongest associations in the postgraduate group for rinse-off PCPs with methylparaben (6.1%, 95%CI = 1.9%, 10.5%) and propylparaben (6.9%, 95%CI = 
1.2%, 12.9%), as well as for leave-on PCPs with methylparaben (4.1%, 95%CI = 1.2%, 7.2%). CONCLUSION: The associations observed between various PCPs and parabens suggest that reducing the use of certain PCPs 
in pregnant women could help lower paraben exposure. Higher levels of BPA in the lowest income group require further investigation of sources of BPA exposure, especially in disadvantaged populations.
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統合_0114 A. M. Vuong, J. M. Braun, A. Sjödin, A. M. 
Calafat, K. Yolton, B. P. Lanphear and A. Chen 2021

Exposure to endocrine disrupting 
chemicals (EDCs) and 
cardiometabolic indices during 
pregnancy: The HOME Study

BACKGROUND: Toxicology studies have identified pregnancy as a window of susceptibility for endocrine disrupting chemicals (EDCs) and cardiometabolic indices in women. No study in humans, however, has examined 
EDC mixtures and cardiometabolic indices during pregnancy. METHODS: We used the Health Outcomes and Measures of the Environment (HOME) Study to examine whether bisphenol A (BPA), polybrominated diphenyl 
ethers (PBDEs), per- and polyfluoroalkyl substances (PFAS), and phthalates are associated with blood pressure, glucose, and lipids in 388 pregnant women. We measured PBDEs and PFAS in serum at 16 weeks 
gestation, while BPA and phthalate metabolites were quantified in urine at 16 and 26 weeks gestation. We used linear regression and Bayesian Kernel Machine Regression (BKMR) to estimate covariate-adjusted 
associations of individual EDCs and their mixtures with cardiometabolic indices during pregnancy. RESULTS: A 10-fold increase in BDE-28 was associated with a 13.1 mg/dL increase in glucose (95% Confidence Interval 
[CI] 2.9, 23.2) in linear regression. The BKMR model also identified BDE-28 as having a positive association with glucose. BDE-28, BDE-47, and BDE-99 were positively associated with total cholesterol in both single- 
and multi-pollutant models, whereas a suggestive negative association was noted with BDE-153. Mono-n-butyl phthalate (MBP) (β = -7.9 mg/dL, 95% CI -12.9, -3.0) and monobenzyl phthalate (MBzP) (β = -6.3 mg/dL, 
95% CI -10.6, -2.0) were both associated with significant decreases in cholesterol in linear regression, but only MBzP was identified as an important contributor in the BKMR model. CONCLUSION: Overall, we observed 
positive associations between PBDEs with glucose and cholesterol levels during pregnancy, while negative associations were found between some phthalate biomarkers and cholesterol. No relationship was noted for 
BPA or PFAS with cardiometabolic indices during pregnancy across both models.
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統合_0115 Q. T. Vu Huynh, H. T. Ban, N. L. Vuong and N. P. 
Khanh 2024

The relationship between bisphenol 
A and phthalates with precocious 
puberty in Vietnamese children

OBJECTIVES: This study is aimed to explore the correlation between bisphenol A (BPA) and phthalates, including diethylhexylphthalate (DEHP) and dibutylphthalate (DBP), and precocious puberty (PP). METHODS: A 
case-control study was conducted in Ho Chi Minh City, Vietnam, from November 2021 to April 2022, involving 250 children, with 124 of them diagnosed with PP and 126 serving as controls. We assessed the levels of 
urinary BPA, DEHP, and DBP in all participants and examined their association with the risk of PP. RESULTS: BPA was detected in 11.3 % of PP cases but was not found in any individuals in the control group (p<0.001). 
Diethylhexylphthalate metabolite (MEHP) was not detected in any of the samples. Positive urinary results for dibutylphthalate metabolite (MBP) were observed in 8.1 % of PP cases and 2.4 % in the control group, with an 
odds ratio of 3.6 (95 % confidence interval: 0.97-13.4, p=0.03). CONCLUSIONS: The PP group exhibited a higher prevalence of positive urinary BPA and DBP levels compared to the control group.
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統合_0116

N. Vrachnis, N. Loukas, D. Vrachnis, N. 
Antonakopoulos, D. Zygouris, A. Kοlialexi, V. 
Pergaliotis, C. Iavazzo, G. Mastorakos and Z. 
Iliodromiti

2021

A Systematic Review of Bisphenol A 
from Dietary and Non-Dietary 
Sources during Pregnancy and Its 
Possible Connection with Fetal 
Growth Restriction: Investigating Its 
Potential Effects and the Window of 
Fetal Vulnerability

Bisphenol A (BPA), a ubiquitous endocrine-disrupting chemical (EDC), is increasingly hypothesized to be a factor contributing to changes in fetal growth velocity. BPA exposure may be environmental, occupational, and/or 
dietary, with canned foods and plastic bottles contributing significantly. Our systematic review aims to evaluate the current literature and to investigate the role of BPA in abnormal fetal growth patterns. A search was 
conducted in the PubMed and Cochrane databases. A total of 25 articles met the eligibility criteria and were included in this systematic review. Eleven of them failed to show a clear relationship between BPA and 
abnormal fetal growth. The majority of the remaining studies (9/14) found an inverse association of BPA with indicators of fetal growth, whereas three studies suggested increased fetal growth, and two studies produced 
contradictory findings. Of note, both of the studies that collected a sample (amniotic fluid) directly reflecting BPA concentration in the fetus during the first half of pregnancy revealed an inverse association with birth 
weight. In conclusion, there is mounting evidence that combined exposure to BPA from dietary and non-dietary sources during pregnancy may contribute to abnormal fetal growth; a tendency towards fetal growth 
restriction was shown, especially when exposure occurs during the first half.
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統合_0117
J. Vitku, A. Varausova, T. Skodova, L. Kolatorova, 
M. Vosatkova, J. Vcelak, J. Vrbikova, M. Simkova 
and M. Svojtkova

2024

The Role of 11-Oxygenated 
Androgens and Endocrine Disruptors 
in Androgen Excess Disorders in 
Women

Polycystic ovary syndrome (PCOS) and idiopathic hirsutism (IH) are androgen excess disorders requiring the determination of classic androgen levels for diagnosis. 11-oxygenated androgens have high androgenic 
potential, yet their clinical value in those disorders is not clear. Additionally, the role of endocrine disruptors (EDs), particularly in IH, remains understudied. We analyzed 25 steroids and 18 EDs in plasma samples from 
women with IH, PCOS, and controls using LC-MS/MS. Cytokine levels and metabolic parameters were assessed. Comparisons included non-obese women with PCOS (n = 10), women with IH (n = 12) and controls (n = 
20), and non-obese versus obese women with PCOS (n = 9). Higher levels of 11-oxygenated androgens were observed in women with PCOS compared to those with IH, but not controls. Conversely, 11-oxygenated 
androgen levels were lower in women with IH compared to controls. Cytokine levels did not differ between women with IH and controls. Bisphenol A (BPA) levels were higher in obese women with PCOS compared to non-
obese women with PCOS. Bisphenol S occurrence was higher in women with PCOS (90%) compared to controls (65%) and IH (50%). Significant correlations were found between androgens (11-ketotestosterone, 
androstenedione, testosterone) and insulin and HOMA-IR, as well as between immunomodulatory 7-oxygenated metabolites of DHEA and nine interleukins. Our data confirms that PCOS is a multiendocrine gland disorder. 
Higher BPA levels in obese women might exacerbate metabolic abnormalities. IH was not confirmed as an inflammatory state, and no differences in BPA levels suggest BPA does not play a role in IH pathogenesis.
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統合_0118
J. Vitku, T. Skodova, A. Varausova, L. Gadus, L. 
Michnova, L. Horackova, L. Kolatorova, M. 
Simkova and J. Heracek

2023
Endocrine Disruptors and Estrogens 
in Human Prostatic Tissue

Endocrine disruptors (EDs) are ubiquitous substances both in the environment and everyday products that interfere with the hormonal system. Growing evidence demonstrates their adverse effects on the organism, 
including the reproductive system and the prostate, owing to their (anti)estrogenic or antiandrogenic effects. Since EDs can interact with steroid hormone actions on-site, understanding the levels of intraprostatic EDs in 
conjunction with steroids may hold particular significance. The aim of this study was to develop and validate a method for determining estrogens, various groups of EDs (bisphenols, parabens, oxybenzone and nonylphenol) 
and phytoestrogens in their unconjugated and conjugated forms in prostate tissue by liquid chromatography-tandem mass spectrometry, and subsequently analyze 20 human prostate tissue samples. The method enabled 
20 compounds to be analyzed: estrogens (estrone, estradiol, estriol), bisphenols (bisphenol A- BPA, BPS, BPF, BPAF, BPAP, BPZ, BPP), parabens (methyl-, ethyl-, propyl-, butyl-, benzyl- paraben), oxybenzone, nonylphenol 
and phytoestrogens (daidzein, genistein, equol) with LLOQs between 0.017-2.86 pg/mg of tissue. The most frequently detected EDs in prostate tissues were propylparaben (conjugated and unconjugated forms in 100 % of 
tissues), methylparaben (unconjugated in 45 % and conjugated in 100 %), ethylparaben (unconjugated in 25 % and conjugated in 100 % BPA (unconjugated in 35 % and conjugated in 60 % and oxybenzone (both forms in 45 
% To the best of our knowledge, this is the first study detecting EDs, phytoestrogens and estriol conjugate (E3C) in the prostate. E3C was the most abundant estrogen in prostatic tissue. This highlights the need for 
further explorations into estrogen metabolism within the prostate.
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統合_0119
I. Vian Matias de Oliveira, F. Martins de 
Albuquerque, A. de Jesus Fernandes, P. Berti 
Zanella and M. Alves Silva

2025

Prenatal exposure to bisphenol-A 
and neurocognitive changes in 
children aged 2 to 5 years: a 
systematic review

Bisphenol-A (BPA) is a synthetic organic compound considered an endocrine disruptor. Childhood exposure to BPA has been linked to impaired memory and learning, as well as Attention Deficit Hyperactivity Disorder. The 
aim of this study was to review the available literature on prenatal exposure to BPA and its relationship to the neurocognitive development of children aged 2-5 years. This systematic review (CRD42023494940 registration 
PROSPERO) was conducted between December 2023 and May 2024, following the recommendations of the Preferred Reporting Items for Systematic Reviews and Meta-Analyzes (PRISMA) guidelines. The Web of 
Science, Embase, and PubMed databases were used for the search, with no publication date limit. The following terms, with the respective Boolean operators, were searched: ((bisphenol A) OR (BPA)) AND ((pregnancy) 
OR (pregnant woman)). Twenty-one longitudinal studies were selected for this review. Most studies have demonstrated negative effects of prenatal BPA exposure on the neurocognitive development of children aged 2-5 
years. These results differed between the sexes, with females having lower emotional control, reduced language dominance and problem solving, and males having lower psychomotor development and higher prosocial 
behavior, among other differences. Overall, BPA exposure during pregnancy has been associated with hyperactivity, aggression, anxiety, depression, inattention, and sleep problems. It is concluded that maternal exposure 
to BPA during pregnancy results in adverse health effects in children aged 2-5 years, with impairments in their neurocognitive development.
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統合_0120
C. Vernet, C. Philippat, L. Agier, A. M. Calafat, X. 
Ye, S. Lyon-Caen, P. Hainaut, V. Siroux, E. F. 
Schisterman and R. Slama

2019

An Empirical Validation of the 
Within-subject Biospecimens 
Pooling Approach to Minimize 
Exposure Misclassification in 
Biomarker-based Studies

BACKGROUND: Within-subject biospecimens pooling can theoretically reduce bias in dose-response functions from biomarker-based studies when exposure assessment suffers from classical-type error. However, 
collecting many urine voids each day is cumbersome. We evaluated the empirical validity of a within-subject pooling approach and compared several options to avoid sampling each void. METHODS: In 16 pregnant women 
who collected a spot of each urine void over several nonconsecutive weeks, we compared concentrations of 10 phenols in daily, weekly, and pregnancy within-subject pools. We pooled either three or all daily samples. In a 
simulation study using these data, we quantified bias in dose-response functions when using one to 20 urine samples per subject to assess methylparaben (a compound with moderate within-subject variability) and 
bisphenol A (high variability) exposures. RESULTS: Correlations between exposure estimates from pools of all and of only three voids per day were above 0.80 for all time windows and compounds, except for 
benzophenone-3 and triclosan in the daily time window (correlations, 0.57-0.68). With one spot sample to assess pregnancy exposure, correlations were all below 0.74. Using only one biospecimen led to attenuation bias 
in the dose-response functions of 29% (methylparaben) and 69% (bisphenol A); four samples for methylparaben and 18 for bisphenol A decreased bias to 10%. CONCLUSIONS: For nonpersistent chemicals, collecting and 
pooling three samples per day instead of all daily samples efficiently estimates exposures over a week or more. Collecting around 20 biospecimens can strongly limit attenuation bias for nonpersistent chemicals such as 
bisphenol A.
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統合_0121 M. Velázquez-Gómez and S. Lacorte 2019
Nasal lavages as a tool for 
monitoring exposure to organic 
pollutants

Exposure to air and dust pollutants can cause several adverse effects on human health. This study proposes the use of nasal lavages as a non-invasive sampling technique to determine in a direct way pollutant intake 
through inhalation. We evaluate the occurrence of compounds widely used in domestic products and construction materials (organophosphorus flame retardants (OPFR), phthalates, alkylphenols and bisphenol A), applied 
for pest control in cities (pesticides) and emitted through car exhausts (polycyclic aromatic hydrocarbons, PAHs) or smoking (nicotine). Contaminants were liquid-liquid extracted from nasal lavages and analysed using 
gas chromatography coupled to tandem mass spectrometry (GC-MS/MS). All 29 individuals inhabiting in Barcelona city had phthalates and bisphenol A at concentrations up to 31,300 ng mL(-1) for diethylhexyl phthalate 
(DEHP) and 118 ng mL(-1) for BPA. Individual PAHs, OPFR and alkylphenols had median values below their MQLs except for 2-ethylhexyldiphenyl phosphate (EHDPhP) with a median of 1.47 ng mL(-1). Nicotine was 
detected at the highest concentrations in all active smokers (median 2.16 ng mL(-1)). Contrarily, pesticides were sporadically detected. Nasal lavages revealed to be an appropriate indicator likely to reflect exposure to 
dust and air contaminants.
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J. R. Varshavsky, J. D. Meeker, E. Zimmerman, 
M. L. Woodbury, M. T. Aung, Z. Y. Rosario-
Pabon, A. L. Cathey, C. M. Vélez-Vega, J. 
Cordero, A. Alshawabkeh and S. M. Eick

2024

Association of Phenols, Parabens, 
and Their Mixture with Maternal 
Blood Pressure Measurements in 
the PROTECT Cohort

BACKGROUND: Phenols and parabens are two classes of high production volume chemicals that are used widely in consumer and personal care products and have been associated with reproductive harm and pregnancy 
complications, such as preeclampsia and gestational diabetes. However, studies examining their influence on maternal blood pressure and gestational hypertension are limited. OBJECTIVES: We investigated associations 
between individual phenols, parabens, and their mixture on maternal blood pressure measurements, including systolic and diastolic blood pressure (SBP and DBP) and hypertension during pregnancy (defined as stage 1 or 
2 hypertension), among N = 1,433 Puerto Rico PROTECT study participants. METHODS: We examined these relationships cross-sectionally at two time points during pregnancy (16-20 and 24-28 wks gestation) and 
longitudinally using linear mixed models (LMMs). Finally, we used quantile g-computation to examine the mixture effect on continuous (SBP, DBP) and binary (hypertension during pregnancy) blood pressure outcomes. 
RESULTS: We observed a trend of higher odds of hypertension during pregnancy with exposure to multiple analytes and the overall mixture [including bisphenol A (BPA), bisphenol S (BPS), triclocarbon (TCC), triclosan 
(TCS), benzophenone-3 (BP-3), 2,4-dichlorophenol (2,4-DCP), 2,5-dichlorophenol (2,5-DCP), methyl paraben (M-PB), propyl paraben (P-PB), butyl paraben (B-PB), and ethyl paraben (E-PB)], especially at 24-28 wk 
gestation, with an adjusted mixture odds ratio(OR) = 1.57 (95% CI: 1.03, 2.38). Lower SBP and higher DBP were also associated with individual analytes, with results from LMMs most consistent for methyl paraben (M-
PB) or propyl paraben (P-PB) and increased DBP across pregnancy [adjusted M-PB β = 0.78 (95% CI: 0.17, 1.38) and adjusted P-PB β = 0.85 (95% CI: 0.19, 1.51)] and for BPA, which was associated with decreased SBP 
(adjusted β =  - 0.57; 95% CI: - 1.09, - 0.05). Consistent with other literature, we also found evidence of effect modification by fetal sex, with a strong inverse association observed between the overall exposure mixture 
and SBP at visit 1 among participants carrying female fetuses only. CONCLUSIONS: Our findings indicate that phenol and paraben exposure may collectively increase the risk of stage 1 or 2 hypertension during pregnancy, 
which has important implications for fetal and maternal health. https://doi.org/10.1289/EHP14008.
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統合_0123 B. Varghese, A. Jala, P. Das, R. M. Borkar and R. 
Adela 2022

Estimation of parabens and 
bisphenols in maternal products and 
urinary concentrations in Indian 
pregnant women: daily intake and 
health risk assessment

The presence of parabens and bisphenols in maternal products and usage during pregnancy have raised serious concern about their possible harm to pregnant women. The concentrations of six parabens and eight 
bisphenols were quantified by high-performance liquid chromatography-tandem mass spectrometry in the samples of commercially available herbal-based ayurvedic maternal products and urine of healthy pregnant women 
from Assam, India. Methyl paraben (MP) and bisphenol AF (BPAF) were found to be more dominant in the maternal products, whereas MP, bisphenol A (BPA), and BPAF were dominant in urine samples of healthy pregnant 
women. The sum of the mean concentrations of all forms of parabens and bisphenols in maternal products were 48,308.50 ng/g and 542.42 ng/g, respectively, and urine 101.33 ng/mL and 23.42 ng/mL, respectively. The 
estimated daily intake (EDI) of total parabens and bisphenols in maternal products were 7378.02 and 19.78 ng/kg body weight/day, respectively. EDI of total parabens and bisphenols from urinary concentrations were 
690.12 and 111.33 μg/kg body weight/day, respectively. The concentrations of butyl (BP) and heptyl (HP) parabens have a significant positive correlation with birth weight. The hazard quotient (HQ) value of MP, EP, and 
BPA was less than 1, and margin of exposure (MOE) identified potential risk associated with propyl paraben. Results from Monte-Carlo risk assessment analysis did not exceed the acceptable daily intake (ADI). Our 
results showed that higher concentrations of parabens and bisphenols are present in maternal products and the urine of healthy pregnant women. Hence maternal products containing bisphenols and parabens should be 
used cautiously during pregnancy to avoid maternal and fetal complications.
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統合_0124 L. N. Vandenberg and K. E. Pelch 2022

Systematic Review Methodologies 
and Endocrine Disrupting 
Chemicals: Improving Evaluations of 
the Plastic Monomer Bisphenol A

BACKGROUND: Endocrine disrupting chemicals (EDCs) are found in plastics, personal care products, household items, and other consumer goods. Risk assessments are intended to characterize a chemical's hazards, 
identify the doses at which adverse outcomes are observed, quantify exposure levels, and then compare these doses to determine the likelihood of risk in a given population. There are many problems with risk 
assessments for EDCs, allowing people to be exposed to levels that are later associated with serious health outcomes in epidemiology studies. OBJECTIVE: In this review, we examine issues that affect the evaluation of 
EDCs in risk assessments (e.g., use of insensitive rodent strains and absence of disease-oriented outcomes in hazard assessments; inadequate exposure assessments). We then review one well-studied chemical, 
Bisphenol A (BPA; CAS #80-05-7) an EDC found in plastics, food packaging, and other consumer products. More than one hundred epidemiology studies suggest associations between BPA exposures and adverse health 
outcomes in environmentally exposed human populations. RESULTS: We present support for the use of systematic review methodologies in the evaluation of BPA and other EDCs. Systematic reviews would allow studies 
to be evaluated for their reliability and risk of bias. They would also allow all data to be used in risk assessments, which is a requirement for some regulatory agencies. CONCLUSION: Systematic review methodologies 
can be used to improve evaluations of BPA and other EDCs. Their use could help to restore faith in risk assessments and ensure that all data are utilized in decision-making. Regulatory agencies are urged to conduct 
transparent, well-documented and proper systematic reviews for BPA and other EDCs.
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統合_0125 I. van Woerden, D. C. Payne-Sturges, C. M. 
Whisner and M. Bruening 2021

Dietary quality and bisphenols: 
trends in bisphenol A, F, and S 
exposure in relation to the Healthy 
Eating Index using representative 
data from the NHANES 2007-2016

BACKGROUND: Given policy regulations restricting bisphenol A (BPA) in food-related products, and consumer concerns about adverse health effects, newer bisphenols such as bisphenol F (BPF) and bisphenol S (BPS) 
have been developed. Exposure to BPA has been linked to dietary behaviors and poor health outcomes. OBJECTIVES: We sought to examine how the Healthy Eating Index (HEI) and its 13 subgroups, the healthy American 
diet, the Mediterranean diet, the vegetarian diet, and other dietary quality behaviors are related to BPA and the newer substitutes in a representative sample of US adults. METHODS: Dietary intakes from the NHANES 
were used to determine dietary scores. Osmolality-adjusted urinary BPA (n = 6418) and BPF and BPS (n = 2520) concentrations were tested for their association with dietary intake in models that adjusted for 
sociodemographics. RESULTS: Compared with low scores, high scores for total HEI and the American, Mediterranean, and vegetarian diets were associated with lower odds of high BPA concentration (OR: 0.65, 0.60, 
0.59, and 0.60, respectively). Of the HEI subgroups, lower BPA concentration was associated with high total fruit (OR: 0.61; 99.95% CI: 0.42, 0.89), whole fruit (OR: 0.59; 99.95% CI: 0.41, 0.86), and whole grain (OR: 0.68; 
99.95% CI: 0.40, 0.94) intake, when compared with low intakes. Compared with low intakes, high intakes of plain and tap water were associated with lower odds of high BPA concentration (OR: 0.65; 99.95% CI: 0.47, 0.91 
and OR: 0.70; 99.95% CI: 0.50, 0.99, respectively). A perception of high, compared with low, dietary quality was also associated with lower odds of high BPA concentration (OR: 0.72; 99.95% CI: 0.53, 0.98). CONCLUSIONS: 
Healthier dietary quality and several HEI subgroups were related to lower urinary BPA concentrations; no significant (P ≤ 0.0005) findings were observed for BPF and BPS. The association between bisphenol substitutes 
and dietary quality should continue to be monitored as bisphenol substitutes continue to increase in the food system.
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統合_0126 I. van Woerden, M. Bruening, J. Montresor-Ló
pez and D. C. Payne-Sturges 2019

Trends and disparities in urinary 
BPA concentrations among U.S. 
emerging adults

BACKGROUND: Emerging adulthood (ages 18-25 years) is a key turning point in the life course characterized by particularly poor eating behaviors (e.g., low in fruits and vegetables, and high in fast food) and weight gain. 
Emerging adults are also prime consumers of personal care and other consumer products that may result in differential exposures to environmental contaminants, such as Bisphenol A (BPA), compared to adults aged 26+ 
years. This is of concern given BPA has been associated with adverse health outcomes such as obesity, metabolic disorders, miscarriage, infertility and breast cancer. However, no research has examined exposure to BPA 
among emerging adults. OBJECTIVE: To assess trends of exposure to urinary BPA among a representative sample of emerging adults compared to adults aged 26+ years. Secondarily, we aimed to identify differential 
associations between BPA concentrations and sociodemographic characteristics and BMI by age group. METHODS: This study uses National Health and Examination Surveys (NHANES) over 2003-2014 to test 
differences in BPA concentrations comparing emerging adults to adults aged 26+ years. Generalized linear models predicting log BPA by age group and sex, race/ethnicity, education, income, and food security status, and 
generalized linear models predicting BMI by log BPA, both age group and age as a continuous variable, sex, race/ethnicity, education, income, and food security status were conducted. Interactions with age group (i.e., age 
group x sex) were examined for the mutually adjusted models. All models controlled for survey year, month, and time of day, and were run with, and without, an adjustment for urinary creatinine. RESULTS: In models 
adjusted, and not adjusted, for urinary creatinine, emerging adults had a higher log BPA concentration than adults aged 26+ years (β=0.153, p=0.004; β=0.544, p<0.001), and a significantly steeper decline in BPA 
concentration between 2003-2004 and 2013-2014 than adults aged 26+ years (ß=-0.051, p=0.002; ß=-0.071, p=0.001). Males' log BPA concentration were lower than that for females when urinary creatinine was included 
in the model, and higher when urinary creatinine was excluded from the model (ß=-0.188, p<0.001; β=0.203, p<0.001). Higher income was significantly associated with lower log BPA concentration (ß=-0.220, p<0.001; ß
=-0.166, p<0.001). A significant interaction between emerging adult age group and food security status was observed, which was associated with higher BPA exposures. Log BPA concentration was associated with BMI 
only when urinary creatinine was excluded from the models (urinary creatinine included: β=0.031, p=0.747; β=0.022, p=0.815, urinary creatinine excluded: β=0.528, p<0.001; β=0.552, p<0.001). CONCLUSION: 
Findings indicate that emerging adults had higher BPA exposures than adults aged 26+ years in 2003-2004, and that emerging adults' exposure level has decreased faster than that of adults aged 26+ years. There were 
suggestions that the BPA concentration of emerging adults in 2013-2014 was lower than that for adults aged 26+ years, and that BPA exposure is associated with higher BMI. Our results highlight the need for additional 
research to identify the sources and routes of exposure to BPA and BPA replacements among emerging adults and to better characterize the variability in exposure. Intervention studies are needed to assist emerging 
adults in limiting their exposure to BPA, and potentially also the BPA alternatives.
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統合_0127
T. P. van der Meer, M. van Faassen, A. P. van 
Beek, H. Snieder, I. P. Kema, B. H. R. 
Wolffenbuttel and J. V. van Vliet-Ostaptchouk

2020

Exposure to Endocrine Disrupting 
Chemicals in the Dutch general 
population is associated with 
adiposity-related traits

Endocrine Disrupting Chemicals (EDCs) have been linked to a variety of cardiometabolic diseases. Yet, few studies have investigated the exposure to EDCs and cardiometabolic health taking lifestyle into account. We 
aimed to assess exposure to five parabens, three bisphenols and thirteen metabolites of in total eight phthalates in a general Dutch population and to investigate their association with cardiometabolic traits. In 662 adult 
subjects from the population-based Lifelines cohort, 21 EDC analytes were measured in 24-hour urine collected in 2012, using LC-MS/MS. Association analyses between cardiometabolic traits and EDC concentrations 
were performed using multivariate linear models adjusting for age, sex, education, smoking, diabetes, physical activity and caloric intake. Quartile analyses were performed to assess linearity. Bisphenol A, four parabens 
and eight phthalate metabolites were detected in 84-100% of the samples. Adjusted associations for MiBP and MBzP and adiposity-related traits were robust for multiple testing (Beta's, BMI: 1.12, 2.52; waist 
circumference: 0.64, 1.56, respectively; FDR < 0.009). Associations for triglyceride, HDL-cholesterol, glucose and blood pressure were not. Linearity was confirmed for significant associations. Exposure to EDCs in the 
Dutch population is ubiquitous. We found direct associations between phthalates and adiposity-related traits. Prospective studies are needed to confirm these findings.
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Ostaptchouk and C. J. Patel

2021

Temporal exposure and consistency 
of endocrine disrupting chemicals in 
a longitudinal study of individuals 
with impaired fasting glucose

Endocrine disrupting chemicals (EDCs) include non-persistent exogenous substances such as parabens, bisphenols and phthalates which have been associated with a range of metabolic disorders and disease. It is 
unclear if exposure remains consistent over time. We investigated change in indicators of EDC exposure between 2009 and 2016 and assessed its consistency between and within individuals over a median follow-up time 
of 47 months in a sample of Dutch individuals. Of 500 Dutch individuals, two 24 h urine samples were analysed for 5 parabens, 3 bisphenols and 13 metabolites of in total 8 different phthalates. We calculated per-year 
differences using meta-analysis and assessed temporal correlations between and within individuals using Spearman correlation coefficients, intra-class correlation coefficients (ICC) and kappa-statistics. We found a 
secular decrease in concentrations of methyl, ethyl, propyl and n-butyl paraben, bisphenol A, and metabolites of di-ethyl phthalate (DEP), di-butyl phthalate (DBP), di-(2-ethyl-hexyl) phthalate (DEHP), and butylbenzyl 
phthalate (DBzP) which varied from 8 to 96% (ethyl paraben, propyl paraben) between 2009 and 2016. Within-person temporal correlations were highest for parabens (ICC: 0.34 to 0.40) and poorest for bisphenols (ICC: 
0.15 to 0.23). For phthalate metabolites, correlations decreased most between time periods (ICC < 48 months: 0.22 to 0.39; ≥48 months: 0.05 to 0.32). When categorizing EDC concentrations, 33-54% of individuals 
remained in the lowest or highest category and temporal correlations were similar to continuous measurements. Exposure to most EDCs decreased between 2009 and 2016 in a sample of individuals with impaired fasting 
glucose from the Dutch population. Temporal consistency was generally poor. The inconsistency in disease associations may be influenced by individual-level or temporal variation exhibited by EDCs. Our findings call for 
the need for repeated measurements of EDCs in observational studies before and during at-risk temporal windows for the disease.
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M. A. van den Dries, M. Guxens, S. Spaan, K. K. 
Ferguson, E. Philips, S. Santos, V. W. V. Jaddoe, 
A. Ghassabian, L. Trasande, H. Tiemeier and A. 
Pronk

2020
Phthalate and Bisphenol Exposure 
during Pregnancy and Offspring 
Nonverbal IQ

BACKGROUND: Prenatal exposures to phthalates and bisphenols are associated with impaired brain development in animals. However, epidemiological studies investigating the association between prenatal phthalate or 
bisphenol exposure and cognition have produced mixed findings and mostly had modest sample sizes and measured the exposure during the third trimester. OBJECTIVE: We examined the association between pregnancy 
maternal urinary biomarkers of phthalate or bisphenol exposure and nonverbal intelligence quotient (IQ) in children 6 years of age. METHOD: The study sample consisted of 1,282 mother-child pairs participating in the 
Generation R Study, a population-based birth cohort in Rotterdam, Netherlands (enrollment 2002-2006). We measured maternal urinary concentrations of 18 phthalate metabolites and 8 bisphenols at  < 18, 18-25, and  > 
25 wks of gestation. Child nonverbal IQ was measured at 6 years of age using the Snijders-Oomen Nonverbal Intelligence Test-Revised. Linear regression models were fit for each of the three collection phases 
separately, the three collection phases jointly, and for the averaged prenatal exposure across pregnancy. RESULTS: Higher urinary concentrations of phthalate metabolites during early pregnancy were associated with 
lower child nonverbal IQ score [e.g., B per 10-fold increase in summed low-molecular weight phthalates =  - 1.7 (95% CI: - 3.1, - 0.3)]. This association remained unchanged when adjusted for mid and late pregnancy 
exposures. We also observed an inverse association between late pregnancy di-n-octyl phthalate (DNOP) exposure and nonverbal IQ. Maternal urinary concentrations of bisphenols were not associated with child 
nonverbal IQ. There was no effect estimate modification by sex. CONCLUSIONS: We did not observe that maternal biomarkers of bisphenol exposure are associated with nonverbal IQ. We found that phthalate exposure in 
early pregnancy and DNOP exposure in late pregnancy are associated with lower nonverbal IQ scores in children. Our results might suggest that particularly early pregnancy is a sensitive window of phthalate exposure, 
but future studies are needed to replicate our findings. https://doi.org/10.1289/EHP6047.
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and A. Soubry 2020

Transgenerational epigenetic effects 
from male exposure to endocrine-
disrupting compounds: a systematic 
review on research in mammals

Assessing long-term health effects from a potentially harmful environment is challenging. Endocrine-disrupting compounds (EDCs) have become omnipresent in our environment. Individuals may or may not experience 
clinical health issues from being exposed to the increasing environmental pollution in daily life, but an issue of high concern is that also the non-exposed progeny may encounter consequences of these ancestral 
exposures. Progress in understanding epigenetic mechanisms opens new perspectives to estimate the risk of man-made EDCs. However, the field of epigenetic toxicology is new and its application in public health or in 
the understanding of disease etiology is almost non-existent, especially if it concerns future generations. In this review, we investigate the literature on transgenerational inheritance of diseases, published in the past 10 
years. We question whether persistent epigenetic changes occur in the male germ line after exposure to synthesized EDCs. Our systematic search led to an inclusion of 43 articles, exploring the effects of commonly used 
synthetic EDCs, such as plasticizers (phthalates and bisphenol A), pesticides (dichlorodiphenyltrichloroethane, atrazine, vinclozin, methoxychlor), dioxins, and polycyclic aromatic hydrocarbons (PAHs, such as 
benzo(a)pyrene). Most studies found transgenerational epigenetic effects, often linked to puberty- or adult-onset diseases, such as testicular or prostate abnormalities, metabolic disorders, behavioral anomalies, and 
tumor development. The affected epigenetic mechanisms included changes in DNA methylation patterns, transcriptome, and expression of DNA methyltransferases. Studies involved experiments in animal models and 
none were based on human data. In the future, human studies are needed to confirm animal findings. If not transgenerational, at least intergenerational human studies and studies on EDC-induced epigenetic effects on 
germ cells could help to understand early processes of inheritance. Next, toxicity tests of new chemicals need a more comprehensive approach before they are introduced on the market. We further point to the relevance 
of epigenetic toxicity tests in regard to public health of the current population but also of future generations. Finally, this review sheds a light on how the interplay of genetics and epigenetics may explain the current 
knowledge gap on transgenerational inheritance.
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V. Vaccher, M. E. Lopez, A. Castaño, H. Mol, K. 
Haji-Abbas-Zarrabi, D. Bury, H. M. Koch, D. 
Dvorakova, J. Hajslova, S. Nübler, A. Kaur Sakhi, 
C. Thomsen, K. Vorkamp, T. Göen and J. P. 
Antignac

2022

European interlaboratory comparison 
investigations (ICI) and external 
quality assurance schemes (EQUAS) 
for the analysis of bisphenol A, S 
and F in human urine: Results from 
the HBM4EU project

The Human Biomonitoring for Europe initiative (HBM4EU) aims to study the exposure of citizens to chemicals and potentially associated health effects. One objective of this project has been to build a network of 
laboratories able to answer to the requirements of European human biomonitoring studies. Within the HBM4EU quality assurance and quality control scheme (QA/QC), a number of interlaboratory comparison 
investigations (ICIs) and external quality assurance schemes (EQUASs) were organized to ensure data consistency, comparability and reliability. Bisphenols are among the prioritized substance groups in HBM4EU, 
including bisphenol A (BPA), bisphenol S (BPS) and bisphenol F (BPF) in human urine. In four rounds of ICI/EQUAS, two target concentration levels were considered, related to around P25 and P95 of the typical exposure 
distribution observed in the European general population. Special attention was paid to the conjugated phase II metabolites known to be most dominant in samples of environmentally exposed individuals, through the 
analysis of both native samples and samples fortified with glucuronide forms. For the low level, the average percentage of satisfactory results across the four rounds was 83% for BPA, 71% for BPS and 62% for BPF. For 
the high level, the percentages of satisfactory results increased to 93% for BPA, 89% for BPS and 86% for BPF. 24 out of 32 participating laboratories (75%) were approved for the analyses of BPA in the HBM4EU project 
according to the defined criterion of Z-scores for both low and high concentration levels in at least two ICI/EQUAS rounds. For BPS and BPF, the number of qualified laboratories was 18 out of 27 (67%) and 13 out of 28 
(46%), respectively. These results demonstrate a strong analytical capability for BPA and BPS in Europe, while improvements may be needed for BPF.
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2024

Maternal Exposure to Endocrine-
Disrupting Chemicals: Analysis of 
Their Impact on Infant Gut 
Microbiota Composition

Endocrine disruptors (EDCs) are chemicals that interfere with the endocrine system. EDC exposure may contribute to the development of obesity, type 2 diabetes, and cardiovascular diseases by impacting the 
composition of an infant's gut microbiota during the first 1000 days of life. To explore the relationship between maternal urinary levels of Bisphenol-A and phthalates (UHPLC-MS/MS), and the composition of the infant 
gut microbiota (16S rDNA) at age 12 months (T(3)) and, retrospectively, at birth (T(0)), 1 month (T(1)), and 6 months (T(2)), stool samples from 20 infants breastfed at least once a day were analyzed. Metataxonomic 
bacteria relative abundances were correlated with EDC values. Based on median Bisphenol-A levels, infants were assigned to the over-exposed group (O, n = 8) and the low-exposed group (B, n = 12). The B-group 
exhibited higher gut colonization of the Ruminococcus torques group genus and the O-group showed higher abundances of Erysipelatoclostridium and Bifidobacterium breve. Additionally, infants were stratified as high-
risk (HR, n = 12) or low-risk (LR, n = 8) exposure to phthalates, based on the presence of at least three phthalates with concentrations exceeding the cohort median values; no differences were observed in gut microbiota 
composition. A retrospective analysis of gut microbiota (T(0)-T(2)) revealed a disparity in β-diversity between the O-group and the B-group. Considering T(0)-T(3), the Linear Discriminant Effect Size indicated 
differences in certain microbes between the O-group vs. the B-group and the HR-group vs. the LR-group. Our findings support the potential role of microbial communities as biomarkers for high EDC exposure levels. 
Nevertheless, further investigations are required to deeply investigate this issue.
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Yorguner 2024

Endocrine-disrupting effects of 
bisphenol-A, thiamethoxam, and 
fipronil in hormone-naïve transmen 
compared to cis-women

BACKGROUND: Current evidence suggests that the etiology of gender dysphoria (GD) is multifactorial: this, however, remains unclear. Endocrine-disrupting chemicals (EDCs) are one of the etiological hypotheses. 
OBJECTIVES: In this study, we aimed to evaluate the urinary levels of bisphenol A (BPA), thiamethoxam, and fipronil in hormone-naïve transmen compared with case-matched cis-women as well as the relation between 
sex hormone levels and EDCs. METHODS: Drug-naïve transmen diagnosed with GD and who were referred from the psychiatry outpatient clinic to the outpatient clinic of the Department of Endocrinology, Marmara 
University Hospital, were included in the study. These individuals were assessed for eligibility; 38 drug-naïve transmen and 22 cis-women were recruited as the control group. After anthropometric evaluation laboratory 
tests for FSH, LH, total testosterone, and estradiol were carried out, spot urine samples were collected to evaluate the urine metabolic excretion of BPA, thiamethoxam, and fipronil. RESULTS: We found that androgens, 
total testosterone, androstenedione, and DHEAS levels were significantly higher in transmen than in cis-women. Thiamethoxam was considerably higher in cis-women than in transmen, whereas fipronil and BPA levels 
were similar in both groups. A negative correlation was found between thiamethoxam and testosterone and between thiamethoxam and BPA levels. CONCLUSION: The available data suggest that the EDCs that we are 
most exposed to in our lives are not the only factor in GD development. Even transmen who have not taken hormone replacement have high testosterone levels; however, the mechanism has not as yet been elucidated. The 
challenge is to determine whether this is a factor leading to GD or a condition that develops in common with GD.
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C. Baracat

2024
Bisphenol A and polycystic ovary 
syndrome in human: A systematic 
review

BACKGROUND: Polycystic ovary syndrome (PCOS) is an endocrine disorder characterized by anovulation, hyperandrogenism, and polycystic ovarian morphology. Its etiology is uncertain and one of the hypotheses is that 
environmental factors, such as the bisphenol A (BPA) endocrine disruptor, may be involved. OBJECTIVE: To investigate the association between exposure to BPA and PCOS. SEARCH STRATEGY: Research was conducted 
focusing on studies published in English, Portuguese, and Spanish from January 2001 to March 2023 and available in Embase, Medline/PubMed, Rima, Lilacs, Scielo, Google academic, and SCI databases. SELECTION 
CRITERIA: Studies in humans that evaluated the association between exposure to BPA and a diagnosis of PCOS. DATA COLLECTION AND ANALYSIS: Following PRISMA guidelines, study characteristics and relevant 
data were extracted. MAIN RESULTS: Selection of 15 case-control and 7 cross-sectional studies with a total of 1682 PCOS patients. The studies were carried out in China, Poland, Turkey, Japan, Greece, Italy, the USA, 
Iran, Iraq, Egypt, India, Czechia, and Slovakia. A positive relationship between exposure to BPA and PCOS was described in19 studies (1391 [82.70%] of the PCOS patients). The fluids used in the studies were serum, 
urine, plasma, and follicular fluid. BPA was measured by ELISA and by chromatography (HPLC, HPLC-MS/MS, GC-MS, and GC-MS/MS). Diagnosis of PCOS used Rotterdam criteria in 15, NIH 1999 in 3, AE&PCOS 
Society in 2, similar to the Rotterdam criteria in 1, and criteria not informed in 1. Androgens were measured in 16 studies; in 12, hyperandrogenism was positively associated with BPA. BPA level was related to body mass 
index (BMI) in studies. In 15 studies independently of BMI, women with PCOS had higher BPA levels. Carbohydrate metabolism disorders were evaluated in 12 studies and in 6 a positive correlation was found with BPA 
levels. Lipid profile was evaluated in seven studies and in only one the correlation between lipid profile and BPA levels was present. CONCLUSIONS: Exposure to BPA is positively associated with PCOS, mainly with the 
hyperandrogenism.
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統合_0135 C. S. Uldbjerg, Y. H. Lim, M. Krause, H. 
Frederiksen, A. M. Andersson and E. V. Bräuner 2022

Sex-specific associations between 
maternal exposure to parabens, 
phenols and phthalates during 
pregnancy and birth size outcomes 
in offspring

Current evidence on the effects of prenatal exposure to endocrine disrupting chemicals on birth size remains largely inconclusive. We aimed to investigate sex-specific associations between maternal exposure to 
parabens, phenols and phthalates during pregnancy and birth weight, length and head/abdominal circumferences. We performed a prospective study of 88 pregnant women who underwent amniocentesis in the period 2012 
to 2014. Maternal urine samples were collected during pregnancy in weeks 12 to 36 (median: 18 weeks). The concentrations of parabens, phenols and individual phthalate diester metabolites were analyzed by isotope-
diluted liquid chromatography-tandem mass spectrometry and osmolality adjusted. Linear regression models estimated the associations between urinary levels of selected compounds (tertile(T2-T3)(medium/high) versus 
T1(low) exposure) and birth size, stratified by offspring sex. A total of three parabens, two phenols, four individual phthalate metabolites and four sums of diester metabolites were detectable above limits of detection in 
at least 60% of urine samples. Overall, we observed few statistically significant associations, but medium/high exposure to bisphenol A (BPA) in male offspring was associated with statistically significant lower birth size 
across most outcomes [birth weight: -428 g (95% CI -756 to -99.4); birth length: -1.76 cm (95% CI -3.28 to -0.25); abdominal circumference: -1.97 cm (95% CI -3.55 to -0.39)]. Similarly, medium/high exposure to methyl 
paraben (MeP) in male offspring was associated with lower birth weight (-661 g, 95% CI -1251 to -70.7) and length (-3.11 cm, 95% CI -5.76 to -0.46) compared to low exposure. None of these associations were 
statistically significant in female offspring. Across all compounds, individual exposures were associated with more negative estimates of birth weight for male than for female offspring. Our study indicates that prenatal 
exposure to BPA and MeP may negatively affect birth size outcomes, with a possible sex effect. Given the small sample size, these findings need to be replicated in future larger studies.
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C. S. Uldbjerg, J. Leader, L. Minguez-Alarcon, O. 
Chagnon, R. Dadd, J. Ford, E. Fleury, P. 
Williams, A. Juul, D. C. Bellinger, A. M. Calafat, 
R. Hauser and J. M. Braun

2024

Associations of maternal and 
paternal preconception and 
maternal pregnancy urinary 
phthalate biomarker and bisphenol 
A concentrations with offspring 
autistic behaviors: The PEACE study

BACKGROUND: Environmental chemical exposures in utero may play a role in autism development. While preconception risk factors for autism are increasingly being investigated, little is known about the influence of 
chemical exposures during the preconception period, particularly for paternal exposures. METHODS: In 195 children from the Preconception Environmental exposures And Childhood health Effects (PEACE) cohort born to 
parents recruited from a fertility clinic in Boston, Massachusetts between 2004 and 2017, we quantified concentrations of 11 phthalate metabolites and bisphenol A (BPA) in urine samples collected from mothers and 
fathers before conception and mothers throughout pregnancy. When children were 6-15 years old, parents completed the Social Responsiveness Scale (SRS) questionnaire assessing autistic behaviors. We used linear 
mixed effect models to estimate covariate-adjusted associations of phthalate biomarker and BPA concentrations, separately for maternal preconception (n = 179), paternal preconception (n = 121), and maternal 
pregnancy (n = 177), with SRS T-scores, based on age and gender, in offspring. We used quantile g-computation models for mixture analyses and evaluated modification by selected dietary factors. RESULTS: The mean 
SRS T-score was 47.7 (±7.4), lower than the normative mean of 50. In adjusted models for individual biomarkers or mixtures, few associations were observed and estimates were generally negative (e.g., lower SRS T-
scores) and imprecise. We observed associations of higher mono-isobutyl phthalate (MiBP) concentrations measured in maternal preconception and paternal preconception periods with lower SRS T-scores (β
(maternal_precon) = -1.6, 95% CI -2.7; -0.4; β(paternal_precon) = -2.9, 95% CI -4.6; -1.2) for each log(e) increase. In a subset of participants with maternal preconception nutrition information, we generally observed 
stronger inverse associations with higher folate and iron intake, particularly for folate intake and MiBP concentrations. CONCLUSIONS: Urinary phthalate biomarker and BPA concentrations during preconception 
(maternal and paternal) and pregnancy (maternal) were not associated with adverse autistic behaviors in these children. Larger studies are needed to elucidate the observed associations, while considering interactions 
between maternal nutrition and chemical exposures.
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統合_0137 J. Y. Uhm and H. R. Kim 2022

Cross-Sectional Association of 
Urinary Bisphenol A and Vaccine-
Induced Immunity against Hepatitis 
B Virus: Data from the 2003-2014 
National Health and Nutrition 
Examination Survey

Hepatitis B virus (HBV) infection poses a serious health burden; bisphenol A (BPA), a commonly used plasticizer for consumer products, is a potential immune disruptor. However, epidemiologic studies revealing the 
association between BPA exposure and immunity are limited. This study investigates the association between environmental BPA exposure and immune response following HBV vaccination in a nationally representative 
sample population. Using National Health and Nutrition Examination Survey data from six cycles, we analyzed the data of 6134 participants, classified as susceptible to HBV infection (n = 3086) or as having vaccine-
induced immunity (n = 3048). Associations between BPA level and HBV susceptibility were assessed using multivariable logistic regression and expressed as odds ratios (ORs) of the pooled data and data for each cycle. 
There was a significant association in the pooled data after adjusting for potential confounders (adjusted OR (aOR): 1.14, 95% confidence interval (CI): 1.05-1.23). However, the associations between BPA concentration 
and HBV susceptibility were inconsistent across the survey cycles and tended to decrease in more recent cycles. Although this study preliminarily suggests that BPA attenuates the immune response to hepatitis B 
vaccination, further prospective studies are warranted to elucidate the discrepancies observed.
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Identifying windows of susceptibility 
to endocrine disrupting chemicals in 
relation to gestational weight gain 
among pregnant women attending a 
fertility clinic

BACKGROUND: Exposure to endocrine disrupting chemicals (EDC), such as phthalates and phenols, during pregnancy may be associated with excessive gestational weight gain (GWG), an important predictor of future 
health of the mother and the offspring. There is however a paucity of literature examining this association, and no study has accounted for the complex nature of EDCs exposure as a time-varying mixture of chemicals. 
OBJECTIVE: We examined the association between trimester-specific EDCs mixture and GWG in pregnant women attending a fertility clinic, to identify windows of susceptibility to such exposures, and assess the 
individual contribution of each chemical over pregnancy. METHODS: We included 243 pregnant women from the Environment and Reproductive Health (EARTH) Study, who provided up to 3 urine samples (one per 
trimester), and with available data on GWG. Urinary concentrations of 7 phthalate metabolites, bisphenol A, and 2 parabens, corrected for specific gravity, were included in the analysis. The association between 
trimester-specific EDCs mixture and GWG was evaluated using multiple regression models - categorizing exposures into concentration quartiles- and with Bayesian Kernel Machine Regression (BKMR), while adjusting 
for potential confounders. Hierarchical BKMR (hBKMR) was used to account for the time-varying nature of chemical concentrations over pregnancy, identifying the most important trimester and most important EDC 
within each trimester. RESULTS: During 1st trimester, higher GWG was observed at higher sum of metabolites of di (2-ethylhexyl) phthalate (ΣDEHP) from both multiple regression (e.g. comparing the 4th quartile with 
the 1st: β = 2.36 kg, 95% CI: 0.47, 5.19) and BKMR. During 2nd and 3rd trimesters, positive associations with mono-n-butyl phthalate and propylparaben, and negative with ΣDEHP and methylparaben were observed. 
When evaluating exposures as a time-varying mixture with hBKMR, 1st trimester was the most important exposure window when evaluating prenatal urinary EDCs in relation to GWG. Within the 1st trimester, urinary Σ
DEHP, mono-isobutyl phthalate and propylparaben had the highest contribution in the positive association between the mixture and GWG. CONCLUSION: We observed positive associations between urinary EDCs during 
pregnancy, especially DEHP metabolites, and GWG. Our results suggest the 1st trimester of pregnancy as the time window of highest susceptibility to the effects of EDCs on GWG, with potential indication for the design 
of public health interventions, informing prevention strategies for reducing sources of exposure at specific time points.
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The Association between the 
Bisphenols Residues in Amniotic 
Fluid and Fetal Abnormalities in 
Polish Pregnant Women-Its 
Potential Clinical Application

The present study aimed to investigate the relationship between the concentrations of bisphenols residues in the amniotic fluid (AF) samples collected during amniocentesis and fetal chromosomal abnormalities in 
pregnant women. A total of 33 pregnant Polish women aged between 24 and 44 years, and screened to detect high risk for chromosomal defects in the first trimester, were included in this study. Samples were collected 
from these patients during routine diagnostic and treatment procedures at mid-gestation. The concentrations of various bisphenols residues in the samples were determined by liquid chromatography coupled with triple 
quadrupole tandem mass spectrometry (LC-ESI-QqQ-MS/MS). Residues of eight analytes (BPS, BPF, BPA, BPAF, BADGE, BADGE•2H(2)O, BADGE•H(2)O•HCl and BADGE•2HCl) were detected in amniotic fluid samples 
in the range 0.69 ng/mL to 3.38 ng/mL. Fetuses with chromosomal abnormalities showed a slightly higher frequency of occurrence of selected bisphenols residues in the AF samples collected between 15-26 weeks of 
pregnancies. Finally, the proposed method was applied in the simultaneous determination of several endocrine-disrupting chemicals from bisphenol group in 33 human AF samples. BADGE•H2O•HCl has been identified in 
the AF samples taken from women older than average in the examined group. The number of detected compounds has been significant for the following analytes: BPS, BPAF, BADGE•H(2)O•HCl and BADGE. The proposed 
method may be an attractive alternative for application in large-scale human biomonitoring studies.
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Study on the correlation of 
bisphenol A exposure, pro-
inflammatory gene expression, and 
C-reactive protein with potential 
cardiovascular disease symptoms in 
young adults

Bisphenol A (BPA) is a plasticizer used in the manufacture of polycarbonate and epoxy resins. It was found that higher urinary BPA levels are more likely to be associated with coronary artery disease (CVD). In recent 
years, the increasing incidence of CVD among young people is observed, which may be related with inflammation rather than the traditional triple-H risk factors. BPA is an endocrine-disrupting chemical, and can induce 
oxidative stress and chronic inflammation since its estrogenic effect. Inflammatory responses could come from the stimulation of IκB kinases (IKKs) by estrogen receptors (ERs). Therefore, this study investigated the 
association of BPA exposure with the gene expression of pro-inflammatory response (ERs and IKKs), an inflammation biomarker of CVD (C-reactive protein, CRP), and physiologic index potency of CVD development 
symptoms in young adults. This study divided BPA exposure levels into high and low groups based on the median plasma BPA level (4.34 ng/mL), and found that the high BPA group obviously had higher BMI, blood 
pressure, plasma CRP levels, and gene expression of ERβ and IKKβ. BMI and gene expression of IKKβ were also positively correlated with plasma CRP secretion. Furthermore, the study subjects with potential CVD 
development symptoms had the increased levels of BPA (OR 2.10, 95% CI 0.83-5.39), CRP (OR 2.61, 95% CI 1.03-10.6) and IKKβ (OR 4.29, 95% CI 1.51-15.6). These results indicated that exposure to BPA is potentially 
associated with expression of pro-inflammatory genes related to CRP secretion, which may promote the risk of CVD development symptoms in young adults. This study highlighted the possible connection between BPA 
exposure and CVD development but the mechanism between them needs to be further explored.
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Bisphenol A and six other 
environmental phenols in urine of 
children and adolescents in 
Germany - human biomonitoring 
results of the German Environmental 
Survey 2014-2017 (GerES V)

Exposure to environmental phenols such as bisphenol A, benzophenones, 2-phenylphenol, triclosan, and triclocarban is of concern, because of their endocrine disrupting properties and broad application in consumer 
products. The current body burden of the 3-17-year-old population in Germany to these substances was assessed in first-morning void urine samples (N = 515-516) collected within the population-representative German 
Environmental Survey for Children and Adolescents 2014-2017 (GerES V). Bisphenol A was the most prominent phenol analysed here, ubiquitously found in almost all samples with a geometric mean (GM) concentration of 
1.905 μg/L (1.669 μg/g(creatinine)) and a maximum (MAX) urinary concentration of 399 μg/L. Benzophenone-3 and benzophenone-1 were quantified in 35% and 41% of the samples. GM was below the limit of 
quantification (LOQ) for benzophenone-3 and 0.559 μg/L (0.489 μg/g(crea)) for benzophenone-1, MAX concentrations were 845 μg/L and 202 μg/L, respectively. In 16% of the samples triclosan was found in 
quantifiable amounts resulting in a GM below LOQ and a MAX concentration of 801 μg/L. Benzophenone-8, 2-phenylphenol and triclocarban were quantified in none or only 1% of the samples. Benzophenone-1 and -3 
concentrations were found to be associated with frequent application of personal care products. A comparison with the previous cycle of the survey, GerES IV (2003-2006), showed a decrease of urinary bisphenol A 
concentrations, mainly in young children. Despite this decrease, the concentration of bisphenol A exceeded the human biomonitoring (HBM) value HBM-I of 0.1 mg/L in 0.11% of the samples. For triclosan, all urinary 
concentrations were well below the HBM-I value of 2 mg/L. To minimise environmental health risks, it is therefore necessary to maintain a further declining trend for bisphenol A and continue monitoring the exposure to 
environmental phenols, as well as to monitor substitutes such as bisphenol F and S.
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Phthalates, Para-Hydroxybenzoic 
Acids, Bisphenol-A, and Gonadal 
Hormones' Effects on Susceptibility 
to Attention-Deficit/Hyperactivity 
Disorder

This study aimed to examine whether endocrine-disrupting chemicals (EDCs), such as phthalates, para-hydroxybenzoic acids, and bisphenol-A (BPA), affect gonadal hormones and further link to the susceptibility to 
attention-deficit/hyperactivity disorder (ADHD). We recruited 98 boys with ADHD, 32 girls with ADHD, 42 boys without ADHD and any other psychiatric disorders, and 26 girls without ADHD and any other psychiatric 
disorders. Urine levels of EDCs, including mono-methyl phthalate (MMP), monoethyl phthalate (MEP), mono-n-butyl phthalate (MnBP), monobenzyl phthalate (MBzP), monoethylhexyl phthalate (MEHP), methylparaben 
(MP), ethylparaben (EP), propylparaben (PP), butylparaben (BP), and bisphenol A (BPA), were examined. Endocrine systems were evaluated by using the serum levels of follicle-stimulating hormone (FSH), luteinizing 
hormone (LH), testosterone, free testosterone, estradiol, progesterone, sex hormone-binding globulin (SHBG), and prolactin. We found that boys with ADHD had higher levels of MnBP and EP than control boys. There 
were no significant differences regarding EDCs between the females with ADHD and control groups. No significant differences in testosterone, free testosterone, FSH, LH, estradiol, progesterone, or SHBG were found 
between the ADHD group and controls among either boys or girls. Among boys with ADHD, urine MBzP and MEHP levels were positively correlated with serum testosterone levels. Among girls, urine MEP levels were 
positively correlated with serum LH, testosterone, and free testosterone levels. The findings suggest that the possibility of an adverse impact of EDCs on gonadal hormones and neurodevelopment may exist. However, the 
results could be subject to potential selection bias, and the findings in this study should be interpreted with caution.
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Exposure of Slovenian children and 
adolescents to bisphenols, parabens 
and triclosan: Urinary levels, 
exposure patterns, determinants of 
exposure and susceptibility

Chemicals such as bisphenols, parabens and triclosan are endocrine disrupting chemicals. They are used in a wide variety of consumer products, making human exposure to those chemicals widespread. In the present 
study, levels of three bisphenols (bisphenol A, F and S), 7 parabens (methyl-, ethyl-, isopropyl-, propyl-, isobutyl-, butyl-, benzyl paraben) and triclosan were measured in first morning void from 246 Slovenian children and 
adolescents, aged 6-9 and 11-15 years and living in a rural region of Slovenia. Median levels of specific-gravity corrected levels for bisphenol A, bisphenol F, methyl paraben and ethyl paraben were 1.9, 0.085, 5.4 and 2.5 µ
g/L for children and 1.6, 0.11, 7.2 and 6.0 µg/L for adolescents, respectively. Median levels for all other endocrine disrupting chemicals were < LOQ. The levels are comparable with the levels reported in studies across 
the world. Exposure was age, sex, and location specific. Higher levels of bisphenol F and ethyl paraben were found in the samples of adolescents, while higher levels of methyl paraben were found in samples from girls. 
Furthermore, individuals living in one of the sampling locations, Goričko, were exposed to higher levels of bisphenol F and ethyl paraben than those in the remaining two sampling locations. Information about participants' 
dietary habits, use of food packaging and personal care products was obtained through questionnaires, and used to investigate associations between urinary levels of the biomarkers and potential exposure sources. High 
fat foods were associated with bisphenol A exposure, and cosmetics items such as lipstick and perfume with methyl paraben exposure. Significant correlation between methyl- and propyl paraben was observed in 
children's samples, suggesting similar exposure sources, while other compounds were not largely correlated, indicating independent sources. Furthermore, association between a single nucleotide polymorphism (SNP) in 
UGT2B15 gene and urinary levels of methyl and ethyl paraben was observed, showing the role of UGT2B15 isoform in methyl and ethyl paraben metabolism as well as indicating the SNP rs1902023 as a potential biomarker 
of susceptibility to adverse effects caused by the exposure. The present study reports exposure of children and adolescents in Slovenia to a wide range of different endocrine disrupting chemicals for the first time, 
connecting it to exposure patterns and exposure sources. The study is to the authors' knowledge the first that investigates direct connection between levels of urinary endocrine disrupting chemical biomarkers and 
genetic polymorphism in UGT2B15.
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統合_0144 Z. Tian, Z. He, Q. Zhang, L. Ding, L. Song, R. 
Ren, K. Tan, S. Cao, J. Wang and B. Pan 2024

The relationship between semen 
quality in male infertility clinic 
patients and bisphenol A：A 
Chinese cross-sectional study

Bisphenol A (BPA) is a growing concern as an endocrine-disrupting chemical due to its adverse health effects. However, the association between BPA and sperm quality in adult human males remains unclear. The aim of 
this study was to assess the daily life exposure level of BPA and analyze its correlation with sperm quality in males. Patients who sought treatment in Chinese infertility clinics between May and October 2023 were 
selected as study subjects. We determined participants' serum BPA content using high-performance liquid chromatography. Sperm count and motility were assessed using a computer-aided sperm analysis system, while 
sperm morphology was analyzed using an improved Papanicolaou stain. A total of 405 participants, averaging 33.01 ± 5.44 years old, were included. We observed low semen quality among participants in infertility clinics. 
Principal component analysis was performed for each semen quality index, and three principal components reflecting sperm motility, count, and morphology were extracted. The participants' mean serum BPA level was 
6.96 ng/mL. Negative correlations were observed between serum BPA content and total sperm count, sperm density, forward motility rate, and non-forward motility rate. A positive correlation was found between the non-
motile sperm rate and the head deformity rate. Morphological abnormalities were the predominant adverse effects observed. Despite low daily life BPA exposure, long-term low-dose exposure in the general population 
may damage semen quality. This study provides a scientific basis for managing health risks associated with BPA exposure.

Heliyon Vol.10 Issue 16 
Pages e35982

10.1016/j.heliyon.2024.e35982 39253254 ヒト - - - - - - - 横断研究 1 1 - - - - - - - - - - - - - - - - - -

統合_0145 Ö. Tezol, S. S. Yalçin, A. Yirün, A. Balci Özyurt, 
Ç. Okuyaz and P. Erkekoğlu 2024

Plasma bisphenol a and phthalate 
levels in children with cerebral 
palsy: a case-control study

The case-control study aimed to evaluate potential sources of exposure and the plasma concentrations of bisphenol A (BPA) and phthalates in prepubertal children having cerebral palsy (CP) and healthy control. Blood 
samples of 68 CP and 70 controls were analyzed for BPA, di-(2-ethylhexyl)-phthalate (DEHP), mono-(2-ethylhexyl)-phthalate (MEHP), and dibutyl phthalate (DBP). BPA and DBP levels were similar in groups. The median 
DEHP and MEHP levels of the children with CP were significantly lower than those of the controls (p = 0.035, p < 0.001, respectively). Exposure to plastic food containers/bags, personal care hygiene products, household 
cleaners, wood/coal stove heating, and city water supplies were associated with increased odds of higher BPA and phthalate levels in children with CP. In conclusion, potential exposure sources for BPA and phthalates 
differ in children with CP and healthy controls, and children with CP are not exposed to higher levels of BPA and phthalates.

Int J Environ Health 
Res. 2024 
Jan;34(1):499-513.

10.1080/09603123.2022.2153811 36519276 ヒト 発達神経 - - - - - - 症例対照研究 1 1 - - - 1 1 1 - - - - - - - - - - - -

統合_0146
R. Tchen, Y. Tan, D. Boyd Barr, P. Barry Ryan, V. 
Tran, Z. Li, Y. J. Hu, A. K. Smith, D. P. Jones, A. 
L. Dunlop and D. Liang

2022

Use of high-resolution metabolomics 
to assess the biological 
perturbations associated with 
maternal exposure to Bisphenol A 
and Bisphenol F among pregnant 
African American women

BACKGROUND: Human and animal exposure to bisphenol A (BPA) has been associated with adverse developmental and reproductive effects. The molecular mechanisms by which BPA exposure exerts its effects are not 
well-understood, even less known about its analogues bisphenol F (BPF). To address these knowledge gaps, we conducted an untargeted metabolome-wide association study (MWAS) to identify metabolic perturbations 
associated with BPA/BPF exposures in a pregnant African American cohort. METHODS: From a subset of study participants enrolled in the Atlanta African American Maternal-Child cohort, we collected both urine 
samples, for targeted exposure assessment of BPA (N = 230) and BPF (N = 48), and serum samples, for high-resolution metabolomics (HRM) profiling (N = 230), during early pregnancy (8-14 weeks' gestation). Using an 
established untargeted HRM workflow consisting of MWAS modeling, pathway enrichment analysis, and chemical annotation and confirmation, we investigated the potential metabolic pathways and features associated 
with BPA/BPF exposures. RESULTS: The geometric mean creatinine-adjusted concentrations of urinary BPA and BPF were 0.85 ± 2.58 and 0.70 ± 4.71 µg/g creatinine, respectively. After false positive discovery rate 
correction at 20 % level, 264 and 733 unique metabolic features were significantly associated with urinary BPA and BPF concentrations, representing 10 and 12 metabolic pathways, respectively. Three metabolic 
pathways, including steroid hormones biosynthesis, lysine and lipoate metabolism, were significantly associated with both BPA and BPF exposure. Using chemical standards, we have confirmed the chemical identity of 16 
metabolites significantly associated with BPA or BPF exposure. CONCLUSIONS: Our findings support that exposure to BPA and BPF in pregnant women is associated with the perturbation of aromatic amino acid 
metabolism, xenobiotics metabolism, steroid biosynthesis, and other amino acid metabolism closely linked to stress responses, inflammation, neural development, reproduction, and weight regulation.

Environ Int. 2022 
Nov:169:107530.
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統合_0147
E. M. Tanner, M. U. Hallerbäck, S. Wikström, C. 
Lindh, H. Kiviranta, C. Gennings and C. G. 
Bornehag

2020

Early prenatal exposure to 
suspected endocrine disruptor 
mixtures is associated with lower IQ 
at age seven

BACKGROUND: Endocrine disrupting chemicals (EDCs) are xenobiotics with the ability to interfere with hormone action, even at low levels. Prior environmental epidemiology studies link numerous suspected EDCs, 
including phthalates and bisphenol A (BPA), to adverse neurodevelopmental outcomes. However, results for some chemicals were inconsistent and most assessed one chemical at a time. OBJECTIVES: To evaluate the 
overall impact of prenatal exposure to an EDC mixture on neurodevelopment in school-aged children, and identify chemicals of concern while accounting for co-exposures. METHODS: Among 718 mother-child pairs from 
the Swedish Environmental Longitudinal, Mother and child, Asthma and allergy study (SELMA) study, we used Weighted Quantile Sum (WQS) regression to assess the association between 26 EDCs measured in 1st 
trimester urine or blood, with Wechsler Intelligence Scale for Children (IV) Intelligence Quotient (IQ) scores at age 7 years. Models were adjusted for child sex, gestational age, mother's education, mother's IQ (RAVEN), 
weight, and smoking status. To evaluate generalizability, we conducted repeated holdout validation, a machine learning technique. RESULTS: Using repeated holdout validation, IQ scores were 1.9-points (CI = -3.6, -0.2) 
lower among boys for an inter-quartile-range (IQR) change in the WQS index. BPF made the largest contribution to the index with a weight of 14%. Other chemicals of concern and their weights included PBA (9%), TCP 
(9%), MEP (6%), MBzP (4%), PFOA (6%), PFOS (5%), PFHxS (4%), Triclosan (5%), and BPA (4%). While we did observe an inverse association between EDCs and IQ among all children when training and testing the WQS 
index estimate on the full dataset, these results were not robust to repeated holdout validation. CONCLUSION: Among boys, early prenatal exposure to EDCs was associated with lower intellectual functioning at age 7. 
We identified bisphenol F as the primary chemical of concern, suggesting that the BPA replacement compound may not be any safer for children. Future studies are needed to confirm the potential neurotoxicity of 
replacement analogues.

Environ Int. 2020 
Jan:134:105185.

10.1016/j.envint.2019.105185 31668669 ヒト 発達神経 - - - - - - コホート研究 1 1 - - - 1 1 1 - - - - - - - - - - - -

統合_0148

S. Tang, C. He, P. K. Thai, A. Heffernan, S. 
Vijayasarathy, L. Toms, K. Thompson, P. 
Hobson, B. J. Tscharke, J. W. O'Brien, K. V. 
Thomas and J. F. Mueller

2020

Urinary Concentrations of 
Bisphenols in the Australian 
Population and Their Association 
with the Per Capita Mass Loads in 
Wastewater

Health concerns and related regulation of bisphenol A (BPA) in some countries have led to an increase in the production and use of unregulated and poorly understood BPA analogues, including bisphenol S (BPS), 
bisphenol F (BPF), bisphenol B (BPB), and bisphenol AF (BPAF). To assess the temporal trends of human exposure to BPA analogues, urine and wastewater samples were collected from South East Queensland, Australia 
between 2012 and 2017 and analyzed for five bisphenols using validated isotope dilution liquid chromatography tandem mass spectrometry methods. BPA and BPS were the predominant bisphenols detected in both urine 
and wastewater samples, with median concentrations of 2.5 and 0.64 μg/L in urine and 0.94 and 1.1 μg/L in wastewater, respectively. BPB, BPF, and BPAF had low detection frequencies in both urine and wastewater 
samples. Concentrations of BPA in both urine and wastewater decreased over the sampling period, whereas concentrations of BPS increased, suggesting that BPS has become a BPA replacement. The contributions of 
urinary excretion to wastewater were calculated by the ratio of daily per capita urinary excretion to wastewater-based mass loads of bisphenols. Urinary BPA and BPS contributed to less than 1% of the load found in 
wastewater, indicating that much of the BPA and BPS originates from other sources.

Environ Sci Technol 
Vol.54 Issue 16 Pages 
10141-10148
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統合_0149
P. Tang, J. Liang, Q. Liao, H. Huang, X. Guo, M. 
Lin, B. Liu, B. Wei, X. Zeng, S. Liu, D. Huang and 
X. Qiu

2023

Associations of bisphenol exposure 
with the risk of gestational diabetes 
mellitus: a nested case-control 
study in Guangxi, China

A growing number of epidemiologic studies have estimated the associations between endocrine-disrupting chemicals and gestational diabetes mellitus (GDM). However, reports on the association between bisphenol A 
(BPA) substitutes and GDM are limited. This investigation aimed to explore the associations of maternal serum BPA, bisphenol B (BPB), bisphenol F (BPF), bisphenol S (BPS), and tetrabromobisphenol A (TBBPA) with the 
risk of GDM. A nested case-control study was performed among 500 pregnant women. In conditional logistic regression models, the OR for BPS was significantly increased in the medium exposure groups (OR = 1.77; 95% 
CI: 1.01, 3.13) compared with the reference group, while BPA (OR: 0.38, 95%CI: 0.29, 0.50) and TBBPA (OR: 0.67, 95%CI: 0.54, 0.85) were negatively associated with the risk of GDM. In the Bayesian kernel machine 
regression (BKMR) analysis, the joint effect of bisphenols was positively associated with the risk of GDM. BPS showed positively relationship, while BPA and TBBPA showed negatively relationship, respectively. The 
quantile g-computation revealed a statistically significant and negative joint effect of the five bisphenols on the risk of GDM (OR: 0.57; 95% CI: 0.46, 0.72) with BPA (70.2%), TBBPA (21.3%), and BPB (8.5%) had positive 
contribution to the overall effect. These findings suggested that BPS had a positive effect on the risk of GDM, while BPA and TBBPA had negative effect on the risk of GDM. Moreover, exposure to the mixture of the five 
bisphenols was negatively associated with the risk of GDM.

Environ Sci Pollut Res 
Int. 2023 
Feb;30(10):25170-
25180.
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統合_0150 N. Tang, D. Wang, X. Chen, M. Zhang, W. Lv and 
X. Wang 2022

Maternal bisphenol A and triclosan 
exposure and allergic diseases in 
childhood: a meta-analysis of cohort 
studies

Bisphenol A (BPA) and triclosan (TCS) are both endocrine-disrupting chemicals (EDCs), and pregnant women are usually exposed to them through daily consumption. This study aimed to explore the relationship between 
prenatal BPA and TCS exposure and allergic diseases in childhood by systematic review and meta-analysis. We searched the topic of prenatal BPA and TCS exposure and allergic diseases in childhood published before 
March 22, 2021, in four databases, including PubMed, Web of Science, Embase, and Cochrane. Statistical analysis was completed using Stata software (version 16.0). Seven papers on BPA and four papers on TCS were 
included in this meta-analysis. The association between prenatal exposure to BPA and total allergic diseases in childhood showed a pooled effect estimate of 1.13 (95% CI, 1.04, 1.23), with I(2) = 0.0% (P = 0.615). The 
effect estimates between BPA exposure and each allergic disease were 1.18 (95% CI, 1.02, 1.36) for wheezing, 1.23 (95% CI, 1.01, 1.50) for asthma, 1.03 (95% CI, 0.89, 1.18) for eczema/rashes or hives, and 1.19 (95% CI, 
0.91, 1.56) for aeroallergies. Prenatal exposure to TCS had no association with the four types of allergic disease in childhood. BPA exposure during the prenatal period was positively associated with allergic disease in 
childhood. Strengthening prenatal EDC exposure control is necessary for child health.

Environ Sci Pollut Res 
Int. 2022 
Nov;29(55):83389-
83403.
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統合_0151

S. Tait, F. Carli, L. Busani, D. Ciociaro, V. Della 
Latta, A. Deodati, E. Fabbrizi, A. P. Pala, F. 
Maranghi, R. Tassinari, G. Toffol, S. Cianfarani, 
A. Gastaldelli, C. La Rocca and G. Life 
Persuaded Project

2021
Italian Children Exposure to 
Bisphenol A: Biomonitoring Data 
from the LIFE PERSUADED Project

A human biomonitoring (HBM) study on bisphenol A (BPA) in Italian children and adolescents was performed within the LIFE PERSUADED project, considering the residing areas, sex and age. The median urinary BPA level 
was 7.02 µg/L, with children living in the South of Italy or in urban areas having higher levels than those residing in the North or in rural areas. Children aged 4-6 years had higher BPA levels than those aged 7-10 and 11-14 
years, but no differences were detected between sexes. The exposure in Italian children was higher compared to children from other countries, but lower than the HBM guidance value (135 µg/L). The estimated daily 
intake was 0.17 μg/kg body weight (bw) per day, about 24-fold below the temporary Tolerable Daily Intake of 4 μg/kg bw per day established by the European Food Safety Authority. However, this threshold was 
exceeded in 1.44% of the enrolled children, raising concern about the overall exposure of Italian young population.

Int J Environ Res Public 
Health Vol.18 Issue 22
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統合_0152 E. Taheri, R. Riahi, N. Rafiei, A. Fatehizadeh, H. 
M. N. Iqbal and S. M. Hosseini 2021

Bisphenol A exposure and abnormal 
glucose tolerance during pregnancy: 
systematic review and meta-analysis

In the present work, a systematic review and meta-analysis were performed to examine the probable relation between maternal exposure to bisphenol A (BPA), as estrogen-disrupting compounds, and gestational diabetes 
mellitus (GDM), and impaired glucose tolerance (IGT). We comprehensively searched three electronic databases to retrieve published studies on maternal exposure to BPA and GDM/IGT, through February 2021. Cochran's 
Q test and I(2) statistics were employed for testing heterogeneity across studies. DerSimonian and Liard random-effects model was used to determine the pooled estimates. Otherwise, the fixed-effects model with 
inverse-variance weights was applied. Sensitivity analysis was performed to determine the robustness of the results by excluding each study from the pooled estimate. The potential publication bias was examined using 
Begg's and Egger's tests. The pooled odds ratio did not show BPA exposure to be a significant risk factor for GDM (OR = 0.90, 95% CI = 0.62-1.33, I(2): 50.7%). Also, no significant association was observed between BPA 
exposure and risk of IGT (OR = 0.93, 95% CI = 0.40-2.18, I(2): 11.5%). Based on the findings of this study, no association was found between exposure to BPA during pregnancy and the risk of GDM/IGT. Albeit no 
heterogeneity was found between studies.

Environ Sci Pollut Res 
Int. 2021 
Nov;28(44):62105-
62115.
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統合_0153

R. Tagne-Fotso, M. Riou, A. Saoudi, A. 
Zeghnoun, H. Frederiksen, T. Berman, P. 
Montazeri, A. M. Andersson, L. Rodriguez-
Martin, A. Akesson, M. Berglund, P. Biot, A. 
Castaño, M. A. Charles, E. Cocco, E. Den Hond, 
M. C. Dewolf, M. Esteban-Lopez, L. Gilles, E. 
Govarts, C. Guignard, A. C. Gutleb, C. Hartmann, 
T. Kold Jensen, G. Koppen, T. Kosjek, N. 
Lambrechts, R. McEachan, A. K. Sakhi, J. Snoj 
Tratnik, M. Uhl, J. Urquiza, M. Vafeiadi, A. Van 
Nieuwenhuyse, M. Vrijheid, T. Weber, C. Zaros, 
E. Tarroja-Aulina, L. E. Knudsen, A. Covaci, R. 
Barouki, M. Kolossa-Gehring, G. Schoeters, S. 
Denys, C. Fillol and L. Rambaud

2024

Exposure to bisphenol A in 
European women from 2007 to 2014 
using human biomonitoring data - 
The European Joint Programme 
HBM4EU

BACKGROUND: Bisphenol A (BPA; or 4,4'-isopropylidenediphenol) is an endocrine disrupting chemical. It was widely used in a variety of plastic-based manufactured products for several years. The European Food Safety 
Authority (EFSA) recently reduced the Tolerable Daily Intake (TDI) for BPA by 20,000 times due to concerns about immune-toxicity. OBJECTIVE: We used human biomonitoring (HBM) data to investigate the general level of 
BPA exposure from 2007 to 2014 of European women aged 18-73 years (n = 4,226) and its determinants. METHODS: Fifteen studies from 12 countries (Austria, Belgium, Denmark, France, Germany, Greece, Israel, 
Luxembourg, Slovenia, Spain, Sweden, and the United Kingdom) were included in the BPA Study protocol developed within the European Joint Programme HBM4EU. Seventy variables related to the BPA exposure were 
collected through a rigorous post-harmonization process. Linear mixed regression models were used to investigate the determinants of total urine BPA in the combined population. RESULTS: Total BPA was quantified in 
85-100 % of women in 14 out of 15 contributing studies. Only the Austrian PBAT study (Western Europe), which had a limit of quantification 2.5 to 25-fold higher than the other studies (LOQ=2.5 µg/L), found total BPA in 
less than 5 % of the urine samples analyzed. The geometric mean (GM) of total urine BPA ranged from 0.77 to 2.47 µg/L among the contributing studies. The lowest GM of total BPA was observed in France (Western 
Europe) from the ELFE subset (GM=0.77 µg/L (0.98 µg/g creatinine), n = 1741), and the highest levels were found in Belgium (Western Europe) and Greece (Southern Europe), from DEMOCOPHES (GM=2.47 µg/L (2.26 µ
g/g creatinine), n = 129) and HELIX-RHEA (GM=2.47 µg/L (2.44 µg/g creatinine), n = 194) subsets, respectively. One hundred percent of women in 14 out of 15 data collections in this study exceeded the health-based 
human biomonitoring guidance value for the general population (HBM-GV(GenPop)) of 0.0115 µg total BPA/L urine derived from the updated EFSA's BPA TDI. Variables related to the measurement of total urine BPA and 
those related to the main socio-demographic characteristics (age, height, weight, education, smoking status) were collected in almost all studies, while several variables related to BPA exposure factors were not 
gathered in most of the original studies (consumption of beverages contained in plastic bottles, consumption of canned food or beverages, consumption of food in contact with plastic packaging, use of plastic film or 
plastic containers for food, having a plastic floor covering in the house, use of thermal paper…). No clear determinants of total urine BPA concentrations among European women were found. A broader range of data 
planned for collection in the original questionnaires of the contributing studies would have resulted in a more thorough investigation of the determinants of BPA exposure in European women. CONCLUSION: This study 
highlights the urgent need for action to further reduce exposure to BPA to protect the population, as is already the case in the European Union. The study also underscores the importance of pre-harmonizing HBM design 
and data for producing comparable data and interpretable results at a European-wide level, and to increase HBM uptake by regulatory agencies.
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統合_0154
F. P. Tabanli, S. S. Yalçin, S. Ramoğlu, Ş. Kiykaç 
Altinbaş, A. Yirün, A. Balci Özyurt, F. Güçel, P. 
Erkekoğlu and K. Yurdakök

2023

Association of bisphenol A with 
25(OH)D, 1,25(OH)(2)D levels and 
1,25(OH)2D/25(OH)D ratio in cord 
blood

The aim was to investigate the association between bisphenol A (BPA), 25-hydroxy vitamin D [25(OH)D], and 1α,25 dihydroxy vitamin D [1,25(OH)(2)D] levels in the cord blood of newborn babies. BPA was measured by 
high pressure liquid chromatography (HPLC) and vitamin D levels by commercial ELISA or ECLIA kits. BPA and Vitamin D levels were grouped according to tertile values. In the cord blood, the median 25(OH)D level was 
14.9 ng/mL (IQR: 8.5-20.8) and median 1,25(OH)(2)D level was 53.3 pg/dL (IQR: 42.3-98.4). 25(OH)D levels were < 20 ng/mL in 76.5% of the babies. BPA was detectable in 72.4% of the cord blood samples; median BPA 
level was 1.57 ng/mL (IQR: < DL-4.05 ng/mL). Frequencies of vitamin D deficiency and frequencies of cases having the highest tertile active vitamin D levels were similar in groups of BPA tertiles in both univariate and 
multivariate analysis. In conclusion, both BPA exposure and insufficient vitamin D transfer via cord blood are common in newborns. Bisphenol A levels were not correlated with vitamin D levels in cord blood of healthy 
mother-fetus pairs.

Environ Sci Pollut Res 
Int. 2023 
Sep;30(45):100391-
100402.
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C. Symeonides, K. Vacy, S. Thomson, S. Tanner, 
H. K. Chua, S. Dixit, T. Mansell, M. O'Hely, B. 
Novakovic, J. B. Herbstman, S. Wang, J. Guo, J. 
Chia, N. T. Tran, S. E. Hwang, K. Britt, F. Chen, 
T. H. Kim, C. A. Reid, A. El-Bitar, G. B. 
Bernasochi, L. M. D. Delbridge, V. R. Harley, Y. 
W. Yap, D. Dewey, C. J. Love, D. Burgner, M. L. 
K. Tang, P. D. Sly, R. Saffery, J. F. Mueller, N. 
Rinehart, B. Tonge, P. Vuillermin, A. L. 
Ponsonby and W. C. Boon

2024

Male autism spectrum disorder is 
linked to brain aromatase disruption 
by prenatal BPA in multimodal 
investigations and 10HDA 
ameliorates the related mouse 
phenotype

Male sex, early life chemical exposure and the brain aromatase enzyme have been implicated in autism spectrum disorder (ASD). In the Barwon Infant Study birth cohort (n = 1074), higher prenatal maternal bisphenol A 
(BPA) levels are associated with higher ASD symptoms at age 2 and diagnosis at age 9 only in males with low aromatase genetic pathway activity scores. Higher prenatal BPA levels are predictive of higher cord blood 
methylation across the CYP19A1 brain promoter I.f region (P = 0.009) and aromatase gene methylation mediates (P = 0.01) the link between higher prenatal BPA and brain-derived neurotrophic factor methylation, with 
independent cohort replication. BPA suppressed aromatase expression in vitro and in vivo. Male mice exposed to mid-gestation BPA or with aromatase knockout have ASD-like behaviors with structural and functional 
brain changes. 10-hydroxy-2-decenoic acid (10HDA), an estrogenic fatty acid alleviated these features and reversed detrimental neurodevelopmental gene expression. Here we demonstrate that prenatal BPA exposure is 
associated with impaired brain aromatase function and ASD-related behaviors and brain abnormalities in males that may be reversible through postnatal 10HDA intervention.

Nat Commun. 2024 Aug 
7;15(1):6367.
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統合_0156
C. Symeonides, E. Aromataris, Y. Mulders, J. 
Dizon, C. Stern, T. H. Barker, A. Whitehorn, D. 
Pollock, T. Marin and S. Dunlop

2024

An Umbrella Review of Meta-
Analyses Evaluating Associations 
between Human Health and 
Exposure to Major Classes of 
Plastic-Associated Chemicals

Background: Epidemiological research investigating the impact of exposure to plastics, and plastic-associated chemicals, on human health is critical, especially given exponentially increasing plastic production. In parallel 
with increasing production, academic research has also increased exponentially both in terms of the primary literature and ensuing systematic reviews with meta-analysis. However, there are few overviews that capture a 
broad range of chemical classes to present a state of play regarding impacts on human health. Methods: We undertook an umbrella review to review the systematic reviews with meta-analyses. Given the complex 
composition of plastic and the large number of identified plastic-associated chemicals, it was not possible to capture all chemicals that may be present in, and migrate from, plastic materials. We therefore focussed on a 
defined set of key exposures related to plastics. These were microplastics, due to their ubiquity and potential for human exposure, and the polymers that form the matrix of consumer plastics. We also included plasticisers 
and flame retardants as the two classes of functional additive with the highest concentration ranges in plastic. In addition, we included bisphenols and per- and polyfluoroalkyl substances (PFAS) as two other major 
plastic-associated chemicals with significant known exposure through food contact materials. Epistemonikos and PubMed were searched for systematic reviews with meta-analyses, meta-analyses, and pooled analyses 
evaluating the association of plastic polymers, particles (microplastics) or any of the selected groups of high-volume plastic-associated chemicals above, measured directly in human biospecimens, with human health 
outcomes. Results: Fifty-two systematic reviews were included, with data contributing 759 meta-analyses. Most meta-analyses (78%) were from reviews of moderate methodological quality. Across all the publications 
retrieved, only a limited number of plastic-associated chemicals within each of the groups searched had been evaluated in relevant meta-analyses, and there were no meta-analyses evaluating polymers, nor microplastics. 
Synthesised estimates of the effects of plastic-associated chemical exposure were identified for the following health outcome categories in humans: birth, child and adult reproductive, endocrine, child neurodevelopment, 
nutritional, circulatory, respiratory, skin-related and cancers. Bisphenol A (BPA) is associated with decreased anoclitoral distance in infants, type 2 diabetes (T2D) in adults, insulin resistance in children and adults, 
polycystic ovary syndrome, obesity and hypertension in children and adults and cardiovascular disease (CVD); other bisphenols have not been evaluated. Phthalates, the only plasticisers identified, are associated with 
spontaneous pregnancy loss, decreased anogenital distance in boys, insulin resistance in children and adults, with additional associations between certain phthalates and decreased birth weight, T2D in adults, 
precocious puberty in girls, reduced sperm quality, endometriosis, adverse cognitive development and intelligence quotient (IQ) loss, adverse fine motor and psychomotor development and elevated blood pressure in 
children and asthma in children and adults. Polychlorinated biphenyls (PCBs), polybrominated diphenyl ethers (PBDEs) but not other flame retardants, and some PFAS were identified and are all associated with decreased 
birth weight. In general populations, PCBs are associated with T2D in adults and endometriosis, bronchitis in infants, CVD, non-Hodgkin's lymphoma (NHL) and breast cancer. In PCB-poisoned populations, exposure is 
associated with overall mortality, mortality from hepatic disease (men), CVD (men and women) and several cancers. PBDEs are adversely associated with children's cognitive development and IQ loss. PBDEs and certain 
PFAS are associated with changes in thyroid function. PFAS exposure is associated with increased body mass index (BMI) and overweight in children, attention deficit hyperactive disorder (ADHD) in girls and allergic 
rhinitis. Potential protective associations were found, namely abnormal pubertal timing in boys being less common with higher phthalate exposure, increased high-density lipoprotein (HDL) with exposure to mono(2-ethyl-
5-oxohexyl) phthalate (MEOHP) and reduced incidence of chronic lymphocytic lymphoma (a subtype of NHL) with PCB exposure. Conclusions: Exposure to plastic-associated chemicals is associated with adverse 
outcomes across a wide range of human health domains, and every plastic-associated chemical group is associated with at least one adverse health outcome. Large gaps remain for many plastic-associated chemicals. 
Recommendations: For research, we recommend that efforts are harmonised globally to pool resources and extend beyond the chemicals included in this umbrella review. Priorities for primary research, with ensuing 
systematic reviews, could include micro- and nanoplastics as well as emerging plastic-associated chemicals of concern such as bisphenol analogues and replacement plasticisers and flame retardants. With respect to 
chemical regulation, we propose that safety for plastic-associated chemicals in humans cannot be assumed at market entry. We therefore recommend that improved independent, systematic hazard testing for all plastic-
associated chemicals is undertaken before market release of products. In addition because of the limitations of laboratory-based testing for predicting harm from plastic in humans, independent and systematic post-
market bio-monitoring and epidemiological studies are essential to detect potential unforeseen harms.

Ann Glob Health Vol.90 
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統合_0157 N. Suwannarin, Y. Nishihama, T. Isobe and S. F. 
Nakayama 2024

Urinary concentrations of 
environmental phenol among 
pregnant women in the Japan 
Environment and Children's Study

Humans are exposed to various bisphenols, alkylphenols and nitrophenols through dietary intake, food packaging and container materials, indoor and outdoor air/dust. This study aimed to evaluate exposure of Japanese 
pregnant women to environmental phenols by measuring target compounds in urine samples. From a cohort of the Japan Environment and Children's Study, 4577 pregnant women were selected. Bisphenol A (BPA), 
bisphenol S (BPS), bisphenol F (BPF), bisphenol AF (BPAF), para-nitrophenol (PNP), 3-methyl-4-nitrophenol (PNMC), branched 4-nonylphenol (4-NP), linear 4-nonylphenol and 4-tert-octylphenol (4-t-OP) were analysed 
using a high-performance liquid chromatograph coupled to a triple-quadrupole mass spectrometer. The urinary metabolite data were combined with a questionnaire to examine the determinants of phenol exposure by 
machine learning. The estimated daily intake (EDI) and hazard quotient (HQ) of BPA were calculated. PNP (68.2%) and BPA (71.5%) had the highest detection frequencies, with median concentrations of 0.76 and 0.46 μ
g/g creatinine, respectively. PNMC, BPS, BPF and 4-NP were determined in 24.9%, 11.9%, 1.3% and 0.4% of samples, respectively, whereas BPAF (0.02%) and 4-t-OP (0.02%) were only determined in a few samples. The 
PNP concentrations measured in this study were comparable with those reported in previous studies, whereas the BPA concentrations were lower than those reported previously worldwide. The EDI of BPA was 0.014 μ
g/kg body weight/day. Compared with the tolerable daily intake set by the German Federal Institute for Risk Assessment, the median (95th percentile) HQ was 0.044 (0.2). This indicates that the observed levels of BPA 
exposure pose a negligible health risk to Japanese pregnant women. Determinants of bisphenol and nitrophenol exposure could not be identified by analysing the questionnaire solely, suggesting that biological 
measurement is necessary to assess exposure of pregnant women to bisphenols and nitrophenols. This is the first study to report environmental phenol exposure of Japanese pregnant women on a nationwide scale.

Environ Int Vol.183 
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統合_0158 S. Suresh, S. A. Singh and C. Vellapandian 2022

Bisphenol A exposure links to 
exacerbation of memory and 
cognitive impairment: A systematic 
review of the literature

This systematic-review probes the deleterious outcome of Bisphenol A (BPA) exposure on cognition/memory by scrutinizing the extant preclinical studies on this focus, to promote apprehension about this environmental 
toxin among the general population with a long-term goal to build a plastic (BPA)-free future. Bibliographic databases, including Scopus, ProQuest, PubMed, Google Scholar, DOAJ, and ScienceDirect were searched for 
preclinical reports assessing the impact of BPA exposure on memory/cognition. The review protocol has been published in PROSPERO with the registration number CRD42022333965. The SYRCLE's RoB tool was 
implemented to assess the risk of bias in the retrieved reports. The review finally comprehended 22 reports. Results of 22 reports compositely suggest that maternal exposure to BPA raises the likelihood of the fetus 
enduring neuro-developmental dysfunction, which may manifest as memory/cognitive decline. BPA impairs memory and cognition by binding to estrogen receptors, inhibiting ERK-CREB-BDNF signaling pathway, altering 
the expression of synaptic proteins, impairing the morphology of pyramidal neurons in the hippocampus, dysregulation of thyroid hormones, and altering the neurotransmitter levels.

Neurosci Biobehav Rev 
Vol.143 Pages 104939
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統合_0159 U. Sur, P. Erkekoglu, A. D. Bulus, N. Andiran and 
B. Kocer-Gumusel 2019

Oxidative stress markers, trace 
elements, and endocrine disrupting 
chemicals in children with 
Hashimoto's thyroiditis

In this study, we aimed to investigate whether bisphenol A (BPA) and di-(2-ethylhexyl) phthalate (DEHP) exposure have any association with Hashimoto's thyroiditis (HT) and its biomarkers and to determine whether 
oxidative stress biomarkers and trace element levels showed any alterations in children with HT. We found that superoxide dismutase and glutathione peroxidase activities are lower in HT group from control (24% and 
46%, respectively, p < 0.05). Zinc levels were significantly lower in HT group vs. control. In addition, the levels of mono-(2-ethylhexyl) phthalate (MEHP) which is the primary metabolite for DEHP, were markedly higher in 
HT group compared to control (p < 0.05). A negative correlation was observed between urinary BPA levels and fT4. In children with HT, oxidant/antioxidant balance is changed and these differences may be related by EDC 
exposure, the importance of which should be elucidated with further studies.
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V. Supornsilchai, L. Sutthirat, I. 
Kaewkamnerdpong, C. Jantarat, N. Sakorn, W. 
Nosoongnoen, T. Chaiboonyarak, L. 
Samaranayake, S. Wacharasindhu and T. 
Porntaveetus

2025
Bisphenol A Biomonitoring after 
Sealant Placement: A Prospective 
Cohort Study in Schoolchildren

INTRODUCTION: Bisphenol A (BPA), known for its endocrine-disrupting properties, is a concern when leaching from dental sealants. This study investigates the systemic BPA exposure following the placement of Bis-
GMA-based dental sealants in Thai primary school students. OBJECTIVES: The main objective was to evaluate the changes in urinary BPA concentrations after the application of Bis-GMA dental sealants in a cohort of 
Thai students. METHODS: In a prospective cohort of Thai primary school students participating in a voluntary sealant placement program, urinary BPA concentrations were measured at 4 time points: immediately before 
and on days 1, 7, and 14 after sealant application. BPA levels were measured using high-performance liquid chromatography. Repeated-measures analysis using generalized estimating equations was performed to 
determine the correlation between BPA concentration and time. Beta coefficient was used to estimate the mean change in BPA concentration following sealant placement. The associated cofactors were evaluated by 
calculating the incidence rate ratio. RESULTS: Sixty-seven children (50.7% boys) with a mean age of 9.9 ± 1.3 years and a body mass index of 17.7 ± 4.4 kg/m(2) participated. On average, students had 2.9 ± 1.9 (range, 
1-11) teeth with filled sealants. The median adjusted BPA levels before sealant placement and on days 1, 7, and 14 were 0.01, 0.03, 0.19, and 0.23 µg/g creatinine, respectively. The analysis showed a significant 
association between the number of sealed teeth and increased BPA levels at all visits. CONCLUSION: The application of Bis-GMA-based dental sealants in children results in low-level systemic BPA exposure due to 
chemical leaching. Despite such a low level of BPA exposure, approved by international health authorities, it could be considered a silent, chronic, and persistent systemic event, the long-term implications of which are yet 
to be deciphered.Knowledge Transfer Statement:This research shows that Bis-GMA dental sealants cause minimal bisphenol A (BPA) exposure in children, within safe international limits. However, the long-term effects 
are unknown. This information should inform dental care practices and guide policymakers in assessing the chronic impacts of BPA exposure from dental materials.
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統合_0161
B. Sunman, K. Yurdakök, B. Kocer-Gumusel, Ö. 
Özyüncü, F. Akbıyık, A. Balcı, G. Özkemahlı, P. 
Erkekoğlu and M. Yurdakök

2019

Prenatal bisphenol a and phthalate 
exposure are risk factors for male 
reproductive system development 
and cord blood sex hormone levels

Bisphenol A (BPA) and phthalates can adversely affect the fetal development. However, observational studies on the effects of these chemicals on fetal male reproductive system are still limited. A hundred of umbilical 
cord blood samples were analyzed for the levels of BPA, di-2-ethylhexyl phthalate (DEHP), mono-2-ethylhexyl phthalate (MEHP), and sex hormones. After birth, male newborns underwent physical examination that 
included measurements of anogenital distance, stretched penile length (SPL), and penile width. BPA, DEHP and MEHP levels were detectable in ≈99% of cord blood samples. In covariate-adjusted models, cord blood BPA 
levels were inversely associated with SPL of newborns and positively associated with cord blood estradiol levels. In addition, there was a significant inverse relationship between cord blood DEHP levels and anogenital 
distance index of newborn males. Our results suggest that in utero BPA and DEHP exposure exerted adverse effects on fetal male reproductive development and cord blood estradiol levels.

Reprod Toxicol. 2019 
Aug:87:146-155.
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統合_0162 M. Sung, H. M. Jee, J. H. Kim, E. K. Ha, Y. H. 
Shin, J. H. Kim, D. H. Lim and M. Y. Han 2022

Serum vitamin D level mitigates 
fractional exhaled nitric oxide linked 
to bisphenol-A in school-aged 
children

OBJECTIVE: Previous studies on the relationship of bisphenol-A (BPA) with fractional exhaled nitric oxide (FeNO) had conflicting results, suggesting that other factors may modulate this relationship. Thus, we 
investigated the modulating effect of vitamin D on the relationship of BPA with FeNO in children. PATIENTS AND METHODS: This study recruited 432 children (10 to 12 years old) from the general pediatric population of 
Korea between June and July 2017. We conducted measurements of urinary BPA, serum vitamin D, specific serum IgE, FeNO, and data from impulse oscillometry (reactance area [AX], airway resistance at 5 Hz [Rrs5] and 
20 Hz [Rrs10], and the difference of Rrs5 and Rrs20 [Rrs5-20]). RESULTS: Serum vitamin D (adjusted β =- 0.014, p=0.002) and urinary BPA (β = 0.006, p<0.001) level was significantly associated with FeNO. Urinary 
BPA level was significantly associated with FeNO in children with low vitamin D levels (≤23 ng/mL; αβ = 0.006, p < 0.001), but not in children with high vitamin D levels (>23 ng/mL). The interaction of vitamin D and 
BPA had a significant effect on FeNO (pint = 0.005). There was no relationship with the airway lung function (Rrs5, AX, and Rrs5-20) to serum vitamin D and urinary BPA level. Vitamin D ameliorated the BPA-mediated 
increase of FeNO in children. CONCLUSIONS: These results suggest that children with low vitamin D levels may be more susceptible to airway inflammation due to BPA.

Eur Rev Med Pharmacol 
Sci. 2022 
Mar;26(5):1640-1647.
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統合_0163 A. A. Sukuroglu, D. Battal, K. Kocadal, M. A. 
Sungur, İ. Cok and I. Unlusayin 2022

Biomonitoring of bisphenol A, 4-
nonylphenol, and 4-t-octylphenol in 
Turkish population: exposure and 
risk assessment

Biomonitoring studies are important tools to understand the effects of endocrine-disrupting compounds on human health. Up to now, there have been no biomonitoring and risk assessment studies conducted in Turkish 
population in which urinary bisphenol A (BPA), 4-nonylphenol (4-NP), and 4-t-octylphenol (4-t-OP) levels were measured simultaneously. The aim of this study is to measure urinary BPA, 4-NP, and 4-t-OP on Turkish 
population and conduct a risk assessment using urinary levels of chemicals of interest. During the study, liquid chromatography with tandem mass spectrometry (LC-MS/MS) was used to measure urinary levels of above-
mentioned chemicals, and human biomonitoring was used as a risk assessment tool in 103 volunteers, living in Mersin Region, Turkey. Urinary BPA, 4-NP, and 4-t-OP were founded as 0.0079 μg/g creatinine, 0.0177 μ
g/g creatinine, and 0.0114 μg/g creatinine, respectively. The obtained estimated daily intakes (EDIs) were calculated as 0.095 μg/kg bw/day, 0.041 μg/kg bw/day, and 0.091 μg/kg bw/day, for BPA, 4-NP, and 4-t-OP, 
respectively. In conclusion, although no potential health risk due to BPA and 4-NP exposure was observed, there might be health risks associated with 4-t-OP exposure in the Turkish population.
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10.1007/s11356-021-17796-6 34850348 ヒト - - - - - - - バイオモニタリング 1 1 - - - - - - - - - - - - - - - - - -

統合_0164
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Takagi, S. Saitoh and M. Kamijima
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Effect of maternal bisphenol 
exposure on adverse pregnancy and 
neonatal outcomes: The Japan 
Environment and Children's study

Maternal exposure to bisphenols, including bisphenol A (BPA), reportedly results in adverse pregnancy and offspring health outcomes. However, large birth cohort studies on the risk of BPA exposure during pregnancy 
remain limited. Here, we examined bisphenols' effects on adverse pregnancy and neonatal outcomes using data from the Japan Environment and Children's Study, a nationwide birth cohort study. We selected 4523 women 
with pregnancies resulting in singleton live births. First-trimester urine concentrations of bisphenols A, F, S, and AF were determined via high-performance liquid chromatography-tandem mass spectrometry. We analyzed 
the association between BPA exposure and preterm birth, hypertensive disorders of pregnancy, gestational diabetes mellitus, small- and large-for-gestational-age infants, low birth weight, offspring physical and 
chromosome abnormalities using Bayesian logistic regression analysis after applying the GSimp imputation method for concentrations within the minimum reporting limit. Bisphenol detection rates were generally low 
(0.0-11.9 % of samples), except for that of BPA (71.5 %), and BPA concentrations were lower than those reported in previous international studies. The estimated BPA daily intake for 86.6 % of the study participants 
exceeded the European Food Safety Authority's tolerable daily intake (0.0002 µg/kg/day). However, BPA intake was not significantly associated with any outcome. These findings suggest that BPA's current exposure 
levels do not affect measured pregnancy and neonate outcomes in Japan. Here, although BPA levels reflect only recent exposure, the potential health risks associated with BPA underscore the need for further research to 
investigate the long-term effects of low-level exposure on maternal and child health.

Environ Int. 2025 
Aug:202:109663.
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統合_0165 H. Su, J. Xi, M. Miao, H. Liang, Y. Chen, Z. 
Wang, Y. Zhou, Y. Jin, H. Ji and W. Yuan 2025

Bisphenol analogs exposure in 4-
year-old children and their 
intelligence quotient at 6 years: A 
prospective cohort study

Prenatal exposure to bisphenol A (BPA) has been shown to impact offspring cognition, behavior, and intelligence. However, whether co-exposure to bisphenol analogs (BPs) during childhood affects children's intelligence 
remains unclear. We included 465 mother-child pairs from the Shanghai Minhang Birth Cohort Study to examine the impact of children's exposure to BPs at 4 years of age on the intelligence quotient (IQ) measured at 6 
years. BPs concentrations were measured in single-spot urine samples collected from 4-year-old children. The Wechsler Intelligence Scale for Children was used to evaluate IQ at 6 years. Multiple linear regression 
models were used to examine the associations between BPs and IQ. Bayesian Kernel Machine Regression (BKMR) models were used to evaluate the joint and single-exposure effects of BPs mixture. In girls, exposure to 
bisphenol F (BPF) was inversely associated with Full-Scale IQ (FSIQ) and Perceptual Reasoning Index (PRI) (β(FSIQ) = -5.46, 95 % confidence interval [CI]: -9.97, -0.94; β(PRI) = -5.14, 95 % CI: -9.95, -0.32). By BKMR, 
BPF contributed the most to the joint effect of BPs in girls. The association remained robust after adjusting for maternal IQ. In boys, exposure to tetrachlorobisphenol A seemed to be associated with an increase in FSIQ 
and PRI; however, the number of exposed boys was small. Our study suggests that BPs exposure at 4 years of age may be associated with a lower IQ at 6 years in girls. BPF may not be a safe substitute for BPA. Further 
epidemiological studies are required to confirm these findings.
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F. Cordero, D. J. Watkins and J. D. Meeker
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Urinary phenol and paraben 
concentrations in association with 
markers of inflammation during 
pregnancy in Puerto Rico

Exposure to phenols and parabens may contribute to increased maternal inflammation and adverse birth outcomes, but these effects are not well-studied in humans. This study aimed to investigate relationships between 
concentrations of 8 phenols and 4 parabens with 6 inflammatory biomarkers (C-reactive protein (CRP); matrix metalloproteinases (MMP) 1, 2, and 9; intercellular adhesion molecule-1 (ICAM-1); and vascular cell adhesion 
molecule-1 (VCAM-1)) measured at two time points in pregnancy in the PROTECT birth cohort in Puerto Rico. Linear mixed models were used, adjusting for covariates of interest. Results are expressed as the percent 
change in outcome per interquartile range (IQR) increase in exposure. Particularly among phenols, numerous significant negative associations were found, for example, between benzophenone-3 and CRP (-11.21 %, 95 % 
CI: -17.82, -4.07) and triclocarban and MMP2 (-9.87 %, 95 % CI: -14.05, -5.5). However, significant positive associations were also detected, for instance, between bisphenol-A (BPA) and CRP (9.77 %, 95 % CI: 0.67, 
19.68) and methyl-paraben and MMP1 (10.78 %, 95 % CI: 2.17, 20.11). Significant interactions with female fetal sex and the later study visit (at 24-28 weeks gestation) showed more positive associations compared to 
male fetal sex and the earlier study visit (16-20 weeks gestation). Our results suggest that phenols and parabens may disrupt inflammatory processes pertaining to uterine remodeling and endothelial function, with 
important implications for pregnancy outcomes. More research is needed to further understand maternal inflammatory status in an effort to improve reproductive and developmental outcomes.

Sci Total Environ. 2024 
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K. Strømmen, J. L. Lyche, S. J. Moltu, M. H. B. M
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Thomsen, B. Nakstad, A. E. Rønnestad, C. A. 
Drevon and P. O. Iversen

2022

Estimated daily intake of phthalates, 
parabens, and bisphenol A in 
hospitalised very low birth weight 
infants

Very low birth weight infants (VLBW, birth weight (BW) < 1500 g) are exposed to phthalates, parabens and bisphenol A (BPA) early in life. We estimated daily intake (EDI) of these excipients in 40 VLBW infants the first 
and fifth week of life while hospitalised. Based on urinary samples collected in 2010, EDI was calculated and compared to the tolerable daily intake (TDI) with hazard quotients (HQs) evaluated. A HQ > 1 indicates that 
EDI exceeded TDI with increased risk of adverse health effects. EDI was higher in VLBW infants compared to term-born infants and older children. VLBW infants born at earlier gestational age (GA), or with lower BW, had 
higher EDI than infants born at later GA or with higher BW. First week median EDI for BPA was higher than TDI in 100% of infants, in 75% for di(2-ethylhexyl) phthalate (DEHP), 90% for the sum of butyl benzyl phthalate 
(BBzP), di-n-butyl phthalate (DnBP), DEHP and di-iso-nonyl phthalate (DiNP) = ∑BBzP+DnBP+DEHP+DiNP, and in 50% of infants for propylparaben (PrPa), indicating increased risk of adverse effects. Fifth week EDI 
remained higher than TDI in all infants for BPA, in 75% for DEHP and ∑BBzP+DnBP+DEHP+DiNP, and 25% of infants for PrPa, indicating prolonged risk. Maximum EDI for di-iso-butyl phthalate was higher than TDI 
suggesting risk of adverse effects at maximum exposure. VLBW infants born earlier than 28 weeks GA had higher EDI, above TDI, for PrPa compared to infants born later than 28 weeks GA. Infants with late-onset 
septicaemia (LOS) had higher EDI for DEHP, ∑BBzP+DnBP+DEHP+DiNP and BPA, above TDI, compared to infants without LOS. More 75% of the infants' EDI for DEHP and ∑BBzP+DnBP+DEHP+DiNP, 25% for PrPa, 
and 100% of infants' EDI for BPA, were above TDI resulting in HQs > 1, indicating increased risk of adverse health effects.

Chemosphere. 2022 
Dec;309(Pt 1):136687.

10.1016/j.chemosphere.2022.1366
87

36206919 ヒト ⽣殖発⽣ - - - - - - 横断研究 1 1 - - - 1 1 1 - - - - - - - - - - - -
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統合_0168

K. Strømmen, J. L. Lyche, S. J. Moltu, M. H. B. M
üller, E. W. Blakstad, A. N. Almaas, A. K. Sakhi, 
C. Thomsen, B. Nakstad, A. E. Rønnestad, C. A. 
Drevon and P. O. Iversen

2021
High urinary concentrations of 
parabens and bisphenol A in very 
low birth weight infants

Very low birth weight infants (VLBW; birth weight < 1500 g) are treated with pharmaceuticals and medical equipment containing parabens and bisphenol A (BPA). Parabens are used in pharmaceuticals, whereas BPA in 
medical equipment where concentrations are rarely reported in hospitalised VLBW infants. We measured urinary concentrations of parabens and BPA and hypothesised high and increasing concentrations in infants born at 
lower gestational ages (GAs), and among infants with bronchopulmonary dysplasia (BPD) and late-onset septicaemia (LOS) due to higher exposure from pharmaceuticals and medical equipment. Urinary samples were 
collected during the first (n = 38) and fifth (n = 36) week of life. Methylparaben, ethylparaben, propylparaben, butylparaben, and BPA concentrations were measured using ultra high-performance liquid chromatography 
coupled to tandem mass spectrometry. VLBW infants had very high urinary concentrations of parabens and BPA compared to term infants and older children. The Σ paraben concentration was higher than detected in 
previous studies on premature infants. Lower GA at birth was associated with higher concentrations of parabens and BPA. Infants born before 28 weeks GA had higher first week concentrations of propylparaben (38.6 vs. 
9.05 ng/mL, p = 0.007), butylparaben (0.28 vs. 0.09 ng/mL, p = 0.05) and fifth week concentrations of BPA (15.1 vs. 6.02 ng/mL, p = 0.02) than infants born after 28 weeks GA. Infants with LOS and BPD had higher fifth 
week concentrations of BPA than infants without LOS and BPD (LOS: 14.2 vs. 6.77 ng/mL, p = 0.07; BPD: 18.6 vs. 7.62 ng/mL, p = 0.05).

Chemosphere Vol.271 
Pages 129570

10.1016/j.chemosphere.2021.1295
70

33453489 ヒト - - - - - - - バイオモニタリング 1 1 - - - - - - - - - - - - - - - - - -

統合_0169 T. P. Stein, M. D. Schluter, R. A. Steer and X. 
Ming 2023

Bisphenol-A and phthalate 
metabolism in children with 
neurodevelopmental disorders

BACKGROUND: The etiology of autism spectrum (ASD) and Attention Deficit/Hyperactivity (ADHD) disorders are multifactorial. Epidemiological studies have shown associations with environmental pollutants, such as 
plasticizers. This study focused on two of these compounds, the Bisphenol-A (BPA) and Diethylhexyl Phthalate (DEHP). The major pathway for BPA and DEHP excretion is via glucuronidation. Glucuronidation makes 
insoluble substances more water-soluble allowing for their subsequent elimination in urine. HYPOTHESIS: Detoxification of these two plasticizers is compromised in children with ASD and ADHD. Consequently, their 
tissues are more exposed to these two plasticizers. METHODS: We measured the efficiency of glucuronidation in three groups of children, ASD (n = 66), ADHD (n = 46) and healthy controls (CTR, n = 37). The children 
were recruited from the clinics of Rutgers-NJ Medical School. A urine specimen was collected from each child. Multiple mass spectrometric analyses including the complete metabolome were determined and used to 
derive values for the efficiency of glucuronidation for 12 varied glucuronidation pathways including those for BPA and MEHP. RESULTS: (1) Both fold differences and metabolome analyses showed that the three groups of 
children were metabolically different from each other. (2) Of the 12 pathways examined, only the BPA and DEHP pathways discriminated between the three groups. (3) Glucuronidation efficiencies for BPA were reduced by 
11% for ASD (p = 0.020) and 17% for ADHD (p<0.001) compared to controls. DEHP showed similar, but not significant trends. CONCLUSION: ASD and ADHD are clinically and metabolically different but share a reduction 
in the efficiency of detoxification for both BPA and DEHP with the reductions for BPA being statistically significant.

PLoS One Vol.18 Issue 
9 Pages e0289841

10.1371/journal.pone.0289841 37703261 ヒト - - - - - - - 横断研究 1 1 - - - - - - - - - - - - - - - - - -

統合_0170 L. Stecca, I. Moscoso-Ruiz, Y. Gálvez-Ontiveros 
and A. Rivas 2022

Association between dietary 
exposure to bisphenols and body 
mass index in Spanish 
schoolchildren

The increase in children obesity worldwide has been of particular concern in recent decades. Environmental factors have been proposed as contributors to obesity, and there is a growing concern over obesogens, 
environmental chemicals with potential obesity-related endocrine-disrupting properties. In this regard, bisphenol A (BPA) and its analogues are suspected to have obesogenic properties. Current document report on the 
activities of the fellow, undertaken during the fourth, 2020-2021 cycle of the EU-FORA programme at the University of Granada, Institute of Nutrition and Food Science, in Spain. The work programme offered by the 
hosting site was related to the extrapolation of bisphenols exposure following the determination of these compounds in food frequently consumed by children and in their biological samples. The fellow has participated in 
the recruitment of the study population in the health centres. In addition, she has participated in the collection of the children biological samples, anthropometric measurements and dietary surveys and in the optimisation 
of the laboratory methodology for the extraction of bisphenols in biological samples. All these activities also provided the fellow an opportunity to develop her data science related skills, which will benefit her professional 
development. In addition, the fellow gained an overview of various topics related to food safety risk assessment by attending the EU-FORA dedicated training modules.

EFSA J. 2022 May 
25;20(Suppl 
1):e200421.

10.2903/j.efsa.2022.e200421 35634546 ヒト 代謝 - - - - - - 横断研究 1 1 - - - 1 1 1 - - - - - - - - - - - -

統合_0171 A. Soundararajan, P. Prabu, V. Mohan, Y. Gibert 
and M. Balasubramanyam 2019

Novel insights of elevated systemic 
levels of bisphenol-A (BPA) linked 
to poor glycemic control, accelerated 
cellular senescence and insulin 
resistance in patients with type 2 
diabetes

There is a striking interaction of genes and environment in the etiology of type 2 diabetes mellitus (T2DM). While endocrine disrupting chemicals (EDCs) like bisphenol-A (BPA) have received special attention for their 
mechanistic role in metabolic disruption, there is a lack of clinically relevant data on BPA levels in Asian Indians, a population which is more susceptible to type 2 diabetes mellitus (T2DM) and cardiovascular diseases. 
Therefore, we measured systemic levels of BPA in patients with T2DM compared to individuals with normal glucose tolerance (n = 30 each). Serum BPA levels were estimated using ELISA kit, and biochemical 
determinations were done by standard protocols. Peripheral blood mononuclear cells (PBMCs) were used to profile the gene expression alterations with special reference to inflammation, estrogen receptors, and cellular 
senescence in these subjects. Serum levels of BPA were significantly higher in patients with T2DM compared to control individuals and positively correlated to poor glycemic control and insulin resistance. Patients with 
T2DM exhibited significantly elevated mRNA levels of senescence (GLB1, p16, p21, and p53) and inflammatory (IL6 and TNF-α) markers, shortened telomeres as well as elevated levels of estrogen-related receptor 
gamma (ERRγ), a recently identified receptor for BPA. BPA levels were positively correlated to senescence indicators, inflammatory markers and ERRγ and negatively correlated to telomere length. Our study is the first 
data in the clinical diabetes setting to demonstrate an association of increased BPA levels with cellular senescence, proinflammation, poor glycemic control, insulin resistance, and shortened telomeres in patients with 
T2DM.

Mol Cell Biochem. 2019 
Aug;458(1-2):171-183.

10.1007/s11010-019-03540-9 31004310 ヒト 代謝 - - - - - - 症例対照研究 1 1 - - - 1 1 1 - - - - - - - - - - - -

統合_0172 A. M. Soto, C. M. Schaeberle and C. 
Sonnenschein 2025

Development gone awry: Fetal 
exposure to bisphenol A and cancer

-
Ann Endocrinol (Paris). 
2025 Jun;86(3):101786.

10.1016/j.ando.2025.101786 40446628 ヒト 発がん - - - - - - Editorial 1 1 - - - 1 1 1 - - - - - - - - - - - -

統合_0173
M. H. Soomro, G. England-Mason, A. J. F. 
Reardon, J. Liu, A. M. MacDonald, D. W. 
Kinniburgh, J. W. Martin and D. Dewey

2024

Maternal exposure to bisphenols, 
phthalates, perfluoroalkyl acids, and 
trace elements and their 
associations with gestational 
diabetes mellitus in the APrON 
cohort

The increasing global prevalence of gestational diabetes mellitus (GDM) has been hypothesized to be associated with maternal exposure to environmental chemicals. Here, among 420 women participating in the Alberta 
Pregnancy Outcomes and Nutrition (APrON) cohort study, we examined associations between GDM and second trimester blood or urine concentrations of endocrine disrupting chemicals (EDCs): bisphenol-A (BPA), 
bisphenol-S (BPS), twelve phthalate metabolites, eight perfluoroalkyl acids (PFAAs), and eleven trace elements. Fifteen (3.57%) of the women were diagnosed with GDM, and associations between the environmental 
chemical exposures and GDM diagnosis were examined using multiple logistic and LASSO regression analyses in single- and multi-chemical exposure models, respectively. In single chemical exposure models, BPA and 
mercury were associated with increased odds of GDM, while a significant inverse association was observed for zinc. Double-LASSO regression analysis selected mercury (AOR: 1.51, CI: 1.12-2.02), zinc (AOR: 0.017, CI: 
0.0005-0.56), and perfluoroundecanoic acid (PFUnA), a PFAAs, (AOR: 0.43, CI: 0.19-0.94) as the best predictors of GDM. The combined data for this Canadian cohort suggest that second trimester blood mercury was a 
robust predictor of GDM diagnosis, whereas blood zinc and PFUnA were protective factors. Research into mechanisms that underlie the associations between mercury, zinc, PFUnA, and the development of GDM is 
needed.

Reprod Toxicol Vol.127 
Pages 108612

10.1016/j.reprotox.2024.108612 38782143 ヒト - - - - - - - 横断研究 1 1 - - - - - - - - - - - - - - - - - -

統合_0174 X. Song, X. Zhou, F. Yang, H. Liang, Z. Wang, R. 
Li, M. Miao and W. Yuan 2020

Association between prenatal 
bisphenol a exposure and promoter 
hypermethylation of CAPS2, 
TNFRSF25, and HKR1 genes in cord 
blood

In utero exposure to bisphenol A (BPA) in early stages of development has been reported to exert adverse health effects on offspring later in life. Epigenetic alterations, particularly DNA methylation, may be one plausible 
biological mechanism involved. We examined the association between maternal BPA exposure and DNA methylation in cord blood. We randomly selected 96 paired samples of maternal urine and infant cord blood collected 
from the Shanghai-Minhang Birth Cohort. BPA levels in maternal urine were measured using high-performance liquid chromatography (HPLC). Three cord blood samples with maternal BPA levels >2.0 μg/g Cr and three 
samples with undetected BPA were randomly selected for genome-wide methylation analysis using methylated DNA binding domain sequencing (MBD-Seq). The genes with hypermethylated promoter regions were chosen 
for validation using quantitative methylation-specific polymerase chain reaction (Q-MSP). Based on MBD-seq results, we observed that maternal BPA exposure was primarily associated with hypermethylation of genes 
involved in signal transduction in the nervous system. Using Q-MSP, we further validated the association between maternal BPA exposure and promoter hypermethylation of three genes in multiple linear regression 
models: a log unit increase in BPA was associated with 12.63% (95%CI: 7.99, 17.26), 11.17%, (95%CI: 3.31, 19.02), and 16.57% (95% CI: 10.59, 22.56) increase in promoter of CAPS2, TNFRSF25, and HKR1 methylation, 
respectively. Our findings provide evidence that in utero exposure to BPA could alter the offspring's epigenome by altering DNA methylation pattern.

Environ Res. 2020 
Nov:190:109996.

10.1016/j.envres.2020.109996 32763279 ヒト 遺伝毒性 - - - - - - コホート研究 1 1 - - - 1 1 1 - - - - - - - - - - - -

統合_0175 X. Song, Z. Wang, Z. Zhang, M. Miao, J. Liu, M. 
Luan, J. Du, H. Liang and W. Yuan 2021

Differential methylation of genes in 
the human placenta associated with 
bisphenol A exposure

Prenatal exposure to bisphenol A (BPA) is associated with numerous adverse health outcomes among offspring. Although DNA methylation is considered one of the underlying causes of these associations, few studies 
have focused on the association between prenatal BPA exposure and DNA methylation in the human placenta. In this study, we examined the association between prenatal BPA exposure and DNA methylation in the 
placenta of 146 mother-infant pairs from the Shanghai-Minhang Birth Cohort Study. BPA concentrations in maternal urine samples were measured using high-performance liquid chromatography. Six placenta samples 
were selected for whole-genome methylation analysis using Infinium Human Methylation 450K Beadchip, followed by pyrosequencing-based methylation analysis of three selected genes in 146 placentas. Among 282 
differentially methylated CpGs, representing 208 genes, 127 were hypermethylated, and 155 were hypomethylated in the BPA exposure group. Prenatal BPA exposure was associated with a higher methylation level of HLA-
DRB6 in individuals as determined using pyrosequencing, which was consistent with the whole-genome methylation analysis results. Compared with that subjects with low BPA exposure, the methylation level (ln-
transformed) of HLA-DRB6 in placentas from those with high BPA exposure increased by 0.29% (95% confidence interval[CI]: 0.02%, 0.56%) at the CpG2 site, and the average methylation level (ln-transformed) of the 
three CpG sites increased by 0.30% (95%CI: -0.03%, 0.63%). Our findings provide evidence that prenatal BPA exposure might alter DNA methylation levels in the placenta.

Environ Res. 2021 
Sep:200:111389.

10.1016/j.envres.2021.111389 34089743 ヒト 遺伝毒性 - - - - - - コホート研究 1 1 - - - 1 1 1 - - - - - - - - - - - -

統合_0176

C. M. Sol, C. van Zwol-Janssens, E. M. Philips, 
A. G. Asimakopoulos, M. P. Martinez-Moral, K. 
Kannan, V. W. V. Jaddoe, L. Trasande and S. 
Santos

2021

Maternal bisphenol urine 
concentrations, fetal growth and 
adverse birth outcomes: A 
population-based prospective cohort

BACKGROUND: Exposure to bisphenols may affect fetal growth and development. The trimester-specific effects of bisphenols on repeated measures of fetal growth remain unknown. Our objective was to assess the 
associations of maternal bisphenol urine concentrations with fetal growth measures and birth outcomes and identify potential critical exposure periods. METHODS: In a population-based prospective cohort study among 
1379 pregnant women, we measured maternal bisphenol A, S and F urine concentrations in the first, second and third trimester. Fetal head circumference, length and weight were measured in the second and third 
trimester by ultrasound and at birth. RESULTS: An interquartile range increase in maternal pregnancy-averaged bisphenol S concentrations was associated with larger fetal head circumference (difference 0.18 (95% 
confidence interval (CI) 0.01 to 0.34) standard deviation scores (SDS), p-value< 0.05) across pregnancy. When focusing on specific critical exposure periods, any detection of first trimester bisphenol S was associated 
with larger second and third trimester fetal head circumference (difference 0.15 (95% CI 0.05 to 0.26) and 0.12 (95% CI 0.02 to 0.23) SDS, respectively) and fetal weight (difference 0.12 (95% CI 0.02 to 0.22) and 0.16 (95% 
CI 0.06 to 0.26) SDS, respectively). The other bisphenols were not consistently associated with fetal growth outcomes. Any detection of bisphenol S and bisphenol F in first trimester was also associated with a lower risk 
of being born small size for gestational age (Odds Ratio 0.56 (95% CI 0.38 to 0.74) and 0.55 (95% CI 0.36 to 0.85), respectively). Bisphenols were not associated with risk of preterm birth. CONCLUSIONS: Higher maternal 
bisphenol S urine concentrations, especially in the first trimester, seem to be related with larger fetal head circumference, higher weight and a lower risk of being small size for gestational age at birth.

Environ Health. 2021 
May 15;20(1):60.

10.1186/s12940-021-00747-6 33992119 ヒト ⽣殖発⽣ - - - - - - コホート研究 1 1 - - - 1 1 1 - 1 - - - - - - - - - -

統合_0177

C. M. Sol, S. Santos, L. Duijts, A. G. 
Asimakopoulos, M. P. Martinez-Moral, K. 
Kannan, E. M. Philips, L. Trasande and V. W. V. 
Jaddoe

2020

Fetal exposure to phthalates and 
bisphenols and childhood general 
and organ fat. A population-based 
prospective cohort study

OBJECTIVES: Fetal exposure to phthalates and bisphenols might have long-lasting effects on growth and fat development. Not much is known about the effects on general and organ fat development in childhood. We 
assessed the associations of fetal exposure to phthalates and bisphenols with general and organ fat measures in school-aged children. METHODS: In a population-based, prospective cohort study among 1128 mother-
child pairs, we measured maternal urinary phthalate metabolites and bisphenol concentrations in first, second, and third trimester. Offspring body mass index, fat mass index by dual-energy X-ray absorptiometry, and 
visceral and pericardial fat indices and liver fat fraction were measured by magnetic resonance imaging at 10 years. RESULTS: After adjustment for confounders and correction for multiple testing, an interquartile range 
increase in first trimester phthalic acid concentrations remained associated with a 0.14 (95% confidence interval: 0.05, 0.22) standard deviation score increase in pericardial fat index. We also observed tendencies for 
associations of higher maternal low molecular weight phthalate urinary concentrations in second trimester with childhood pericardial fat index, but these were not significant after adjustment for multiple testing. High 
molecular weight phthalate, di-2-ethylhexyl phthalate, and di-n-octyl phthalate concentrations were not associated with childhood outcomes. Maternal urinary bisphenol concentrations were not associated with childhood 
adiposity. CONCLUSIONS: Maternal first trimester phthalic acid concentrations are associated with increased childhood pericardial fat index at 10 years of age, whereas maternal bisphenol concentrations are not 
associated with childhood adiposity. We did not find significant sex-specific effects. These findings should be considered as hypothesis generating and need further replication and identification of underlying 
mechanisms.

Int J Obes (Lond). 2020 
Nov;44(11):2225-2235.

10.1038/s41366-020-00672-7 32920592 ヒト 代謝 - - - - - - コホート研究 1 1 - - - 1 1 1 - - - - - - - - - - - -

統合_0178
C. M. Sol, S. Santos, A. G. Asimakopoulos, M. P. 
Martinez-Moral, L. Duijts, K. Kannan, L. 
Trasande and V. W. V. Jaddoe

2020

Associations of maternal phthalate 
and bisphenol urine concentrations 
during pregnancy with childhood 
blood pressure in a population-
based prospective cohort study

OBJECTIVES: Fetal exposure to phthalates and bisphenols may lead to vascular developmental adaptations, which program later cardiovascular disease. We examined the associations of fetal exposure to phthalates and 
bisphenols with childhood blood pressure. METHODS: In a population-based, prospective cohort study among 1,064 mother-child pairs, we measured maternal urine phthalate and bisphenol concentrations in first, second 
and third trimester of pregnancy. We measured childhood blood pressure at the mean age of 9.7 years (standard deviation 0.2 years) old. Analyses were performed for the total group, and for boys and girls separately. 
RESULTS: Maternal urine phthalate concentrations were not associated with childhood blood pressure among boys. Higher third trimester maternal urine concentrations of high molecular weight phthalates (HMWP), di-
2-ehtylhexylphthalate (DEHP) and di-n-octylphthalate (DNOP) were associated with lower systolic and diastolic blood pressure among girls (p-values < 0.01). Also, higher second trimester maternal urine total bisphenol 
and bisphenol A concentrations were associated with higher systolic blood pressure among boys (p values < 0.01), but tended to be associated with a lower diastolic blood pressure among girls. CONCLUSIONS: Our 
results suggest sex-dependent associations of maternal urine phthalate and bisphenol concentrations during pregnancy with childhood blood pressure. Further studies are needed to explore the underlying mechanisms 
and long term consequences.

Environ Int. 2020 
May:138:105677.

10.1016/j.envint.2020.105677 32220816 ヒト ⼼⾎管 - - - - - - コホート研究 1 1 - - - 1 1 1 - - - - - - - - - - - -

統合_0179 C. M. Sol, A. Gaylord, S. Santos, V. W. V. Jaddoe, 
J. F. Felix and L. Trasande 2022

Fetal exposure to phthalates and 
bisphenols and DNA methylation at 
birth: the Generation R Study

BACKGROUND: Phthalates and bisphenols are non-persistent endocrine disrupting chemicals that are ubiquitously present in our environment and may have long-lasting health effects following fetal exposure. A potential 
mechanism underlying these exposure-outcome relationships is differential DNA methylation. Our objective was to examine the associations of maternal phthalate and bisphenol concentrations during pregnancy with DNA 
methylation in cord blood using a chemical mixtures approach. METHODS: This study was embedded in a prospective birth cohort study in the Netherlands and included 306 participants. We measured urine phthalates and 
bisphenols concentrations in the first, second and third trimester. Cord blood DNA methylation in their children was processed using the Illumina Infinium HumanMethylation450 BeadChip using an epigenome-wide 
association approach. Using quantile g-computation, we examined the association of increasing all mixture components by one quartile with cord blood DNA methylation. RESULTS: We did not find evidence for 
statistically significant associations of a maternal mixture of phthalates and bisphenols during any of the trimesters of pregnancy with DNA methylation in cord blood (all p values > 4.01 * 10(-8)). However, we identified 
one suggestive association (p value < 1.0 * 10(-6)) of the first trimester maternal mixture of phthalates and bisphenols and three suggestive associations of the second trimester maternal mixture of phthalates and 
bisphenols with DNA methylation in cord blood. CONCLUSIONS: Although we did not identify genome-wide significant results, we identified some suggestive associations of exposure to a maternal mixture of phthalates 
and bisphenols in the first and second trimester with DNA methylation in cord blood that need further exploration in larger study samples.

Clin Epigenetics. 2022 
Oct 10;14(1):125.

10.1186/s13148-022-01345-0 36217170 ヒト 遺伝毒性 - - - - - - コホート研究 1 1 - - - 1 1 1 - - - - - - - - - - - -

統合_0180 A. R. Smith, K. R. Kogut, K. Parra, A. Bradman, 
N. Holland and K. G. Harley 2022

Dietary intake and household 
exposures as predictors of urinary 
concentrations of high molecular 
weight phthalates and bisphenol A 
in a cohort of adolescents

BACKGROUND: Phthalates and bisphenol A (BPA) are endocrine disrupting chemicals used in consumer products, building materials, and food processing and packaging materials. They are associated with adverse 
health outcomes, especially when exposure occurs during heightened windows of susceptibility. OBJECTIVE: We evaluated the relationship between housing and dietary characteristics and the concentration of several 
high-molecular-weight (HMW) phthalate metabolites and BPA in a cohort of Latina adolescents. METHODS: We collected information on recent food consumption and housing characteristics and quantified the 
concentration of HMW phthalate and BPA metabolites in urine collected at two different time points. We used generalized estimating equations (GEE) to assess predictors of each metabolite. RESULTS: No significant 
associations were observed between housing and dietary characteristics and metabolites of di(2-ethylhexyl) phthalate (DEHP) or BPA. In contrast, higher urinary monobenzyl phthalate (MBzP) concentration was 
associated with living in a home with vinyl or linoleum flooring (66.7% change, p-value <0.01), while higher urinary mono(3-carboxypropyl) phthalate (MCPP) concentration was associated with recent consumption of 
coffee (47.2% change, p-value <0.01), and fast food (30.3% change, p-value <0.05). SIGNIFICANCE: These findings may be useful in targeting interventions that reduce phthalate uptake in young adults.

J Expo Sci Environ 
Epidemiol Vol.32 Issue 1 
Pages 37-47

10.1038/s41370-021-00305-9 33619365 ヒト - - - - - - - バイオモニタリング 1 1 - - - - - - - - - - - - - - - - - -

14



別添-2 統合⽂献リスト  

統合No. 著者名 発⾏年 タイトル アブストラクト 書誌情報 doi PMID
ヒト/動物/in vitro/ex 

vivo/in silico
分野

（疫学/動物） 哺乳動物 経⼝投与
BPA

単独ばく露

⼀般的な動物
種及び系統の
無処置動物

対照群と
3⽤量以上の
BPA投与群

10 mg/kg/⽇
以下の

⽤量設定

コホート研究/症例対照研究
/メタアナリシス

全ての
集団

全ての
ばく露経路

BPA
単独ばく露

遺伝毒性
試験

遺伝毒性試験以外
については100nM
以下の濃度設定の

試験

適格性評価基準
通過

（1534報）

信頼性評価対象
⽂献

(1012報)

疫学納品
⽂献(716報)

動物納品
⽂献(299報)

※１報取得不
可を含む

疫学情報
抽出⽂献

（170報）

動物情報
抽出⽂献

（123報）

EFSA
2023

EFSA
2016

EFSA
2015 BfR KEMI ANSES FDA NIFDS

CLARITY
-BPA

 適格性評価（動物）1：該当、0：該当しない  適格性評価（疫学）1：該当、0：該当しない  適格性評価（in vitro）1：該当、0：該当しない
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め、信頼性評価段階で原著に基づき精査。

引⽤評価機関
●：該当

統合_0181 M. Sladič, Š. Smrkolj, G. Kavšek, S. Imamovic-
Kumalic, I. Verdenik and I. Virant-Klun 2025

Bisphenol A in the Urine: 
Association with Urinary Creatinine, 
Impaired Kidney Function, Use of 
Plastic Food and Beverage Storage 
Products but Not with Serum Anti-M
üllerian Hormone in Ovarian 
Malignancies

Bisphenol A (BPA) is a high-production-volume industrial chemical and component of commonly used plastic products. However, it is also an endocrine-disrupting chemical that can negatively affect human health. It is not 
yet known whether it is associated with the development of epithelial ovarian cancer (EOC), a severe and highly fatal human disease. Therefore, the purpose of this study was to determine the concentrations of BPA in 
the urine of women with EOC or epithelial borderline ovarian tumors (EBOTs) using gas chromatography tandem mass spectrometry (GC-MS/MS) and find their possible associations with kidney function at the molecular 
level, urine and blood biochemical parameters related to metabolism, anti-Müllerian hormone (AMH) (a marker of ovarian reserve/fertility), and lifestyle habits determined via a questionnaire in comparison to healthy 
controls. The results suggest that the unadjusted or urine-specific-gravity-adjusted BPA levels were significantly increased in women with EOC/EBOT. The unadjusted BPA was significantly positively associated with 
urinary creatinine (p = 0.007) in all women with EOC/EBOT after adjustment for age, body mass index, and pregnancy using multiple linear regression analysis. This may be related to kidney injury. However, no association 
was found between urinary BPA and serum AMH levels in women. Women with ovarian malignancies were more exposed to plastic products for storing foods and drinks. Some lifestyle habits, including refilling plastic 
bottles, correlate with higher urinary BPA levels across the entire cohort of women. When considering EOC or EBOT, it is necessary to consider the potential higher exposure of women to BPA, as reflected in their urine 
and lifestyle habits.

Int J Mol Sci Vol.26 
Issue 10
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統合_0182

J. Skarha, C. Messerlian, D. Bellinger, L. Mí
nguez-Alarcón, M. E. Romano, J. B. Ford, P. L. 
Williams, A. M. Calafat, R. Hauser and J. M. 
Braun

2020
Parental preconception and prenatal 
urinary bisphenol A and paraben 
concentrations and child behavior

Epidemiologic studies suggest that prenatal urinary bisphenol A (BPA) concentrations are associated with childhood behavior problems, but there is limited research on prenatal paraben concentrations. In rodent 
offspring, preconception maternal BPA exposure caused behavioral problems and paraben exposure impacted sperm quality. However, the effects of parental preconception and prenatal BPA and paraben exposure on 
children's neurodevelopment are unknown. METHODS: The Environment and Reproductive Health (EARTH) Study is a prospective cohort of couples from a fertility clinic at Massachusetts General Hospital. The Centers 
for Disease Control and Prevention (CDC) quantified BPA, butylparaben, ethylparaben, methylparaben, and propylparaben concentrations in multiple urine samples collected before conception and during pregnancy. From 
the eligible parents (N = 220), we enrolled 158 children between 2 and 9 years of age. The parents completed the Behavior-Assessment-System-for-Children-2 (BASC-2). We estimated covariate-adjusted associations of 
average parental preconception and prenatal ln-transformed urinary BPA and sum of paraben concentrations (∑paraben) with BASC-2 scores using linear regression with generalized estimating equations. RESULTS: 
Median urinary BPA and Σparaben concentrations were 1.2 and 189 μg/L in mothers preconception and 1.7 and 25 μg/L in fathers preconception, respectively. Among all children, parental BPA and ∑paraben 
concentrations were not associated with BASC-2 behavioral symptoms index, internalizing, or externalizing problems scores. Point estimates ranged from -1.5 to 1.4 with wide 95% confidence intervals that included the 
null value. CONCLUSION: In this fertility clinic cohort, parental preconception and maternal prenatal BPA and paraben concentrations were not associated with problem behaviors among children. However, our small 
sample sizes reduced the precision of our results.

Environ Epidemiol Vol.4 
Issue 1 Pages e082
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統合_0183 D. Sirohi, R. Al Ramadhani and L. D. Knibbs 2021

Environmental exposures to 
endocrine disrupting chemicals 
(EDCs) and their role in 
endometriosis: a systematic 
literature review

PURPOSE: Endocrine-related diseases and disorders are on the rise globally. Synthetically produced environmental chemicals (endocrine-disrupting chemicals (EDCs)) mimic hormones like oestrogen and alter signalling 
pathways. Endometriosis is an oestrogen-dependent condition, affecting 10-15% of women of the reproductive age, and has substantial impacts on the quality of life. The aetiology of endometriosis is believed to be 
multifactorial, ranging from genetic causes to immunologic dysfunction due to environmental exposure to EDCs. Hence, we undertook a systematic review and investigated the epidemiological evidence for an association 
between EDCs and the development of endometriosis. We also aimed to assess studies on the relationship between body concentration of EDCs and the severity of endometriosis. METHOD: Following PRISMA 
guidelines, a structured search of PubMed, Embase and Scopus was conducted (to July 2018). The included studies analysed the association between one or more EDCs and the prevalence of endometriosis. The types of 
EDCs, association and outcome, participant characteristics and confounding variables were extracted and analysed. Quality assessment was performed using standard criteria. RESULTS: In total, 29 studies were 
included. Phthalate esters were positively associated with the prevalence of endometriosis. The majority (71%) of studies revealed a significant association between bisphenol A, organochlorinated environmental 
pollutants (dioxins, dioxin-like compounds, organochlorinated pesticides, polychlorinated biphenyls) and the prevalence of endometriosis. A positive association between copper, chromium and prevalence of endometriosis 
was demonstrated in one study only. Cadmium, lead and mercury were not associated with the prevalence of endometriosis. There were conflicting results for the association between nickel and endometriosis. The 
relationship of EDCs and severity of endometriosis was not established in the studies. CONCLUSION: We found some evidence to suggest an association between phthalate esters, bisphenol A, organochlorinated 
environmental pollutants and the prevalence of endometriosis. Disentangling these exposures from various other factors that affect endometriosis is complex, but an important topic for further research.

Rev Environ Health 
Vol.36 Issue 1 Pages 
101-115
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統合_0184 M. Šimková, J. Vítků, L. Kolátorová, J. Vrbíková, 
M. Vosátková, J. Včelák and M. Dušková 2020

Endocrine disruptors, obesity, and 
cytokines - how relevant are they to 
PCOS?

As environmental and genetic components contribute to the PCOS expression, we compared levels of endocrine disruptors, steroid hormones, cytokines, and metabolic parameters in twenty healthy, nine normal-weight 
PCOS women, and ten obese PCOS women. Steroid hormones, bisphenols (BPA, BPS, BPF, BPAF) and parabens (methyl-, ethyl-, propyl-, butyl-, benzyl-parabens) were measured by liquid chromatography-tandem mass 
spectrometry. Differences between the groups were assessed using the Mann-Whitney U test. Spearman correlation coefficients were calculated for the individual parameters relationship. Significantly higher levels of 
BPA, anti-Müllerain hormone, lutropine, lutropine/folitropine ratio, testosterone, androstenedione, 7beta-OH-epiandrosterone, and cytokines (IL-6, VEGF, PDGF-bb), were found in normal-weight PCOS women compared 
to controls. Between normal-weight and obese PCOS women, there were no differences in hormonal, but in metabolic parameters. Obese PCOS women had significantly higher insulin resistance, fatty-liver index, 
triglycerides, cytokines (IL-2, IL-13, IFN-gamma). In healthy, but not in PCOS, women, there was a positive correlation of BPA with testosterone, SHBG with lutropine, and folitropine, while testosterone negatively 
correlated with SHBG. In obese women with PCOS, insulin resistance negatively correlated with SHBG and estradiol. No differences were observed in the paraben exposure. Levels of BPA were higher in PCOS women, 
indicating its role in the etiology. Obesity significantly worsens the symptoms.

Physiol Res Vol.69 Issue 
Suppl 2 Pages S279-
s293
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統合_0185 G. J. Sim, S. H. Choi and K. Y. Kim 2025

Assessment of Occupational 
Exposure to Airborne Phenol and 
Biological Monitoring of 
Accumulation Trends

Introduction: This study investigates the relationship between occupational exposure to airborne phenol and its biological accumulation in chemical plant workers, with a particular focus on urinary phenol levels. It also 
explores the influence of job roles, employment duration, protective equipment use, and personal lifestyle habits on internal exposure. Methods: A cohort of bisphenol A (BPA) manufacturing workers was classified based 
on job tasks and exposure characteristics. Airborne phenol concentrations were measured using standard occupational hygiene methods, and urinary phenol levels were analyzed before and after work shifts. Statistical 
analyses examined associations between phenol exposure and occupational and behavioral variables. Results: Urinary phenol levels significantly increased after work shifts, particularly among workers involved in cleaning 
tasks. A strong correlation was observed between airborne phenol concentrations and urinary levels, indicating that even low-level environmental exposure can result in measurable biological accumulation. Notably, 
workers who did not use personal protective equipment or who reported smoking showed higher internal phenol burdens. Conclusions: This study highlights the importance of integrating biological monitoring with 
conventional exposure assessments in phenol-handling workplaces. Effective exposure control should include improved ventilation, strict compliance with personal protective equipment use, and health education 
programs that address modifiable lifestyle factors such as smoking. These findings underscore the need for comprehensive strategies to reduce occupational health risks associated with phenol exposure.

Healthcare (Basel) 
Vol.13 Issue 13
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統合_0186
C. C. V. Silva, V. W. V. Jaddoe, C. M. Sol, H. El 
Marroun, M. P. Martinez-Moral, K. Kannan, L. 
Trasande and S. Santos

2021

Phthalate and Bisphenol Urinary 
Concentrations, Body Fat Measures, 
and Cardiovascular Risk Factors in 
Dutch School-Age Children

OBJECTIVE: The purpose of this study was to investigate the associations of urinary phthalates and bisphenols at age 6 years old with body fat and cardiovascular risk factors at 6 and 10 years and with the change from 6 
to 10 years. METHODS: Among 471 Dutch children, the phthalates and bisphenols urinary concentrations at 6 years and BMI, fat mass index, android fat mass, blood pressure, glucose, insulin, and lipids blood 
concentrations at 6 and 10 years were measured. RESULTS: An interquartile range increase in di-n-octyl phthalate (DNOP) metabolites concentrations at 6 years was associated with an increased risk of overweight at 6 
and 10 years (odds ratio: 1.44; 95% CI: 1.11-1.87, and 1.43; 95% CI: 1.09-1.86, respectively). Also, higher DNOP metabolites concentrations were associated with higher fat mass index at 6 years, higher systolic blood 
pressure at 10 years, a decrease in high-density lipoprotein cholesterol, and an increase in triglycerides concentrations from 6 to 10 years (P < 0.05). Higher total bisphenols and bisphenol A concentrations were 
associated with a decrease in BMI from 6 to 10 years (P < 0.01). CONCLUSIONS: DNOP metabolites are associated with overweight and an adverse cardiovascular profile in childhood. Total bisphenols and bisphenol A 
are associated with a decrease in BMI from 6 to 10 years.

Obesity (Silver Spring). 
2021 Feb;29(2):409-
417.
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統合_0187
A. Sigvaldsen, H. Frederiksen, F. D. Højsager, A. 
M. Andersson, A. Juul, H. Boye, M. S. Andersen 
and T. K. Jensen

2024

Prenatal and childhood exposure to 
bisphenols and bone mineral density 
in 7-year-old children from the 
Odense Child Cohort

BACKGROUND: Bisphenol A (BPA) is a well-known endocrine disrupter used in several consumer products. Restricted use of BPA has led to increased use of bisphenol F (BPF) and bisphenol S (BPS). While previous 
studies found no associations between prenatal BPA and BPF exposure and bone mineral density (BMD), two recent cohort studies found that prenatal BPS exposure was negatively associated with bone mineral density 
in the offspring. AIM: To determine possible associations between maternal and child urinary bisphenol concentrations, BMD and bone mineral content (BMC) in 7-year-old healthy children. METHODS: Pregnant women 
were recruited in 2010-2012 to participate in the Odense Child Cohort (OCC), Denmark. Maternal urine samples were collected in gestational week 28 and urinary BPA concentration was measured by isotope diluted LC-
MS/MS. The children delivered a urine sample at age 7 years in which BPA, BPF and BPS were measured by an extended LS-MS/MS method based on the original method. At age 7 years DXA scans were performed and 
BMC and Z-score for BMD calculated. Associations between osmolality adjusted urinary maternal BPA and child BPA, BPF and BPS concentrations and BMC and BMD Z-score were examined by multiple linear regression 
analysis adjusted for potential confounders. Additionally, a combined effect of the bisphenols were evaluated by including the sum of child urinary BPA, BPF and BPS concentrations in the statistical analyses. RESULTS: A 
total of 546 mothers and 453 children aged 7 years participated. BPA was detected in 84% and 96% of the maternal and child urine samples, respectively. We found no significant association between maternal urinary BPA 
concentration during pregnancy and BMC and BMD Z-score in 7-year-old children. In addition, no association between current bisphenol exposure in tertiles and bone density was found, interestingly, current BPA and 
summed bisphenol exposure in the highest 10% was associated with lower BMD Z-score at age 7-years, statistically significant for boys. CONCLUSION: In these low exposed children we found no association between 
prenatal or current bisphenol exposure in tertiles and BMD in healthy children, however, the highest 10% exposed children had lower BMD, significant for boys, suggesting a negative impact with high bisphenol exposure. 
The short half-lives of bisphenols and the cross-sectional nature of the child exposure prompt more longitudinal studies to further clarify this topic.

Int J Hyg Environ 
Health. 2024 
Jul:260:114408.
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統合_0188 N. E. Sieck, M. Bruening, I. van Woerden, C. 
Whisner and D. C. Payne-Sturges 2024

Effects of Behavioral, Clinical, and 
Policy Interventions in Reducing 
Human Exposure to Bisphenols and 
Phthalates: A Scoping Review

BACKGROUND: There is growing interest in evidence-based interventions, programs, and policies to mitigate exposures to bisphenols and phthalates and in using implementation science frameworks to evaluate 
hypotheses regarding the importance of specific approaches to individual or household behavior change or institutions adopting interventions. OBJECTIVES: This scoping review aimed to identify, categorize, and 
summarize the effects of behavioral, clinical, and policy interventions focused on exposure to the most widely used and studied bisphenols [bisphenol A (BPA), bisphenol S (BPS), and bisphenol F (BPF)] and phthalates 
with an implementation science lens. METHODS: A comprehensive search of all individual behavior, clinical, and policy interventions to reduce exposure to bisphenols and phthalates was conducted using PubMed, Web of 
Science, Cumulative Index to Nursing and Allied Health Literature (CINAHL), and Google Scholar. We included studies published between January 2000 and November 2022. Two reviewers screened references in CADIMA, 
then extracted data (population characteristics, intervention design, chemicals assessed, and outcomes) for studies meeting inclusion criteria for the present review. RESULTS: A total of 58 interventions met the 
inclusion criteria. We classified interventions as dietary (n = 27), clinical (n = 13), policy (n = 14), and those falling outside of these three categories as "other" (n = 4). Most interventions (81%, 47/58) demonstrated a 
decrease in exposure to bisphenols and/or phthalates, with policy level interventions having the largest magnitude of effect. DISCUSSION: Studies evaluating policy interventions that targeted the reduction of phthalates 
and BPA in goods and packaging showed widespread, long-term impact on decreasing exposure to bisphenols and phthalates. Clinical interventions removing bisphenol and phthalate materials from medical devices and 
equipment showed overall reductions in exposure biomarkers. Dietary interventions tended to lower exposure with the greatest magnitude of effect in trials where fresh foods were provided to participants. The lower 
exposure reductions observed in pragmatic nutrition education trials and the lack of diversity (sociodemographic backgrounds) present limitations for generalizability to all populations. https://doi.org/10.1289/EHP11760.
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統合_0189 L. Shu, P. Fan, Y. Chen, W. Tang, Z. Liu, Z. C. 
Luo and F. Ouyang 2025

Urinary concentrations of eighteen 
environmental phenols and the 
associations with feeding pattern in 
infants in the first 6 months of life

Environmental phenols are a group of typical endocrine disruptors, and widely detectable in human breast milk and infant formulas. However, exposures data are scarce in early infancy, a particularly sensitive period to 
environmental pollutants exposures. We aimed to prospectively assess urinary concentrations of eighteen environmental phenols in infants from birth to 6 months of age and their associations with feeding patterns 
(breastfeeding, formula and mixed-feeding). This study included 197 mother-infant pairs. Urinary concentrations of six parabens (PBs), seven bisphenols, four benzophenones (BPs) and triclosan were measured in infants 
at the ages of 3 days, 42 days, 3 and 6 months by high performance liquid chromatography-tandem mass spectrometry (HPLC-MS/MS). Multivariable linear regression models were applied to evaluate the associations 
between infant feeding types and urinary phenol concentrations in log(10)-transformed scale. The detection rates of bisphenol A and S, methyl 4-hydroxybenzoate (MeP), ethyl 4-hydroxybenzoate (EtP), and propyl 4-
hydroxybenzoate (PrP) were persistently high (ranged 48.7%-100.0%) across all ages (3 days, 42 days, 3 and 6 months). The detection rates of bisphenol P, B and AP were high (ranged 76.9%-95.9%) at age 3 days, and 
lower (14.4%-88.0%) at later ages. Compared to exclusive breastfeeding, mixed feeding was associated with 0.32 (95% CI: 0.01, 0.62, p < 0.05) higher log (BPA) (μg/g creatinine) at 42 days, 0.69 (0.03, 1.35) higher log 
(TCS) (μg/g creatinine) at 3 months, 0.54 (0.08, 1.00) higher log (EtP) (μg/g creatinine) at 6 months; formula feeding was associated with 1.30 (0.59, 2.00) and 0.91 (0.22, 1.60) higher log (BPB) (μg/g creatinine) at the 
age of 42 days and 3 months respectively, 1.19 (0.003-2.37) higher log (BPP) and 0.95 (0.27-1.64) higher log (BPS) (μg/g creatinine) at 3 months. In conclusion, exposures to BPA and its analogs, and parabens (MeP, EtP, 
and PrP) were extensive in early postnatal life of infants. Breastfeeding might be a safer form of feeding for infants against exposure to some phenols.
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統合_0190 S. Shin and J. H. Ryoo 2023

Environment-wide association study 
to identify exposure pathways of 
bisphenol A in Korean children and 
adolescents: Korean National 
Environmental Health Survey 
(KoNEHS) 2018-2020

Bisphenol A (BPA) is an endocrine-disrupting chemical commonly used in manufacturing plastic products. Despite ongoing efforts and regulatory measures, BPA exposure among children persists. This study aimed to 
identify the modifiable factors associated with urinary BPA levels in Korean children and adolescents. We conducted an environment-wide association study (EWAS) using data from the Korean National Environmental 
Health Survey (KoNEHS) Cycle 4. This study included 578 preschoolers, 736 school-aged children, and 828 adolescents. A total of 117, 103, and 102 modifiable factors were selected from KoNEHS Cycle 4. Each 
modifiable factor associated with urinary BPA levels was tested using a multivariable linear regression model. Subsequently, multiple testing corrections were performed using false discovery rate (FDR) estimation. For 
the validation phase, we used the iteration of the least absolute shrinkage and selection operator (LASSO), a machine learning-based regression analysis. After the validation phase of the LASSO regression, two 
modifiable factors were identified as being significantly related to urinary BPA levels in preschoolers. Urinary cotinine levels and the use of slime or clay toys were positively associated with urinary BPA levels in 
preschoolers. However, no significant associations were observed between school-aged children and adolescents. Our results suggest novel exposure pathways to BPA in recent lifestyles and contribute to the 
development of effective prevention strategies. These modifiable factors provide valuable targets for interventions aimed at reducing BPA exposure in children. Further research is needed to explore additional modifiable 
factors and confirm our results in larger and more diverse populations.
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統合_0191
H. M. Shin, J. Oh, K. Kim, S. A. Busgang, D. B. 
Barr, P. Panuwet, R. J. Schmidt, I. Hertz-
Picciotto and D. H. Bennett

2021

Variability of Urinary Concentrations 
of Phenols, Parabens, and 
Triclocarban during Pregnancy in 
First Morning Voids and Pooled 
Samples

Urinary concentrations of phenols, parabens, and triclocarban have been extensively used as biomarkers of exposure. However, because these compounds are quickly metabolized and excreted in urine, characterizing 
participants' long-term average exposure from a few spot samples is challenging. To examine the variability of urinary concentrations of these compounds during pregnancy, we quantified four phenols, four parabens, and 
triclocarban in 357 first morning voids (FMVs) and 203 pooled samples collected during the second and third trimesters of 173 pregnancies. We computed intraclass correlation coefficients (ICCs) by the sample type 
(FMV and pool) across two trimesters and by the number of composite samples in pools, ranging from 2 to 4, within the same trimester. Among the three compounds detected in more than 50% of the samples, the ICCs 
across two trimesters were higher in pools (0.29-0.68) than in FMVs (0.17-0.52) and the highest ICC within the same trimester was observed when pooling either two or three composites. Methyl paraben and propyl 
paraben primarily exposed via cosmetic use had approximately 2-3 times higher ICCs than bisphenol A primarily exposed via diet. Our findings support that within-subject pooling of biospecimens can increase the 
reproducibility of pregnant women's exposure to these compounds and thus could potentially minimize exposure misclassification.
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統合_0192 Y. Shi, H. Wang, Z. Zhu, Q. Ye, F. Lin and G. Cai 2023

Association between exposure to 
phenols and parabens and cognitive 
function in older adults in the 
United States: A cross-sectional 
study

BACKGROUND: People are commonly exposed to mixtures of parabens and phenols. Most studies investigating such exposure and cognitive performance tend to assess only single chemicals, and the tools used to 
assess cognitive function are not uniform. OBJECTIVE: This study aimed to examine the association between multiple parabens and phenols and cognitive function in older Americans. METHODS: The study included data 
of older Americans from two cycles of the NHANES survey. Participants were divided into normal cognitive performance and low cognitive performance groups based on the scores of four cognitive tests: the Immediate 
Recall test (IRT), the Delayed Recall test (DRT), the Animal Fluency test (AFT) and the Digit Symbol Substitution test (DSST). Generalized linear regression models (GLMs), restricted cubic spline (RCS), weighted 
quantile sum (WQS) and Bayesian kernel machine regression (BKMR) were used to assess relationships between chemical exposure and cognitive performance. RESULTS: In this cross-sectional study, a total of 961 
participants, 470 males and 491 females, were included. GLMs revealed positive association between high levels of bisphenol A (BPA) and low cognitive performance on DRT, especially in male (OR (95%CI): 2.25 (1.10-
4.61)), and this association was consistent with WQS and BKMR. In female participants, the third quartile of BPA exposure showed a positive association with low cognition on IRT and global cognition. GLMs also 
showed that high levels of propylparaben were positively associated with cognitive performance on the IRT in male participants (OR (95%CI): 0.37 (0.18-0.76)). In BKMR, an overall positive correlation between the mixture 
and low cognition as measured with DRT was observed in male subjects when the mixture was at the 65th percentile or higher. CONCLUSION: Exposure to a mixture of parabens and phenols was positively associated 
with low cognitive performance on DRT in older male subjects, while BPA was the main driver of this outcome.

Sci Total Environ. 2023 
Feb 1;858(Pt 3):160129.
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統合_0193 J. Shi, K. L. Hu, X. X. Li, Y. M. Ge, X. J. Yu and J. 
Zhao 2024

Bisphenol a downregulates GLUT4 
expression by activating aryl 
hydrocarbon receptor to exacerbate 
polycystic ovary syndrome

BACKGROUND: Bisphenol A (BPA) levels are high in women with polycystic ovary syndrome (PCOS). The mechanism by which BPA induces abnormal glucose metabolism in PCOS patients is largely unknown. METHODS: 
Serum and urine samples were collected from women with and without PCOS (control) at the reproductive medicine center with informed consent. Non-PCOS patients who received in vitro fertilization were recruited for 
collection of ovarian follicular fluid and granular cells. Wild-type C57BL/6 and AhR (-/-) mice were used to verify the effects of BPA on PCOS. Real-time PCR, western blotting, and ELISA were conducted to analyze the 
function of BPA. Chip-qPCR verified the role of AhR in GLUT4 transcription. Flow cytometry was performed to determine glucose uptake. RESULTS: A positive correlation was observed between BPA concentration and 
serum BPA levels in PCOS patients. BPA aggravated the changes in PCOS with abnormal glucose metabolism, impaired fertility, and increased body fat. Mechanistically, we showed that BPA activated AhR and led to 
decreased glucose transport via GLUT4 downregulation in ovarian granular cells. Therefore, the use of inhibitors or knockout of AhR could effectively rescue BPA-induced metabolic disorders in PCOS mice. 
CONCLUSIONS: Our results revealed that BPA suppressed GLUT4 expression and induced abnormal glucose metabolism by activating AhR, causing insulin resistance, and is thus a potential contributor to the 
development of PCOS. Therefore, AhR could be a potential new therapeutic target for PCOS. Video Abstract.
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統合_0194 Y. Shen, T. Liu, Y. Shi, F. Zhuang, J. Lu, Q. Zhu 
and F. Ding 2019

Bisphenol A analogs in patients with 
chronic kidney disease and dialysis 
therapy

Bisphenol A (BPA) accumulates in patients with chronic kidney disease (CKD), and hemodialysis filters may contribute to bisphenol burden in patients on hemodialysis (HD). The serum levels of BPA and three BPA 
analogs, namely, bisphenol B (BPB), bisphenol S (BPS), and bisphenol F (BPF), in 58 patients with CKD, 66 patients on dialysis therapy and 30 healthy control were investigated. The content of four bisphenols (BPs) was 
also examined in three types of dialysis filters, followed by an in vitro elution experiment to test the release of BPs from the dialysis filters. The serum levels of BPA (r = -0.746, p < 0.05) and BPS (r = -0.433, p < 0.05) in 58 
CKD patients and 30 healthy control were correlated with the decrease in estimated glomerular filtration rate. The serum levels of BPs in the HD patients were higher than those in the peritoneal dialysis patients 
(p < 0.05). In the in vitro study on the BP contents in dialysis filters, BPA was the main form of the BPs in the polysulfone membrane (20.86 ± 1.18 ng/mg) and in the polyamide membrane (18.70 ± 2.88 ng/mg), and a 
modicum of BPS (0.01 ± 0.01 ng/mg) was detected in the polyethersulfone membrane. The results of the elution experiment were in accordance with the results of BPs content in the dialysis filters. Insufficient renal 
function may lead to BPs accumulation in patients with CKD, and BPs in dialysis products may cause BPs burden in patients on HD.
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Mixtures of Urinary Phenol and 
Phthalate Metabolite Concentrations 
in Relation to Serum Lipid Levels 
among Pregnant Women: Results 
from the EARTH Study

We examined whether mixtures of urinary concentrations of bisphenol A (BPA), parabens and phthalate metabolites were associated with serum lipid levels among 175 pregnant women who enrolled in the Environment 
and Reproductive Health (EARTH) Study (2005-2017), including triglycerides, total cholesterol, high-density lipoprotein (HDL), non-HDL, and low-density lipoprotein (LDL). We applied Bayesian Kernel Machine 
Regression (BKMR) and quantile g-computation while adjusting for confounders. In the BKMR models, we found no associations between chemical mixture and lipid levels, e.g., total cholesterol [mean difference (95% 
CRI, credible interval) = 0.02 (-0.31, 0.34)] and LDL [mean difference (95% CRI) = 0.10 (-0.22, 0.43)], when comparing concentrations at the 75th to the 25th percentile. When stratified by BMI, we found suggestive 
positive relationships between urinary propylparaben and total cholesterol and LDL among women with high BMI [mean difference (95% CRI) = 0.25 (-0.26, 0.75) and 0.35 (-0.25, 0.95)], but not with low BMI [mean 
difference (95% CRI) = 0.00 (-0.06, 0.07) and 0.00 (-0.07, 0.07)]. No association was found by quantile g-computation. This exploratory study suggests mixtures of phenol and phthalate metabolites were not associated 
with serum lipid levels during pregnancy, while there were some suggestive associations for certain BMI subgroups. Larger longitudinal studies with multiple assessments of both exposure and outcome are needed to 
corroborate these novel findings.
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Urinary bisphenol A concentration is 
correlated with poorer oocyte 
retrieval and embryo implantation 
outcomes in patients with tubal 
factor infertility undergoing in vitro 
fertilisation

Bisphenol A (BPA) is a substance ubiquitously present in the environment, and its toxicity on reproductive function has been well characterised in animal models. However, it is still controversy about the effects of BPA 
exposure on human female reproduction. Therefore, in the present study, the associations of urinary BPA concentration with the outcomes of in vitro fertilisation (IVF) and embryo transfer from fresh and frozen cycles 
were analysed in the same cohort. 351 women who underwent IVF treatment from September 2013 to October 2016, at the Centre of Reproductive Medicine in the Women's Hospital School of Medicine at Zhejiang 
University were recruited. Single-spot urine samples were collected on the day of oocyte retrieval to detect BPA using solid-phase extraction and liquid chromatography coupled with tandem mass spectrometry. A 
multivariable generalised linear mixed model was used to evaluate the association between the urinary BPA concentration and IVF outcomes. After adjustment for age, body mass index, baseline follicle-stimulating 
hormone level, baseline oestradiol level, and antral follicle count, a significant decrease in the number of retrieved oocytes and in the rates of clinical pregnancy and implantation was observed in the patients with a high 
urinary BPA concentration. We concluded that BPA exposure exert negative effects on oocyte retrieval and embryo implantation in women undergoing IVF.
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Bio-monitoring of endocrine 
disrupting chemicals in human 
serum: insights from a study in 
Central India

In recent years, the health impacts of phthalates and bisphenol-A (BPA) have garnered significant research attention due to their widespread use in consumer products and identification as endocrine disrupting chemicals 
(EDCs). Human exposure occurs through various pathways, including dietary intake, inhalation of dust, and dermal contact. This study initially aimed to analyze serum samples from 200 participants in Jabalpur city 
(Central India); however, samples from 173 individuals were ultimately analyzed to assess the occurrence, concentration patterns, and gender-related differences of six phthalates and BPA. Serum samples were 
collected, processed, and analyzed for EDC content using gas chromatography coupled with mass spectrometry. The findings highlighted differences in detection frequencies among genders and residential areas, shaped 
by environmental exposure variability, lifestyle variations, and gender-specific metabolic disparities. All the targeted analytes were detected with diethyl phthalate (DEP) having the highest mean concentration of 13.74 ± 
6.2 ng/ml, followed by di(2-ethylhexyl) phthalate (DEHP) with mean value of 13.69 ± 99.82 ng/ml in human serum. Studies have linked DEP exposure endocrine disruption and reproductive abnormalities. Subsequent 
research endeavors should prioritize elucidating EDC sources, pathways, and health impacts, facilitating evidence-based policies to mitigate risks and ensure a healthier future.
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Pregnant women's lifestyles and 
exposure to endocrine-disrupting 
chemicals: A machine learning 
approach

Women have ubiquitous exposure to various endocrine disrupting chemicals (EDCs) present in personal care products, food packaging, and processing. Pregnancy is a phase of increased vulnerability to environmental 
stressors. Therefore, we aimed to identify questionnaire based variables of pregnant women's lifestyle factors affecting the prenatal concentrations of EDCs: bis-phenol A (BPA), triclosan (TCS), parabens, and 
phthalates. We also aimed to explore the association between these lifestyle factors and EDC exposure in pregnant women in South Korea. This study is a part of Korean CHildren's ENvironmental health Study (Ko-
CHENS). The following lifestyle factors: usage of personal care products, eating habits, cooking practices, food storage practices, and chemical exposure were evaluated through questionnaire. We examined prenatal 
EDCs: phenols (BPA), TCS, parabens (MEP, ETP, and PRP), and phthalates (MEHHP, MEOHP, MECPP, MBZP, MCOP, MCPP, MCNP, and MNBP). The random forest and least absolute shrinkage and selection operator 
regression machine learning models were used to predict the important lifestyle factors affecting the prenatal EDC concentrations in pregnant women. Next, we calculated the lifestyle score and evaluated its association 
with prenatal EDCs, respectively. Our results show that pregnant women who used makeup [β: 1.01, 95% C.I.: 0.01,2.00] >6 times/week had a significant increase in early-pregnancy (EP) ΣParaben exposure. Using 
perfume up to 3 times/month was significantly associated with EP TCS exposure (β: 0.05, 95% C.I.: 0.01,0.23). While, using perfume >6 times/week was significantly associated to late-pregnancy (LP) ΣParaben 
exposure, and consuming cup noodles significantly increased LP ΣDEHP exposure. Linear model analysis showed that the lifestyle score significantly increased the EP (β: 0.24, 95% C.I.: 0.07,0.40) and LP (β:0.10, 95% 
C.I.: 0.01,0.20) ΣParaben exposure. Therefore, pregnant women's lifestyle factors, such as using makeup and perfume and eating habits (e.g., cup noodle consumption), were associated with prenatal EDC exposure.
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Environmental pollutants affecting 
children's growth and development: 
Collective results from the MOCEH 
study, a multi-centric prospective 
birth cohort in Korea

BACKGROUND: The Mothers and Children's Environmental Health study (MOCEH) is a multi-centric prospective birth cohort study investigating effects of various environmental pollutants like heavy metals, endocrine 
disruptors, air pollutants, nutrition and lifestyle on birth outcomes, growth and development, health and disease of children. In this study, we report all the outcomes from the MOCEH study describing the different 
environmental pollutants affecting children's health and disease. METHODS: In MOCEH study, 1,751 pregnant women in their first trimester were recruited at 3 centers from 2006 to 2010 in South Korea. The children 
were followed from birth up to 6 years. Information on health outcomes of children including birth parameters, demographic characteristics, medical and child-rearing history, and nutritional status, were repeatedly 
obtained through the follow-ups by questionnaires administration, clinical evaluation, and biological specimen collection and measurements. Prenatal and postnatal measurement in biospecimen, i.e., lead, mercury, 
cadmium, manganese, 1-hydroxypyrene, 2-naphthol, malonadialdehyde, hippuric acid, bisphenol A and phthalate metabolites, and measurement in air samples, i.e., particulate matter, nitrogen dioxide, and total volatile 
organic compounds were performed. RESULTS: The results show the adverse effect of prenatal exposure to heavy metals like mercury, lead and cadmium on children's physical, cognitive and neurobehavioral development. 
Exposure to endocrine disruptors, air pollution, second hand smoke, and mother's lifestyle during pregnancy affects children's growth and development. We also identified specific window periods of exposure of pollutants 
significantly related to children's health outcomes. CONCLUSION: The collective results from MOCEH study provide strong scientific evidence that exposures to prenatal and postnatal environmental pollutants have a 
negative effect on growth and development of children, which will be useful in implementing effective national policy to improve children's environmental health.
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Effects of a Plastic-Free Lifestyle on 
Urinary Bisphenol A Levels in 
School-Aged Children of Southern 
Italy: A Pilot Study

Bisphenol A (BPA) is an endocrine disruptor (ED) frequently used in food packaging. BPA is used as a monomer in the manufacture of some food packaging. This study aimed to evaluate the urinary BPA concentration in an 
Italian pediatric cohort, testing the levels of this ED over a period of 6 months, evaluating the effects of a diet regimen with a reduction of Plastic Food Packaging (PFP). One hundred thirty Italian children were enrolled 
and divided into two groups "School Canteen" and "No School Canteen." The first group consumed one meal at school using a plastic-free service for 5 days/weeks, while the other group did not modify their normal meal-
time habits. The BPA levels were tested in urine samples at three time points: T0, is the time before the application of the plastic-free regimen diet; T3, 3 months later; and T6, 6 months later. A reduction of urine BPA 
levels was detected in the "School Canteen" group. In particular, the reduction was significant analyzing both the intra (among the three testing times) group and inter (between "School Canteen" and "No School Canteen") 
group variability. Our results show the effects of a diet regimen with a reduction of PFP, demonstrating a connection between urinary BPA levels and food packaging.
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Associations of Phthalate 
Metabolites and Bisphenol A Levels 
with Obesity in Children: The 
Korean National Environmental 
Health Survey (KoNEHS) 2015 to 
2017

BACKGROUND: Phthalates and bisphenol A (BPA) are synthetic chemicals widely used in daily life. This study investigated urinary phthalate and BPA levels in Korean children and their associations with obesity. 
METHODS: A total of 2,351 children aged 3 to 17 years who participated in the Korean National Environmental Health Survey 2015 to 2017 were included. Urinary dilution was corrected using covariate-adjusted 
standardization (CAS). We examined the geometric mean (GM) concentrations of urinary phthalate metabolites, including di (2-ethylhexyl) phthalate (DEHP) metabolites (mono [2-ethyl-5-hydroxyhexyl] phthalate, mono [2-
ethyl-5-oxohexyl] phthalate, and mono [2-ethyl-5-carboxypentyl] phthalate [MECPP]), mono-benzyl-phthalate (MBzP), mono (carboxyoctyl) phthalate (MCOP), mono (carboxy-isononyl) phthalate (MCNP), mono (3-
carboxypropyl) phthalate, and mono-n-butyl-phthalate (MnBP), and BPA. We also analyzed the odds ratio (OR) for obesity according to the quartiles of each analyte. RESULTS: The urinary GM levels of DEHP metabolites 
and MnBP were notably higher among Korean children than among American, Canadian, and German children. The CAS-applied GM concentrations of most analytes, except for MBzP, MCOP, and MCNP, were higher in 
children aged 3 to 5 years than in those aged 6 to 17 years. The OR for obesity in the highest quartile of MECPP was significantly higher than in the lowest quartile after adjusting for covariates. However, the other 
phthalate metabolites and BPA were not significantly associated with obesity. CONCLUSION: The concentrations of urinary DEHP metabolites and MnBP were higher in Korean children than in children in Western 
countries. Urinary MECPP exposure, but not other phthalates or BPA, showed a positive association with obesity in Korean children. Further studies are required to elucidate the causal relationships.
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Environmental Pollution to Blame for 
Depressive Disorder?

Public concern has emerged about the effects of endocrine-disrupting compounds (EDCs) on neuropsychiatric disorders. Preclinical evidence suggests that exposure to EDCs is associated with the development of major 
depressive disorder (MDD) and could result in neural degeneration. The interaction of EDCs with hormonal receptors is the best-described mechanism of their biological activity. However, the dysregulation of the 
hypothalamic-pituitary-gonadal adrenal axis has been reported and linked to neurological disorders. At a worldwide level and in Mexico, the incidence of MDD has recently been increasing. Of note, in Mexico, there are no 
clinical associations on blood levels of EDCs and the incidence of the MDD. Methodology: Thus, we quantified for the first time the serum levels of parent compounds of two bisphenols and four phthalates in patients 
with MDD. The levels of di-ethyl-hexyl-phthalate (DEHP), butyl-benzyl-phthalate (BBP), di-n-butyl phthalate (DBP), and di-ethyl-phthalate (DEP), bisphenol A (BPA), and bisphenol S (BPS) in men and women with or 
without MDD were determined with a gas chromatograph-mass spectrometer. Results/conclusion: We found significant differences between concentrations of BBP between controls and patients with MDD. 
Interestingly, the serum levels of this compound have a dysmorphic behavior, being much higher in women (~500 ng/mL) than in men (≤10 ng/mL). We did not observe significant changes in the serum concentrations of 
the other phthalates or bisphenols tested, neither when comparing healthy and sick subjects nor when they were compared by gender. The results point out that BBP has a critical impact on the etiology of MDD disorder 
in Mexican patients, specifically in women.
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Association of Serum Levels of 
Plasticizers Compounds, Phthalates 
and Bisphenols, in Patients and 
Survivors of Breast Cancer: A Real 
Connection?

Phthalates and bisphenols are ubiquitous environmental pollutants with the ability to perturb different systems. Specifically, they can alter the endocrine system, and this is why they are also known as endocrine-
disrupting compounds (EDCs). Interestingly, they are related to the development and progression of breast cancer (BC), but the threshold concentrations at which they trigger that are not well established. OBJECTIVES: 
The aim of this study was to compare the concentration measures of parent EDCs in three groups of women (without BC, with BC, and BC survivors) from two urban populations in Mexico, to establish a possible 
association between EDCs and this disease. We consider the measure of the parent compounds would reflect the individual's exposure. METHODS: The levels of di-ethyl-hexyl-phthalate (DEHP), butyl-benzyl-phthalate 
(BBP), di-n-butyl phthalate (DBP) and di-ethyl-phthalate (DEP), bisphenol A (BPA) and bisphenol S (BPS) were determined by gas chromatograph-mass spectrometry in 102 subjects, including 37 women without any 
pathological disease, 46 patients with BC and 19 women survivals of BC of Mexico and Toluca City. RESULTS: All phthalates were detected in 100% of women, two of them were significantly higher in patients with 
different BC subtypes in Mexico City. Differential increases were observed mainly in the serum concentration of phthalates in women with BC compared to women without disease between Mexico and Toluca City. In 
addition, when performing an analysis of the concentrations of phthalates by molecular type of BC, DEP and BBP were found mainly in aggressive and poorly differentiated types of BC. It should be noted that female BC 
survivors treated with anti-hormonal therapy showed lower levels of BBP than patients with BC. BPA and BPS were found in most samples from Mexico City. However, BPS was undetectable in women from Toluca City. 
DISCUSSION: The results of our study support the hypothesis of a positive association between exposure to phthalates and BC incidence.
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A systematic evidence map protocol 
for mapping global exposure to 
bisphenols and their alternatives 
and social and environmental justice 
implications

BACKGROUND: Bisphenol A (BPA) is one of the highest-volume chemicals produced worldwide, and human exposure to BPA is thought to be ubiquitous. Stricter regulations around the use of BPA have led many 
manufacturers to switch to other bisphenol chemicals with similar functions such as bisphenol S and F. Even though exposure to BPA, other bisphenol chemicals and bisphenol alternatives poses a health risk for humans, 
very little is known about the granular exposure levels of different populations around the world. AIM: This systematic evidence map (SEM) will identify human studies reporting concentrations of bisphenols and their 
alternatives measured in human bio-samples with the aim to chart the global human exposure levels by country and population characteristics to identify research gaps and discuss any social and environmental injustice 
implications. SEARCH STRATEGY AND ELIGIBILITY CRITERIA: MEDLINE®, Embase and Web of Science (WoS) databases as well as grey literature sources will be searched using predefined search strings. The 
database search results will be supplemented by backward and forward citation tracking on included studies. A scoping exercise conducted during planning identified 90 bisphenol chemicals and alternatives used in 
plastics. These include BPA, other bisphenol chemicals with/without similar functions to BPA as well as alternatives with similar functions to bisphenol chemicals. Eligible studies must measure concentrations of at 
least one relevant bisphenol chemical/alternative in human bio-samples. STUDY SELECTION: Only primary studies published in English since 2010 will be considered. The title, abstract and keywords will be screened by 
the DistillerAI tool and two independent reviewers. Grey literature will be screened by two reviewers for inclusion and exclusion. The full text of the included studies will then be screened by two independent reviewers. 
STUDY APPRAISAL: Study quality will not be evaluated in this SEM. DATA EXTRACTION AND CODING: Data extraction and coding will be performed by two independent reviewers. Parameters of interest will include the 
following: study characteristics (e.g., year of publication, sampling timepoints and study design), population information (e.g., country, age, sex, ethnicity, number of participants) and exposure information (sources of 
exposure, bio-sample analyzed, chemical name, concentration, and detection frequencies). SYNTHESIS AND VISUALIZATION: The results will be presented using a narrative summary, tables, bar plots and color-coded 
maps. The interactive database will be available on a dedicated freely accessible website. SYSTEMATIC MAP PROTOCOL REGISTRY AND REGISTRATION NUMBER: This protocol has been registered on Open Science 
Framework (OSF) and is available at https://doi.org/10.17605/OSF.IO/MNWTD.
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Internal exposure of Flemish 
teenagers to environmental 
pollutants: Results of the Flemish 
Environment and Health Study 
2016-2020 (FLEHS IV)

The Flemish Environment and Health Study (FLEHS) collects information on internal exposure to a broad range of environmental chemicals in the general population in Flanders, the Northern region of Belgium. The aim is 
to establish biomonitoring exposure distributions for the general population in support of public health and environmental policy, environmental risk assessment and risk management decisions. In 2017-2018, urine and 
blood samples were collected from 428 teenagers by a stratified clustered two stage randomized design. Samples were analyzed for a broad range of biomarkers related to exposure to chlorinated and newer pesticides, 
brominated and organophosphate flame retardants (BFR/OPFR), polychlorinated biphenyls (PCBs), bisphenols, phthalates and alternative plasticizers, per-and polyfluoroalkyl substances (PFAS), polycyclic aromatic 
hydrocarbons (PAHs), benzene, metals and trace elements. The geometric mean levels and percentiles of the distribution were estimated for each biomarker, for the whole study population and following stratification for 
sex, the household educational attainment and the residence area's urbanicity. Geometric means of biomarkers of lead, dichlorodiphenyltrichloroethane (DDT), PCBs, PAHs, regulated phthalates and bisphenol A (BPA) 
were lower than in the previous FLEHS cycles. Most biomarker levels were below health-based guidance values (HB-GVs). However, HB-GVs of urinary arsenic, blood lead, blood cadmium, sum of serum perfluorooctane 
sulfonate (PFOS) and perfluoro-1-hexanesulfonate (PFHxS) and the urinary pyrethroid metabolite (3-PBA) were exceeded in respectively 25%, 12%, 39.5%, 10% and 22% of the teenagers. These results suggest that the 
levels of exposure in the Flemish population to some environmental chemicals might be of concern. At the same time, we noticed that biomarkers for BPA substitutes, metabolites of OPFRs, an expanded list of PFAS, 
glyphosate and its metabolite could be measured in substantial proportions of participants. Interpretation of these levels in a health-risk context remains uncertain as HB-GVs are lacking. Household educational 
attainment and residential urbanicity were significant exposure determinants for many biomarkers and could influence specific biomarker levels up to 70% as shown by multiple regression analysis. The research 
consortium also took care of the broader external communication of results with participants, policy makers, professional groups and civil society organizations. Our study demonstrated that teenagers are exposed to a 
wide range of chemicals, it demonstrates the success of public policies to reduce exposure but also points to concern and further priorities and needs for follow up.
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統合_0206 K. Schneider, M. de Hoogd, P. Haxaire, A. 
Philipps, A. Bierwisch and E. Kaiser 2020

ERASSTRI - European Risk 
Assessment Study on Synthetic Turf 
Rubber Infill - Part 2: Migration and 
monitoring studies

End-of-life tyre (ELT)-derived rubber granules are used as synthetic turf infill on sports fields. They contain various chemical substances and there are concerns that exposure to these substances might be harmful for 
human health. In this second part of a Europe-wide study to address these concerns migration of substances from rubber granules to artificial body fluids (sweat, saliva, gastric juice) was tested and exposure 
measurements at sports fields were performed to improve the database for exposure assessment. Some PAHs, aluminium, cobalt, benzothiazole, tert-butylamine, MIBK, 4-tert-octylphenol, bisphenol A, and the phthalates 
DINP and DEHP were found in at least some samples of sweat simulant. The migration rates calculated with these data were used to inform the dermal exposure assessment. In artificial saliva and gastric juice, only 
aluminium, cobalt, 4-tert-octylphenol and MIBK were detected and migrated fractions were calculated. Bioaccessibility from rubber granules in the gastrointestinal tract was estimated conservatively, assuming complete 
availability for most substances. In addition, air samples from 17 sports fields in six European countries were analysed. There were no increased concentrations of metals (aluminium, cobalt), PAHs, or other semivolatile 
substances in air samples, but some volatiles (MIBK: 95th percentile: 18 μg/m(3), benzothiazole: 95th perc.: 7 μg/m(3), tert-butylamine: 95th perc.: 31 μg/m(3), 2-heptanone: 95th perc.: 0.4 μg/m(3), cyclohexanone: 
95th perc.: 1.5 μg/m(3), and saturated aliphatic hydrocarbons >C9: 95th perc.: 26 μg/m(3)) were slightly increased in a few samples. In addition, skin wipe samples were obtained from 43 sportspeople after playing on 
synthetic turfs. Only aluminium was detected above the limit of quantification in these samples (95th perc.: 0.84 mg/sample). These data are important input for risk characterisation as performed in the final study phase. 
Bioaccessibility data are used for estimating oral and dermal exposure of sportspeople, and air measurements are essential for inhalation exposure assessment.
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統合_0207 S. Schmidt 2022
Bisphenol A and Child Vascular 
Health: A Preview of Future Heart 
Disease Risk?

-

Environ Health 
Perspect. 2022 
Jun;130(6):64003.

10.1289/ehp11498 35727643 ヒト ⼼⾎管 - - - - - - Editorial 1 1 - - - 1 1 1 - - - - - - - - - - - -

統合_0208

A. F. Sasso, R. Pirow, S. S. Andra, R. Church, R. 
M. Nachman, S. Linke, D. F. Kapraun, S. H. 
Schurman, M. Arora, K. A. Thayer, J. R. Bucher 
and L. S. Birnbaum

2020
Pharmacokinetics of bisphenol A in 
humans following dermal 
administration

BACKGROUND: Human exposures to bisphenol A (BPA) are widespread. The current study addresses uncertainties regarding human pharmacokinetics of BPA following dermal exposure. OBJECTIVE: To examine the 
absorption, distribution, metabolism and excretion of BPA in humans following dermal administration. METHODS: We dermally administered deuterated BPA (d6-BPA) to 10 subjects (6 men and 4 women) at a dose of 100 
µg/kg over a 12-hour period and conducted blood and urine analysis from the beginning of dosing through a three- or six-day period. We present time-course serum and urine concentrations of total and unconjugated 
("free") d6-BPA and used this information to calculate terminal half-life and area under the curve. RESULTS AND CONCLUSIONS: Detectable serum levels of total d6-BPA were observed at 1.4 h after the start of dosing, 
and a maximum serum concentration (C(max)) of 3.26 nM was observed. Free d6-BPA was detectable in serum 2.8 h after start of dermal administration, with C(max) of 0.272 nM. Beginning at approximately seven hours 
and continuing to 12 h (which corresponds to cessation of exposure), the concentration of free and total serum d6-BPA plateaued. The terminal half-lives of total d6-BPA and free d6-BPA in the body were 21.4 ± 9.81 h 
and 17.6 ± 7.69 h, respectively. Elimination from the body was rate-limited by kinetics in the dermal compartment. Free d6-BPA was a greater percentage of the area under the curve of total serum BPA (8.81%) compared 
to the 0.56% observed in our previously published oral study. Recovery of total d6-BPA in urine was <2% of the applied dose after six days. Analysis of the area under the curve for dermal and oral administration revealed 
that 2.2% of the dermal dose became systemically available. These data are in line with prior studies indicating how pharmacokinetics of BPA differ following oral and dermal exposures. Dermal exposure resulted in a 
longer apparent half-life and higher free:total d6-BPA ratio compared to oral.
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統合_0209
B. Sarzo, R. Abumallouh, N. Marín, S. Llop, A. 
Beneito, I. Lopez-Flores, N. Ferrero, A. K. Sakhi, 
F. Ballester and M. J. Lopez-Espinosa

2022
Association between phenols and 
thyroid hormones: The role of 
iodothyronine deiodinase genes

Previous literature on prenatal phenol exposure and thyroid hormone (TH) alteration is conflicting, and the possible mechanisms of action involved remain unclear. We aimed to examine the association between prenatal 
phenol exposure and levels of maternal and neonatal THs, as well as the possible role of iodothyronine deiodinase (DIO) gene polymorphisms in this relation. We studied 387 Spanish mother-neonate pairs with 
measurements of maternal phenols, total triiodothyronine (TT3) and free thyroxine (FT4), maternal and neonatal thyroid-stimulating hormone (TSH), and maternal genotypes for single nucleotide polymorphisms in the 
DIO1(rs2235544) and DIO2(rs12885300) genes. We implemented multivariate linear and weighted quantile sum (WQS) regressions to examine the association between phenols and THs (including sex-stratified models for 
neonatal TSH) and investigated effect modification of genotypes in the maternal phenol-TH associations. In single exposure models, we found negative associations between maternal triclosan (TCS) and neonatal TSH 
(% change [95%CI]: -2.95 [-5.70, -0.11], per twofold phenol increase) - stronger for girls - and less clearly for maternal ethylparaben (EPB) and TSH (-2.27 [-4.55, 0.07]). In phenol mixture models, we found no association 
with THs. In the genetic interaction models, we found some evidence of effect modification of DIO gene polymorphisms with stronger negative associations between methylparaben (MPB), propylparaben (PPB), 
butylparaben (BPB) and TT3 as well as bisphenol A (BPA) and FT4 for DIO1(rs2235544)-CC. Stronger inverse associations for genotypes DIO2(rs12885300)-CC and DIO2(rs12885300)-CT and positive ones for 
DIO2(rs12885300)-TT were also reported for BPA and FT4. In conclusion, we found some evidence of an association between phenols and TSH during pregnancy and at birth in single exposure models, the latter being 
stronger for girls. Since no association was observed between maternal levels of phenols and TT3 or FT4, the possible role of the genetic background in these associations warrants further investigation.

Environ Pollut. 2022 Oct 
15:311:119926.
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統合_0210
D. Sarink, A. A. Franke, K. K. White, A. H. Wu, I. 
Cheng, B. Quon, L. Le Marchand, L. R. Wilkens, 
H. Yu and M. A. Merritt

2021

BPA, Parabens, and Phthalates in 
Relation to Endometrial Cancer Risk: 
A Case-Control Study Nested in the 
Multiethnic Cohort

-

Environ Health 
Perspect. 2021 
May;129(5):57702.

10.1289/ehp8998 33950701 ヒト 発がん - - - - - - nested case-control 1 1 - - - 1 1 1 - - - - - - - - - - - -

統合_0211 Y. Sanchis, C. Coscollà, F. Corpas-Burgos, M. 
Vento, M. Gormaz and V. Yusà 2020

Biomonitoring of bisphenols A, F, S 
and parabens in urine of 
breastfeeding mothers: Exposure 
and risk assessment

In the present study we used human biomonitoring to assess the internal exposure and the risk to four parabens and three bisphenols in 103 Spanish breastfeeding mothers participating in the BETTERMIILK project. 
Urinary methylparaben (MP), ethylparaben (EP), propylparaben (PP) and butylparaben (BP) presented detection frequencies ranging from 12% (BP) to 92% (MP), while bisphenol A (BPA), bisphenol F (BPF) and bisphenol S 
(BPS) were detected in 76% (BPA) and 20% (BPF, BPS) of the mothers. Average paraben concentrations (geometric mean) ranged from 0.021 ng mL(-1) (BP) to 17.7 ng mL(-1) (MP), whereas bisphenols had geometric 
means concentrations from 0.042 ng mL(-1) (BPF) to 0.927 ng mL(-1) (BPA). Except for BPA, the estimated daily intakes (EDI) were calculated in order to interpret urinary levels in a risk assessment context. The obtained 
EDIs ranged from 0.00042 mg/kg/day for PP to 0.0434 mg/kg/day for MP and EP. A hazard quotient (HQ) was calculated for BPA (0.0049) and parabens (0.001-0.004), showing no risk in the studied population. 
Sociodemographic characteristics, food consumption, and usage patterns of personal care products (PCPs) were investigated as possible determinants of exposure. Use of makeup and skincare products were associated 
with higher concentrations of MP and PP, respectively. Regarding dietary habits, MP was also associated with the consumption of packaged and bakery products.

Environ Res Vol.185 
Pages 109481

10.1016/j.envres.2020.109481 32278926 ヒト - - - - - - - バイオモニタリング 1 1 - - - - - - - - - - - - - - - - - -

統合_0212

E. Salamanca-Fernández, F. Vela-Soria, M. Rodr
íguez-Barranco, A. Arrebola-Moreno, L. M. 
Iribarne-Durán, N. Olea, M. J. Sánchez and J. P. 
Arrebola

2021

Serum levels of non-persistent 
environmental pollutants and risk of 
incident hypertension in a sub-
cohort from the EPIC study

BACKGROUND: The prevalence of arterial hypertension (AHT), a well-known risk factor for cardiovascular disease, has considerably increased over last decades. Non-persistent environmental pollutants (npEPs) are a 
group of ubiquitous chemicals, widely used in consumer products such as food packaging and cosmetics, which have been identified as endocrine disrupting chemicals and obesogens. The aim of this study was to assess 
the potential associations of serum levels of three groups of npEPs with the risk of incident AHT. METHODS: Cohort study within a sub-cohort of Granada EPIC-Spain center (n = 670). We quantified serum 
concentrations of three groups of npEPs, i.e., bisphenol A (BPA), four parabens: methylparaben (MP), ethylparaben (EP), propylparaben (PP) and butylparaben (BP), and two benzophenones: benzophenone 1 (BP1), 
benzophenone 3 (BP3), in samples collected at recruitment. Statistical analyses were performed by means of Cox Proportional Hazard Models. RESULTS: Median follow-up time was 23 years. BPA and MP were found in 
>80% of the study population. Individuals within the 4th PP quartile (0.53-9.24 ng/ml) showed a statistically significant increased risk of AHT (HR = 1.40, p = 0.015). No associations were found for the rest of pollutants. 
CONCLUSIONS: Overall, we evidenced no associations of most npEPs with AHT risk, with the exception of an increased risk in the highest PP percentiles. Considering the limitations of using one spot serum sample for 
exposure characterization, further research on the potential contribution of npEPs on the development of AHT risk is warranted.

Environ Res. 2021 
Feb:193:110491.

10.1016/j.envres.2020.110491 33227247 ヒト ⼼⾎管 - - - - - - コホート研究 1 1 - - - 1 1 1 - - - - - - - - - - - -

統合_0213

E. Salamanca-Fernández, M. Rodríguez-
Barranco, D. Petrova, N. Larrañaga, M. Guevara, 
C. Moreno-Iribas, M. D. Chirlaque, S. Colorado-
Yohar, J. P. Arrebola, F. Vela, N. Olea, A. Agudo 
and M. J. Sánchez

2020

Bisphenol A exposure and risk of 
ischemic heart disease in the 
Spanish European Prospective 
Investigation into cancer and 
nutrition study

BACKGROUND: Cardiovascular disease, particularly ischemic heart disease (IHD), is the leading cause of mortality worldwide. Bisphenol A (BPA) is considered an endocrine disruptor and obesogen, present in numerous 
products of daily use. The aim of this study was to assess the potential association of serum BPA concentrations and the risk of incident IHD in a sub-cohort of the Spanish European Prospective Investigation into Cancer 
and Nutrition (EPIC). METHODS: We designed a case-cohort study within the EPIC-Spain cohort. The population consisted of 4636 participants from 4 EPIC-Spain centers (946 IHD cases and 3690 sub-cohort 
participants). BPA exposure was assessed by means of chemical analyses of serum samples collected at recruitment. Follow-up was performed by linking with national and regional databases and reviewing patients' 
clinical records. Cox Proportional Hazards Models were used for the statistical analyses. RESULTS: Median follow-up time was 16 years and 70% of the participants showed detectable BPA values (>0.2 ng/ml). 
Geometric mean (GM) values of cases and sub-cohort were 1.22 ng/ml vs 1.19 ng/ml respectively (p = 0.90). Cox regression models showed no significant association of BPA serum levels and IHD, acute myocardial 
infarction or angina pectoris risk. CONCLUSIONS: We evidenced a similar percentage of detection of BPA among cases and sub-cohort participants from our population, and no clear association with IHD risk was 
observed. However, further investigation is needed to understand the influence of BPA on IHD risk.
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統合_0214

E. Salamanca-Fernández, M. Rodríguez-
Barranco, J. P. Arrebola, F. Vela, C. Díaz, M. D. 
Chirlaque, S. Colorado-Yohar, A. Jiménez-
Zabala, A. Irizar, M. Guevara, E. Ardanaz, L. M. 
Iribarne-Durán, J. Pérez Del Palacio, N. Olea, A. 
Agudo and M. J. Sánchez

2020

Bisphenol-A in the European 
Prospective Investigation into 
Cancer and Nutrition cohort in 
Spain: Levels at recruitment and 
associated dietary factors

Bisphenol A (BPA) is considered an endocrine disruptor and it is present in numerous products of daily use. The aim of this study was to analyze serum BPA concentrations in a subcohort of the Spanish European 
Prospective Investigation into Cancer and Nutrition (EPIC), as well as to identify potential predictors of the exposure. The population consisted on 3553 subjects from 4 EPIC-Spain centres and BPA levels were measured 
in serum samples by UHPLC-MS/MS. Almost 70% of the participants showed detectable BPA values (>0.2 ng/ml), with a geometric mean of 1.19 ng/ml (95% CI: 1.12-1.25). By sex, detectable percentages were similar (p 
= 0.56) but with higher serum levels in men (1.27 vs 1.11 ng/ml, p = 0.01). Based on the adjusted regression models, a 50 g/day increase in the consumption of added fats and oils were associated with 43% lower BPA 
serum levels, while sugar and confectionary was associated with 25% higher levels of serum BPA. We evidenced differential exposure levels by province, sex and age, but not by anthropometric or lifestyle characteristics. 
Further investigation is needed to understand the influence of diet in BPA exposure.
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統合_0215

E. Salamanca-Fernández, M. Rodríguez-
Barranco, P. Amiano, J. Delfrade, M. D. 
Chirlaque, S. Colorado, M. Guevara, A. Jimenez, 
J. P. Arrebola, F. Vela, N. Olea, A. Agudo and M. 
J. Sánchez

2021

Bisphenol-A exposure and risk of 
breast and prostate cancer in the 
Spanish European Prospective 
Investigation into Cancer and 
Nutrition study

BACKGROUND: Bisphenol A (BPA) is an endocrine disruptor that it is present in numerous products of daily use. The aim of this study was to assess the potential association of serum BPA concentrations and the risk of 
incident breast and prostate cancer in a sub-cohort of the Spanish European Prospective Investigation into Cancer and Nutrition (EPIC). METHODS: We designed a case-cohort study within the EPIC-Spain cohort. Study 
population consisted on 4812 participants from 4 EPIC-Spain centers (547 breast cancer cases, 575 prostate cancer cases and 3690 sub-cohort participants). BPA exposure was assessed by means of chemical analyses 
of serum samples collected at recruitment. Borgan II weighted Cox regression was used to estimate hazard ratios. RESULTS: Median follow-up time in our study was 16.9 years. BPA geometric mean serum values of 
cases and sub-cohort were 1.12 ng/ml vs 1.10 ng/ml respectively for breast cancer and 1.33 ng/ml vs 1.29 ng/ml respectively for prostate cancer. When categorizing BPA into tertiles, a 40% increase in risk of prostate 
cancer for tertile 1 (p = 0.022), 37% increase for tertile 2 (p = 0.034) and 31% increase for tertile 3 (p = 0.072) was observed with respect to values bellow the limit of detection. No significant association was observed 
between BPA levels and breast cancer risk. CONCLUSIONS: We found a similar percentage of detection of BPA among cases and sub-cohort from our population, and no association with breast cancer risk was observed. 
However, we found a higher risk of prostate cancer for the increase in serum BPA levels. Further investigation is needed to understand the influence of BPA in prostate cancer risk.

Environ Health. 2021 
Aug 16;20(1):88.
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統合_0216
K. Sachs-Strømmen, H. Thorsteinsdottir, A. K. 
Sakhi, C. Thomsen, A. Lie, A. Bjerre and J. L. 
Lyche

2025

Urinary levels and estimated daily 
intake of phthalates and phenols in 
kidney transplanted Norwegian 
children

Kidney transplanted children are exposed to phthalates and phenols, potentially harmful environmental endocrine-disrupting chemicals. Urinary levels of phthalates and phenols in 52 Norwegian kidney transplanted 
children were compared with levels in healthy children, in children with chronic kidney disease, evaluated against selected variables, and where estimated daily intakes (EDIs) were back-calculated and assessed as part 
of a risk assessment. Urine samples were collected at a mean age of 11.6 (range 2.3-18) years, after a median of five (range 1.0-15.5) years after the transplant. Kidney transplanted Norwegian children's urinary levels of 
phthalates and phenols showed a broad range between minimum and maximum levels, with lower levels measured in older children and as time passed after the transplant. Most levels of phthalate metabolites were 
lower, however 2-5 times higher for the sum of (∑) di-iso-nonyl phthalate (DiNP) metabolites, methylparaben, propylparaben (PrPa), and triclosan, compared to other Norwegian children with presumed normal kidney 
function. Girls had higher concentrations of monoethyl phthalate, with no differences observed among children with or without overweight or hypertension. The risk assessment showed that at least 10 % of children were 
at risk of adverse health effects due to PrPa exposure, as well as a few children at maximum exposure to metabolites of ∑DiNP, and to ∑ di-n-butyl phthalate, butyl benzyl phthalate, di(2-ethylhexyl) phthalate and DiNP. 
All included kidney transplanted children had EDI above the threshold value for bisphenol A, suggesting that this widely used chemical may pose a health risk to this patient group. Clinical trial registration no.: 
NCT01008306.
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Karnis, M. S. Neal and L. A. Favetta

2024

Genetic and Epigenetic Profiles of 
Polycystic Ovarian Syndrome and In 
Vitro Bisphenol Exposure in a 
Human Granulosa Cell Model

Higher levels of bisphenols are found in granulosa cells of women with polycystic ovary syndrome (PCOS), posing the question: Is bisphenol exposure linked to PCOS pathophysiology? Human granulosa cells were 
obtained from women with and without PCOS, and genes and microRNAs associated with PCOS were investigated. The first phase compared healthy women and those with PCOS, revealing distinct patterns: PCOS 
subjects had lower 11β-HSD1 (p = 0.0217) and CYP11A1 (p = 0.0114) levels and elevated miR-21 expression (p = 0.02535), elucidating the molecular landscape of PCOS, and emphasizing key players in its pathogenesis. 
The second phase focused on healthy women, examining the impact of bisphenols (BPA, BPS, BPF) on the same genes. Results revealed alterations in gene expression profiles, with BPS exposure increasing 11β-HSD1 
(p = 0.02821) and miR-21 (p = 0.01515) expression, with the latest mirroring patterns in women with PCOS. BPA exposure led to elevated androgen receptor (AR) expression (p = 0.0298), while BPF exposure was 
associated with higher levels of miR-155. Of particular interest was the parallel epigenetic expression profile between BPS and PCOS, suggesting a potential link. These results contribute valuable insights into the 
nuanced impact of bisphenol exposure on granulosa cell genes, allowing the study to speculate potential shared mechanisms with the pathophysiology of PCOS.

Biomedicines. 2024 Jan 
21;12(1):237.
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Ciprián, G. Fagherazzi, T. Bohn, L. Maitre, J. 
Sunyer and B. M. R. Appenzeller

2023

Characterizing the adult exposome 
in men and women from the general 
population: Results from the EHES-
LUX study

Throughout life individuals are exposed to a large array of diverse environmental exposures (exposome). Hair analyses can assess chronic exposure to a large number of chemicals with less intra-variability than urine and 
blood. This is essential for studies that aim to achieve a global vision of the exposome. We aimed at characterizing the adult exposome by describing 175 environmental exposures and correlation patterns between and 
within exposure groups. A subsample of participants of the European Health Examination Survey, covering information on exposure to chemical pollutants in hair samples, were included in the present analysis (N = 442). 
Concentrations of micronutrients, lifestyle, home environment and socioeconomic information completed the exposome description and were obtained through blood analyses and questionnaires. We detected 29 
persistent and non-persistent chemical pollutants in more than 70% of hair samples. Compared to women, men had higher concentrations of pesticides, lower concentrations of micronutrients (with the exception of 
vitamin A), and presented higher alcohol consumption. Across all exposures, a low median absolute correlation was found, 0.05 (5th - 95th centiles = 0.10, 0.20). We observed higher correlations and median correlations 
within exposure groups than between groups of exposure. The highest median correlation was observed between plasticizers (bisphenol A and S) in both men (0.50) and women (0.31). A 70% and 95% of cumulative 
variance was explained by 37 and 73 principal components respectively. We found a wide range of chemical exposures in hair samples of men and women. The adult exposome was complex and multidimensional. Future 
exposome studies should include hair as a matrix for characterizing exposure to multiple environmental chemicals.
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統合_0219 J. Rubinstein, S. M. Pinney, C. Xie and H. S. 
Wang 2024

Association of same-day urinary 
phenol levels and cardiac electrical 
alterations: analysis of the Fernald 
Community Cohort

BACKGROUND: Exposure to phenols has been linked in animal models and human populations to cardiac function alterations and cardiovascular diseases, although their effects on cardiac electrical properties in humans 
remains to be established. This study aimed to identify changes in electrocardiographic (ECG) parameters associated with environmental phenol exposure in adults of a midwestern large cohort known as the Fernald 
Community Cohort (FCC). METHODS: During the day of the first comprehensive medical examination, urine samples were obtained, and electrocardiograms were recorded. Cross-sectional linear regression analyses 
were performed. RESULTS: Bisphenol A (BPA) and bisphenol F (BPF) were both associated with a longer PR interval, an indication of delayed atrial-to-ventricle conduction, in females (p < 0.05) but not males. BPA 
combined with BPF was associated with an increase QRS duration, an indication of delayed ventricular activation, in females (P < 0.05) but not males. Higher triclocarban (TCC) level was associated with longer QTc 
interval, an indication of delayed ventricular repolarization, in males (P < 0.01) but not females. Body mass index (BMI) was associated with a significant increase in PR and QTc intervals and ventricular rate in females 
and in ventricular rate in males. In females, the combined effect of being in the top tertile for both BPA urinary concentration and BMI was an estimate of a 10% increase in PR interval. No associations were found with the 
other phenols. CONCLUSION: Higher exposure to some phenols was associated with alterations of cardiac electrical properties in a sex specific manner in the Fernald cohort. Our population-based findings correlate 
directly with clinically relevant parameters that are associated with known pathophysiologic cardiac conditions in humans.
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2022
Mixture of environmental pollutants 
in breast milk from a Spanish cohort 
of nursing mothers

Breastfeeding is one of the most effective ways to ensure child health and survival, with several benefits for both the infants and their mothers. However, breast milk can contain environmental pollutants with endocrine 
disruption capacity, neurotoxicity and/or potential to alter microbiota. Monitoring breast milk provides information on the current chemical exposure of breastfed infants and, in addition, on the current and historical 
exposure of nursing mothers. In this study, the levels of a wide range of pollutants were measured in breast milk of Spanish nursing mothers. Target chemicals were dichlorodiphenyltrichloroethane (DDT), 
dichlorodiphenyldichloroethylene (DDE), hexachlorobenzene (HCB), oxy-chlordane, polychlorinated biphenyls (PCBs), polybrominated diphenyl ethers (PBDEs), per- and poly-fluoroalkyl substances (PFASs) (including 
perfluorooctane sulfonate (PFOS) and perfluorooctanoic acid (PFOA)), chlorpyrifos, bisphenol A (BPA), tetrabromobisphenol A (TBBPA), and a number of toxic and essential elements. Traces of most chemicals were 
found. A correlation between the levels of some persistent organic pollutants (POPs) and maternal characteristics (age and body mass index) was observed, while smoking was associated to higher concentrations of 
some toxic elements. Higher levels of PCBs were detected in samples from Spanish primiparous mothers compared to non-Spanish multiparous women. Breast milk from low-income mothers showed higher content of 
DDT and DDE than high-income mothers. Although breastfeeding is clearly beneficial for babies, the exposure to this mixture of hazardous substances, as well as their interaction and combined effects must not be 
disregarded.
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Microplastics in human urine: 
Characterisation using μFTIR and 
sampling challenges using healthy 
donors and endometriosis 
participants

Microplastics (MPs) are found in all environments, within the human food chain, and have been recently detected in several human tissues. The objective herein was to undertake an analysis of MP contamination in 
human urine samples, from healthy individuals and participants with endometriosis, with respect to their presence, levels, and the characteristics of any particles identified. A total of 38 human urine samples and 15 
procedural blanks were analysed. MPs were characterised using μFTIR spectroscopy (size limitation of 5 μm) and SEM-EDX. In total, 123 MP particles consisting of 22 MP polymer types were identified within 17/29 of 
the healthy donor (10 mL) urine samples, compared with 232 MP particles of differing 16 MP polymer types in 12/19 urine samples from participants with endometriosis. Healthy donors presented an unadjusted average of 
2589 ± 2931 MP/L and participants with endometriosis presented 4724 ± 9710 MP/L. Polyethylene (PE)(27%), polystyrene (PS)(16%), resin and polypropylene (PP)(both 12%) polymer types were most abundant in 
healthy donor samples, compared with polytetrafluoroethylene (PTFE) (59%), and PE (16%) in samples from endometriosis participants. The MP levels within healthy and endometriosis participant samples were not 
significantly different. However, the predominant polymer types varied, and the MPs from the metal catheter-derived endometriosis participant samples and healthy donors were significantly smaller than those observed in 
the procedural blanks. The procedural blank samples comprised 62 MP particles of 10 MP polymer types, mainly PP (27%), PE (21%), and PS (15%) with a mean ± SD of 17 ± 18, highlighting the unavoidable 
contamination inherent in measurement of MPs from donors. This is the first evidence of MP contamination in human urine with polymer characterisation and accounting for procedural blanks. These results support the 
phenomenon of transport of MPs within humans, specifically to the bladder, and their characterisation of types, shapes and size ranges identified therein.
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Gestational Bisphenol A Exposure 
Impacts Embryonic Hypothalamic 
Microglia Numbers, Ramification, 
and Phagocytic Cups

Microglia are a resident population of phagocytic immune cells that reside within the central nervous system (CNS). During gestation, they are highly sensitive to their surrounding environment and can alter their 
physiology to respond to perceived neural insults, potentially leading to adverse influences on nearby neural progenitors. Given that bisphenol A (BPA) itself can impact developing brains, and that microglia express 
estrogen receptors to which BPA can bind, here we asked whether fetal microglia are responsive to gestational BPA exposure. Accordingly, we exposed pregnant dams to control or 50 mg of BPA per kg diet during 
gestation to investigate the impact of maternal BPA on embryonic hypothalamic microglia. Gestational BPA exposure from embryonic day 0.5 (E0.5) to E15.5 resulted in a significant increase in the number of microglia 
present in the hypothalamus of both male and female embryos. Staining for microglial activation using CD68 showed no change between control and prenatal BPA-exposed microglia, regardless of sex. Similarly, analysis 
of cultured embryonic brains demonstrated that gestational BPA exposure failed to change the secretion of cytokines or chemokines, regardless of embryo sex or the dose (50 μg of BPA per kg or 50 mg of BPA per kg 
maternal diet) of BPA treatment. In contrast, live-cell imaging of microglia dynamics in E15.5 control and gestationally-exposed BPA hypothalamic slices showed increased ramification of microglia exposed to BPA. 
Moreover, live-cell imaging also revealed a significant increase in the number of microglial phagocytic cups visible following exposure to gestational BPA. Together, these results suggest that gestational BPA exposure 
impacts embryonic hypothalamic microglia, perhaps leading them to alter their interactions with developing neural programs.

Front Neurosci Vol.16 
Pages 830399

10.3389/fnins.2022.830399 35250464 動物 - 0 1 1 不明 0 50 mg/kg - - - - - - - - - - - - - - - - - - - - -

統合_0223
M. Rolland, S. Lyon-Caen, A. K. Sakhi, I. Pin, A. 
Sabaredzovic, C. Thomsen, R. Slama and C. 
Philippat

2020

Exposure to phenols during 
pregnancy and the first year of life 
in a new type of couple-child cohort 
relying on repeated urine 
biospecimens

BACKGROUND: Parabens, bisphenol A and triclosan have been forbidden or restricted in specific types of consumer goods in Europe and France. Limited biomonitoring data are available in France since the 
implementation of these regulations, and exposure data on infants is scarce worldwide. Understanding the predictors of phenol urinary concentrations will help identify potential targets for prevention. AIM: We described 
levels, variability and predictors of exposure to 12 phenols in pregnant women and infants recruited between 2014 and 2017 in a French couple-child cohort. METHODS: Among 479 pregnant women and 150 of their 
infants, we studied phenol urinary concentrations in within-subject, within-period pools of repeated urine samples collected during the second and third trimesters of pregnancy (up to 42 samples per woman), at 2 months 
and 12 months (up to 14 samples per infant). Time trends and associations with demographic, protocol, occupational and behavioral factors were studied using interval censored models to accommodate for undetected 
and unquantified urine concentrations. RESULTS: Detection rates were above 90% for bisphenol A, ethylparaben, methylparaben, benzophenone-3 and triclosan and below 5% for bisphenol AF, B, F and triclocarban. 
Median levels of bisphenol A, bisphenol S, methylparaben, ethylparaben and propylparaben at 12 months were similar or higher than during pregnancy. For pregnant women all phenols but benzophenone-3 and bisphenol S 
showed a linear decrease between 2014 and 2017 (p-values < 0.02). Women with the shortest education (primary and secondary school) had higher urinary concentrations of triclosan (β = 0.58 (95% confidence interval 
(CI), -0.04; 1.20)), ethyl (β = 0.43 (95%CI, 0.03; 0.84)) and propyl paraben (β = 1.39 (95%CI, 0.55; 2.24)) than those with the longest education. Cashiers had higher conccentrations of bisphenol S (β = 0.99 (95%CI, -
0.11; 2.09)) but not of bisphenol A (β = -0.04 (95%CI, -0.26; 0.19)) than unemployed women. CONCLUSIONS: Despite recent regulations, bisphenol A, triclosan and paraben detection rates were high in women and young 
infants. High bisphenol and paraben median levels at 12 months require further investigation as early infancy is a sensitive period for exposure to environmental contaminants.
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2023

Kisspeptin as potential biomarker of 
environmental chemical mixture 
effect on reproductive hormone 
profile: A pilot study in adolescent 
males

BACKGROUND: Kisspeptin has been proposed as an effect biomarker to understand the mechanisms by which some environmental chemicals adversely affect the human reproductive system. OBJECTIVE: To ascertain 
whether kisspeptin serum protein and DNA methylation levels are associated with exposure to several environmental chemicals (individually and as a mixture) and serum reproductive hormone levels in adolescent males. 
METHODS: Three phenols (bisphenol A [BPA], methyl-paraben [MPB], and benzophenone-3 [BP3]); two toxic metals (arsenic and cadmium); and four metabolites of non-persistent pesticides, including insecticides (2-
isopropyl-6-methyl-4-pyrimidinol [IMPy], malathion diacid [MDA], and dimethylcyclopropane carboxylic acid [DCCA]) and fungicides (ethylene thiourea [ETU]) were measured in first-morning urine samples of 133 
adolescent males aged 15-17 years from the INMA-Granada cohort. In blood samples collected on the same day, KISS1 gene DNA methylation was measured at four CpGs from the Exon IV, as well as serum levels of 
kiss54 protein, total testosterone (T), estradiol (E(2)), sex hormone binding-globulin, dehydroepiandrosterone sulfate, luteinizing hormone (LH), and follicle-stimulating hormone (FSH). Multiple linear regression and 
mixture (quantile g-computation) models were fit. RESULTS: Urinary MDA and DCCA concentrations were associated with higher kiss54 levels [% change (95%CI) for each log-unit increase in concentration = 2.90 
(0.32;5.56), and 1.93 (0.45,3.43), respectively]; IMPy with lower DNA methylation percentage at CpG1 and total CpGs [% change (95%CI) = -1.15 (-1.96;-0.33): -0.89 (-1.73;-0.01), respectively]; and BP3 and DCCA with 
lower total CpGs methylation [-0.53 (-1.04;-0.01) and - 0.69 (-1.37;-0.01), respectively]. The pesticide mixture and the whole chemical mixture were associated with higher kiss54 [% change (95%CI) = 9.09 (3.29;15.21) 
and 11.61 (3.96;19.82), respectively] and lower methylation levels at several CpGs. Additionally, serum kiss54 in the third tertile was associated with higher LH levels [% change (95%CI) = 28.69 (3.75-59.63)], and third-
tertile CpG1, CpG2, and total CpG methylation percentages were associated with lower FSH and E(2). CONCLUSION: The findings of the present study and the negative correlation between serum kiss54 levels and 
KISS1 DNA methylation percentages suggested that kisspeptin may be a promising effect biomarker.
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2022
Environmental endocrine disruptor 
concentrations in urine samples 
from Mexican Indigenous women

The Indigenous communities in Mexico show significant degrees of vulnerability to pollution due to the lack of knowledge of health risks, traditions, low levels of support, and restricted access to healthcare. As a result, 
exposure to environmental endocrine disruptors increases in these populations through plastic components or indoor air pollution. Therefore, the aim of the study was to evaluate the exposure to phthalate metabolites, 1-
hydroxypyrene, and bisphenol A through biomonitoring data from indigenous Mexican women. A total of 45 women from the Tocoy community in San Luis Potosí, Mexico, were included. Urine samples were analyzed for 
Bisphenol A and 4 phthalate metabolites by ultra-performance liquid chromatography couples to tandem mass spectrometry; additionally, the 1-hydroxypyrene concentrations were evaluated by high-performance liquid 
chromatography coupled to a fluorescence detector. Among the main pollution sources were the use of plastic containers and burning garbage (98-100%). Indigenous women presented an exposure of 100% to mono-2-
ethyl phthalate, mono-n-butyl phthalate, and 1-hydroxypyrene, with a median (25th-75th percentiles) of 17,478 (11,362-37,355), 113.8 (61.7-203.5), and 1.2 (0.9-1.7) µg/g creatinine, respectively. The major findings show 
urinary mono-2-ethyl phthalate concentrations higher than those measured from other studies. Therefore, these results show an impressive exposure to di(2-ethylhexyl) phthalate in Indigenous women. The current study 
reflects the absence of regulatory policies in marginalized populations. It highlights the need to design strategies that mitigate exposure and the importance of biological monitoring to evaluate and prevent health risk 
associated with exposure to environmental endocrine disruptors.
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2023

Time Patterns in Internal Human 
Exposure Data to Bisphenols, 
Phthalates, DINCH, 
Organophosphate Flame Retardants, 
Cadmium and Polyaromatic 
Hydrocarbons in Europe

Human biomonitoring (HBM) data in Europe are often fragmented and collected in different EU countries and sampling periods. Exposure levels for children and adult women in Europe were evaluated over time. For the 
period 2000-2010, literature and aggregated data were collected in a harmonized way across studies. Between 2011-2012, biobanked samples from the DEMOCOPHES project were used. For 2014-2021, HBM data were 
generated within the HBM4EU Aligned Studies. Time patterns on internal exposure were evaluated visually and statistically using the 50th and 90th percentiles (P50/P90) for phthalates/DINCH and organophosphorus 
flame retardants (OPFRs) in children (5-12 years), and cadmium, bisphenols and polycyclic aromatic hydrocarbons (PAHs) in women (24-52 years). Restricted phthalate metabolites show decreasing patterns for children. 
Phthalate substitute, DINCH, shows a non-significant increasing pattern. For OPFRs, no trends were statistically significant. For women, BPA shows a clear decreasing pattern, while substitutes BPF and BPS show an 
increasing pattern coinciding with the BPA restrictions introduced. No clear patterns are observed for PAHs or cadmium. Although the causal relations were not studied as such, exposure levels to chemicals restricted at 
EU level visually decreased, while the levels for some of their substitutes increased. The results support policy efficacy monitoring and the policy-supportive role played by HBM.
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Exposure of elementary school-aged 
Brazilian children to bisphenol A: 
association with demographic, 
social, and behavioral factors, and a 
worldwide comparison

Bisphenol A (BPA) is a plasticizer used to synthesize polycarbonate plastics and epoxy resins and is well-known for its endocrine-disrupting action. BPA occurrence in the environment is widespread, and there is a 
growing concern regarding exposure to this chemical during childhood, given the findings indicating the long-lasting hazards associated with exposure during early life compared to adulthood. We examined urinary BPA 
concentrations from 319 elementary school-aged Brazilian children, using high-performance liquid chromatography coupled to high-resolution mass spectrometry. We found that urinary BPA was detectable in the majority 
of children, and that urinary BPA levels were higher among children with lower family income and lower maternal educational levels. BPA levels found herein were compared with those from countries with different 
regulation policies concerning exposure to BPA. They were similar to those reported from studies conducted in Egypt and Australia. Despite more protective regulatory policies in the European Union, they were similar or 
lower than those reported in European studies. Our findings indicate that exposure of Brazilian children to BPA is widespread and comparable to or even lower than that of countries with stricter regulatory policies.

Sci Rep Vol.14 Issue 1 
Pages 24355

10.1038/s41598-024-67267-4 39420023 ヒト - - - - - - - バイオモニタリング 1 1 - - - - - - - - - - - - - - - - - -

統合_0228
V. Robles-Aguilera, Y. Gálvez-Ontiveros, L. 
Rodrigo, I. Salcedo-Bellido, M. Aguilera, A. 
Zafra-Gómez, C. Monteagudo and A. Rivas

2021
Factors Associated with Exposure to 
Dietary Bisphenols in Adolescents

Obesogenic endocrine-disrupting chemicals, such as bisphenol A (BPA) and its analogue bisphenol S (BPS), seem to play an important role in the development of obesity, although contradictory results have been reported. 
The aim of the present study was to conduct a gender analysis of the factors associated with exposure to dietary bisphenols in 585 Spanish adolescents. Dietary BPA and BPS exposure was assessed using a food 
frequency questionnaire. Foods and macronutrients accounting for more than 95% of energy intake were selected for analysis. Stepwise regression was used to estimate the foods that most contributed to dietary 
bisphenol exposure in the sample. Gender-related factors associated with greater dietary bisphenol exposure were evaluated using multivariate logistic regression models. Canned tuna was the main dietary source of BPA 
and BPS in both adolescent boys and girls. Overweight/obese girls showed a higher risk of high dietary exposure to BPA (odds ratio (OR): 3.38, 95% confidence interval (CI): 1.25-9.07) and total bisphenols (OR: 2.81, 95% 
CI: 1.03-7.67) in comparison with girls with a BMI lower than 25 kg/m(2). Present results indicate a positive association of dietary exposure to both total bisphenols and BPA with being overweight/obese in adolescent 
girls.
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Assessment of Endocrine Disruptor 
Exposure in Hospital Professionals 
Using Hair and Urine Analyses: An 
Awareness Campaign

BACKGROUND: In 2021, French public authorities initiated the fourth National Environmental Health Plan to prevent environment-related health risks. This plan primarily focuses on the sensitization of health 
professionals and health care institutions. Endocrine disruptors (EDs) are environmental factors associated with several adverse health effects, such as reproductive disorders, obesity, and cancer. This study aimed to 
conduct an awareness campaign among professionals at a general hospital center on the risks related to EDs. METHODS: Hospital professionals were directly involved in this study, and urine and hair samples were 
collected to determine bisphenol and paraben exposure levels. Analyses were performed using validated liquid chromatography-tandem mass spectrometry methods, enabling the simultaneous determination of bisphenols 
and parabens. A questionnaire on lifestyle habits was distributed to assess its relationship with the exposure profiles. Nineteen professionals were recruited for the study. RESULTS: Bisphenol A was detected in 95% of 
the urine samples, and the chlorinated derivatives of bisphenol A were between 16% and 63%. parabens showed detection frequencies between 37% and 100%, and methylparaben was quantified at an average 
concentration of 0.45 ± 0.46 ng/mL. In hair samples, bisphenols A, F, and S were detected at 95%-100%, chlorinated derivatives of bisphenol A were detected at 37%-68%, and parabens were detected at 100%. 
CONCLUSIONS: This awareness campaign may encourage health care institutions to adopt a policy of reducing endocrine disruptor exposure among their patients and professionals, who could be educated regarding the 
risks associated with EDs. Conducting a multicenter study to refine the results herein and establish a dynamic to prevent endocrine disruptor and environmental risks in health care systems would be valuable.
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Exposure to endocrine-disrupting 
chemicals and anthropometric 
measures of obesity: a systematic 
review and meta-analysis

OBJECTIVE: Endocrine-disrupting chemicals (EDCs) are viewed as a major potential link between the environment and obesity development. We did a systematic review and meta-analysis to examine the association 
between exposure to EDCs and obesity. DATA SOURCES, DESIGN AND ELIGIBILITY CRITERIA: PubMed, Scopus and Web of Science were searched from inception to 6 June 2018 for studies primarily addressing the 
association between exposure to EDCs after the age of 2 years and anthropometric measures of obesity or body fat. The Newcastle-Ottawa scale was used to assess the risk of bias. DATA EXTRACTION AND 
SYNTHESIS: Two independent reviewers screened and conducted data extraction and synthesis. A third reviewer resolved disagreements. RESULTS: A total of 73 studies investigating bisphenol A (32 286 individuals), 
organochlorine compounds (34 567 individuals), phthalates (21 401 individuals), polybrominated biphenyls (2937 individuals), polycyclic aromatic hydrocarbons (5174 individuals), parabens (4097 individuals), benzoic acid 
(3671 individuals) and polyfluoroalkyl substances (349 individuals) met our inclusion criteria. Most had a cross-sectional design and low or medium risk of bias. In qualitative analysis, bisphenol A and phthalates were 
consistently associated with general and abdominal obesity, in children and adults, and some studies suggested this association was age-dependent and gender-dependent. Meta-analysis indicated a significant 
association between exposure to bisphenol A and overweight (OR 1.254, 95% CI 1.005 to 1.564), obesity (OR 1.503, 95% CI 1.273 to 1.774) and increased waist circumference (OR 1.503, 95% CI 1.267 to 1.783) in adults, 
and between exposure to 2,5-dichlorophenol and obesity in children (OR 1.8, 95% CI 1.1018 to 3.184). CONCLUSION: Most observational studies supported a positive association between obesity and exposure to EDCs. 
Although causality cannot be determined from these data, they underscore the need to limit human exposure to EDCs in light of the evidence from animal and cell-based studies indicating the effects of these chemicals 
on adiposity. PROSPERO REGISTRATION NUMBER: CRD42018074548.

BMJ Open. 2020 Jun 
21;10(6):e033509.
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統合_0231

A. Repouskou, A. K. Papadopoulou, E. 
Panagiotidou, P. Trichas, C. Lindh, Å. Bergman, 
C. Gennings, C. G. Bornehag, J. Rüegg, E. Kitraki 
and A. Stamatakis

2020

Long term transcriptional and 
behavioral effects in mice 
developmentally exposed to a 
mixture of endocrine disruptors 
associated with delayed human 
neurodevelopment

Accumulating evidence suggests that gestational exposure to endocrine disrupting chemicals (EDCs) may interfere with normal brain development and predispose for later dysfunctions. The current study focuses on the 
exposure impact of mixtures of EDCs that better mimics the real-life situation. We herein describe a mixture of phthalates, pesticides and bisphenol A (mixture N1) detected in pregnant women of the SELMA cohort and 
associated with language delay in their children. To study the long-term impact of developmental exposure to N1 on brain physiology and behavior we administered this mixture to mice throughout gestation at doses 0×, 
0.5×, 10×, 100× and 500× the geometric mean of SELMA mothers' concentrations, and examined their offspring in adulthood. Mixture N1 exposure increased active coping during swimming stress in both sexes, 
increased locomotion and reduced social interaction in male progeny. The expression of corticosterone receptors, their regulator Fkbp5, corticotropin releasing hormone and its receptor, oxytocin and its receptor, estrogen 
receptor beta, serotonin receptors (Htr1a, Htr2a) and glutamate receptor subunit Grin2b, were modified in the limbic system of adult animals, in a region-specific, sexually-dimorphic and experience-dependent manner. 
Principal component analysis revealed gene clusters associated with the observed behavioral responses, mostly related to the stress axis. This integration of epidemiology-based data with an experimental model 
increases the evidence that prenatal exposure to EDC mixtures impacts later life brain functions.

Sci Rep Vol.10 Issue 1 
Pages 9367
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統合_0232

M. J. Reeder, A. Idrogo-Lam, S. R. Aravamuthan, 
E. M. Warshaw, J. G. DeKoven, J. I. Silverberg, B. 
L. Adler, A. R. Atwater, J. S. Taylor, M. C. Houle, 
D. V. Belsito, J. Yu, N. Botto, C. M. Mowad, C. A. 
Dunnick, V. A. DeLeo and M. D. Pratt

2024

Occupational Contact Dermatitis in 
Construction Workers: A 
Retrospective Analysis of the North 
American Contact Dermatitis Group 
Data, 2001-2020

Background: Construction workers (CWs) are at risk for occupational contact dermatitis (CD) owing to workplace exposures. Objective: Determine the prevalence of occupational allergic CD and characterize common 
occupational allergens in CWs referred for patch testing in the United States and Canada. Methods: Retrospective cross-sectional analysis of patients patch tested by the North American Contact Dermatitis Group from 
2001 to 2020. Results: Of 47,843 patch-tested patients, 681 (1.4%) were CWs. Compared with non-CWs, CWs were more likely to be male (91.0% vs 30.9%) have occupational skin disease (36.9% vs 11.4%) and have hand 
involvement (37.2% vs 22.5%) (all P < 0.0001). Of 681 CWs, 60.1% (411) had clinically relevant positive patch test reactions, and nearly 1/3 of CWs (128) had occupationally relevant reactions. Most common 
occupationally relevant allergens were potassium dichromate 0.25% pet. (30.5%, 39/128), bisphenol A epoxy resin 1% pet. (28.1%, 36/128), carba mix 3% pet. (14.8%, 19/128), cobalt (ii) chloride hexahydrate 1% pet. 
(14.1%, 18/128), and thiuram mix 1% pet. (14.1%, 18/128). Top sources of occupationally relevant allergens were cement/concrete/mortar (20.4%, 46/225), gloves (15.1%, 34/225), and coatings 
(paint/lacquer/shellac/varnish/stains) (9.8%, 22/225). Conclusions: Occupational CD in North American CWs is common. In this group, frequently identified etiological sources of occupational allergic CD included metals, 
epoxy resin, and rubber.

Dermatitis Vol.35 Issue 
5 Pages 467-475
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統合_0233
I. Rebai, J. O. Fernandes, M. Azzouz, K. 
Benmohammed, G. Bader, K. Benmbarek and S. 
C. Cunha

2021
Urinary bisphenol levels in plastic 
industry workers

Bisphenol A (BPA) is a known endocrine disruptor compound that is widely applied as a monomer base in polycarbonate plastics and as a binding agent in several epoxy resins. Plastic industry workers have usually heavier 
and prolonged exposures to BPA. Hence, the present work aims to assess the levels of BPA and their analogs (S, F, B, AF, Z, E, and AP) in 170 urine samples from a cross-sectional study of workers from a plastic 
industry located in north Constantine (Algeria). This work was complemented with a questionnaire about sexual functions and evaluation of sexual hormone levels. The results showed a stable presence of BPA (average 
of 3.24 μg/L), accounting for more than 90% of the total BPs. Of the remaining BP analogs, only trace amounts of BPB were detected in three samples (average of 2.73 μg/L). Significant associations with BPA urinary 
levels were noted with age (p = 0.006), occupational level of exposure (p = 0.023), and years of experience (p = 0.001).

Environ Res Vol.202 
Pages 111666
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統合_0234
F. Rancière, J. Botton, R. Slama, M. Z. Lacroix, L. 
Debrauwer, M. A. Charles, R. Roussel, B. Balkau 
and D. J. Magliano

2019

Exposure to Bisphenol A and 
Bisphenol S and Incident Type 2 
Diabetes: A Case-Cohort Study in 
the French Cohort D.E.S.I.R

BACKGROUND: The question of whether exposure to bisphenol A (BPA) contributes to the development of type 2 diabetes is still unresolved. Most epidemiological evidence on the association between BPA and diabetes 
is from cross-sectional studies or longitudinal studies with single urinary measurements. No prospective study has examined exposure to BPA analogs such as bisphenol S (BPS) in relation to incident type 2 diabetes. 
OBJECTIVES: We aimed to investigate whether exposure to BPA and BPS, assessed at up to two time points, was associated with the incidence of type 2 diabetes. METHODS: We performed a case-cohort study on 755 
participants without diabetes at baseline and followed-up over 9 y as part of the French prospective cohort Data from an Epidemiological Study on the Insulin Resistance Syndrome (D.E.S.I.R.). BPA-glucuronide (BPA-G) 
and BPS-glucuronide (BPS-G) were assessed in fasting spot urine samples collected during the health examinations at baseline and 3 y later. Associations with incident diabetes were examined using Prentice-weighted 
Cox regression models adjusted for potential confounders. RESULTS: A total of 201 incident cases of type 2 diabetes were diagnosed over the follow-up, including 30 in the subcohort. Compared with participants with the 
lowest average BPA exposure (below the first quartile), participants in the second, third, and fourth quartile groups of exposure had a near doubling of the risk of type 2 diabetes, with a hazard ratio (HR)  =  2.56 (95% CI: 
1.16, 5.65), 2.35 (95% CI: 1.07, 5.15), and 1.56 (95% CI: 0.68, 3.55), respectively. The detection of BPS-G in urine at one or both time points was associated with incident diabetes, with an HR  =  2.81 (95% CI: 1.74, 4.53). 
DISCUSSION: This study shows positive associations between exposure to BPA and BPS and the incidence of type 2 diabetes, independent of traditional diabetes risk factors. Our results should be confirmed by recent, 
population-based observational studies in different populations and settings. Overall, these findings raise concerns about using BPS as a BPA substitute. Further research on BPA analogs is warranted. 
https://doi.org/10.1289/EHP5159.

Environ Health 
Perspect. 2019 
Oct;127(10):107013.
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統合_0235

V. Ramírez, P. González-Palacios, P. J. Gonzá
lez-Domenech, S. Jaimez-Pérez, M. A. Baca, L. 
Rodrigo, M. J. Álvarez-Cubero, C. Monteagudo, 
L. J. Martínez-González and A. Rivas

2024

Influence of Genetic Polymorphisms 
on Cognitive Function According to 
Dietary Exposure to Bisphenols in a 
Sample of Spanish Schoolchildren

BACKGROUND: Neurodevelopmental disorders (NDDs) like intellectual disability (ID) are highly heritable, but the environment plays an important role. For example, endocrine disrupting chemicals (EDCs), including 
bisphenol A (BPA) and its analogues, have been termed neuroendocrine disruptors. This study aimed to evaluate the influence of different genetic polymorphisms (SNPs) on cognitive function in Spanish schoolchildren 
according to dietary bisphenol exposure. METHODS: A total of 102 children aged 6-12 years old were included. Ten SNPs in genes involved in brain development, synaptic plasticity, and neurotransmission (BDNF, NTRK2, 
HTR2A, MTHFR, OXTR, SLC6A2, and SNAP25) were genotyped. Then, dietary exposure to bisphenols (BPA plus BPS) was estimated and cognitive functions were assessed using the WISC-V Spanish form. RESULTS: 
BDNF rs11030101-T and SNAP25 rs363039-A allele carriers scored better on the fluid reasoning domain, except for those inheriting the BDNF rs6265-A allele, who had lower scores. Secondly, relevant SNP-bisphenol 
interactions existed in verbal comprehension (NTRK2 rs10868235 (p-int = 0.043)), working memory (HTR2A rs7997012 (p-int = 0.002), MTHFR rs1801133 (p-int = 0.026), and OXTR rs53576 (p-int = 0.030)) and fluid 
reasoning (SLC6A2 rs998424 (p-int = 0.004)). CONCLUSIONS: Our findings provide the first proof that exploring the synergistic or additive effects between genetic variability and bisphenol exposure on cognitive function 
could lead to a better understanding of the multifactorial and polygenic aetiology of NDDs.

Nutrients. 2024 Aug 
10;16(16):2639.
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統合_0236

S. Raimondo, M. L. Chiusano, M. Gentile, T. 
Gentile, F. Cuomo, R. Gentile, D. Danza, L. Siani, 
C. Crescenzo, M. Palmieri, S. Iaccarino, M. 
Iaccarino, A. Fortunato, F. Liguori, A. Esposito, 
C. Zullo, L. Sosa, L. Sosa, I. Ferrara, M. Piscopo, 
T. Notari, R. Lacatena, A. Gentile and L. 
Montano

2024

Comparative analysis of the 
bioaccumulation of bisphenol A in 
the blood serum and follicular fluid 
of women living in two areas with 
different environmental impacts

INTRODUCTION: Bisphenol A (BPA) is a common contaminant widely used in many industrial sectors. Because of its wide use and dispersion, it can be accumulated in living human bodies through both oral assumption 
and nondietary routes. BPA exhibits hormone-like properties, falling under the class of endocrine disruptors; therefore, it can alter relevant physiological functions. In particular, in women, it can affect folliculogenesis and 
therefore reproduction, contributing not only to infertility, but also to endometriosis and premature puberty. METHODS: We conducted a multicenter study on 91 women undergoing a first in vitro fertilization (IVF) 
treatment in the Campania region (Southern Italy). We investigated the presence and concentration of BPA in serum and follicular fluids to assess the effects of airborne BPA contamination. The analysis was conducted 
on 32 women living in a low environmental impact (LEI) area, from the Sele Valley River and Cilento region, and 59 women living in a high environmental impact (HEI) area, the so-called "Land of Fires", a highly 
contaminated territory widely exposed to illegal waste practices. RESULTS: A higher average BPA content in both blood serum and follicular fluid was revealed in the HEI group when compared with the LEI group. In 
addition, we revealed higher average BPA content in blood serum than in folliclular fluid in the HEI area, with opposite average content in the two fluids in the LEI zone. In addition, our results also showed a lack of 
correlation between BPA content in follicular and serum fluids both in the overall population and in the HEI and LEI groups, with peculiar trends in different subsets of women. CONCLUSION: From our results, we revealed 
a heterogeneity in the distribution of BPA content between serum and follicular fluid. Further studies are needed to unravel the bioaccumulation mechanisms of BPA in highly polluted and nonpolluted areas.

Front Endocrinol 
(Lausanne) Vol.15 
Pages 1392550
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統合_0237 P. Radwan, B. Wielgomas, M. Radwan, R. Krasiń
ski, A. Klimowska, D. Kaleta and J. Jurewicz 2020

Urinary bisphenol A concentrations 
and in vitro fertilization outcomes 
among women from a fertility clinic

Bisphenol A (BPA) is a widespread environmental endocrine disrupting chemical. Although many animals and in vitro studies reported that BPA may affect female fertility through the effect on maturing oocytes and meiotic 
cell division, but the data from human studies are limited and inconclusive. The study was conducted to examine the association between urinary BPA concentration and in vitro reproductive outcomes (metaphase II (MII) 
oocyte yield, top quality embryo, fertilization rate, implantation rate and clinical pregnancy) among women from an infertility clinic. The study participants were enrolled in the Infertility Center in Poland. 450 women aged 
24-44 (n = 674 IVF cycles) provided urine samples. The urinary concentrations of BPA were evaluated using validated gas chromatography ion-tap mass spectrometry method. Clinical outcomes of IVF treatment were 
abstracted from patients electronic chart records. To assess the relationship between urinary BPA concentrations early examined reproductive outcomes generalized linear mixed models were used. The detection rate of 
BPA in urine samples was 98% and the geometric mean 1.59 ± 2.15 ng/ml. A significant decrease was observed between urinary concentration of BPA and implantation (p = 0.04) and decreased MII oocyte count (p = 
0.03). There was no association between other examined IVF outcomes: embryo quality, fertilization rate and clinical pregnancy and BPA exposure. Exposure to BPA may have a negative effect during the early stages of 
human development. The studies among the larger and more diverse population are needed to confirm the results.

Reprod Toxicol. 2020 
Sep:96:216-220
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統合_0238 L. Quirós-Alcalá, N. N. Hansel, M. McCormack, 
A. M. Calafat, X. Ye, R. D. Peng and E. C. Matsui 2021

Exposure to bisphenols and asthma 
morbidity among low-income urban 
children with asthma

BACKGROUND: Bisphenol A (BPA) has been linked with pediatric asthma development and allergic airway inflammation in animal models. Whether exposure to BPA or its structural analogs bisphenol S (BPS) and 
bisphenol F (BPF) is associated with asthma morbidity remains unknown. OBJECTIVE: We examined associations between bisphenols and morbidity due to pediatric asthma. METHODS: We quantified concentrations of 
BPA, BPS, and BPF in 660 urine samples from 148 predominantly low-income, African American children (aged 5-17 years) with established asthma. We used biobanked biospecimens and data on symptoms, health care 
utilization, and pulmonary function and inflammation that were collected every 3 months over the course of a year. We used generalized estimating equations to examine associations between concentrations or detection 
of urinary bisphenols and morbidity outcomes and assessed heterogeneity of associations by sex. RESULTS: We observed consistent positive associations between BPA exposure and measures of asthma morbidity. For 
example, we observed increased odds of general symptom days (adjusted odds ratio [aOR] = 1.40 [95% C = 1.02-1.92]), maximal symptom days (aOR = 1.36 [95% CI = 1.00-1.83]), and emergency department visits (aOR = 
2.12 [95% CI =1.28-3.51]) per 10-fold increase in BPA concentration. We also observed evidence of sexually dimorphic effects; BPA concentrations were associated with increased odds of symptom days and health care 
utilization only among boys. Findings regarding BPS and BPF did not consistently point to associations with asthma symptoms or health care utilization. CONCLUSION: We found evidence to suggest that BPA exposure in 
a predominantly low-income, minority pediatric cohort is associated with asthma morbidity and that associations may differ by sex. Our findings support additional studies, given the high pediatric asthma burden and 
widespread exposure to BPA in the United States.

J Allergy Clin Immunol. 
2021 Feb;147(2):577-
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統合_0239 J. Qu, W. Mao, K. Liao, Y. Zhang and H. Jin 2022

Association between urinary 
bisphenol analogue concentrations 
and lung cancer in adults: A case-
control study

Elevated urinary bisphenol A (BPA) concentrations have been associated with lung cancer in humans. However, toxicological studies demonstrated that the proliferation of lung cancer cells was inhibited by BPA exposure. 
Therefore, it is still necessary to determine whether exposure to BPA and other bisphenol analogues (BPs) is associated with lung cancer in humans. In this study, 226 lung cancer patients and 243 controls were randomly 
recruited. Concentrations of three BPs in human urine were quantified and their relationships with the risk of human lung cancer were evaluated. BPA (mean 1.03 ng/mL, 0.87 μg/g Cre) was the predominant BP in human 
urine, followed by bisphenol S (BPS) (0.72 ng/mL, 0.53 μg/g Cre) and bisphenol F (0.32 ng/mL, 0.37 μg/g Cre). Significant correlations between creatinine-corrected urinary BPA concentrations and the lung cancer risk 
(odds ratio (OR) (adjusted) = 1.28, 95% confidence interval (CI): 1.17, 1.40; P(trend) = 0.04) were found using logistical regression analysis. Creatinine-corrected urinary concentrations of BPS in participants showed 
significant correlations with lung cancer (OR(adjusted) = 1.23, 95% CI: 1.04, 1.59; P(trend) = 0.01) in the adjusted model. In the stratification analysis, the significant correlation between urinary creatinine-corrected 
concentrations of BPA and the risk of lung cancer still observed in male participants (OR = 1.36, 95% CI: 1.09, 1.62, p = 0.040). This study demonstrates that elevated human exposure to BPA and BPS may be associated 
with the increased lung cancer risk.

Environ Pollut. 2022 
Dec 15:315:120323.
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統合_0240 W. Qiu, S. Yin, K. Abulaiti, X. Li, Y. Lu, Q. Zhang, 
M. Zhan and J. Zhang 2024

Preconception exposure to 
bisphenol A and its alternatives: 
Effects on female fecundity 
mediated by oxidative stress and 
ovarian reserve

BACKGROUND: Various 'Bisphenol A (BPA)-free' alternatives have emerged in numerous personal products in recent years. However, it remains unclear whether BPA analogs affect female fecundity and possible 
biological mechanisms. OBJECTIVES: We aimed to evaluate the relationships of bisphenol analogs with female fecundability and infertility and whether oxidative stress, inflammation, and ovarian reserve may play a 
mediation role in such associations. METHODS: This prospective preconception cohort study included 957 couples who attempted pregnancy. BPA and six alternatives were measured in women's urine samples. Bisphenol 
analogs-outcome associations were estimated using discrete-time Cox hazards and logistic regression models. A quantile g-computation (QGC) methodology was further applied to assess the joint effects of co-
exposure to bisphenol analogs on fecundity. We also quantified three biomarkers, including malondialdehyde (MDA), C-reactive protein and Anti-Müllerian hormone (AMH), to explore possible biological pathways. 
RESULTS: Using an integrated analytical approach consisting of both single-pollutant and mixture models, we found that BPA and bisphenol AP (BPAP) were significantly associated with decreased fecundability 
(adjusted fecundability ratio (aFR) = 0.87, 95%CI: 0.81, 0.94 for BPA; aFR = 0.64, 95%CI: 0.48, 0.84 for BPAP) and increased risk of infertility (adjusted odd ratio (aOR) = 1.23, 95%CI: 1.06, 1.44 for BPA; aOR = 2.27, 95%CI: 
1.29, 3.99 for BPAP) after controlling for other bisphenol analogs. The link between BPA and prolonged time to pregnancy was more prominent in overweight or obese women and those who had regular menstrual cycles. 
Bisphenol AF was associated with impaired fecundity in women aged 35 years or older. The mixed effects of bisphenol analogs on fecundity were statistically non-significant. Mediation analysis revealed a significant 
indirect effect of urinary MDA and serum AMH in bisphenol analogs-induced impaired fecundity, with all average causal mediation effects (ACME) showing statistical significance (P(ACME) < 0.05). CONCLUSIONS: Our 
prospective preconception cohort study suggests that BPA and BPAP may be associated with impaired female fecundity. Increased oxidative stress and decreased ovarian reserve may be the underlying pathways.

Sci Total Environ. 2024 
Dec 20:957:177558.
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統合_0241 R. X. Qin, X. Cao, S. Y. Zhang, H. Li, B. Tang, Q. 
L. Liao, F. S. Cai, X. Z. Peng and J. Zheng 2024

Decontamination promotes the 
release of incorporated organic 
contaminants in hair: Novel insights 
into non-invasive biomonitoring

Human hair is increasingly employed as a non-invasive biomonitoring matrix for exposure to organic contaminants (OCs). Decontamination procedures are generally needed to remove external contamination from hair prior 
to analysis of OCs. Despite various existing decontamination protocols, their impacts on internally incorporated (endogenous) OCs in hair remain poorly understood. This study aims to quantitatively assess the impact of 
decontamination procedures on endogenous OCs in hair, and investigate optimal decontamination processes and factors influencing the removal of endogenous OCs. In this study, guinea pig was exposed to 6 OCs 
(triphenyl phosphate (TPHP), tris(1,3-dichloro-2-propyl) phosphate (TDCPP), and tri-n-butyl phosphate (TNBP), bisphenol A (BPA), perfluorooctanoic acid (PFOA), and phenanthrene (PHE)), and 6 decontamination 
procedures with different solvents (methanol, n-hexane, acetone, ultrapure water, Triton X-100, and sodium dodecyl sulfate) were used to rinse exposed guinea pig hair. All OCs and three metabolites (diphenyl phosphate 
(DPHP), dibutyl phosphate (DBP), and bis(1,3-dichloro-2-propyl) phosphate (BDCPP)) were detected in the majority of washing solutions. The decontamination procedures apparently resulted in the release of endogenous 
OCs from hair. The percentages of residual OCs in hair exhibited a linear or exponential decrease with more washing cycles. Furthermore, the residuals of OCs in hair washed with organic and aqueous solvents showed 
negative correlations with molecular weight, polarizability, and their initial concentrations. Although these findings need to be validated with a broader range of OCs, the results obtained in this study provide compelling 
evidence that current hair decontamination procedures have significant impacts on the analysis of endogenous OCs in hair. Therefore, it is important to interpret quantitative data on hair OC concentrations with caution 
and to thoroughly consider each decontamination procedure during analysis.
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2025

Global metabolomic alterations 
associated with endocrine-
disrupting chemicals among 
pregnant individuals and newborns

BACKGROUND: Gestational exposure to non-persistent endocrine-disrupting chemicals (EDCs) may be associated with adverse pregnancy outcomes. While many EDCs affect the endocrine system, their effects on 
endocrine-related metabolic pathways remain unclear. This study aims to explore the global metabolome changes associated with EDC biomarkers at delivery. METHODS: This study included 75 pregnant individuals who 
delivered at the University of Cincinnati Hospital from 2014 to 2017. We measured maternal urinary biomarkers of paraben/phenol (12), phthalate (13), and phthalate replacements (4) from the samples collected during the 
delivery visit. Global serum metabolome profiles were analyzed from maternal blood (n = 72) and newborn (n = 63) cord blood samples collected at delivery. Fifteen of the 29 urinary biomarkers were excluded due to low 
detection frequency or potential exposures during hospital stay. We assessed metabolome-wide associations between 14 maternal urinary biomarkers and maternal/newborn metabolome profiles. Additionally, performed 
enrichment analysis to identify potential alterations in metabolic pathways. RESULTS: We observed metabolome-wide associations between maternal urinary concentrations of phthalate metabolites (mono-isobutyl 
phthalate), phthalate replacements (mono-2-ethyl-5-carboxypentyl terephthalate, mono-2-ethyl-5-hydroxyhexyl terephthalate) and phenols (bisphenol-A, bisphenol-S) and maternal serum metabolome, using q-value < 0.2 
as a threshold. Additionally, associations of phthalate metabolites (mono-n-butyl phthalate, monobenzyl phthalate) and phenols (2,5-dichlorophenol, BPA) with the newborn metabolome were noted. Enrichment analyses 
revealed associations (p-gamma < 0.05) with amino acid, carbohydrate, lipid, glycan, vitamin, and other cofactor metabolism pathways. CONCLUSION: Maternal paraben, phenol, phthalate, and phthalate replacement 
biomarker concentrations at delivery were associated with maternal and newborn serum global metabolome.

Metabolomics Vol.21 
Issue 1 Pages 20
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統合_0243

J. Puvvula, J. M. Braun, E. A. DeFranco, S. M. 
Ho, Y. K. Leung, S. Huang, X. Zhang, A. M. 
Vuong, S. S. Kim, Z. Percy, A. M. Calafat, J. C. 
Botelho and A. Chen

2024

Gestational exposure to 
environmental chemicals and 
epigenetic alterations in the 
placenta and cord blood 
mononuclear cells

BACKGROUND: Exposure to environmental chemicals such as phthalates, phenols, and polycyclic aromatic hydrocarbons (PAHs) during pregnancy can increase the risk of adverse newborn outcomes. We explored the 
associations between maternal exposure to select environmental chemicals and DNA methylation in cord blood mononuclear cells (CBMC) and placental tissue (maternal and fetal sides) to identify potential mechanisms 
underlying these associations. METHOD: This study included 75 pregnant individuals who planned to give birth at the University of Cincinnati Hospital between 2014 and 2017. Maternal urine samples during the delivery 
visit were collected and analyzed for 37 biomarkers of phenols (12), phthalates (13), phthalate replacements (4), and PAHs (8). Cord blood and placenta tissue (maternal and fetal sides) were also collected to measure the 
DNA methylation intensities using the Infinium HumanMethylation450K BeadChip. We used linear regression, adjusting for potential confounders, to assess CpG-specific methylation changes in CBMC (n = 54) and 
placenta [fetal (n = 67) and maternal (n = 68) sides] associated with gestational chemical exposures (29 of 37 biomarkers measured in this study). To account for multiple testing, we used a false discovery rate q-values <
 0.05 and presented results by limiting results with a genomic inflation factor of 1±0.5. Additionally, gene set enrichment analysis was conducted using the Kyoto Encyclopedia of Genes and Genomics pathways. 
RESULTS: Among the 29 chemical biomarkers assessed for differential methylation, maternal concentrations of PAH metabolites (1-hydroxynaphthalene, 2-hydroxyfluorene, 4-hydroxyphenanthrene, 1-hydroxypyrene), 
monocarboxyisononyl phthalate, mono-3-carboxypropyl phthalate, and bisphenol A were associated with altered methylation in placenta (maternal or fetal side). Among exposure biomarkers associated with epigenetic 
changes, 1-hydroxynaphthalene, and mono-3-carboxypropyl phthalate were consistently associated with differential CpG methylation in the placenta. Gene enrichment analysis indicated that maternal 1-
hydroxynaphthalene was associated with lipid metabolism and cellular processes of the placenta. Additionally, mono-3-carboxypropyl phthalate was associated with organismal systems and genetic information 
processing of the placenta. CONCLUSION: Among the 29 chemical biomarkers assessed during delivery, 1-hydroxynaphthalene and mono-3-carboxypropyl phthalate were associated with DNA methylation in the placenta. 
SUPPLEMENTARY INFORMATION: The online version contains supplementary material available at 10.1186/s43682-024-00027-7.

Epigenetics Commun. 
2024;4(1):4.
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統合_0244 Y. Pu, Y. Du, J. He, S. He, Y. Chen, A. Cao and Y. 
Dang 2024

The mediating role of steroid 
hormones in the relationship 
between bisphenol A and its 
alternatives bisphenol S and F 
exposure and preeclampsia

Steroid hormone imbalance is believed to increase the odds of developing PE. Bisphenol A (BPA) and its substitutes (e.g., bisphenol S (BPS) and bisphenol F (BPF)) have estrogen-like effects, and its exposure may be 
related to the development of preeclampsia (PE). To explore the effects of bisphenol exposure on maternal serum steroid hormones and the potential mediating role of steroid hormones in the association between 
bisphenol exposure and developing PE, concentrations of bisphenols and steroid hormones in serum samples of 383 pregnant women were examined before delivery (including 160 PE cases and 223 control cases). 
Multivariable logistic and linear models were used to explore the associations of maternal serum bisphenols concentrations with both maternal steroid hormones and PE risk. Mediation modeling was employed to evaluate 
the mediating role of steroid hormones in the association between bisphenols and PE. Results showed that maternal serum BPS concentrations were positively associated with testosterone (T) concentrations. The 
mediation analyses suggested that approximately 10.17 % of the associations between BPS concentrations and the development of PE might be mediated by maternal T. In conclusion, maternal exposure to BPS during 
pregnancy is linked to higher maternal T concentrations, which might increase the odds of developing PE. T might mediate the association between BPS exposure and the development of PE.

J Steroid Biochem Mol 
Biol. 2024 
Nov:244:106591.
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統合_0245
N. B. Prabhu, S. Vasishta, S. K. Bhat, M. B. 
Joshi, S. P. Kabekkodu, K. Satyamoorthy and P. 
S. Rai

2023

Distinct metabolic signatures in 
blood plasma of bisphenol A-
exposed women with polycystic 
ovarian syndrome

Polycystic ovarian syndrome (PCOS) is a complicated endocrinopathy with an unclear etiology that afflicts fertility status in women. Although the underlying causes and pathophysiology of PCOS are not completely 
understood, it is suspected to be driven by environmental factors as well as genetic and epigenetic factors. Bisphenol A (BPA) is a weak estrogenic endocrine disruptor known to cause adverse reproductive outcomes in 
women. A growing relevance supports the notion that BPA may contribute to PCOS pathogenesis. Due to the indeterminate molecular mechanisms of BPA in PCOS endocrinopathy, we sought liquid chromatography with 
tandem mass spectrometry (LC-MS/MS), a metabolomics strategy that could generate a metabolic signature based on urinary BPA levels of PCOS and healthy individuals. Towards this, we examined urinary BPA levels in 
PCOS and healthy women by ELISA and performed univariate and chemometric analysis to distinguish metabolic patterns among high and low BPA in PCOS and healthy females, followed by pathway and biomarker 
analysis employing MetaboAnalyst 5.0. Our findings indicated aberrant levels of certain steroids, sphingolipids, and others, implying considerable disturbances in steroid hormone biosynthesis, linoleic, linolenic, 
sphingolipid metabolism, and various other pathways across target groups in comparison to healthy women with low BPA levels. Collectively, our findings provide insight into metabolic signatures of BPA-exposed PCOS 
women, which can potentially improve management strategies and precision medicine.

Environ Sci Pollut Res 
Int. 2023 
May;30(23):64025-
64035.
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統合_0246 S. P. Porras, M. Heinälä, H. Veijalainen, H. Salo, 
K. Suuronen, E. Parshintsev and T. Santonen 2024

Environmental and occupational 
exposure to bisphenol compounds in 
Finland

The aim of the study was to assess non-occupational and occupational exposure to bisphenol compounds in Finland. The participants were 151 non-occupationally exposed volunteers and 15 potentially exposed 
employees of a sewage-pipe relining company and a floor-coating company. The following chemicals were measured in the urine samples: bisphenol A (BPA), bisphenol F (BPF), bisphenol A diglycidyl ether (BADGE), 
bisphenol F diglycidyl ether (BFDGE), and the metabolites of the latter two [bisphenol A (2,3-dihydroxypropyl) glycidyl ether (BADGE·H(2)O), bisphenol A bis(2,3-dihydroxypropyl) ether (BADGE·2 H(2)O), bisphenol A (3-
chloro-2-hydroxypropyl) (2,3-dihydroxypropyl) ether (BADGE·HCl·H(2)O), bisphenol A (3-chloro-2-hydroxypropyl) glycidyl ether (BADGE·HCl), and bisphenol A bis(3-chloro-2-hydroxypropyl) ether (BADGE·2HCl) and 
bisphenol F bis(2,3-dihydroxypropyl) ether (BFDGE·2 H(2)O), and bisphenol F bis(3-chloro-2-hydroxypropyl) ether (BFDGE·2HCl)]. BADGE and BFDGE were also measured in breathing zone air samples and hand-wipe 
samples of the sewage-pipe relining and floor-coating workers. Non-occupational exposure to BPA has decreased in Finland. The BPF level of the non-occupationally exposed was higher than the respective levels 
reported in the recent literature. BPA and BPF concentrations in the workers' urine samples were in the same range as those in the corresponding concentrations of the non-occupationally exposed population. Higher 
concentrations of BADGE and BFDGE metabolites were found in some of the workers' urine samples. Elevated urine concentrations were also observed in the samples collected the next morning. Some of the urinary 
BADGE and BFDGE metabolite results correlated with the hand-wipe results. The results show that occupational exposure to BADGE and BFDGE may occur in sewage-pipe relining and floor-coating work. They also 
indicate that dermal contamination plays a role in total exposure. Although the measured urinary levels indicate that the absorption of these bisphenol compounds are unlikely to pose a systemic health risk, the risk of 
dermal sensitization remains.

Toxicol Lett Vol.398 
Pages 19-27
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統合_0247 S. M. Poormoosavi, M. A. Behmanesh, S. Janati 
and H. Najafzadehvarzi 2019

Level of Bisphenol A in Follicular 
Fluid and Serum and Oocyte 
Morphology in Patients Undergoing 
IVF Treatment

Objective: To assess the correlation between the levels of BPA in the serum and follicular fluid (FF) using oocyte morphology. Materials and methods: In this cross-sectional research, oocyte, FF, and serum samples were 
obtained from a sample population consisting of 90 women undergone in vitro fertilization in Ganjavian Hospital in Dezful, Iran during October 2017-March 2018. The ELISA kit was utilized for the measurement of the BPA 
levels. In addition, oocyte morphology simultaneous with inverted optical microscopy. Results: Follicular fluid BPA levels had no significant effect on MII oocytes (p ≥ 0.05). However, the mean levels of degenerated 
oocytes and germinal vesicle (GV) were significantly higher in the women with high BPA levels in the FF (p ≤ 0.05). Moreover, the mean counts of MII oocytes and oocytes were significantly higher in the women with 
serum BPA levels of ≤ 50 ng/ml (p ≤ 0.05), while the mean count of GV oocytes was significantly higher in the women with serum BPA levels of ≥ 150 ng/ml (p ≤ 0.05). Conclusion: According to the results, higher FF BPA 
levels were associated with the higher counts of GVs and oocytes, while oocytes with higher maturity can be achieved in lower levels of BPA in the serum of patients.

J Family Reprod Health 
Vol.13 Issue 3 Pages 
154-159

- 32201490 ヒト - - - - - - - 横断研究 1 1 - - - - - - - - - - - - - - - - - -

統合_0248
R. C. N. Pontelli, B. A. Rocha, D. M. Garcia, L. A. 
Pereira, M. C. O. Souza, F. Barbosa, Jr. and E. M. 
Rocha

2020
Endocrine disrupting chemicals 
associated with dry eye syndrome

BACKGROUND: Dry eye syndrome (DES) is a multifactorial disease that causes changes in the tear film and occurs more frequently in women. Sex hormones (SHs) influence tear production, and SHs imbalance is 
associated with DES. Endocrine-disrupting chemicals (EDCs) are compounds that can bind to SHs receptors, changing the SHs action in several organs and tissues. METHODS: The levels of 21 EDCs were measured in 
the urine of DES patients and healthy controls. All individuals were submitted to eye exams for DES and responded to the questionnaire "Ocular Surface Disease Index (OSDI)". DES was considered present when the OSDI 
score was >20 and one of the DES tests surpassed the established thresholds. RESULTS: Methyl-protocatechuic acid (OHMeP), had higher urine levels in DES individuals than in control individuals (p = 0.0189). On the 
other hand, triclocarban (TCC) exhibited lower urine levels in DES individuals than in control individuals (p = 0.0081). Statistically significant positive associations were found between Methyl Paraben (MeP), EtP (ethyl 
paraben) and OHMeP with fluorescein staining test; between TCC and Tear breakup time test and between OHMeP and OSDI score. Significant negative associations were found between EtP and OHMeP and schirmer 
test; between OHMeP and Tear breakup time test; between TCC and the OSDI score and fluorescein and lissamine staining test.The quadratic discriminant function classified 94.4% of individuals in their groups based on 
the urine levels of EDCs. CONCLUSION: The following EDCs, MeP, EtP, and OHMeP, were associated with signs and symptoms of DES. TCC had a paradoxical protective effect against DES. These findings suggest that 
EDCs are associated with DES and the exposure should be included in the investigation of causes and risk factors for DES.

Ocul Surf. 2020 
Jul;18(3):487-493.
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統合_0249 T. Pollock, S. Karthikeyan, M. Walker, K. Werry 
and A. St-Amand 2021

Trends in environmental chemical 
concentrations in the Canadian 
population: Biomonitoring data from 
the Canadian Health Measures 
Survey 2007-2017

Ten years of nationally representative biomonitoring data collected between 2007 and 2017 are available from the Canadian Health Measures Survey (CHMS). These data establish baseline environmental chemical 
concentrations in the general population. Here we sought to evaluate temporal trends in environmental chemical exposures in the Canadian population by quantifying changes in biomarker concentrations measured in the 
first five two-year cycles of the CHMS. We identified 39 chemicals that were measured in blood or urine in at least three cycles and had detection rates over 50% in the Canadian population. We calculated geometric 
mean concentrations for each cycle using the survey weights provided. We then conducted analyses of variance to test for linear trends over all cycles. We also calculated the percent difference in geometric means 
between the first and most recent cycle measured. Of the 39 chemicals examined, we found statistically significant trends across cycles for 21 chemicals. Trends were decreasing for 19 chemicals from diverse chemical 
groups, including metals and trace elements, phenols and parabens, organophosphate pesticides, per- and polyfluoroalkyl substances, and plasticizers. Significant reductions in chemical concentrations included di-2-
ethylhexyl phthalate (DEHP; 75% decrease), perfluorooctane sulfate (PFOS; 61% decrease), perfluorooctanoic acid (PFOA; 58% decrease), dimethylphosphate (DMP; 40% decrease), lead (33% decrease), and bisphenol A 
(BPA; 32% decrease). Trends were increasing for two pyrethroid pesticide metabolites, including a 110% increase between 2007 and 2017 for 3-phenoxybenzoic acid (3-PBA). No significant trends were observed for the 
remaining 18 chemicals that included arsenic, mercury, fluoride, acrylamide, volatile organic compounds, and polycyclic aromatic hydrocarbons. National biomonitoring data indicate that concentrations, and therefore 
exposures, have decreased for many priority chemicals in the Canadian population. Concentrations for other chemical groups have not changed or have increased, although average concentrations remain below thresholds 
of concern derived from human exposure guidance values. Continued collection of national biomonitoring data is necessary to monitor trends in exposures over time.

Environ Int Vol.155 
Pages 106678
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統合_0250 T. Pollock, T. E. Arbuckle, M. Guth, M. F. 
Bouchard and A. St-Amand 2021

Associations among urinary triclosan 
and bisphenol A concentrations and 
serum sex steroid hormone 
measures in the Canadian and U.S. 
Populations

Exposure to triclosan, an antimicrobial agent, and bisphenol A (BPA), the monomer of polycarbonate plastics, is widespread. Endocrine-disrupting impacts of these chemicals have been demonstrated in in vitro studies, 
rodent toxicology studies, and some human observational studies. Here we compared urinary concentrations of triclosan and BPA in the Canadian and U.S. populations using nationally-representative data from the 2012-
2015 Canadian Health Measures Survey (CHMS) and the 2013-2016 National Health and Nutrition Examination Survey (NHANES). We then examined the cross-sectional associations of urinary triclosan or BPA with 
serum sex steroid hormones, including estradiol (E2), progesterone (P4), and testosterone (T), using multivariable regression. We observed differences in creatinine-standardized chemical concentrations between 
countries; urinary triclosan was higher in Canadian females aged 12-19 years, while BPA was higher in U.S. females aged 20-49 years. We also found significant associations among urinary chemicals and serum E2 and T, 
but not P4. Increasing triclosan was associated with higher levels of E2 in 6-11-year-old girls, but with lower levels of E2 and T in adolescent boys aged 12-19 years. Increasing BPA was associated with lower levels of 
E2 in 6-11-year-old boys and in adolescents aged 12-19 years of either sex. We observed a U-shaped association between urinary triclosan and E2 in male adults aged 50-79 years; no associations between BPA and 
hormones were detected in adults. These results, in accordance with the in vitro and animal literature, suggest that triclosan and BPA exposures may be cross-sectionally associated with altered reproductive hormone 
levels, especially in children and adolescents. Further research and prospective studies are necessary to elucidate country-specific differences in chemical exposures and the potential public health significance of these 
findings.
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統合_0251 A. Z. Pollack, J. R. Krall, S. H. Swan and G. M. B. 
Louis 2022

Does Older Age Modify Associations 
between Endocrine Disrupting 
Chemicals and Fecundability?

Urinary concentrations of several endocrine disrupting chemicals, including phthalate metabolites, bisphenol A (BPA), and benzophenone (BP)-type ultraviolet (UV) filters, have been associated with a longer time-to-
pregnancy (TTP). Potential modification of these associations by couple's age has not been studied. TTP was defined as the number of prospectively observed menstrual cycles a couple attempted pregnancy until the 
occurrence of a human chorionic gonadotropic-detected pregnancy. Urinary concentrations of two BP-type UV filters and three phthalate metabolites were measured at baseline. Fecundability odds ratios (FORs) and 95% 
confidence intervals (CIs) were estimated for each chemical adjusting for age, body mass index, serum cotinine, creatinine, and accounting for right censoring and left truncation. Models evaluated effect modification 
between EDC concentrations and TTP by partner's age, dichotomized at 35 years. Separate models were run for male and female partners. No significant effect modification was observed for any EDC for either partner, 
but data were suggestive of a longer TTP among females aged ≥35 years, particularly for BP-2 (FOR = 0.61, 95% CI 0.36, 1.05) and 4-hydroxybenzophenone (FOR = 0.71, 95% CI: 0.46, 1.09) reflecting 39% and 29% 
reductions in fecundability, respectively. We saw no evidence of effect modification by couples' age on associations between TTP and urinary phthalate or BPA metabolite concentrations. Across the EDCs we examined, 
we found little evidence that age modifies TTP-exposure associations.

Int J Environ Res Public 
Health. 2022 Jun 
30;19(13):8074.
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統合_0252 K. M. Polemi, V. K. Nguyen, J. Heidt, A. Kahana, 
O. Jolliet and J. A. Colacino 2021

Identifying the link between 
chemical exposures and breast 
cancer in African American women 
via integrated in vitro and exposure 
biomarker data

Among women, breast cancer is the most prevalent form of cancer worldwide and has the second highest mortality rate of any cancer in the United States. The breast cancer related death rate is 40 % higher in non-
Hispanic Black women compared to non-Hispanic White women. The incidence of triple negative breast cancer (TNBC), an aggressive subtype of breast cancer for which there is no targeted therapy, is also approximately 
three times higher for Black, relative to, White women. The drivers of these differences are poorly understood. Here, we aimed to identify chemical exposures which play a role in breast cancer disparities. Using chemical 
biomonitoring data from the National Health and Nutrition Examination Survey (NHANES) and biological activity data from the EPA's ToxCast program, we assessed the toxicological profiles of chemicals to which US 
Black women are disproportionately exposed. We conducted a literature search to identify breast cancer targets in ToxCast to analyze the response of chemicals with exposure disparities in these assays. Forty-three 
chemical biomarkers are significantly higher in Black women. Investigation of these chemicals in ToxCast resulted in 32,683 assays for analysis, 5172 of which contained nonzero values for the concentration at which the 
dose-response fitted model reaches the cutoff considered "active". Of these chemicals BPA, PFOS, and thiram are most comprehensively assayed. 2,5-dichlorophenol, 1,4-dichlorobenzene, and methyl and propyl parabens 
had higher biomarker concentrations in Black women and moderate testing and activity in ToxCast. The distribution of active concentrations for these chemicals in ToxCast assays are comparable to biomarker 
concentrations in Black women NHANES participants. Through this integrated analysis, we identify that multiple chemicals, including thiram, propylparaben, and p,p' DDE, have disproportionate exposures in Black women 
and have breast cancer associated biological activity at human exposure relevant doses.

Toxicology Vol.463 
Pages 152964
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統合_0253 C. Pirard and C. Charlier 2022

Urinary levels of parabens, phthalate 
metabolites, bisphenol A and 
plasticizer alternatives in a Belgian 
population: Time trend or impact of 
an awareness campaign?

A human biomonitoring study was carried out in 2015 within an adult population living in Liege (Belgium). Some phthalate metabolites and parabens were measured in the urine of 252 participants, and information were 
collected about their food habits, life styles and home environment to identify some predictors of exposure. Concomitantly, an awareness campaign was initiated by the Provincial Authorities of Liege and spread over 2 
years. Three years later (2018), 92 of the initial participants provided again urine samples, and the levels of phthalate metabolites, phthalate substitute (DINCH), parabens, bisphenol-A and bisphenol alternatives 
(bisphenol-S, -F, -Z, -P) were determined and compared to those obtained in 2015 to assess time trends. In 2015, methyl- and ethylparaben were the most abundant parabens (P50 = 9.12 μg/L and 1.1 μg/L 
respectively), while propyl- and butylparaben were sparsely detected. Except for mono-2-ethylhexyl phthalate and 6-OH-mono-propyl-heptyl phthalate, all other targeted phthalate metabolites were positively quantified in 
most of the urine samples (between 89 and 98%) with median concentrations ranging between 2.7 μg/L and 21.3 μg/L depending on the metabolite. The multivariate regression models highlighted some significant 
associations between urinary phthalate metabolite or paraben levels and age, rural or urban character of the residence place, and the use of some personal care products. However, all determination coefficients were 
weak meaning that the usual covariates included in the models only explained a small part of the variance. Between 2015 and 2018, levels of parabens and phthalate metabolites significantly decreased (from 1.3 to 2.5 
fold) except for monoethyl phthalate which seemed to remain quite constant. Contrariwise, all bisphenol alternatives and DINCH metabolites were measured in higher concentrations in 2018 vs 2015 while BPA levels did 
not differ significantly. However, it was not feasible to unequivocally highlight an impact of the awareness campaign on the exposure levels of the population.

Environ Res Vol.214 
Issue Pt 2 Pages 
113852
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統合_0254
E. M. Philips, S. Santos, E. A. P. Steegers, A. G. 
Asimakopoulos, K. Kannan, L. Trasande and V. 
W. V. Jaddoe

2020
Maternal bisphenol and phthalate 
urine concentrations and weight 
gain during pregnancy

BACKGROUND: Insufficient or excessive gestational weight gain are associated with increased risks of adverse birth and childhood outcomes. Increasing evidence suggests that exposure to bisphenols and phthalates 
may disrupt hormonal pathways and thereby influence gestational weight gain. OBJECTIVE: To examine the associations of early and mid-pregnancy bisphenol and phthalate urine concentrations with gestational weight 
gain. METHODS: In a population-based prospective cohort study among 1,213 pregnant women, we measured early and mid-pregnancy bisphenol and phthalate urine concentrations. Maternal anthropometrics before 
pregnancy were obtained by questionnaire and repeatedly measured at our research center during pregnancy. We used linear and logistic regressions to evaluate the associations of bisphenols and phthalates with total 
and period-specific gestational weight gain. RESULTS: Higher maternal total bisphenols and bisphenol S were associated with a lower total gestational weight gain at nominal level. Stratification by body mass index 
group showed that higher total bisphenols and bisphenol S were associated with lower total gestational weight gain specifically in normal weight women (respectively -509 g [95% CI -819, -198] and -398 g [95% CI -627, 
-169]). Each log unit increase in early pregnancy total bisphenol and bisphenol A urine concentrations were associated with lower mid- to late pregnancy gestational weight gain in the whole group (effect estimates -218 
g/log unit increase [95% CI -334, -102] and -132 g/log unit increase [95% CI -231, -34], respectively). These associations were independent of mid-pregnancy compounds. Mid-pregnancy bisphenols and phthalates 
concentrations were not associated with gestational weight gain. DISCUSSION: Higher maternal bisphenol urine concentrations in early pregnancy may lead to reduced gestational weight in second half of pregnancy. 
Further research is needed to assess the effects of maternal bisphenols and phthalates urine concentrations on placental and fetal growth and development.

Environ Int. 2020 
Feb:135:105342.

10.1016/j.envint.2019.105342 31864031 ヒト 代謝 - - - - - - コホート研究 1 1 - - - 1 1 1 - - - - - - - - - - - -

統合_0255
E. M. Philips, V. W. V. Jaddoe, A. Deierlein, A. G. 
Asimakopoulos, K. Kannan, E. A. P. Steegers 
and L. Trasande

2020

Exposures to phthalates and 
bisphenols in pregnancy and 
postpartum weight gain in a 
population-based longitudinal birth 
cohort

BACKGROUND: Experimental evidence suggests that exposures to phthalates and bisphenols may interfere with processes related to glucose and lipid metabolism, insulin sensitivity, and body weight. Few studies have 
considered the possible influence of chemical exposures during pregnancy on maternal weight gain or metabolic health outcomes postpartum. OBJECTIVE: To examine the associations of early and mid-pregnancy 
bisphenol and phthalate urine concentrations with maternal weight gain 6 years postpartum. METHODS: We analyzed urine samples for bisphenol, phthalate and creatinine concentrations from early and mid-pregnancy in 
1192 women in a large, population-based birth cohort in Rotterdam, the Netherlands, and examined postpartum weight gain using maternal anthropometrics before pregnancy and 6 years postpartum. We have used 
covariate-adjusted linear regressions to evaluate associations of early and mid-pregnancy bisphenols and phthalate metabolites with weight change. Mediator and interaction models have been used to assess the role of 
gestational weight gain and breastfeeding, respectively. Sensitivity analysis is performed among women without subsequent pregnancies. RESULTS: Among all 1192 mothers included in the analysis, each log unit 
increase in the average bisphenol A and all assessed phthalate groupings were associated with increased maternal weight gain. As a proxy for phthalate exposure, each log unit increase in averaged phthalic acid was 
associated with 734 g weight gain (95% CI 273-1196 g) between pre-pregnancy and 6 years postpartum. Mediation by gestational weight gain was not present. Breastfeeding and ethnicity did not modify the effects. 
Stratification revealed these associations to be strongest among overweight and obese women. Among women without subsequent pregnancies (n = 373) associations of bisphenols, HMW phthalate metabolites and di-2-
ethylhexylphthalate metabolites attenuated. For phthalic acid, LMW phthalate metabolites and di-n-octylphthalate metabolites associations increased. Similarly to the whole group, stratification yielded significant results 
among overweight and obese women. DISCUSSION: In a large population-based birth cohort, early and mid-pregnancy phthalate exposures are associated with weight gain 6 years postpartum, particularly among 
overweight and obese women. These data support ongoing action to replace phthalates with safer alternatives.

Environ Int. 2020 
Nov:144:106002.

10.1016/j.envint.2020.106002 32745783 ヒト 代謝 - - - - - - コホート研究 1 1 - - - 1 1 1 - - - - - - - - - - - -

統合_0256 A. Phanumartwiwath, D. Liana and H. Duan 2025

Association of environmental phenol 
and paraben exposure with allergic 
biomarkers in eczema: findings from 
NHANES 2005-2006

Endocrine-disrupting chemicals such as phenols and parabens can promote allergic conditions including eczema. We aimed to analyze the association between exposure to environmental phenols and parabens and 
allergic biomarkers-including total serum Immunoglobulin E (IgE), C-reactive protein (CRP), and eosinophils-in individuals with eczema, using the dataset from NHANES 2005-2006. This analysis was based on urinary 
biomarker levels of phenols and parabens, including bisphenol A, benzophenone-3, 4-tert-octylphenol, triclosan, as well as methyl, ethyl, propyl, and butyl parabens. The urinary biomarkers of phenols and parabens were 
quantified using online SPE-HPLC-MS/MS, while IgE, CRP, and eosinophil levels were analyzed using fluorescent-enzyme immunoassay, the ImmunoCAP 1000 system, latex-enhanced nephelometry, and the Beckman 
Coulter method, respectively. Following data extraction, we obtained 159 individuals with a history of eczema and categorized them by age for analysis. Our findings showed positive correlations between bisphenol A, 
triclosan, butyl paraben, methyl paraben, and propyl paraben and allergic biomarkers in children with eczema aged 6 to 8 years. Notably, a significant positive correlation was observed between methyl paraben exposure 
and IgE levels. In adults with eczema, 4-tert-octylphenol demonstrated a significant positive association with both IgE levels and eosinophil counts. These findings suggest that exposure to these chemicals may 
exacerbate eczema symptoms.

Arch Dermatol Res 
Vol.317 Issue 1 Pages 
452
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W. Perng, M. Tamayo-Ortiz, L. Tang, B. N. Sá
nchez, A. Cantoral, J. D. Meeker, D. C. Dolinoy, 
E. F. Roberts, E. A. Martinez-Mier, H. Lamadrid-
Figueroa, P. X. K. Song, A. S. Ettinger, R. Wright, 
M. Arora, L. Schnaas, D. J. Watkins, J. M. 
Goodrich, R. C. Garcia, M. Solano-Gonzalez, L. 
F. Bautista-Arredondo, A. Mercado-Garcia, H. 
Hu, M. Hernandez-Avila, M. M. Tellez-Rojo and 
K. E. Peterson

2019
Early Life Exposure in Mexico to 
ENvironmental Toxicants 
(ELEMENT) Project

PURPOSE: The Early Life Exposure in Mexico to ENvironmental Toxicants (ELEMENT) Project is a mother-child pregnancy and birth cohort originally initiated in the mid-1990s to explore: (1) whether enhanced 
mobilisation of lead from maternal bone stores during pregnancy poses a risk to fetal and subsequent offspring neurodevelopment; and (2) whether maternal calcium supplementation during pregnancy and lactation can 
suppress bone lead mobilisation and mitigate the adverse effects of lead exposure on offspring health and development. Through utilisation of carefully archived biospecimens to measure other prenatal exposures, 
banking of DNA and rigorous measurement of a diverse array of outcomes, ELEMENT has since evolved into a major resource for research on early life exposures and developmental outcomes. PARTICIPANTS: n=1643 
mother-child pairs sequentially recruited (between 1994 and 2003) during pregnancy or at delivery from maternity hospitals in Mexico City, Mexico. FINDINGS TO DATE: Maternal bone (eg, patella, tibia) is an endogenous 
source for fetal lead exposure due to mobilisation of stored lead into circulation during pregnancy and lactation, leading to increased risk of miscarriage, low birth weight and smaller head circumference, and transfer of 
lead into breastmilk. Daily supplementation with 1200 mg of elemental calcium during pregnancy and lactation reduces lead resorption from maternal bone and thereby, levels of circulating lead. Beyond perinatal 
outcomes, early life exposure to lead is associated with neurocognitive deficits, behavioural disorders, higher blood pressure and lower weight in offspring during childhood. Some of these relationships were modified by 
dietary factors; genetic polymorphisms specific for iron, folate and lipid metabolism; and timing of exposure. Research has also expanded to include findings published on other toxicants such as those associated with 
personal care products and plastics (eg, phthalates, bisphenol A), other metals (eg, mercury, manganese, cadmium), pesticides (organophosphates) and fluoride; other biomarkers (eg, toxicant levels in plasma, hair and 
teeth); other outcomes (eg, sexual maturation, metabolic syndrome, dental caries); and identification of novel mechanisms via epigenetic and metabolomics profiling. FUTURE PLANS: As the ELEMENT mothers and 
children age, we plan to (1) continue studying the long-term consequences of toxicant exposure during the perinatal period on adolescent and young adult outcomes as well as outcomes related to the original ELEMENT 
mothers, such as their metabolic and bone health during perimenopause; and (2) follow the third generation of participants (children of the children) to study intergenerational effects of in utero exposures. TRIAL 
REGISTRATION NUMBER: NCT00558623.

BMJ Open. 2019 Aug 
26;9(8):e030427.
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統合_0258
W. Perng, N. M. Kasper, D. J. Watkins, B. N. 
Sanchez, J. D. Meeker, A. Cantoral, M. Solano-
González, M. M. Tellez-Rojo and K. Peterson

2020

Exposure to Endocrine-Disrupting 
Chemicals During Pregnancy Is 
Associated with Weight Change 
Through 1 Year Postpartum Among 
Women in the Early-Life Exposure in 
Mexico to Environmental Toxicants 
Project

Background: The postpartum period may be a vulnerable life stage for a woman's cardiometabolic health. We examined associations of exposure to common endocrine-disrupting chemicals (EDCs) during pregnancy with 
weight from delivery through 1 year postpartum among 199 women in Mexico City. Materials and Methods: During each trimester of pregnancy, we collected a urine sample to assay bisphenol A (BPA), mono-n-butyl 
phthalate (MnBP), mono-isobutyl phthalate (MiBP), monobenzyl phthalate (MBzP), mono-3-carboxypropyl phthalate (MCPP), mono-2-ethyl-5-carboxypentyl phthalate (MECPP), mono-2-ethyl-5-hydroxyhexyl phthalate 
(MEHHP), mono-2-ethylhexyl phthalate (MEHP), mono-2-ethyl-5-oxohexyl phthalate (MEOHP), and monoethyl phthalate (MEP). We calculated summary scores for di-2-ethylhexyl phthalate metabolites (ΣDEHP) and 
dibutyl phthalate metabolites (ΣDBP). We calculated the geometric mean of each EDC across pregnancy for use in the analysis. At delivery and three additional times during the first year postpartum, we measured the 
women's weight. We used mixed-effects linear regression models to estimate associations of each EDC with weight at delivery (kg) and weight change (kg/year) from delivery through 1 year postpartum. Covariates 
included urinary specific gravity, maternal age, parity, height, first trimester body mass index, and gestational age at enrollment. Results: Mean ± standard deviation weight change during the first postpartum year was -
0.49 ± 4.04 kg. The EDCs were inversely associated with weight at delivery, but positively associated with weight change through 1 year postpartum. For example, each interquartile range of urinary ΣDEHP corresponded 
with 1.38 (95% confidence interval: 0.44-2.33) kg lower weight at delivery and 1.01 (0.41--1.61) kg/year slower rate of weight loss. We observed similar associations for other EDCs. Conclusions: Prenatal exposure to 
EDCs is associated with lower weight at delivery, but slower rate of weight loss through the first postpartum year.

J Womens Health 
(Larchmt). 2020 
Nov;29(11):1419-1426.

10.1089/jwh.2019.8078 32233978 ヒト ⽣殖発⽣ - - - - - - コホート研究 1 1 - - - 1 1 1 - 1 - - - - - - - - - -
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統合_0259 S. Peng, S. Dong, C. Gong, X. Chen, H. Du, Y. 
Zhan and Z. Yang 2023

Evidence-based identification of 
breast cancer and associated 
ovarian and uterus cancer risk 
components in source waters from 
high incidence area in the Pearl 
River Basin, China

Breast cancer, ovarian cancer, and uterus cancer are among the most common female cancers. They are suspected to associate with exposures to specific environmental pollutants, which remain unidentified in source 
waters. In this work, we focused on the Pearl River Basin region in China, which experienced a high incidence of breast, ovarian, and uterus cancers. Combining cancer patient data, mammalian cell cytotoxicity analyses, 
and exhaustive historical and current chemical assessments, we for the first time identified source water components that promoted proliferation of mammalian cells, and confirmed their association with these female 
cancers via the estrogen receptor mediated pathway. Therefore, the components that have previously been found to enhance the proliferation of estrogen receptor-containing cells through endocrine disruption could be 
the crucial factor. Based on this, components that matched with this toxicological characteristic (i.e., estrogen-like effect) were further identified in source waters, including (1) organic components: phthalates, bisphenol 
A, nonylphenols, and per-/polyfluoroalkyls; (2) inorganic components: Sb, Co, As, and nitrate. Moreover, these identified water components were present at levels comparable to other regions with high female cancer 
prevalence, suggesting that the potential risk of these components may not be exclusive to the study region. Together, multiple levels of evidence suggested that long-term co-exposures to source water estrogenic 
components may be important to the development of breast, ovarian, and uterus cancers.

Sci Total Environ. 2023 
Dec 10:903:166060.

10.1016/j.scitotenv.2023.166060 37543346 ヒト 発がん - - - - - - ⽣態学的研究 1 1 - - - 1 1 1 - - - - - - - - - - - -

統合_0260 J. Peng, L. L. Du and Q. L. Ma 2023

Serum glycolipids mediate the 
relationship of urinary bisphenols 
with NAFLD: analysis of a 
population-based, cross-sectional 
study

BACKGROUND: Bisphenol A (BPA) and its substitutes bisphenol S (BPS) and bisphenol F (BPF) are endocrine-disrupting chemicals widely used in consumer products, which have been proposed to induce various human 
diseases. In western countries, one of the most common liver diseases is non-alcoholic fatty liver disease (NAFLD). However, studies on the associations of the three bisphenols with NAFLD in human beings are scarce. 
METHODS: We included 960 participants aged ≥ 20 years from the NHANES 2013-16 who had available data on levels of urinary BPA, BPS and BPF. The hepatic steatosis index (HSI) > 36 was used to predict NAFLD. 
Logistic regression analysis and mediation effect analysis were used to evaluate the associations among bisphenols, glycolipid-related markers and NAFLD. RESULTS: A total of 540 individuals (56.3%) were diagnosed 
with NAFLD, who had higher concentrations of BPA and BPS but not BPF than those without NAFLD. An increasing trend in NAFLD risks and HSI levels was observed among BPA and BPS tertiles (p for trend < 0.05). 
After adjustment for confounders, elevated levels of BPA or BPS but not BPF were significantly associated with NAFLD. The odds ratio for NAFLD was 1.581 (95% confidence intervals [CI]: 1.1-2.274, p = 0.013) 
comparing the highest with the lowest tertile of BPA and 1.799 (95%CI: 1.2462.597, p = 0.002) for BPS. Mediation effect analysis indicated that serum high-density lipoprotein cholesterol and glucose had a mediating 
effect on the relationships between bisphenols and NAFLD. CONCLUSIONS: The present study showed that high exposure levels of BPA and BPS increased NAFLD incidence, which might be mediated through regulating 
glycolipids metabolism. Further studies on the role of bisphenols in NAFLD are warranted.

Environ Health Vol.21 
Issue 1 Pages 124

10.1186/s12940-022-00945-w 36588154 ヒト - - - - - - - 横断研究 1 1 - - - - - - - - - - - - - - - - - -

統合_0261 F. J. Peng, P. Palazzi, S. Mezzache, E. Adelin, N. 
Bourokba, P. Bastien and B. M. R. Appenzeller 2024

Glucocorticoid hormones in relation 
to environmental exposure to 
bisphenols and multiclass pesticides 
among middle aged-women: Results 
from hair analysis

Bisphenols and pesticides have been shown to alter circulating glucocorticoids levels in animals, but there is limited human data. Moreover, measurements from biological fluids may not be able to reflect long-term status 
of non-persistent pollutants and glucocorticoids due to the high variability in their levels. Using hair analysis, we examined the associations between glucocorticoid hormones and environmental exposure to multi-class 
organic pollutants among a healthy female population aged 25-45 years old. Concentrations of four glucocorticoids, four polychlorinated biphenyl congeners (PCBs), seven polybrominated diphenyl ether congeners 
(PBDEs), two bisphenols and 140 pesticides and their metabolites were measured in hair samples collected from 196 Chinese women living in urban areas. Due to the low detection frequency of some pollutants, 
associations were explored only on 54 pollutants, i.e. PCB 180, bisphenol A, bisphenol S and 51 pesticides and their metabolites. Using stability-based Lasso regression, there were associations of cortisol, 
tetrahydrocortisol, cortisone, and tetrahydrocortisone with 14, 10, 13 and 17 biomarkers of exposure to pollutants, respectively, with bisphenol S, p,p'-dichlorodiphenyldichloroethylene, diethyl phosphate, 3,5,6-trichloro-2-
pyridinol, thiamethoxam, imidacloprid, fipronil, tebuconazole, trifluralin, pyraclostrobin and 1-(3,4-dichlorophenyl)-3-methylurea being associated with at least three of the four hormones. There were also associations 
between cortisone/cortisol molar ratio and pollutants, namely dimethyl phosphate, 3-methyl-4-nitrophenol, carbofuran, λ-cyhalothrin, permethrin, fipronil, flusilazole, prometryn and fenuron. Some of these relationships 
were confirmed by single-pollutant linear regression analyses. Overall, our results suggest that background level of exposure to bisphenols and currently used pesticides may interfere with the glucocorticoid homeostasis 
in healthy women.

Environ Pollut Vol.348 
Pages 123839
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統合_0262

F. J. Peng, E. M. Hardy, R. Béranger, S. 
Mezzache, N. Bourokba, P. Bastien, J. Li, C. 
Zaros, C. Chevrier, P. Palazzi, J. Soeur and B. M. 
R. Appenzeller

2020

Human exposure to PCBs, PBDEs 
and bisphenols revealed by hair 
analysis: A comparison between two 
adult female populations in China 
and France

Humans are exposed to various anthropogenic chemicals in daily life, including endocrine-disrupting chemicals (EDCs). However, there are limited data on chronic, low-level exposure to such contaminants among the 
general population. Here hair analysis was used to investigate the occurrence of four polychlorinated biphenyls (PCBs), seven polybrominated diphenyl ethers (PBDEs) and two bisphenols (BPs) in 204 Chinese women 
living in the urban areas of Baoding and Dalian and 311 pregnant French women. All the PCBs and PBDEs tested here were more frequently detected in the hair samples of the French women than in those of the Chinese 
women. In both cohorts, PCB 180 and BDE 47 were the dominant PCB and PBDE congener, respectively. PCB 180 was found in 82% of the French women and 44% of the Chinese women, while the corresponding values of 
BDE 47 were 54% and 11%, respectively. A discriminant analysis further demonstrated the difference in PCBs and PBDEs exposure profile between the two cohorts. These results demonstrate that hair analysis is 
sufficiently sensitive to detect exposure to these pollutants and highlight differences in exposure between populations even at environmental levels. Although BPA and BPS were found in 100% of the hair samples in both 
cohorts, the French women had significantly higher levels of BPA and BPS than the Chinese women. The median concentrations of BPA were one order of magnitude higher than BPS in both the Chinese (34.9 versus 2.84 
pg/mg) and the French women (118 versus 8.01 pg/mg) respectively. Our results suggest that both French and Chinese populations were extensively exposed to BPA and BPS.

Environ Pollut Vol.267 
Pages 115425
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統合_0263 C. Y. Peng, E. M. Tsai, T. H. Kao, T. C. Lai, S. S. 
Liang, C. C. Chiu and T. N. Wang 2019

Canned food intake and urinary 
bisphenol a concentrations: a 
randomized crossover intervention 
study

Bisphenol A (BPA) is an endocrine disruptor. To evaluate the effect of canned food consumption on internal BPA dose, urinary BPA concentrations were measured before and after intake of canned foods. This study 
applied a randomized crossover design, recruited 20 healthy volunteers, and divided them into two groups. One group consumed canned food; the other group consumed fresh food. After a 1-day washout, the dietary 
interventions were reversed. In each period, urine samples were collected immediately before meals and then 2 h, 4 h, and 6 h after meals. A mixed-effects model was used to assess BPA changes over time. Our results 
showed urinary BPA concentrations increased after consumption of canned food. Specifically, urinary BPA concentrations significantly differed between consumption of canned food and fresh food at 2 h, 4 h, and 6 h after 
intake (p values of 0.001, < 0.001, and < 0.001, respectively). Mean BPA concentrations at 2 h, 4 h, and 6 h after meals were 152%, 206%, and 79% higher, respectively, than mean BPA concentrations before meals. Urine 
concentration profiles of canned food intake showed that peaks were at 4 h, the increase diminished at 6 h, and returned to baseline levels at 24 h after intake. Therefore, dietary intervention and a 1-day washout period 
are effective for limiting internal BPA burden. This study provides convincing evidence of a human exposure route to BPA and a basis for designing interventions to mitigate exposure.

Environ Sci Pollut Res 
Int Vol.26 Issue 27 
Pages 27999-28009
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統合_0264

K. Pelch, J. A. Wignall, A. E. Goldstone, P. K. 
Ross, R. B. Blain, A. J. Shapiro, S. D. Holmgren, 
J. H. Hsieh, D. Svoboda, S. S. Auerbach, F. M. 
Parham, S. A. Masten, V. Walker, A. Rooney and 
K. A. Thayer

2019

A scoping review of the health and 
toxicological activity of bisphenol A 
(BPA) structural analogues and 
functional alternatives

Recent studies report widespread usage or exposure to a variety of chemicals with structural or functional similarity to bisphenol A (BPA), referred to as BPA analogues or derivatives. These have been detected in 
foodstuffs, house dust, environmental samples, human urine or blood, and consumer products. Compared to BPA, relatively little is known about potential toxicity of these compounds. This scoping review aimed to 
summarize the human, animal, and mechanistic toxicity data for 24 BPA analogues of emerging interest to research and regulatory communities. PubMed was searched from March 1, 2015 to January 5, 2019 and combined 
with the results obtained from literature searches conducted through March 23, 2015, in The National Toxicology Program's Research Report 4 (NTP RR-04), "Biological Activity of Bisphenol A (BPA) Structural Analogues 
and Functional Alternatives". Study details are presented in interactive displays using Tableau Public. In total, 5748 records were screened for inclusion. One hundred sixty seven studies were included from NTP RR-04 
and 175 studies were included from the updated literature search through January 2019. In total, there are 22, 117, and 221 human epidemiological, experimental animal, or in vitro studies included. The most frequently 
studied BPA analogues are bisphenol S (BPS), bisphenol F (4,4-BPF), and bisphenol AF (BPAF). Notable changes in the literature since 2015 include the growing body of human epidemiological studies and in vivo studies 
conducted in zebrafish. Numerous new endpoints were also evaluated across all three evidence streams including diabetes, obesity, and oxidative stress. However, few studies have addressed endpoints such as 
neurodevelopmental outcomes or impacts on the developing mammary or prostate glands, which are known to be susceptible to disruption by BPA. Further, there remains a critical need for better exposure information in 
order to prioritize experimental studies. Moving forward, researchers should also ensure that full dose responses are performed for all main effects in order to support hazard and risk characterization efforts. The 
evidence gathered here suggests that hazard and risk characterizations should expand beyond BPA in order to consider BPA structural and functional analogues.

Toxicology. 2019 Aug 
1:424:152235.

10.1016/j.tox.2019.06.006 31201879 ヒト、in vitro - - - - - - - スコープレビュー 1 1 不明 0 不明 1 - - - - - - - - - - - - - -
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F. M. Peinado, I. Lendínez, R. Sotelo, L. M. 
Iribarne-Durán, J. Fernández-Parra, F. Vela-
Soria, N. Olea, M. F. Fernández, C. Freire, J. Leó
n, B. Pérez-Cabrera, O. Ocón-Hernández and F. 
Artacho-Cordón

2020

Association of Urinary Levels of 
Bisphenols A, F, and S with 
Endometriosis Risk: Preliminary 
Results of the EndEA Study

Aim: The aim of this study was to explore associations of urinary concentrations of bisphenols A (BPA), S (BPS), and F (BPF) and of thiobarbituric acid reactive substances (TBARS) with the risk of endometriosis in 
women of childbearing age. Methods: This case-control study enrolled 124 women between January 2018 and July 2019: 35 women with endometriosis (cases) and 89 women without endometriosis undergoing abdominal 
surgery for other reasons (controls). Endometriosis was diagnosed (cases) or ruled out (controls) by laparoscopic inspection of the pelvis and the biopsy of suspected lesions (histological diagnosis). Fasting urine 
samples were collected before surgery to determine concentrations of BPA, BPS, BPF, and TBARS. Associations of bisphenol and TBARS concentrations with endometriosis risk were explored with multivariate logistic 
and linear regression analyses. Results: After adjustment for urinary creatinine, age, BMI, parity, and residence, endometriosis risk was increased with each 1 log unit of BPA [OR 1.5; 95%CI 1.0-2.3] and Σbisphenols [OR 
1.5; 95%CI 0.9-2.3] but was not associated with the presence of BPS and BPF. Classification of the women by tertiles of exposure revealed statistically significant associations between endometriosis risk and the 
second tertile of exposure to BPA [OR 3.7; 95%CI 1.3-10.3] and Σbisphenols [OR 5.4; 95%CI 1.9-15.6]. In addition, TBARS concentrations showed a close-to-significant relationship with increased endometriosis risk [OR 
1.6; 95%CI 1.0-2.8], and classification by TBARS concentration tertile revealed that the association between endometriosis risk and concentrations of BPA [OR 2.0; 95%CI 1.0-4.1] and Σbisphenols [OR 2.2; 95%CI 1.0-
4.6] was only statistically significant for women in the highest TBARS tertile (>4.23 μM). Conclusion: Exposure to bisphenols may increase the risk of endometriosis, and oxidative stress may play a crucial role in this 
association. Further studies are warranted to verify these findings.

Int J Environ Res Public 
Health. 2020 Feb 
13;17(4):1194.
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統合_0266 F. M. Peinado, L. M. Iribarne-Durán and F. 
Artacho-Cordón 2023

Human Exposure to Bisphenols, 
Parabens, and Benzophenones, and 
Its Relationship with the 
Inflammatory Response: A 
Systematic Review

Bisphenols, parabens (PBs), and benzophenones (BPs) are widely used environmental chemicals that have been linked to several adverse health effects due to their endocrine disrupting properties. However, the cellular 
pathways through which these chemicals lead to adverse outcomes in humans are still unclear, suggesting some evidence that inflammation might play a key role. Thus, the aim of this study was to summarize the current 
evidence on the relationship between human exposure to these chemicals and levels of inflammatory biomarkers. A systematic review of peer-reviewed original research studies published up to February 2023 was 
conducted using the MEDLINE, Web of Science, and Scopus databases. A total of 20 articles met the inclusion/exclusion criteria. Most of the reviewed studies reported significant associations between any of the 
selected chemicals (mainly bisphenol A) and some pro-inflammatory biomarkers (including C-reactive protein and interleukin 6, among others). Taken together, this systematic review has identified consistent positive 
associations between human exposure to some chemicals and levels of pro-inflammatory biomarkers, with very few studies exploring the associations between PBs and/or BPs and inflammation. Therefore, a larger 
number of studies are required to get a better understanding on the mechanisms of action underlying bisphenols, PBs, and BPs and the critical role that inflammation could play.

Int J Mol Sci Vol.24 
Issue 8

10.3390/ijms24087325 37108488 ヒト - - - - - - - システマティックレビュー 1 1 - - - - - - - - - - - - - - - - - -

統合_0267 Z. Pei, L. Zhang, Y. Bao, J. Li and Q. Zhuo 2025

The negative impacts of bisphenols 
on thyroid function in adults with 
bisphenol A exposure level 
exceeding the tolerable daily intake

In 2023, European Food Safety Authority (EFSA) published a re-evaluation of the safety of bisphenol A (BPA), establishing the new tolerable daily intake (TDI) as 0.2 ng/kg·bw/day with a 20,000-fold reduction compared to 
2015, which regained public concern about the impact of bisphenols (BPs) on human health. In order to explore the health risk to thyroid function of BPs, in this study, we assessed the internal exposure levels of BPs and 
the relationships between urinary BPs and thyroid function in general adults. We carried out a cross-sectional study in Chengdu, China, recruiting 1486 adults without special indentities and diseases (aged 18-68), and 
measured 6 BPs in urine. We found BPA was the predominant compound in urinary samples of this population, and the estimated daily intake (EDI) of BPA was 0.027 μg/kg·bw/day (geometric mean), exceeding the TDI 
value by two orders of magnitude. Using multivariable regression model, we observed a negative association between BPA and T3 and T3/T4 in males. Trend tests indicated that higher BPA levels were correlated with 
higher rates of subclinical hypothyroidism (SCH) in males (OR=1.383, 95 % CI [1.024, 1.867]). We also observed that bisphenol F (BPF) contributed to the occurrence of thyroid globulin antibody positivity (TGAb.P) in both 
males and females. Although the use of BPs has been restricted, the adverse health effects still deserve public attention.

Ecotoxicol Environ Saf 
Vol.290 Pages 117790
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統合_0268

M. M. Paulsen, N. Iszatt, A. K. Sakhi, M. Karimi, 
S. L. Broadwell, E. Papadopoulou, H. M. Meltzer, 
B. Granum, A. L. Brantsæter, C. Thomsen and L. 
S. Haug

2025

Environmental contaminants, heavy 
metals, and essential elements in 
Norwegian children and 
adolescents: Data from the 
Norwegian environmental biobank

We are daily exposed to various environmental contaminants, including heavy metals, with suspected adverse health effects, and children's vulnerability is particularly concerning. Human biomonitoring is crucial for 
measuring these contaminants and essential elements in the body. The Norwegian Environmental Biobank (NEB), coordinated by the Norwegian Institute of Public Health, has collected biological samples (including blood 
and urine) and questionnaire data systematically since 2016. Identifying population subgroups at elevated risk is essential for implementing protective measures. This study aimed to describe concentrations of 
environmental contaminants and essential elements in Norwegian children and explored potential clustering among different contaminants. Additionally, we examined differences across groups defined by family socio-
demographic factors. A total of 81 environmental contaminants were measured in urine, plasma, and whole blood from children aged 7-14 years participating in NEB. Twenty-six non-persistent and 24 persistent 
contaminants were quantified in ≥ 50 % of the samples, along with nine essential elements. Most children had contaminant levels below Human Biomonitoring Guidance Values (HBM-GVs). However, nearly all children 
had bisphenol A levels exceeding the updated tolerable daily intake set by the European Food Safety Authority (EFSA), and 30 % had blood concentrations of the four most common per- and polyfluoroalkyl substances 
(PFAS) exceeding EFSA's safe limits. Statistically significant differences in contaminant levels were observed between groups defined by sociodemographic variables such as sex, age, region, and degree of urbanization. 
Network analysis indicated clear clusters of several contaminants. This study shows that Norwegian children are exposed to a broad range of environmental contaminants, with levels similar to those reported in other 
studies from Europe and globally.

Environ Int Vol.202 
Pages 109633
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統合_0269 M. M. Paulsen, L. S. Haug, A. K. Sakhi, C. 
Thomsen and A. L. Brantsæter 2025

Associations between dietary 
patterns and environmental 
contaminants in children from the 
Norwegian Environmental Biobank: 
A cross-sectional analysis

Diet is a well-known source of environmental contaminants. This cross-sectional study explored children's dietary patterns and their association with contaminant exposure in the Norwegian Environmental Biobank. 
Parent-completed questionnaires provided data on children's frequency of intake of 36 foods and beverages, and socio-demographics. Several environmental contaminants were measured in urine, plasma, and whole blood 
from the children. Data were available for 658 children aged 7-14 years. Two dietary patterns, denoted "healthy" and "unhealthy," were identified using data driven factor analysis. We examined associations between child 
dietary patterns and contaminant concentrations using linear regression, adjusting for participant characteristics. The healthy pattern was positively associated with plasma perfluorononanoate (PFNA) concentration, 
whereas the unhealthy pattern was positively associated with urinary bisphenol A (BPA) concentration. Likelihood of exceeding health-based guidance value (HBM-GV) was examined using generalized linear model 
Poisson regression. The sum of the four most prevalent per- and polyfluoroalkyl substances (Ʃ4PFAS) increased with higher healthy pattern scores, with a relative risk (RR) of 1.18 (95 % CI: 1.06, 1.31) per standard 
deviation. Multiple regression analyses showed that egg and fish/shellfish consumption were associated with higher Ʃ4PFAS, with 4 % and 5 % higher concentrations per additional weekly serving, respectively (P < 
0.001). For the sum of urinary di(isononyl)cyclohexane-1,2-dicarboxylate (ƩDINCH), 10 % higher concentration was observed per weekly serving of sweets/desserts. The urinary BPA concentration was 3 % higher per 
extra weekly serving of fruit juice (P = 0.001). These results highlight the need for societal measures to reduce contaminant exposure through food.

Environ Res Vol.280 
Pages 121871
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統合_0270 J. Patel, H. Chaudhary, S. Panchal, B. Parekh 
and R. Joshi 2024

Connecting Bisphenol A Exposure to 
PCOS: Findings from a Case-Control 
Investigation

Polycystic Ovary Syndrome (PCOS) is a multifaceted condition influenced by genetic, hormonal, and environmental factors. Among environmental factors, Bisphenol A (BPA)-a recognized endocrine disruptor-has been 
implicated in the development of PCOS. The study aimed to compare BPA levels in women diagnosed with PCOS with those in healthy controls, using the high-performance liquid chromatography (HPLC) technique. The 
study involved 80 women diagnosed with PCOS and 50 healthy control participants. Demographic and biochemical parameters were recorded, including age, Body Mass Index (BMI), and levels of testosterone, estradiol, 
Luteinizing Hormone (LH), Follicle Stimulating Hormone (FSH), Prolactin (PRL), Dehydroepiandrosterone Sulfate (DHEA-S), Thyroid Stimulating Hormone (TSH), and Insulin Resistance as measured by the Homeostatic 
Model Assessment (HOMA-IR). Furthermore, BPA levels were measured using the HPLC technique. Women with PCOS exhibited significantly higher mean age and BMI compared to healthy controls (p = 0.01, p < 0.0001, 
respectively). Additionally, higher levels of testosterone (p = 0.04), LH (p = 0.03) and BPA (p < 0.0001) were observed in women with PCOS. However, estradiol, FSH, PRL, LH/FSH ratio, DHEA-S, and TSH levels were not 
significantly different between the two groups. HOMA-IR levels were not recorded for the control group. A notable positive relationship emerged between Bisphenol A and luteinizing hormone (LH) levels (r = 0.23, p = 
0.03), also significant negative correlation appeared between Bisphenol A and thyroid-stimulating hormone (TSH) levels. This study found that women with PCOS have elevated BPA levels compared with healthy controls, 
showing a need for further research on the relationship between BPA exposure and the development of PCOS.

Reprod Sci. 2024 
Aug;31(8):2273-2281.

10.1007/s43032-024-01548-1 38637475 ヒト 卵巣 - - - - - - 症例対照研究 1 1 - - - 1 1 1 - - - - - - - - - - - -

統合_0271 J. Patel, H. Chaudhary, S. Panchal, T. Joshi and 
R. Joshi 2024

Endocrine-disrupting chemicals and 
hormonal profiles in PCOS women: 
A comparative study between urban 
and rural environment

Polycystic Ovary Syndrome (PCOS), a multifaceted endocrine disorder, affects a significant proportion of women globally, with its etiology rooted in both genetic and environmental factors. This study delves into the 
environmental aspect, particularly focusing on the role of endocrine-disrupting chemicals (EDCs) in the context of urbanization and industrialization. This research examines the impact of endocrine-disrupting chemicals 
(EDCs) - Bisphenol A (BPA), Mono-ethyl Hexyl Phthalate (MEHP), and Di-ethyl Hexyl Phthalate (DEHP) - on 40 women with Polycystic Ovary Syndrome (PCOS) across urban and rural Gujarat. Employing High-
Performance Liquid Chromatography (HPLC) and chemiluminescence, we analyzed their blood samples for EDCs levels and hormonal parameters. Urban individuals displayed significantly higher BPA and DEHP 
concentrations, highlighting the environmental exposure differences. Notably, urban exposure to MEHP and DEHP correlated with a marked decrease in estradiol levels, while rural DEHP exposure was associated with an 
increase in estradiol but a decrease in prolactin and DHEAS levels. These findings illuminate the variable effects of EDC exposure on hormonal profiles in PCOS, influenced by geographical and environmental contexts. 
The study underscores the critical need for tailored environmental health policies to mitigate the diverse impacts of EDCs, advocating for a nuanced approach to PCOS management that considers environmental 
exposures. Our insights contribute to the understanding of PCOS's hormonal dynamics, emphasizing the significance of addressing EDC exposure in different settings.

Reprod Toxicol Vol.125 
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統合_0272 J. Patel, H. Chaudhary, S. Panchal and R. Joshi 2025

Plasticizer exposure and 
reproductive dysfunction: Assessing 
bisphenol A and phthalate esters 
impact on ovarian reserve in women 
with PCOS-associated infertility

Polycystic Ovary Syndrome (PCOS) is a common endocrine disorder among women of reproductive age, frequently causing infertility. This study investigates the influence of endocrine-disrupting chemicals (EDCs) on 
ovarian reserve parameters in women with PCOS-related infertility. A cohort of 61 women with PCOS, aged 29.90 ± 3.64 years, was recruited from Dr. Nagori's Institute for Infertility in Ahmedabad, Gujarat. Serum levels 
of Bisphenol A (BPA), Mono-ethylhexyl phthalate (MEHP), and Di-ethylhexyl phthalate (DEHP) were measured using high-performance liquid chromatography (HPLC). Ovarian reserve markers were assessed, including 
antral follicle count (AFC) and anti-Müllerian hormone (AMH) levels. Hormonal profiles and metabolic parameters were also analyzed. Correlations between EDCs and ovarian reserve markers were evaluated using 
Pearson correlation and regression analyses. The study found serum mean levels of BPA (77.80 ± 51.82 ng/ml), MEHP (37.43 ± 19.85 μg/ml), and DEHP (5.77 ± 7.21 μg/ml). Participants exhibited typical PCOS hormonal 
profiles with elevated testosterone and AMH levels, and significant insulin resistance was observed. Correlation analysis showed a positive relationship between AMH levels and AFC (r = 0.47, p = 0.01). However, no 
significant associations were found between EDC exposure and ovarian reserve markers. A high prevalence of adenomyosis and bilateral polycystic ovaries was noted among the participants. While metabolic and 
hormonal disruptions are prominent in PCOS, the direct impact of EDCs on ovarian reserve parameters appears minimal. This study highlights the necessity of addressing metabolic health and environmental exposures in 
managing PCOS related infertility to improve reproductive outcomes.

Reprod Toxicol. 2025 
Aug:135:108949.

10.1016/j.reprotox.2025.108949 40379154 ヒト 卵巣 - - - - - - 横断研究 1 1 - - - 1 1 1 - - - - - - - - - - - -

統合_0273 M. Pastor-García, S. Gimeno-Martos, Ó. 
Zurriaga, J. V. Sorlí and C. Cavero-Carbonell 2020

[Congenital heart defects in the 
Valencian Community 2007-2014: 
The Population-Based Registry Of 
Congenital Anomalies]

INTRODUCTION: Congenital heart defects (CHDs) are the most prevalent and severe type of major congenital anomalies (CAs). The objective of this study was to determine the frequency and distribution of CHDs in the 
Valencian Region from 2007 to 2014, describing common characteristics of the patients and their mothers. MATERIAL AND METHODS: We retrieved data on CHDs in live births, stillbirths and cases of termination of 
pregnancy for fetal anomaly between 2007 and 2014 (codes Q20-Q26 in the 10th Revision of the International Classification of Diseases-British Paediatric Association, ICD10-BPA) from the population-based Registry of 
congenital anomalies of the Valencian Region. We calculated the prevalence per every 10,000 births of CHDs overall and by subtype, analysed temporal trends and the geographic distribution of cases, and documented the 
presence of associated noncardiac malformations. RESULTS: We identified 3,671 cases of CHD, corresponding to 38.6% of all CAs. The prevalence was 91.1/10,000 (IC 95%: 88.1-94.0) with a predominance of septal 
defects, chiefly atrial septal defect (48.5/10,000; IC 95%: 46.4-50.6) and ventricular septal defect (36.1/10,000; IC 95%: 34.3-38.0). We found the highest prevalence in the province of Castellon (137.8/10,000; IC 95%: 
127.5-148.1). The sex distribution was 47.3% male and 44.3% female. Of all cases, 90.9% corresponded to live births and 65.6% were diagnosed at birth. The most frequent associated extracardiac malformations were 
musculoskeletal, and 19.2% of patients had syndromes. The most frequent maternal diseases were diabetes mellitus, hypothyroidism and urinary tract infections. CONCLUSIONS: The prevalence of CHD and atrial septal 
defects was higher compared to European data, while the prevalence of ventricular septal defects was similar. Musculoskeletal malformations were the noncardiac CAs most frequently associated with CHDs.

An Pediatr (Engl Ed). 
2020 Jan;92(1):13-20.
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統合_0274 S. Y. Park, J. H. Jeon, K. Jeong, H. W. Chung, H. 
Lee, Y. A. Sung, S. Ye and E. H. Ha 2021

The Association of Ovarian Reserve 
with Exposure to Bisphenol A and 
Phthalate in Reproductive-aged 
Women

BACKGROUND: Exposure to endocrine disrupting chemicals (EDCs) that influence the hormonal and homeostatic systems is known to be associated with gynecologic health risks in many countries. In this study, we 
evaluated exposure to EDCs associated with diminished ovarian reserve (DOR) and gynecologic health risks. METHODS: This cross-sectional study was performed from September 2014 to November 2014 and included 
307 Korean reproductive-aged women. Anthropometric measurements, laboratory tests with urine and blood sampling and pelvic ultrasound examinations were performed. RESULTS: Urinary bisphenol A (BLA) level was 
significantly higher in the DOR group with anti-Müllerian hormone lower than 25 percentile (1.89 ± 2.17 ug/g and 1.58 ± 1.08 ug/g, P < 0.05). Urinary mono-(2-ethyl-5-hydroxyhexyl) phthalate, mono-(2-ethyl-5-oxohexyl) 
phthalate and mono-N-butyl phthalate, and substrates of phthalate were evaluated and no significant difference was observed between the DOR group and non-DOR group. Logistic regression analysis suggested an 
increase in infertility in high BPA exposure group and the odds ratio (OR, 4.248) was statistically significant after adjustment for age, birth control pills, and the age of menarche, parity, and waist circumference. High 
phthalate exposure was associated with endometrial polyp after adjustment (OR, 2.742). CONCLUSION: BPA exposure might be associated with DOR and infertility. Meanwhile, endometrial polyp is increased in women 
with high phthalate exposure. Therefore, the risk of exposures to EDCs for reproduction should be a matter of concern in reproductive-aged women.

J Korean Med Sci Vol.36 
Issue 2 Pages e1
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統合_0275 S. Park and C. Chung 2021

Effects of a dietary modification 
intervention on menstrual pain and 
urinary BPA levels: a single group 
clinical trial

BACKGROUND: Exposure to endocrine-disrupting chemicals (EDCs) occurs mainly through dietary intake. Due to current lifestyle trends, young people tend to consume fast food, to use disposable products, and to utilize 
convenient household items, all of which are major sources of EDCs. This study aimed to investigate the effects of a dietary modification intervention on menstrual pain and urinary bisphenol A (BPA) levels throughout 
three menstrual cycles in female college students who experienced severe menstrual pain. We also analyzed participants' adherence to the intervention and examined whether their level of adherence was associated with 
differences in the effects of the intervention. METHODS: A single-group pretest and repeated posttest experimental design was employed. Thirty female college students with a score of 5 or higher on a menstrual pain 
scale were recruited through convenience sampling. During three menstrual cycles, menstrual pain was scored on a 10-point scale after each cycle, and urinary BPA levels were measured from the first morning urine 
collected after each cycle. The intervention involved three components: small-group education, follow-up monitoring, and peer support via social network communication. Statistical analyses were conducted using 
Friedman one-way repeated-measure analysis of variance by ranks, non-parametric two-way analysis of variance, and the Wilcoxon signed-rank test as a post-hoc test. RESULTS: The dietary modification intervention 
had significant effects on menstrual pain at all three time points of menstrual cycles (χ(2) = 119.64, p = 0.000) and on urinary BPA levels until the 2(nd) menstrual cycle (χ(2) = 205.42, p = 0.000). Slightly fewer than half 
(43.3%) of the participants were highly adherent. Menstrual pain differed according to adherence level (F = 4.67, p = 0.032) and decreased over time through the third cycle post-intervention (F = 18.30, p = 0.000). Urinary 
BPA levels also decreased significantly (F = 7.94, p = 0.000), but did not differ according to adherence level. CONCLUSIONS: The dietary modification intervention was effective and sustainable for reducing menstrual pain 
and urinary BPA levels. Detailed information about EDCs and dietary experiences seemed to encourage the young women to become more concerned about EDCs and to perform self-protective actions. Further 
experimental research is suggested to examine the relationships of EDCs with various health indicators in women. TRIAL REGISTRATION: KCT0005472 at 2020-9-24 retrospectively registered.

BMC Womens Health. 
2021 Feb 9;21(1):58.
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統合_0276 C. Park, M. Hwang, Y. Baek, S. Jung, Y. Lee, D. 
Paek and K. Choi 2019

Urinary phthalate metabolite and 
bisphenol A levels in the Korean 
adult population in association with 
sociodemographic and behavioral 
characteristics: Korean National 
Environmental Health Survey 
(KoNEHS) 2012-2014

BACKDGROUND: Phthalates and bisphenol A (BPA) have been used in a variety of consumer products and are detected widely in both humans and the environment. Demographic and socio-economic characteristics that 
affect exposure to these chemicals have been investigated among several general populations; however, nationally-representative population-based studies are limited to Canada, Germany, and the USA. Moreover, 
relatively little is known about the socio-demographic characteristics that influence exposure to these chemicals among nationally representative populations of Asia. METHODS: Data are obtained from the Korean 
National Environmental Health Survey (2012-2014). In total, 6,478 adults (aged 19 and older) were recruited and sampled for urinary levels of major phthalate metabolites and bisphenol A. In addition, demographic and 
socio-economic parameters were determined from questionnaire data and the characteristics associated with urinary concentrations of the target chemicals were assessed. RESULTS: Urinary levels of bis(2-ethylhexyl) 
phthalate (DEHP) and dibutyl phthalate (DBP) metabolites of Korean adults were generally higher, but those of mono-benzyl phthalate (MBzP) were lower, and BPA were similar or higher than those reported from national 
biomonitoring programs in the United States and Canada. Similar to other nationally representative populations, females and older adults showed higher creatinine-adjusted phthalate metabolite and BPA levels among the 
Korean population. Meanwhile, monthly household income and education were negatively associated with urinary phthalate metabolites. Among personal care products, nail polish use was positively associated with both 
phthalate metabolites and BPA concentrations in urine. CONCLUSION: Our observations based on a nationally representative population of Korea show that socio-demographic determinants for these urinary chemicals 
vary by country, and should be considered for developing appropriate mitigation measures and policies.
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統合_0277
H. Parada, Jr., M. D. Gammon, H. L. Ettore, J. 
Chen, A. M. Calafat, A. I. Neugut, R. M. Santella, 
M. S. Wolff and S. L. Teitelbaum

2019

Urinary concentrations of 
environmental phenols and their 
associations with breast cancer 
incidence and mortality following 
breast cancer

BACKGROUND: Environmental phenols, compounds used widely in personal care and consumer products, are known endocrine disruptors. Few epidemiologic studies have examined the association of phenol biomarkers 
with breast cancer incidence and, to our knowledge, none have considered associations with mortality following breast cancer. We examined seven urinary phenol biomarkers in association with breast cancer incidence 
and subsequent mortality, and examined effect measure modification by body mass index (BMI). METHODS: Participants included 711 women with breast cancer and 598 women without breast cancer who were 
interviewed for the population-based Long Island Breast Cancer Study Project. Among women with breast cancer, phenol biomarkers were quantified in spot urine samples collected on average within three months of a 
first diagnosis of primary in situ or invasive breast cancer in 1996-1997. Women with breast cancer were monitored for vital status using the National Death Index. After a median follow-up of 17.6 years, we identified 271 
deaths, including 98 deaths from breast cancer. We examined creatinine-corrected phenol concentrations and the sum of parabens (Σparabens) in association with breast cancer incidence using logistic regression to 
estimate odds ratios (ORs) and 95% confidence intervals (CIs), and with mortality using Cox regression to estimate hazard ratios (HRs) and 95% CIs. We evaluated multiplicative effect measure modification using cross-
product terms in nested models. RESULTS: The highest (vs lowest) quintiles of urinary methylparaben, propylparaben, and Σparabens were associated with risk of breast cancer with ORs ranging from 1.31 to 1.50. 
Methylparaben, propylparaben, and Σparabens were also associated with all-cause mortality HRs ranging from 0.68 to 0.77. Associations for breast cancer incidence were more pronounced among women with 
BMI < 25.0 kg/m(2) than among women with BMI ≥ 25.0 kg/m(2); however, associations for mortality were more pronounced among women with BMI ≥ 25 kg/m(2) than among women with BMI < 25 kg/m(2). 
CONCLUSIONS: Select parabens may have differential associations with risk of developing breast cancer and mortality following breast cancer.

Environ Int. 2019 
Sep:130:104890.
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統合_0278

D. Paoli, F. Pallotti, A. P. Dima, E. Albani, C. 
Alviggi, F. Causio, C. C. Dioguardi, A. Conforti, R. 
Ciriminna, G. Fabozzi, G. Giuffrida, R. Gualtieri, 
M. G. Minasi, S. Ochetti, V. Pisaturo, C. Racca, 
L. Rienzi, E. Sarcina, C. Scarica, G. Tomasi, C. 
Verlengia, R. Villeggia, F. Zullo, A. Lenzi, F. Botrè 
and L. De Santis

2020

Phthalates and Bisphenol A: 
Presence in Blood Serum and 
Follicular Fluid of Italian Women 
Undergoing Assisted Reproduction 
Techniques

BACKGROUND: folliculogenesis is a strictly regulated process that may be affected by endocrine disrupting chemicals (EDCs) through sometimes not so clear molecular mechanisms. METHODS: we conducted a 
multicentric observational study involving six fertility centers across Italy, prospectively recruiting 122 women attending a fertility treatment. Recruited women had age ≤42 years, and normal ovarian reserve. Blood and 
follicular fluid samples were taken for EDCs measurement using liquid chromatography tandem mass spectrometry and each woman completed an epidemiological questionnaire. RESULTS: The main EDCs found were 
monobutyl phthalate (MBP) (median blood: 8.96 ng/mL, follicular fluid 6.43 ng/mL), monoethylhexyl phthalate (MEHP) (median blood: 9.16 ng/mL, follicular fluid 7.68 ng/mL) and bisphenol A (BPA) (median blood: 1.89 
ng/mL, follicular fluid 1.86 ng/mL). We found that serum MBP concentration was significantly associated with the considered area (p < 0.001, adj. mean: 7.61 ng/mL, 14.40 ng/mL, 13.56 ng/mL; Area 1: Milan-Turin, Area 
2: Rome-Naples; Area 3: Catania-Bari, respectively) but negatively with home plastic food packaging (p = 0.004). Follicular MBP was associated with irregular cycles (p = 0.019). No association was detected between 
EDCs and eating habits and other clinical and epidemiological features. CONCLUSIONS: This study represents the first Italian biomonitoring of plastic EDCs in follicular fluid, laying the basis for future prospective 
evaluation on oocyte quality before assisted reproduction techniques (ART).

Toxics. 2020 Oct 
21;8(4):91.

10.3390/toxics8040091 33096627 ヒト 卵巣 - - - - - - 横断研究 1 1 - - - 1 1 1 - - - - - - - - - - - -

統合_0279 M. K. Pant, A. H. Ahmad, M. Naithani and J. 
Pant 2022

Plastic bottle feeding produces 
changes in biochemical parameters 
in human infants - A pilot study

BACKGROUND: Plastic bottles are widely used by people to feed their infants when breastfeeding is not possible. Bisphenol A (BPA), an endocrine disruptor is widely used in the manufacturing of plastic wares and is 
leached out from these plastic wares on exposure to high temperature, changed pH, or cleaning the plastic wares by harsh detergents. PURPOSE: Feeding through plastic bottles over prolong duration is expected to 
expose the infants to leached BPA. Hence the present study was taken up to compare the effects of breastfeeding and plastic bottle feeding on biochemical parameters in infants and also detect for the presence of free 
BPA or its metabolite in the infants. METHODS: Biochemical tests like lipid profile, liver function tests, creatine-kinase-MB (CK-MB), serum urea, serum electrolytes were performed on blood samples obtained from 
infants who were breastfed and plastic bottle fed. Further, plasma and urine samples of the infants were subjected to Liquid chromatography-mass spectrometry analysis for detecting free BPA and BPA glucuronide. 
RESULTS: Biochemical changes in form of raised triglycerides, cholesterol, low-density lipoproteins, very low-density lipoproteins and increase in CK-MB, serum urea were observed in plastic bottle fed infants. BPA 
glucuronide was also detected in the urine of these infants. Free BPA was not detected in plasma or urine samples of the infants except in one plasma sample from bottle-fed group. CONCLUSION: Plastic bottle feeding 
may lead to toxic changes in the functioning of organs which manifest as altered biochemical parameters.

Clin Exp Pediatr Vol.65 
Issue 9 Pages 459-465

10.3345/cep.2022.00234 35588762 ヒト - - - - - - - バイオモニタリング 1 1 - - - - - - - - - - - - - - - - - -

統合_0280 Y. Pan, M. Deng, J. Li, B. Du, S. Lan, X. Liang 
and L. Zeng 2020

Occurrence and Maternal Transfer 
of Multiple Bisphenols, Including an 
Emerging Derivative with 
Unexpectedly High Concentrations, 
in the Human Maternal-Fetal-
Placental Unit

In this study, a set of 15 bisphenols (BPs) and one emerging derivative (4-hydroxyphenyl 4-isoprooxyphenylsulfone, BPSIP) were analyzed in 60 pairs of maternal plasma, cord plasma, and placenta samples from pregnant 
women in South China. A total of 4 of the 15 target BPs, i.e., BPA, bisphenol S (BPS), bisphenol AF (BPAF), and bisphenol E (BPE), were frequently detected in the three human biological matrixes. The derivative BPSIP 
was identified in all maternal plasma samples at unexpectedly high levels, second only to BPA. The concentrations of bisphenols in maternal plasma were slightly higher than in cord plasma for BPA, BPS, and BPE but 
much higher for BPSIP and much lower for BPAF, indicating that the five frequently detected bisphenols have different placental transfer behaviors. The placental transfer efficiencies (PTEs) of BPA, BPS, and BPE were 
similar, which were significantly higher than the PTE of BPSIP. The PTE of BPAF was much higher than other BPs, indicating its strong maternal transfer and high fetal accumulation. The PTEs of bisphenols were 
structure-dependent, and passive diffusion was suggested as the potential mechanism of placental transfer. Significant concentration correlations of the five major bisphenols between maternal plasma and cord plasma 
were observed (p < 0.05). Meanwhile, significant associations of BPAF concentrations in maternal/cord plasma with some maternal characteristics and adverse birth outcomes were also identified (p < 0.05).

Environ Sci Technol 
Vol.54 Issue 6 Pages 
3476-3486

10.1021/acs.est.0c00206 32092248 ヒト - - - - - - - 横断研究 1 1 - - - - - - - - - - - - - - - - - -

統合_0281 R. Pan, C. Wang, R. Shi, Y. Zhang, Y. Wang, C. 
Cai, G. Ding, T. Yuan, Y. Tian and Y. Gao 2019

Prenatal Bisphenol A exposure and 
early childhood neurodevelopment 
in Shandong, China

BACKGROUND: Several epidemiological studies suggest that prenatal exposure to BPA may interfere with the neurodevelopment of pre-school and school-age children. However, a limited number of studies are available 
for effects during children at a younger age, especially in China. METHODS: Based on Laizhou Wan Birth Cohort (LWBC), BPA concentrations were measured in urine among 506 pregnant women during their hospital 
admission for delivery and neurodevelopment of their children was assessed using the Gesell Development Schedules at 12 months (n = 368) and 24 months (n = 296). Linear regression and generalized linear models were 
used to analyze the association between prenatal BPA exposure and the children's developmental quotient scores (DQs). RESULTS: The median of maternal BPA concentration was 0.48 μg/L or 1.05 μg/g creatinine. 
Maternal BPA concentrations were adversely associated with children DQs at 12 months of age, with a 10-fold increase in prenatal BPA concentrations correlated to 1.43-point decrease in DQs in the adaptive domain (β
 = -1.43; 95% CI: -2.30 to -0.56, p = 0.001). When stratified by gender, prenatal BPA concentrations were adversely associated with the adaptive domain DQs among boys (p-trend = 0.012) and girls (p-trend = 0.028) and 
the social domain DQs (p-trend = 0.019) only among girls. At 24 months of age, the significant adverse association was only found in the language domain among girls (β = -1.69; 95% CI: -3.23 to -0.15, p = 0.032). 
CONCLUSION: Based on a Chinese population, we found potential impacts of prenatal BPA exposure on childhood neurodevelopment at 12 and 24 months of age, especially among girls.

Int J Hyg Environ 
Health. 2019 
Jun;222(5):896-902.

10.1016/j.ijheh.2019.03.002 30981646 ヒト 発達神経 - - - - - - コホート研究 1 1 - - - 1 1 1 - - - - - - - - - - - -

統合_0282 K. Pan, J. Xu, Y. Xu, C. Wang and J. Yu 2024

The association between endocrine 
disrupting chemicals and 
nonalcoholic fatty liver disease: A 
systematic review and meta-analysis

Nonalcoholic fatty liver disease (NAFLD) is one of the leading causes of chronic liver disease worldwide. Epidemiological studies have reported that exposure of the population to environmental endocrine-disrupting 
chemicals (EDCs) is associated with NAFLD. However, EDCs are of different types, and there are inconsistencies in the relevant evidence and descriptions, which have not been systematically summarized so far. 
Therefore, this study aimed to determine the association between population exposure to EDCs and NAFLD. Three databases, including PubMed, Web of science, and Embase were searched, and 27 articles were 
included in this study. Methodological quality, heterogeneity, and publication bias of the included studies were assessed using the Newcastle-Ottawa scale, I(2) statistics, Begg's test, and Egger's test. The estimated 
effect sizes of the included studies were pooled and evaluated using the random-effects model (I(2) > 50 %) and the fixed-effects model ( I(2) < 50 %). The pooled-estimate effect sizes showed that population exposure 
to Phthalates (PAEs) (OR = 1.18, 95 % CI:1.03-1.34), cadmium (Cd) (OR = 1.37, 95 % CI:1.09-1.72), and bisphenol A (OR = 1.43, 95 % CI:1.24-1.65) were positively correlated with the risk of NAFLD. Exposure to mercury 
(OR =1.46, 95 % CI:1.17-1.84) and Cd increased the risk of "elevated alanine aminotransferase". On the contrary, no significant association was identified between perfluoroalkyl substances (OR =0.99, 95 % CI:0.93-1.06) 
and NAFLD. However, female exposure to perfluorooctanoic acid (OR =1.82, 95 % CI:1.01-3.26) led to a higher risk of NAFLD than male exposure. In conclusion, this study revealed that EDCs were risk factors for NAFLD. 
Nonetheless, the sensitivity analysis results of some of the meta-analyses were not stable and demonstrated high heterogeneity. The evidence for these associations is limited, and more large-scale population-based 
studies are required to confirm these findings.

Pharmacol Res. 2024 
Jul:205:107251.

10.1016/j.phrs.2024.107251 38862070 ヒト 肝毒性(メタアナリシス) - - - - - - システマティックレビュー・メタアナリシス 1 1 - - - 1 1 1 - - - - - - - - - - - -

統合_0283 F. I. Palmieri, M. G. Gryngarten, A. J. Arcari, V. 
Umido and A. V. Freire 2025

Endocrine disruptors as risk factors 
for idiopathic premature thelarche in 
girls: A case-control study

Introduction. Idiopathic premature thelarche (IPT) is defined as breast growth in girls before age 8 without activation of the gonadotrophic axis. Among the probable etiologies, endocrine disruptors (ED) with estrogenic 
action have been suggested. Objective. To evaluate whether there is an association between exposure and degree of exposure to the main EDs with estrogenic action in our environment and the development of IPT. 
Population and methods. Structured survey of caregivers of girls aged 3 to 8 years diagnosed with IPT and controls. The exposure evaluated included different EDs: bisphenol A (BPA), phytoestrogens, phthalates, and 
parabens, considering the degree of exposure according to weekly frequency. Results. Caregivers of 50 cases (7.2±1.3 years) and 48 controls (6.7±1.5 years) were interviewed. An association was found between IPT 
and exposure to phytoestrogens in food (OR: 14.6; 95%CI 1.8-118; p<0.01), the use of BPA containers exposed to temperature changes (OR 2.6; 95%CI 1.1-6.5; p<0.05), contact with phthalates (OR 2.9; 95%CI 1.2-7.5; 
p<0.05) and parabens (OR 2.7; 95%CI 1.2-6,1; p<0.05). In all the detailed EDs, we also found an association of IPT according to their degree of exposure. Conclusions. Exposure and degree of exposure to different sources 
of phytoestrogens, BPA, parabens, and phthalates were associated with the development of IPT.

Arch Argent Pediatr. 
2025 Jun 
1;123(3):e202410501.

10.5546/aap.2024-10501.eng 40168507 ヒト 乳房 - - - - - - 症例対照研究 1 1 - - - 1 1 1 - - - - - - - - - - - -

統合_0284

E. Palak, W. Lebiedzińska, S. Anisimowicz, M. 
Sztachelska, P. Pierzyński, W. Wiczkowski, B. Ż
elazowska-Rutkowska, G. N. Niklińska, D. 
Ponikwicka-Tyszko and S. Wołczyński

2021

The Association between Bisphenol 
A, Steroid Hormones, and Selected 
MicroRNAs Levels in Seminal 
Plasma of Men with Infertility

Bisphenol A (BPA), the most common endocrine-disrupting chemical, has been associated with male reproductive dysfunctions. Recently, it has been shown that BPA may also affect miRNAs expression. Herein, we aimed 
to evaluate the association of BPA levels with steroid hormone concentration and circulating miRNAs levels to investigate the potential direct effect of BPA on homeostasis in the testis environment. The level of BPA in 
the seminal plasma of azoospermic men was significantly higher compared to the healthy control. The concentrations of estradiol (E2) and androstenedione (A) were significantly decreased in the seminal plasma of 
azoospermic men compared to the normospermic men. The levels of miR-let-7a, miR-let-7b, and miR-let-7c were significantly up-regulated, and the level of miR-518f was significantly down-regulated in the seminal 
plasma of the azoospermic men compared to the healthy control. The level of BPA correlated negatively with sperm concentration and normal semen morphology. A significant positive correlation was found between BPA 
levels and miR-let-7a and miR-let-7c levels, whereas BPA negatively correlated with miR-518f levels. Our results suggest that BPA may negatively affect sperm quality. Moreover, BPA correlated with the miR-let-7a, miR-
let-7c, and miR-518f levels in seminal plasma, which suggests that BPA may act directly in seminal plasma, affecting the testicular environment.

J Clin Med. 2021 Dec 
18;10(24):5945.

10.3390/jcm10245945 34945242 ヒト 精⼦ - - - - - - 症例対照研究 1 1 - - - 1 1 1 - - - - - - - - - - - -
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統合_0285 M. Ozga and J. Jurewicz 2025

Environmental exposure to selected 
non-persistent endocrine disrupting 
chemicals and polycystic ovary 
syndrome: a systematic review

Polycystic ovary syndrome (PCOS) is an endocrine disorder manifesting with symptoms such as irregular menstrual cycles, hyperandrogenism, and/or polycystic ovaries. The exact cause of PCOS remains unknown, but it 
is believed to result from a combination of genetic predisposition, insulin resistance, low-grade inflammation, and excessive androgen production. Various environmental factors, especially endocrine-disrupting chemicals 
(EDCs), in addition to genetic and hormonal ones, also may influence PCOS. This is one of the first systematic reviews dealing with the exposure to non-persistent endocrine disrupting chemicals and PCOS. The review 
summarizes the existing knowledge about the association of EDCs with PCOS based on significant findings on the toxicity of various non-persistent environmental EDCs and polycyclic ovarian syndrome risk. A 
systematic search of the literature was conducted in order to identify proper studies using PubMed, Scopus, Elsevier, and Springer databases. The results of the studies suggest that there is a positive association 
between bisphenol A (BPA), phthalates, octocrylene, and PCOS. The data concerning triclosan and PCOS were inconclusive. Additionally, no link between the exposures to parabens and PCOS was observed. These 
results of the presented studies highlight the urgent need for continued research on EDCs and their role in PCOS. Int J Occup Med Environ Health. 2025;38(2):98-121.

Int J Occup Med 
Environ Health Vol.38 
Issue 2 Pages 98-121

10.13075/ijomeh.1896.02551 40200737 ヒト - - - - - - - システマティックレビュー 1 1 - - - - - - - - - - - - - - - - - -

統合_0286
R. Ozelci, N. N. Yenigül, S. Dilbaz, B. Dilbaz, O. 
Aldemir, İ. Kaplanoğlu, F. Güçel, E. Başer and M. 
Tekin Ö

2024
The Association of ICSI Outcomes 
with Semen and Blood Bisphenol A 
Concentrations of the Male Partner

This study investigated the association of blood and semen Bisphenol A (BPA) levels of the male partner on the reproductive outcome in intracytoplasmic sperm injection (ICSI) treatment cycles. For this prospective study 
(ClinicalTrials.gov identifier: NCT02703584), blood and semen samples of the male partner of the 75 women who had ICSI were analyzed. The study group consisted of men who had ICSI for male factor infertility other 
than azoospermia, while men with normal spermiogram whose partners underwent ICSI due to tubal factor infertility were taken as the study group. Habitual consumption of drinking water from plastic carboys/bottles 
(PBW) at home was also questioned in both groups as it was considered as chronic BPA exposure. The association of ICSI outcome with blood BPA (bBPA) and semen BPA (sBPA) levels was analyzed in both groups. No 
significant correlation was found between sperm parameters and bBPA levels in both groups. A negative correlation was found between sBPA levels and total sperm count and progressive sperm motility in men who 
consumed PBW. Embryo development arrest was found to be significantly higher in patients who have high sBPA levels. Although sBPA levels were not different in PBW consumers, bBPA levels were found to be 
significantly lower in those who consumed tap water (TW) than those who used PBW. Elevated bBPA were associated with a significant decrease in clinical pregnancy rate. Considering the widespread human exposure to 
BPA, the effect of BPA on the male reproductive system needs to be further examined.

Reprod Sci. 2024 
May;31(5):1323-1331.

10.1007/s43032-023-01446-y 38212582 ヒト 精巣 - - - - - - コホート研究 1 1 - - - 1 1 1 - 1 - - - - - - - - - -

統合_0287 F. Ouyang, G. H. Zhang, K. Du, L. Shen, R. Ma, 
X. Wang, X. Wang and J. Zhang 2020

Maternal prenatal urinary bisphenol 
A level and child cardio-metabolic 
risk factors: A prospective cohort 
study

Exposure to endocrine disrupting chemicals during the first 1000 days of life may have long-lasting adverse effects on cardio-metabolic risk in later life. This study aimed to examine the associations between maternal 
prenatal Bisphenol A (BPA) exposure and child cardio-metabolic risk factors at age 2 years in a prospective cohort. During 2012-2013, 218 pregnant women were enrolled at late pregnancy from Shanghai, China. Urinary 
BPA concentration was measured in prenatal and child 2-year spot urine samples, and classified into high, medium and low tertiles. Child adiposity anthropometric measurements, random morning plasma glucose, serum 
insulin, and lipids (high-density lipoprotein, low-density lipoprotein, cholesterol, triglyceride), systolic (SBP) and diastolic blood pressure (DBP) were measured. Linear regression was used to evaluate the associations 
between prenatal BPA and each of the cardio-metabolic risk factors in boys and girls, respectively, adjusting for pertinent prenatal, perinatal and postnatal factors. BPA was detectable (>0.1 μg/L) in 98.2% of mothers 
prenatally and 99.4% of children at age 2 years. Compared to those with low prenatal BPA, mean SBP was 7.0 (95%CI: 2.9-11.2) mmHg higher, and DBP was 4.4 (95%CI: 1.2-7.5) mmHg higher in girls with high prenatal 
BPA levels, but these associations were not found in boys. In boys, medium maternal prenatal BPA level was associated with 0.36 (95% CI: 0.04-0.68) mmol/L higher plasma glucose. No associations were found between 
prenatal BPA and child BMI, skinfold thicknesses, serum lipids, or insulin in either girls or boys. There were no associations between concurrent child urinary BPA and cardio-metabolic risk factors. These results support 
that BPA exposure during prenatal period, susceptible time for fetal development, may be associated with increase in child BP and plasma glucose in a sex-specific manner. Further independent cohort studies are needed 
to confirm the findings.

Environ Pollut. 2020 
Oct;265(Pt A):115008.

10.1016/j.envpol.2020.115008 32574892 ヒト ⼼⾎管 - - - - - - コホート研究 1 1 - - - 1 1 1 - - - - - - - - - - - -

統合_0288
M. Ouidir, A. H. Cissé, J. Botton, S. Lyon-Caen, 
C. Thomsen, A. K. Sakhi, A. Sabaredzovic, S. 
Bayat, R. Slama, B. Heude and C. Philippat

2024

Fetal and Infancy Exposure to 
Phenols, Parabens, and Phthalates 
and Anthropometric Measurements 
up to 36 Months, in the Longitudinal 
SEPAGES Cohort

BACKGROUND: Endocrine-disrupting chemicals may play a role in adiposity development during childhood. Until now literature in this scope suffers from methodologic limitations in exposure assessment using one or few 
urine samples and missing assessment during the infancy period. OBJECTIVES: We investigated the associations between early-life exposure to quickly metabolized chemicals and post-natal growth, relying on repeated 
within-subject urine collections over pregnancy and infancy. METHODS: We studied the associations of four phenols, four parabens, seven phthalates, and one nonphthalate plasticizer from weekly pooled urine samples 
collected from the mother during second and third trimesters (median 18 and 34 gestational weeks, respectively) and infant at 2 and 12 months of age, and child growth until 36 months. We relied on repeated measures of 
height, weight and head circumference from study visits and the child health booklet to predict growth outcomes at 3 and 36 months using the Jenss-Bayley nonlinear mixed model. We assessed associations with 
individual chemicals using adjusted linear regression and mixtures of chemicals using a Bayesian kernel machine regression model. RESULTS: The unipollutant analysis revealed few associations. Bisphenol S (BPS) at 
second trimester was positively associated with all infant growth parameters at 3 and 36 months, with similar patterns between exposure at third trimester and all infant growth parameters at 3 months. Mono-n-butyl 
phthalate (MnBP) at 12 months was positively associated with body mass index (BMI), weight, and head circumference at 36 months. Mixture analysis revealed positive associations between exposure at 12 months and 
BMI and weight at 36 months, with MnBP showing the highest effect size within the mixture. CONCLUSIONS: This study suggests that exposure in early infancy may be associated with increased weight and BMI in early 
childhood, which are risk factors of obesity in later life. Furthermore, this study highlighted the impact of BPS, a compound replacing bisphenol A, which has never been studied in this context. 
https://doi.org/10.1289/EHP13644.

Environ Health 
Perspect. 2024 
May;132(5):57002.

10.1289/ehp13644 38728218 ヒト 代謝 - - - - - - コホート研究 1 1 - - - 1 1 1 - - - - - - - - - - - -

統合_0289
E. Ougier, F. Zeman, J. P. Antignac, C. 
Rousselle, R. Lange, M. Kolossa-Gehring and P. 
Apel

2021

Human biomonitoring initiative 
(HBM4EU): Human biomonitoring 
guidance values (HBM-GVs) derived 
for bisphenol A

The "European Human Biomonitoring Initiative" (HBM4EU) derives human biomonitoring guidance values (HBM-GVs) for the general population (HBM-GV(GenPop)) and/or for occupationally exposed adults (HBM-
GV(Worker)) for several priority substances and substance groups as identified by policy makers, scientists and stakeholders at EU and national level, including bisphenol A (BPA). Human exposure to BPA is widespread 
and of particular concern because of its known endocrine-disrupting properties. Unlike the conjugated forms of BPA circulating in the body, free BPA is known to interact with the nuclear estrogen receptors. Because free 
BPA is considered to be more toxicologically active than the conjugated forms (e.g. BPA-glucuronide (BPA-G) and BPA-sulfate (BPA-S)), its measurement in blood provides the superior surrogate of the biologically 
effective dose. However, considering the difficulty of implementing blood sampling in large HBM cohorts, as well as the current analytical capacities complying with the quality assurance (QA)/quality control (QC) 
schemes, total BPA in urine (i.e. the sum of free and conjugated forms of BPA measured after an hydrolysis of phase II metabolites) was retained as the relevant exposure biomarker for BPA. HBM-GV(GenPop) for total 
BPA in urine of 230 µg/L and 135 µg/L for adults and children, respectively, were developed on the basis of toxicological data. To derive these values, the concentrations of urinary total BPA consistent with a steady-state 
exposure to the temporary Tolerable Daily Intake (t-TDI) of 4 µg/kg bw/day set in 2015 by the European Food Safety Authority (EFSA) were estimated. The BPA human physiologically-based pharmacokinetic (PBPK) model 
developed by Karrer et al. (2018) was used, assuming an oral exposure to BPA at the t-TDI level averaged over 24 h. Dermal uptake of BPA is suspected to contribute substantially to the total BPA body burden, which in 
comparison with the oral route, is generating a higher ratio of free BPA to total BPA in blood. Therefore, an alternative approach for calculating the HBM-GV(GenPop) according to the estimated relative contributions of 
both the oral and dermal routes to the global BPA exposure is also discussed. Regarding BPA exposure at the workplace, the steady-state concentration of urinary total BPA was estimated after a dermal uptake of BPA 
that would generate the same concentration of free BPA in plasma (considered as the bioactive form) as would a 24 h-averaged intake to the European Chemicals Agency (ECHA)'s oral DNEL of 8 µg BPA/kg bw/day set 
for workers. The predicted concentration of urinary total BPA at steady-state is equivalent to, or exceeds the 95th percentile of total BPA in urine measured in different European HBM studies conducted in the general 
population. Thus, no HBM-GV(Worker) was proposed, as the high background level of BPA coming from environmental exposure - mostly through food intake - is making the discrimination with the occupational exposure 
to BPA difficult.

Environ Int Vol.154 
Pages 106563

10.1016/j.envint.2021.106563 33894553 ヒト - - - - - - - バイオモニタリング 1 1 - - - - - - - - - - - - - - - - - -

統合_0290 S. Oskar, M. S. Wolff, S. L. Teitelbaum and J. A. 
Stingone 2021

Identifying environmental exposure 
profiles associated with timing of 
menarche: A two-step machine 
learning approach to examine 
multiple environmental exposures

BACKGROUND: Variation in the timing of menarche has been linked with adverse health outcomes in later life. There is evidence that exposure to hormonally active agents (or endocrine disrupting chemicals; EDCs) 
during childhood may play a role in accelerating or delaying menarche. The goal of this study was to generate hypotheses on the relationship between exposure to multiple EDCs and timing of menarche by applying a two-
stage machine learning approach. METHODS: We used data from the National Health and Nutrition Examination Survey (NHANES) for years 2005-2008. Data were analyzed for 229 female participants 12-16 years of age 
who had blood and urine biomarker measures of 41 environmental exposures, all with >70% above limit of detection, in seven classes of chemicals. We modeled risk for earlier menarche (<12 years of age vs older) with 
exposure biomarkers. We applied a two-stage approach consisting of a random forest (RF) to identify important exposure combinations associated with timing of menarche followed by multivariable modified Poisson 
regression to quantify associations between exposure profiles ("combinations") and timing of menarche. RESULTS: RF identified urinary concentrations of monoethylhexyl phthalate (MEHP) as the most important feature 
in partitioning girls into homogenous subgroups followed by bisphenol A (BPA) and 2,4-dichlorophenol (2,4-DCP). In this first stage, we identified 11 distinct exposure biomarker profiles, containing five different classes 
of EDCs associated with earlier menarche. MEHP appeared in all 11 exposure biomarker profiles and phenols appeared in five. Using these profiles in the second-stage of analysis, we found a relationship between lower 
MEHP and earlier menarche (MEHP ≤ 2.36 ng/mL vs >2.36 ng/mL: adjusted PR = 1.36, 95% CI: 1.02, 1.80). Combinations of lower MEHP with benzophenone-3, 2,4-DCP, and BPA had similar associations with earlier 
menarche, though slightly weaker in those smaller subgroups. For girls not having lower MEHP, exposure profiles included other biomarkers (BPA, enterodiol, monobenzyl phthalate, triclosan, and 1-hydroxypyrene); these 
showed largely null associations in the second-stage analysis. Adjustment for covariates did not materially change the estimates or CIs of these models. We observed weak or null effect estimates for some exposure 
biomarker profiles and relevant profiles consisted of no more than two EDCs, possibly due to small sample sizes in subgroups. CONCLUSION: A two-stage approach incorporating machine learning was able to identify 
interpretable combinations of biomarkers in relation to timing of menarche; these should be further explored in prospective studies. Machine learning methods can serve as a valuable tool to identify patterns within data 
and generate hypotheses that can be investigated within future, targeted analyses.
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統合_0291 S. Oskar, A. A. Balalian and J. A. Stingone 2024

Identifying critical windows of 
prenatal phenol, paraben, and 
pesticide exposure and child 
neurodevelopment: Findings from a 
prospective cohort study

BACKGROUND: This study aimed to investigate how exposure to a mixture of endocrine disrupting chemicals (EDCs) during two points in pregnancy affects early childhood neurodevelopment. METHODS: We analyzed 
publicly-available data from a high-risk cohort of mothers and their children (2007-2014) that measured six EDCs including methyl-, ethyl- and propyl parabens (MEPB, ETPB, PRPB), Bisphenol-A (BPA), 3,5,6-trichloro-2-
pyridinol (TCPy), 3-phenoxybenzoic acid (3-PBA) in prenatal urine samples during the second and third trimesters. Neurodevelopmental scores were assessed using Mullen Scales of Early Learning (MSEL) at age 3. We 
used mean field variational Bayes for lagged kernel machine regression (MFVB-LKMR) to investigate the association between trimester-specific co-exposure to the six EDCs and MSEL scores at age 3, stratified by sex. 
RESULTS: The analysis included 130 children. For females, the relationship between BPA and 3PBA with MSEL score varied between the two trimesters. In the second trimester, effect estimates for BPA were null but 
inversely correlated with MSEL score in the third trimester. 3PBA had a negative relationship with MSEL in the second trimester and positive correlation in the third trimester. For males, effect estimates for all EDCs 
were in opposing directions across trimesters. MFVB-LKMR analysis identified significant two-way interaction between EDCs for MSEL scores in both trimesters. For example, in females, the MSEL scores associated 
with increased exposure to TCPy were 1.75 units (95%credible interval -0.04, -3.47) lower in the 2nd trimester and 4.61 (95%CI -3.39, -5.84) lower in the third trimester when PRPB was fixed at the 75th percentile 
compared to when PRPB was fixed at the 25th percentile. CONCLUSION: Our study provides evidence that timing of EDC exposure within the prenatal period may impact neurodevelopmental outcomes in children. More of 
these varying effects were identified among females. Future research is needed to explore EDC mixtures and the timing of exposure during pregnancy to enhance our understanding of how these chemicals impact child 
health.

Sci Total Environ. 2024 
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統合_0292
W. J. Omeljaniuk, A. E. Charkiewicz, M. Garley, 
W. Ratajczak-Wrona, J. Czerniecki, E. Jabłońska, 
M. Cechowska-Pasko and W. Miltyk

2022

Bisphenol A: Potential Factor of 
Miscarriage in Women in the 
Context of the Phenomenon of 
Neutrophil Extracellular Traps

Humans are exposed to a number of environmental pollutants every day. Among them, endocrine disruptors are particularly harmful to human health. Bisphenol A (BPA) is a xenoestrogen that has been shown to disrupt the 
endocrine system and cause reproductive toxicity. In this study, we aimed to verify the potential relationship between BPA and miscarriage involving the formation of neutrophil extracellular traps (NETs). Blood samples 
were collected from healthy women and women who had miscarriage in the first trimester of pregnancy. The serum levels of cytoplasmic anti-PR3 antibody and perinuclear anti-MPO antibody were determined using an 
immunoenzymatic method. The concentrations of key proinflammatory proteins TNF-α and MCP-1, as well as NADPH oxidase subunits NOX1 and NCF2, were also measured in the serum samples. The serum 
concentration of BPA was determined using gas chromatography. The results showed that the concentrations of BPA were significantly elevated in the serum of women who had miscarriage compared to the control 
group, with the highest concentration found in the "NETs-positive" group. The levels of MCP-1 and TNF-α were significantly higher in the "NETs-positive" group compared to the "NETs-negative" and control group. The 
levels of NOX1 and NCF2 were also higher in the "NETs-positive" group compared to the "NETs-negative" group. The study showed that BPA could play a role in the course of miscarriage through the formation of NETs. 
The results indicate the need to limit the exposure of women planning pregnancy to xenoestrogens, including BPA.

Arch Immunol Ther Exp 
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統合_0293 Y. Okubo, A. Handa and T. Belin 2019

Serial cross-sectional study for the 
association between urinary 
bisphenol A and paediatric obesity: 
Recent updates using NHANES 
2003-2014

BACKGROUND: Several studies have reported bisphenol A (BPA) as a potential risk factor for paediatric obesity, but the findings were inconsistent among these studies. METHODS: Using data from the National Health 
and Nutrition Examination Survey from 2003 to 2014, we conducted a serial cross-sectional study to examine the association between urinary BPA and paediatric obesity among children aged 6 and 19 years. The 
association between paediatric obesity and urinary BPA concentrations with or without urinary creatinine adjustments was assessed using multivariable regression and cubic spline models fitted for regression models. 
RESULTS: We observed decreasing trends in urinary BPA concentrations from 2003 to 2014. The associations between urinary BPA concentrations and obesity were inconsistent across the years of survey and even after 
different models for urinary creatinine adjustments were used. Children with obesity were positively associated with urinary creatinine concentrations, but was not with creatinine-adjusted models. Furthermore, children 
with higher urinary BPA concentrations had elevated odds of obesity during 2003 to 2008, whereas these associations were inconsistent during 2009 to 2014. CONCLUSIONS: The associations between paediatric obesity 
and urinary BPA concentrations differed across the years of survey and creatinine adjustments. Further studies are required to assess these discrepancies.
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統合_0294
J. Oh, S. Shah, K. A. Lee, E. Park, D. W. Lee, Y. 
C. Hong, S. Song, S. Y. Kim, H. Park, H. C. Kim, 
K. S. Jeong and E. Ha

2025

Sex-specific effects of prenatal 
exposure to phthalates and 
bisphenol A on adverse birth 
outcomes: Results from The Korean 
CHildren's ENvironmental health 
Study (Ko-CHENS)

OBJECTIVES: Although previous epidemiological studies have reported the effects of fetal exposure to phthalates and phenols on birth outcomes, evidence is still limited. The objective of this study was to investigate 
whether prenatal exposure to endocrine-disrupting chemicals [EDCs; phthalates and bisphenol A (BPA)] is associated with birth outcomes and whether there are sex-specific effects. METHODS: We used data from the 
Korean CHildren's ENvironmental health Study (Ko-CHENS) cohort. Exposure to phthalates and BPA was measured by urine tests, and the information on outcomes and confounders was obtained from delivery records, 
biomarker assessment, and a self-reported questionnaire. We performed multivariate logistic regression to estimate the association between exposure to individual phthalates and bisphenol A and birth outcomes. 
Additionally, to evaluate the effects of EDC mixture exposure, we performed weighted quantile sum regression analysis. Subgroup analysis stratified by maternal age and sex at birth was performed to examine potential 
differences in associations. RESULTS: This study included 2,176 mother-child pairs from the Ko-CHENS. We observed a significant association between the risk of PTB and exposure to BPA during early pregnancy and 
mono-carboxyoctyl phthalate (MCOP) during late pregnancy, with odds ratios of 1.23 (95% CI: 1.01, 1.49) and 1.29 (95% CI: 1.03, 1.62), respectively. Additionally, there was a significant association between exposure to 
MCOP during early pregnancy and the risk of LBW (OR: 1.39, 95% CI: 1.03, 1.89). For male infants in particular, exposure to MCOP during early pregnancy was associated with the risk of LBW (OR: 2.44, 95% CI: 1.43, 
4.15), and exposure to MCOP during late pregnancy was associated with the risk of PTB (OR 1.45, 95% CI: 1.05, 2.02). CONCLUSIONS: This study suggests a potential association between exposure to BPA during early 
pregnancy and PTB, while exposure to MCOP during late pregnancy was associated with increased PTB risk in male infants.
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統合_0295
N. Numsriskulrat, T. Teeranathada, C. 
Bongsebandhu-Phubhakdi, S. 
Aroonparkmongkol, K. Choi and V. Supornsilchai

2023
Exposure to Bisphenol A and Its 
Analogs among Thai School-Age 
Children

Bisphenol F (BPF) and bisphenol S (BPS) have become popular substitutes for bisphenol A (BPA) in the plastic industry due to concerns over BPA's adverse effects. However, there is limited information on children's 
exposure to these chemicals. This study aims to assess the extent of BPA, BPF, and BPS exposure and determine factors that influence such exposure. A group of Thai children (age 6-13 years, N = 358) were recruited 
between October 2019 and 2020. Two first-morning voids were collected one week apart. Demographic and exposure-related information was gathered. Urinary concentrations of bisphenols were analyzed by liquid 
chromatography and tandem mass spectrometry. Correlation between bisphenol concentrations with age, body weight, and sources of bisphenol exposure, was determined using generalized estimating equations with 
linear model. BPA, BPF, and BPS were detected at 79.6%, 31.0%, and 16.8%, with geometric mean (GM) concentrations of 1.41, 0.013, and 0.014 ng/mL, respectively. Younger children aged <10 years exhibited 1.3-1.6 
times higher GM levels of all bisphenols compared to older children. Exposure to food stored in plastic containers was associated with higher levels of BPF and BPS. In conclusion, BPA was the most frequently detected 
bisphenol in urine samples from Thai children, followed by BPF and BPS.

Toxics Vol.11 Issue 9 10.3390/toxics11090761 37755771 ヒト - - - - - - - バイオモニタリング 1 1 - - - - - - - - - - - - - - - - - -

統合_0296 Y. Niu, B. Wang, R. Yang, Y. Wu, Y. Zhao, C. Li, 
J. Zhang, Y. Xing and B. Shao 2021

Bisphenol Analogues and Their 
Chlorinated Derivatives in Breast 
Milk in China: Occurrence and 
Exposure Assessment

Concentrations of bisphenol A (BPA) and its analogues (together with their chlorinated derivatives are referred to as BPs) were measured in 181 breastmilk samples collected from 9 provinces in China in 2014. Twelve BP 
types were found. The BP concentrations ranged from not detected to 5.912 μg/L. BPA was the predominant BP, followed by bisphenol F (BPF) and bisphenol S (BPS). The mean BPA, BPF, and BPS levels were 0.444, 
0.107, and 0.027 μg/L, respectively. Other BPs were sporadically detected in breastmilk samples. There were no differences (p > 0.05) in BPA, BPF, BPS, or total BP levels in the urban and rural regions or the northern 
and southern regions. BPA accounted for approximately 70% of the BPs and BPF accounted for more than 20% of the BPs in breast milk samples. The high contribution of BPF indicated that BPA analogues, not only BPA, 
should receive attention. The upper-bound daily intakes of BPs for infants 0-6 months old were 0.044-1.291 μg/kg bw/day. Despite the absence of tolerable daily intake data, attention should be paid not only on BPA but 
also BPF.
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Y. Nishimura, K. Moriya, S. Kobayashi, A. Araki, 
F. Sata, T. Mitsui, S. Itoh, C. Miyashita, K. Cho, 
M. Kon, M. Nakamura, T. Kitta, S. Murai, R. 
Kishi and N. Shinohara

2020

Association of exposure to prenatal 
phthalate esters and bisphenol A 
and polymorphisms in the ESR1 
gene with the second to fourth digit 
ratio in school-aged children: Data 
from the Hokkaido study

Phthalates and bisphenol A (BPA) are estrogenic endocrine disruptors. Polymorphisms in the gene encoding estrogen receptor 1 (ESR1) may contribute to the ratio of the lengths of the second and fourth digits (2D:4D), 
which is considered an index of prenatal exposure to sex hormones. Thus, we investigated whether ESR1 polymorphisms modify the effects of prenatal exposure to phthalates and BPA on 2D:4D in a birth cohort. Maternal 
serum in the first trimester was used to determine prenatal exposure to these compounds. Six hundred twenty-three children (7 years of age) provided mean 2D:4D from photocopies and were genotyped for single 
nucleotide polymorphisms in ESR1, particularly PvuII (T > C, dbSNP: rs2234693), XbaI (A > G, dbSNP: rs9340799), and rs2077647 (A > G). The associations among compound exposure, mean 2D:4D, and ESR1 
polymorphisms were assessed by multiple linear regression adjusted for potential cofounding factors. Boys with the AG/GG genotype at rs2077647 in the group exposed to high levels of mono(2-ethylhexyl) phthalate 
(MEHP) or Σ Di(2-ethylhexyl) phthalate (DEHP) showed feminized 2D:4D compared with boys with the AA genotype at rs2077647 who had low exposure to MEHP or ΣDEHP (MEHP: increase in mean 2D:4D of 1.51%, 
95% confidence interval [CI]: 0.40-2.63; ΣDEHP: increase in mean 2D:4D of 1.37%, 95% CI: 0.25-2.49). No significant differences were found among girls. There were no associations between mean 2D:4D and 
metabolites other than MEHP or BPA. These data suggest that ESR1 polymorphisms modify the effects of prenatal exposure to DEHP on mean 2D:4D among boys.
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統合_0298 F. M. Nilsen and N. S. Tulve 2020

A systematic review and meta-
analysis examining the 
interrelationships between chemical 
and non-chemical stressors and 
inherent characteristics in children 
with ADHD

Children may be more vulnerable to the combined interactions of chemical and non-chemical stressors from their built, natural, and social environments when compared to adults. Attention deficit/hyperactivity disorder 
(ADHD) is the most commonly diagnosed childhood neurodevelopmental disorder and is considered a major public health issue, as 75% of childhood cases persist into adulthood. ADHD is characterized by developmentally 
inappropriate levels of hyperactivity, impulsivity, and inattention, with the neurotransmitter serotonin regulating these symptoms. Monoamine oxidase A (MAOA) aids in serotonin uptake and is often implicated in 
behavioral and emotional disorders, including ADHD. When children are exposed to cigarette smoke, bisphenol A (BPA), or organophosphate pesticides, MAOA activity is inhibited. Non-chemical stressors, such as 
traumatic childhood experiences, and lifestyle factors, complicate the relationship between genotype and exposures to chemical stressors. But the co-occurrence among outcomes between exposures to chemical 
stressors, non-chemical stressors, and the low activity MAOA genotype suggest that mental illness in children may be influenced by multiple interacting factors. In this systematic review, we examine the existing 
literature that combines exposures to chemical and non-chemical stressors (specifically childhood trauma), MAOA characteristics, and ADHD diagnosis to investigate the interrelationships present. We observe that 
chemical (lead [Pb], phthalates/plasticizers, persistent organic pollutants, and cigarette smoke) exposure is significantly related to ADHD in children. We also observed that existing literature examining the interaction 
between MAOA, exposures to chemical stressors, and traumatic experiences and their effect on ADHD outcomes is sparse. We recommend that future studies investigating childhood ADHD include chemical and non-
chemical stressors and inherent characteristics to gain a holistic understanding of childhood mental health outcomes.
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統合_0299 H. Nie, F. Wang, Y. Zhang, S. Zhang, X. Han, X. 
Zhang, H. Guo and M. He 2021

Associations of serum bisphenol A 
levels with incident chronic kidney 
disease risk

Associations of bisphenol A (BPA) levels with renal disease are inconsistent. The present prospective study aims to evaluate the association of serum BPA levels with chronic kidney disease (CKD) in a Chinese middle-
aged and elderly population. At baseline 1370 participants (mean age 61.7 years, 58.8% females) free of kidney disease and cancer were followed up nearly 10 years. Baseline serum BPA concentration was measured with 
high-performance liquid chromatography-tandem mass spectrometry (HPLC-MS). Estimated glomerular filtration rate (eGFR) was calculated using the Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI) 
equation. Multivariable logistic regression model was used to investigate relationship between serum BPA levels and incident CKD risk. During a 10-year follow-up, 246 individuals developed CKD. Baseline serum BPA 
concentration was 2.92 (1.00, 5.27) ng/mL. At baseline, after adjustment for multiple covariates serum BPA levels were negatively correlated with eGFR levels (β = -0.068, P = 0.009). Compared to those with low levels 
of serum BPA, participants with high levels had a significant negative association with CKD [ORs (95% CI) = 0.35 (0.25, 0.50), P < 0.001], and this association was not modified by conventional risk factors. The negative 
associations remained in females but not in males (P for interaction = 0.016). Significant interaction between baseline eGFR and serum BPA levels on CKD risk was also found (P for interaction = 0.027), Except subjects 
with 60-70 mL/min/1.73 m(2) eGFR at baseline, inverse association robustly existed between serum BPA levels and incident CKD risk in the other eGFR subgroups. Further studies are needed to validate our findings.
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統合_0300
M. Ni, Z. Lin, Z. Chen, Z. Xu, Q. Zhang, J. Zhao, 
W. Li, Y. Tang, Z. Cao, B. Li, D. Yao, C. Cheng, Y. 
Hu, X. Liu, J. Chen and Z. Liu

2025

Effect of exposure to environmental 
phenols and parabens on folate 
concentrations among 3-19 years 
old children and adolescents: A 
cross-sectional study in NHANES 
2005-2016

Phenols and parabens, as endocrine-disrupting chemicals (EDCs), are prevalent in daily consumer products and industrial applications. Folate, a vital vitamin, plays a crucial role in numerous metabolic processes. The 
interaction between EDCs and folate is not well understood and warrants investigation. We utilized data from the National Health and Nutrition Examination Survey (NHANES) 2005-2016. Since many pollutants are co-
exposed congeners, with interactive effects between pollutants, we employed multivariate linear regression model, weighted quantile sum regression, and Bayesian kernel machine regression (BKMR) to quantify the 
impact of folate levels in serum and red blood cell (RBC) and the overall effects of combined exposures. The study included 4395 children and adolescents. A negative correlation was observed between RBC folate 
concentrations and urinary concentrations of Bisphenol A (BPH), Triclosan (TRS), Methyl paraben (MPB), Propyl paraben (PPB), and Butyl paraben (BUP), in children and adolescents. Specifically, an increase in RBC 
folate levels was linked to a decrease in urinary BPH, TRS, MPB, PPB, and BUP concentrations. Similar associations were found with serum folate. The weighted quantile sum index showed a decrease in both RBC and 
serum folate levels with an increase in the mixture of phenols and parabens. BKMR further supported the overall negative impact of the chemical mixture on folate levels. This study provides evidence of an inverse 
relationship between exposure to phenols and parabens and folate concentrations in children and adolescents, which would be of significance in providing guidance for clinical interventions and calling for remediation 
actions to be prioritized during childhood.
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Kunisue and S. F. Nakayama

2024

Urinary concentrations and 
elimination half-lives of parabens, 
benzophenones, bisphenol and 
triclosan in Japanese young adults

Environmental phenols are widely distributed in the environment and human samples, suggesting potential exposure to these chemicals. We designed an intervention trial with 30 participants over 6 days to assess the 
urinary concentrations and half-lives of environmental phenols in Japanese young people. The target environmental phenols include three parabens (methyl paraben, ethyl paraben, and propyl paraben), two benzophenones 
(benzophenone 1 and 3), two bisphenols (bisphenol F and bisphenol S), and triclosan. Throughout the intervention, the participants consumed the same food and drinks and used personal care products provided by the 
project. The target phenols were measured in urine from the participants using a liquid chromatography-tandem mass spectrometer. We compared the measured concentrations between the study periods to better 
understand the exposure tendency. Some statistically significant differences were observed. All target analytes were detected in more than 50% of samples collected on Day 0 (the day before the intervention). Methyl 
paraben was the dominant phenol detected in urine (1640 μg/g-creatinine), followed by ethyl paraben (119 μg/g-creatinine). Downward trends in creatinine-corrected concentrations were observed for all target analytes 
in some instances. Non-compartment analysis was performed to estimate urinary excretion parameters. The estimated half-lives ranged from 7.69 to 20.3 h. Use of paraben-free products during the intervention period 
reduced the body burden.
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S. Ng, L. W. Chen, Z. Y. Chen, M. H. Chen, A. H. 
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Gluckman, J. G. Eriksson, F. Yap, P. C. Chen, Y. 
S. Chong, C. Y. Chen and S. Y. Chan

2025

Endocrine disrupting chemicals in 
maternal and umbilical cord plasma 
and their associations with 
birthweight in the GUSTO cohort

BACKGROUND: With daily exposure to multiple endocrine disrupting chemicals (EDCs), understanding individualized co-exposure patterns could better identify chemicals that threaten health. This is particularly pertinent 
for the vulnerable fetus during in-utero development, where exposure can have long lasting health consequences. As there is limited information of EDC exposure in Asian maternal-offspring populations, this study aimed 
to (1) determine levels of a selected range of EDCs (focusing on Substances of Very High Concern by the European Chemical Agency) in maternal and corresponding cord blood plasma, (2) investigate the 
sociodemographic factors associated with plasma EDC concentrations, and (3) associate EDC-mixtures with birthweight, in a Singapore cohort. METHODS: Targeted liquid chromatography-tandem mass spectrometry 
(LC-MS/MS) was used to determine the concentration of 30 chemicals of interest in 780 maternal and 782 cord plasma samples collected at delivery in the multi-ethnic Asian (Chinese, Malay, Indian) mother-offspring 
GUSTO study. Quantile-based g-computation was used to estimate the combined effect of chemical mixtures and its association with birthweight. RESULTS: Twenty-seven out of the thirty selected chemicals were 
reliably detected in both maternal and cord plasma. Perfluorooctanesulfonic, perfluorooctanoic, perfluorobutanesulfonic and perfluorobutanoic acids (PFOS, PFOA, PFBS, PFBA, respectively) were the predominant 
perfluoroalkyl acids (detected in > 90% of samples), while mono (2-ethylhexyl) phthalate (MEHP) and monobutyl phthalate were the main phthalate metabolites (detected in > 99% of samples). Concentrations of fourteen 
chemicals, including PFBA, PFBS and bisphenol S (BPS) were higher in cord plasma than in corresponding maternal plasma; eight being > 1.5 times higher (ranging from 1.75 to 2.93). A mixture of chemicals in cord plasma 
associated with higher birthweight [116.5 g (95%CI 3.1, 229.9) per quantile increase], but no association was observed for the maternal mixture. Further, different chemicals from the same EDC group in either cord or 
maternal plasma showed associations in opposite directions with birthweight. DISCUSSION: Our results suggest substantial transplacental transfer and fetal accumulation of many chemicals, particularly the newer 
replacement compounds. Stronger associations with birthweight were found for the cord chemical mixture than for the maternal mixture, supporting the idea that these chemicals may have direct effects in the fetus to 
influence growth. Moreover, individual chemicals within each EDC group appear to have different mechanisms of effect resulting in divergent associations with birthweight. CONCLUSION: This study adds to the growing 
concern about the impact of EDCs, especially the newer chemicals on vulnerable groups such as the developing fetus, warranting further research on the potential effects of in-utero EDC exposure on child health.

Environ Health. 2025 
Aug 18;24(1):57.

10.1186/s12940-025-01202-6 40826080 ヒト ⽣殖発⽣ - - - - - - コホート研究 1 1 - - - 1 1 1 - - - - - - - - - - - -

統合_0303 W. Nelson, D. Y. Liu, Y. Yang, Z. H. Zhong, Y. X. 
Wang and Y. B. Ding 2020

In utero exposure to persistent and 
nonpersistent endocrine-disrupting 
chemicals and anogenital distance. 
A systematic review of 
epidemiological studies†

Anti-androgenic endocrine-disrupting chemicals (EDCs) can cross the placenta to modify early offspring sexual dimorphic markers. These changes are linked to anogenital distance (AGD), which is an androgen-sensitive 
anthropometric parameter used as a biomarker of perineal growth and caudal migration of the genital tubercle. This review aimed to summarize strength of evidence for associations of in utero exposure to EDCs with 
AGD and to identify gaps and limitations in the literature so as to inform future research. We performed an electronic search of English literature in September 2019 in medical literature analysis and retrieval system 
online (MEDLINE), Web of Science and Toxline. We included epidemiological studies that examined in utero exposure to persistent and nonpersistent EDCs and considered AGD in offspring as an outcome. Our review 
contained 16 investigations examining exposure to persistent EDCs (nine studies) and nonpersistent EDCs (seven studies). Some individual studies reported an inverse association between exposure to bisphenol A (BPA), 
dioxins, perfluoroalkyl substances, and organochlorides and AGD in both male and female offspring. Meta-analysis of three studies found a small reduction of AGD in female offspring exposed to BPA. The number of 
studies per chemical is small, and number of subjects examined is limited; so, replication of these results is needed. To achieve more specificity and better replication of results, future studies should establish the 
association of nonpersistent EDCs using multiple urine samples, evaluate the cumulative impact of exposure to a mixture of anti-androgenic chemicals, and offer adequate consideration of more maternal- and children-
related confounding factors.

Biol Reprod. 2020 Feb 
14;102(2):276-291.

10.1093/biolre/ioz200 31621835 ヒト ⽣殖発⽣(メタアナリシス) - - - - - - メタアナリシス 1 1 - - - 1 1 1 - 1 - - - - - - - - - -

統合_0304 I. Nehring and M. Staniszewska 2023

Comparison of prenatal and 
postnatal exposure to endocrine 
active phenol derivatives in 
mammals - Humans and Baltic grey 
seals

Bisphenol A (BPA), 4-tert-octylphenol (4-t-OP), and 4-nonylphenol (4-NP) are characterised by their endocrine active properties. Their negative effects on the development of the body are doubly important in the 
reproduction process. The goal was to compare the maternal transfer of phenol derivatives in humans and seals and identify factors that may affect the load of phenol derivatives entering the mother's body, which 
translates into a risk to the offspring. Phenol derivatives were determined using HPLC-FLD. It was shown that higher concentrations of phenol derivatives in blood or milk were detected in humans (mothers and 
newborns) compared to concentrations in Baltic seals. This was influenced by external exposure factors, i.e., leaching of phenol derivatives from food packaging or dermal contact. The authors conclude that milk is the 
main component in the maternal transfer of BPA to the next generation in humans, while blood is a carrier of alkylphenols, particularly 4-tert-octylphenol.

Mar Pollut Bull Vol.196 
Pages 115567

10.1016/j.marpolbul.2023.115567 37741109 ヒト - - - - - - - バイオモニタリング 1 1 - - - - - - - - - - - - - - - - - -

統合_0305

F. Navarro-Lafuente, E. Adoamnei, J. J. Arense-
Gonzalo, M. T. Prieto-Sánchez, M. L. Sánchez-
Ferrer, A. Parrado, M. F. Fernández, B. Suarez, 
A. López-Acosta, A. Sánchez-Guillamón, L. Garc
ía-Marcos, E. Morales, J. Mendiola and A. M. 
Torres-Cantero

2022

Maternal urinary concentrations of 
bisphenol A during pregnancy are 
associated with global DNA 
methylation in cord blood of 
newborns in the "NELA" birth cohort

Endocrine disrupting chemicals (EDCs) set a public health risk through disruption of normal physiological processes. The toxicoepigenetic mechanisms of developmental exposure to common EDCs, such as bisphenol A 
(BPA), are poorly known. The present study aimed to evaluate associations between perinatal maternal urinary concentrations of BPA, bisphenol S (BPS) and bisphenol F (BPF) and LINE-1 (long interspersed nuclear 
elements) and Alu (short interspersed nuclear elements, SINEs) DNA methylation levels in newborns, as surrogate markers of global DNA methylation. Data come from 318 mother-child pairs of the `Nutrition in Early Life 
and Asthma´ (NELA) birth cohort. Urinary bisphenol concentration was measured by dispersive liquid-liquid microextraction and ultrahigh performance liquid chromatography with tandem mass spectrometry detection. 
DNA methylation was quantitatively assessed by bisulphite pyrosequencing on 3 LINEs and 5 SINEs. Unadjusted linear regression analyses showed that higher concentration of maternal urinary BPA in 24th week's 
pregnancy was associated with an increase in LINE-1 methylation in all newborns (p = 0.01) and, particularly, in male newborns (p = 0.03). These associations remained in full adjusted models [beta = 0.09 (95 % CI = 
0.03; 0.14) for all newborns; and beta = 0.10 (95 % CI = 0.03; 0.17) for males], including a non-linear association for female newborns as well (p-trend = 0.003). No associations were found between maternal 
concentrations of bisphenol and Alu sequences. Our results suggest that exposure to environmental levels of BPA may be associated with a modest increase in LINE-1 methylation -as a relevant marker of epigenomic 
stability- during human fetal development. However, any effects on global DNA methylation are likely to be small, and of uncertain biological significance.

Sci Total Environ. 2022 
Sep 10;838(Pt 
4):156540.

10.1016/j.scitotenv.2022.156540 35688234 ヒト 遺伝毒性 - - - - - - コホート研究 1 1 - - - 1 1 1 - - - - - - - - - - - -

統合_0306 A. Namat, W. Xia, C. Xiong, S. Xu, C. Wu, A. 
Wang, Y. Li, Y. Wu and J. Li 2021

Association of BPA exposure during 
pregnancy with risk of preterm birth 
and changes in gestational age: A 
meta-analysis and systematic review

The associations of bisphenol A exposure during pregnancy with risk of preterm birth (PTB) and changes in gestational age have remained controversial. To conduct the meta-analysis, the relevant studies were searched 
through PubMed, OVID, and Web of Science from inception through June  17,  2020. Data were independently extracted and analyzed using odds ratio (OR) or regression coefficient (β) and their 95% confidence intervals 
(CIs). We identified 668 references and included 7 studies for preterm birth and 9 studies for gestational age. The included studies reported that the median or geometric mean (GM) of maternal urinary BPA ranged from 
0.48 to 6.44 ng/ml. The meta-analysis estimated OR to be 1.36 (95% CI: 1.03, 1.69) for preterm birth associated with maternal urinary BPA exposure during pregnancy. In the subgroup analysis based on BPA exposure level, 
a significant association was observed between preterm birth and higher BPA exposure among the populations had BPA median or GM concentrations higher than 2.16 ng/ml (OR: 1.92; 95% CI: 1.38, 2.47). In the subgroup 
analyses by maternal urinary BPA exposure assessed in different trimesters, a significant association of preterm birth was only observed with BPA assessed in the third trimester (OR: 1.62; 95% CI: 1.15, 2.09). In addition, 
higher maternal urinary BPA exposure during pregnancy was associated with decreased gestational age by 0.50 (-0.87, -0.13) days, and the subgroup analyses also showed that only BPA exposure in the third trimester 
was associated with decreased gestational age by 1.36 (-2.21, -0.52) days. This meta-analysis demonstrated that higher BPA exposure was associated with an increased risk of preterm birth and decreased length of 
gestational age, and suggested that BPA exposure in the third trimester of pregnancy may be a critical susceptible period of preterm birth.

Ecotoxicol Environ Saf. 
2021 Sep 1:220:112400.

10.1016/j.ecoenv.2021.112400 34116331 ヒト ⽣殖発⽣(メタアナリシス) - - - - - - メタアナリシス 1 1 - - - 1 1 1 - 1 - - - - - - - - - -

統合_0307 A. Nalbantoğlu, A. Çelikkol, N. Samancı, N. C. G
ünaydın and B. Nalbantoğlu 2021

Bisphenol A as a risk factor for 
allergic rhinitis in children

AIM: Bisphenol-A (BPA) is an endocrine disrupting compound and may exacerbate or induce allergic diseases. To the best of our knowledge, there is little evidence regarding the effects of BPA exposure on allergic rhinitis 
(AR) in children. In the present study, we sought to examine whether exposure to BPA in children is associated with AR. METHODS: This study was designed as a case controlled clinical study. 140 children diagnosed as 
allergic rhinitis and 140 healthy children as control group were recruited. BPA, interleukin-4, interleukin-13, total IgE and interferon-gamma levels were determined. Skin prick tests were performed in patient group. Total 
nasal symptom score and ARIA classification were used to predict disease severity. RESULTS: Serum IL-4, IgE and BPA levels of children with allergic rhinitis were found to be significantly higher than the control group. 
BPA and IL-4 levels were significantly higher in moderate to severe-persistent group. There was a positive correlation between total nasal symptom scores and Bisphenol A levels in children with allergic rhinitis. 
CONCLUSIONS: The present study is the first to observe statistically significant relationship between BPA concentrations and allergic rhinitis in children. Also increased levels of BPA are associated with disease 
severity.

Hum Exp Toxicol. 2021 
Mar;40(3):395-402.

10.1177/0960327120958105 32909835 ヒト 免疫 - - - - - - 症例対照研究 1 1 - - - 1 1 1 - - - - - - - - - - - -

統合_0308
D. Nakiwala, C. Vernet, S. Lyon-Caen, A. 
Lavorel, M. Rolland, C. Cracowski, I. Pin, A. M. 
Calafat, R. Slama and C. Philippat

2020

Use of personal care products 
during pregnancy in relation to 
urinary concentrations of select 
phenols: A longitudinal analysis from 
the SEPAGES feasibility study

BACKGROUND: Exposure to certain synthetic phenols is of growing concern, in particular among pregnant women, because of their endocrine disrupting nature. Many phenols are still authorized in personal care products 
(PCP). We aimed to assess if use of PCPs, by pregnant women could influence their urinary concentrations of synthetic phenols. METHODS: We used a panel design with intense urine sample collection. Eight women 
completed a diary with exact time and use of PCPs in three weeks. We measured the concentrations of phenols (four parabens, bisphenol A and S, two dichlorophenols, triclosan, and benzophenone-3) in 178 urine 
samples, collected during 7 consecutive days at 3 time points during pregnancy. We characterized PCP use as the total number of PCP applications or as a single PCP use (yes/no) in three time windows (0-6, 6 to 12 and 
12 to 24h before each urine sample collection). We used adjusted linear and Tobit regressions to assess associations between PCP use and phenol urinary concentrations. RESULTS: The total number of PCP applications 
was positively associated with ethylparaben, propylparaben and butylparaben concentrations. We observed a peak in urinary concentration of ethylparaben, butylparaben and propylparaben at 2.86, 2.55 and 2.67 h since 
last PCP use, respectively and twelve different types of PCPs were positively associated with at least one of these parabens. The bisphenol S concentration increased by 12.4% (95%CI: confidence interval: 5.9; 19.3) for 
each additional PCP application in the 12 to 24 time window and use of specific PCPs such as anti-stretchmarks cream, facial cleanser and shower gel. Associations varied by time window. CONCLUSION: Our study 
showed that PCP use was associated with a short-term increase in the urinary concentration of ethylparaben, butylparaben and propylparaben, but not methylparaben. This study also reported a positive association 
between the use of PCPs and the bisphenol S concentration, a finding that warrants further investigation in cohorts with repeated collection of urine samples and detailed information on PCP use.

Int J Hyg Environ Health 
Vol.227 Pages 113518

10.1016/j.ijheh.2020.113518 32279061 ヒト - - - - - - - バイオモニタリング 1 1 - - - - - - - - - - - - - - - - - -

統合_0309 S. Muthusamy, S. Palanisamy and S. 
Ramalingam 2021

Exposure of bisphenol A in breast 
cancer patients-quantitatively 
assessed by sensitivity-enhanced 
high-performance liquid 
chromatography coupled with 
fluorescence detection: A case-
control study

A simple, reproducible and sensitive liquid chromatography (HPLC) method has been developed and validated for estimation of bisphenol A (BPA) in human urine. A simple liquid-liquid extraction technique was used in 
BPA sample preparation. The analyte was chromatographed on a Shimadzu Prominence HPLC system using isocratic mobile phase conditions at a flow rate of 0.500 ml/min and a Hypersil Gold C(18) column maintained at 
40°C. Quantification was performed on a fluorescence detector set at excitation 275 nm, emission 313 nm and bisphenol B was used as internal standard. The total run time was 8 min. The method was found to have 
acceptable sensitivity, selectivity, accuracy (98.82-103.64%), precision (1.17-5.36) and stability in the validation experiment carried out as per the USFDA guidelines. The method sensitivity was as low as 0.50 ng/ml. The 
applicability of the validated analytical method was established in human patient urine samples. The mean human urine BPA concentrations were 1.18 ± 2.11 ng/ml in the control group and 5.76 ± 6.00 ng/ml in the patient 
group (P < 0.001). Therefore, this method could be considered as an alternative for routine bio-monitoring of BPA which is less expensive and feasible in resource-poor settings.

Biomed Chromatogr 
Vol.35 Issue 9 Pages 
e5137

10.1002/bmc.5137 33829524 ヒト - - - - - - - バイオモニタリング 1 1 - - - - - - - - - - - - - - - - - -

統合_0310

V. Mustieles, Y. Zhang, J. Yland, J. M. Braun, P. 
L. Williams, B. J. Wylie, J. A. Attaman, J. B. Ford, 
A. Azevedo, A. M. Calafat, R. Hauser and C. 
Messerlian

2020
Maternal and paternal 
preconception exposure to phenols 
and preterm birth

BACKGROUND: Phenol exposure during pregnancy has been associated with preterm birth, but the potential effect of preconception exposure in either parent is unknown. There is a growing body of evidence to suggest 
that the preconception period is a critical window of vulnerability for adverse pregnancy outcomes. OBJECTIVE: We examined whether maternal and paternal preconception urinary concentrations of select phenols were 
associated with the risk of preterm birth among couples attending fertility care. METHODS: The analysis included 417 female and 229 male participants of the Environment and Reproductive Health (EARTH) Study who 
gave birth to 418 singleton infants between 2005 and 2018 and for whom we had phenol biomarkers quantified in at least one urine sample collected before conception. Mothers and fathers provided an average of 4 and 3 
urine samples during the preconception period, respectively. We calculated the geometric mean of bisphenol A (BPA), bisphenol S (BPS), benzophenone-3, triclosan, and the molar sum of parabens (ΣParabens) urinary 
concentrations to estimate each participant's preconception exposure. Risk ratios (RRs) of preterm birth (live birth before 37 completed weeks' gestation) were estimated using modified Poisson regression models 
adjusted for covariates. RESULTS: The mean (SD) gestational age among singletons was 39.3 (1.7) weeks with 8% born preterm. A natural log-unit increase in maternal preconception BPA (RR 1.94; 95% CI: 1.20, 3.14) 
and BPS (RR 2.42; 95% CI: 1.01, 5.77) concentration was associated with an increased risk of preterm birth. These associations remained after further adjustment for maternal prenatal and paternal preconception 
biomarker concentrations. Paternal preconception ΣParabens concentrations showed a possible elevated risk of preterm birth (RR 1.36; 95% CI: 0.94, 1.96). No consistent pattern of association was observed for 
benzophenone-3 or triclosan biomarkers in either parent. DISCUSSION: Maternal preconception urinary BPA and BPS concentrations, as well as paternal preconception urinary parabens concentrations were prospectively 
associated with a higher risk of preterm birth. Subfertile couples' exposure to select phenols during the preconception period may be an unrecognized risk factor for adverse pregnancy outcomes.

Environ Int. 2020 
Apr:137:105523.

10.1016/j.envint.2020.105523 32120140 ヒト ⽣殖発⽣ - - - - - - コホート研究 1 1 - - - 1 1 1 - 1 - - - - - - - - - -
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統合_0311

V. Mustieles, A. Rodríguez-Carrillo, F. Vela-
Soria, S. C. D'Cruz, A. David, F. Smagulova, A. 
Mundo-López, A. Olivas-Martínez, I. Reina-Pé
rez, N. Olea, C. Freire, J. P. Arrebola and M. F. 
Fernández

2022

BDNF as a potential mediator 
between childhood BPA exposure 
and behavioral function in 
adolescent boys from the INMA-
Granada cohort

BACKGROUND: Bisphenol A (BPA) exposure has been linked to altered behavior in children. Within the European Human Biomonitoring Initiative (HBM4EU), an adverse outcome pathway (AOP) network was constructed 
supporting the mechanistic link between BPA exposure and brain-derived neurotrophic factor (BDNF). OBJECTIVE: To test this toxicologically-based hypothesis in the prospective INMA-Granada birth cohort (Spain). 
METHODS: BPA concentrations were quantified by LC-MS/MS in spot urine samples from boys aged 9-11 years, normalized by creatinine and log-2 transformed. At adolescence (15-17 years), blood and urine specimens 
were collected, and serum and urinary BDNF protein levels were measured using immunoassays. DNA methylation levels at 6 CpGs in Exon IV of the BDNF gene were also assessed in peripheral blood using bisulfite-
pyrosequencing. Adolescent's behavior was parent-rated using the Child Behavior Checklist (CBCL/6-18) in 148 boys. Adjusted linear regression and mediation models were fit. RESULTS: Childhood urinary BPA 
concentrations were longitudinally and positively associated with thought problems (β = 0.76; 95% CI: 0.02, 1.49) and somatic complaints (β = 0.80; 95% CI: -0.16, 1.75) at adolescence. BPA concentrations were 
positively associated with BDNF DNA methylation at CpG6 (β = 0.21; 95% CI: 0.06, 0.36) and mean CpG methylation (β = 0.10; 95% CI: 0.01, 0.18), but not with total serum or urinary BDNF protein levels. When 
independent variables were categorized in tertiles, positive dose-response associations were observed between BPA-thought problems (p-trend = 0.08), BPA-CpG6 (p-trend ≤ 0.01), and CpG6-thought problems (p-trend 
≤ 0.01). A significant mediated effect by CpG6 DNA methylation was observed (β = 0.23; 95% CI: 0.01, 0.57), accounting for up to 34% of the BPA-thought problems association. CONCLUSIONS: In line with toxicological 
studies, BPA exposure was longitudinally associated with increased BDNF DNA methylation, supporting the biological plausibility of BPA-behavior relationships previously described in the epidemiological literature. Given 
its novelty and preliminary nature, this effect biomarker approach should be replicated in larger birth cohorts.

Sci Total Environ. 2022 
Jan 10:803:150014.

10.1016/j.scitotenv.2021.150014 34788942 ヒト 発達神経 - - - - - - コホート研究 1 1 - - - 1 1 1 - - - - - - - - - - - -

統合_0312 N. Mozafarian, M. Hashemipour, M. R. Maracy, 
H. Galehdari and R. Kelishadi 2025

Associations of Urinary Metabolites 
of Parabens and Bisphenol a with 
Premature Thelarche Among a 
Sample of Iranian Girls

OBJECTIVE: Endocrine-disrupting chemicals (EDC) may influence the process of puberty including the development of premature thelarche (PT). This study aimed to investigate the relation between exposure to bisphenol 
A (BPA) and parabens with PT among a sample of Iranian girls. METHODS: This case-control study was conducted in 2022-2023 on girls with a mean (SD) age of 7.5(0.6) years in Isfahan, Iran. Participants were 90 newly 
diagnosed PT cases and 114 healthy controls. Spot urine samples were collected from both groups to measure the levels of BPA and paraben metabolites. We performed analyses of BPA and paraben metabolites including 
methylparaben (MeP), ethylparaben (EtP), propylparaben (PrP), and butylparaben (BuP) and benzylparaben (BzP) using gas chromatography-mass spectrometry. The association between concentrations of creatinine-
standardized urinary bisphenol A and parabens and PT was analyzed with multiple logistic regression models, after adjusting for potential confounders. RESULTS: The results showed that individuals in the highest 
quartile of methyl paraben (OR=4.3, 95% CI:1.2-14.9, P=0.023), ethyl paraben (OR=4.7, 95% CI:1.3-17.2, P=0.018) and BPA (OR=5.03, 95% CI:1.4-17.9, P=0.013) had a significantly higher odds for PT compared to those in 
the lowest quartile. CONCLUSION: The findings of this study suggest that exposure to BPA, MeP and EtP is related to increased odds of early breast development in girls. Limiting the exposure to these chemicals may 
help to reduce the risk of precocious puberty.

J Clin Res Pediatr 
Endocrinol. 2026 Mar 
13;18(1):85-96.

10.4274/jcrpe.galenos.2025.2025-
3-22

40793795 ヒト ⽣殖(思春期発達) - - - - - - 症例対照研究 1 1 - - - 1 1 1 - - - - - - - - - - - -

統合_0313
R. Moreno-Gómez-Toledano, M. Delgado-Marín, 
S. Sánchez-Esteban, A. Cook-Calvete, S. Ortiz, 
R. J. Bosch and M. Saura

2023

Combination of Bisphenol A and Its 
Emergent Substitute Molecules Is 
Related to Heart Disease and Exerts 
a Differential Effect on Vascular 
Endothelium

Plastic production, disposal, and recycling systems represent one of the higher challenges for the planet's health. Its direct consequence is the release of endocrine disruptors, such as bisphenol A (BPA), and its emerging 
substitute molecules, bisphenol F and S (BPF and BPS), into the environment. Consequently, bisphenols are usually present in human biological fluids. Since BPA, BPS, and BPF have structural analogies and similar 
hormonal activity, their combined study is urgently needed. The present manuscript studied the effect of the mixture of bisphenols (BP(mix)) in one of the world's largest human cohorts (NHANES cohort). Descriptive and 
comparative statistics, binomial and multinomial logistic regression, weighted quantile sum regression, quantile g-computation, and Bayesian kernel machine regression analysis determined a positive association 
between BP(mix) and heart disease, including confounders age, gender, BMI, ethnicity, Poverty/Income Ratio, and serum cotinine. Endothelial dysfunction is a hallmark of cardiovascular disease; thus, the average ratio of 
bisphenols found in humans was used to conduct murine aortic endothelial cell studies. The first results showed that BP(mix) had a higher effect on cell viability than BPA, enhancing its deleterious biological action. 
However, the flow cytometry, Western blot, and immunofluorescence assays demonstrated that BP(mix) induces a differential effect on cell death. While BPA exposure induces necroptosis, its combination with the 
proportion determined in the NHANES cohort induces apoptosis. In conclusion, the evidence suggests the need to reassess research methodologies to study endocrine disruptors more realistically.

Int J Mol Sci. 2023 Jul 
29;24(15):12188.

10.3390/ijms241512188 37569562 ヒト ⼼⾎管 - - - - - - 横断研究 1 1 - - - 1 1 1 - - - - - - - - - - - -

統合_0314

R. Moreno-Gómez-Toledano, M. Delgado-Marín, 
A. Cook-Calvete, C. González-Cucharero, N. 
Alcharani, B. Jiménez-Guirado, I. Hernandez, R. 
Ramirez-Carracedo, L. Tesoro, L. Botana, S. Sá
nchez-Esteban, J. Diez-Mata, J. L. Zamorano, R. 
J. Bosch, C. Zaragoza and M. Saura

2023

New environmental factors related 
to diabetes risk in humans: 
Emerging bisphenols used in 
synthesis of plastics

BACKGROUND: Diabetes mellitus (DM) is one of the largest global health emergencies of the 21st century. In recent years, its connection with environmental pollutants, such as bisphenol A (BPA), has been 
demonstrated; consequently, new structurally similar molecules are used to replace BPA in the plastics industry (BPS, BPF and BPAF). AIM: To carry out a systematic review to allow coherent evaluation of the state of 
the art. Subsequently, a meta-analysis was performed to unify the existing quantitative data. METHODS: Firstly, a systematic review was carried out, using the terms "(bisphenol) AND (Diabetes OR Hyperglycemia)", to 
maximize the number of results. Subsequently, three authors analyzed the set of articles. Finally, a meta-analysis was performed for each BP, using RevMan software. In addition, funnel plots were developed to study 
publication bias. RESULTS: The systematic analysis of the literature revealed 13 recent articles (2017-2023) related to the study paradigm. The qualitative analysis showed interesting data linking diabetes to the three 
most widely used substitute BPs in the industry: BPS, BPF and BPAF. Finally, the meta-analysis determined a positive relationship with BPS, BPF and BPAF, which was only statistically significant with BPS. 
CONCLUSION: There is a need to apply the precautionary principle, regulating the use of new BPs. Therefore, replacing BPA with BPS, BPF or BPAF is unlikely to protect the population from potential health risks, such as 
DM.

World J Diabetes. 2023 
Aug 15;14(8):1301-
1313.
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統合_0315
R. Moreno-Gómez-Toledano, M. I. Arenas, E. Vé
lez-Vélez, E. Coll, B. Quiroga, J. Bover and R. J. 
Bosch

2021
Bisphenol a Exposure and Kidney 
Diseases: Systematic Review, Meta-
Analysis, and NHANES 03-16 Study

Bisphenol A (BPA) is a compound that is especially widespread in most commonly used objects due to its multiple uses in the plastic industry. However, several data support the need to restrict its use. In recent years, 
new implications of BPA on the renal system have been discovered, which denotes the need to expand studies in patients. To this end, a systematic review and a meta-analysis was performed to explore existing literature 
that examines the BPA-kidney disease paradigm and to determine what and how future studies will need to be carried out. Our systematic review revealed that only few relevant publications have focused on the problem. 
However, the subsequent meta-analysis revealed that high blood concentrations of BPA could be a factor in developing kidney disease, at least in people with previous pathologies such as diabetes or hypertension. 
Furthermore, BPA could also represent a risk factor in healthy people whose urinary excretion is higher. Finally, the data analyzed from the NHANES 03-16 cohort provided new evidence on the possible involvement of BPA 
in kidney disease. Therefore, our results underline the need to carry out a thorough and methodologically homogeneous study, delving into the relationship between urinary and blood BPA, glomerular filtration rate, and 
urine albumin-to-creatinine ratio, preferably in population groups at risk, and subsequently in the general population, to solve this relevant conundrum with critical potential implications in Public Health.
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統合_0316 R. Moreno-Gómez-Toledano 2022

Relationship between emergent 
BPA-substitutes and renal and 
cardiovascular diseases in adult 
population

Plastic waste pollution is one of the leading environmental problems of modern society. Its use, disposal, and recycling lead to the release of xenobiotic compounds such as bisphenol A (BPA), a known endocrine disruptor 
related to numerous pathologies. Due to the new restrictions on its use, it is gradually being replaced by derived molecules, such as bisphenol F or S (BPF or BPS), whose health risks have not yet been adequately studied. 
In the present work, significant relationships between the new BPA substitute molecules and renal and cardiovascular diseases have been detected by performing binomial and multinomial logistic regressions in one of 
the world's largest cohorts of urinary phenols. The results have shown a significant relationship between urinary BPF and renal function or heart disease (specifically congestive heart failure). Urinary BPS has shown a 
positive relationship with the risk of hypertension and a negative relationship with kidney disease. Consequently, applying new substitute molecules could imply potential health risks equivalent to BPA.
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統合_0317 S. Moore, L. Paalanen, L. Melymuk, A. 
Katsonouri, M. Kolossa-Gehring and H. Tolonen 2022

The Association between ADHD and 
Environmental Chemicals-A Scoping 
Review

The role of environmental chemicals in the etiology of attention deficit hyperactivity disorder (ADHD) has been of interest in recent research. This scoping review aims to summarize known or possible associations 
between ADHD and environmental exposures to substances selected as priority chemicals of the European Human Biomonitoring Initiative (HBM4EU). Literature searches were performed in PubMed to identify relevant 
publications. Only meta-analyses and review articles were included, as they provide more extensive evidence compared to individual studies. The collected evidence indicated that lead (Pb), phthalates and bisphenol A 
(BPA) are moderately to highly associated with ADHD. Limited evidence exists for an association between ADHD and polycyclic aromatic hydrocarbons (PAHs), flame retardants, mercury (Hg), and pesticides. The 
evidence of association between ADHD and cadmium (Cd) and per- and polyfluoroalkyl substances (PFASs) based on the identified reviews was low but justified further research. The methods of the individual studies 
included in the reviews and meta-analyses covered in the current paper varied considerably. Making precise conclusions in terms of the strength of evidence on association between certain chemicals and ADHD was not 
straightforward. More research is needed for stronger evidence of associations or the lack of an association between specific chemical exposures and ADHD.

Int J Environ Res Public 
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統合_0318 S. Moon, S. H. Yu, C. B. Lee, Y. J. Park, H. J. Yoo 
and D. S. Kim 2021

Effects of bisphenol A on 
cardiovascular disease: An 
epidemiological study using National 
Health and Nutrition Examination 
Survey 2003-2016 and meta-
analysis

As the most widely consumed endocrine-disrupting chemical, bisphenol A (BPA) has been linked to reproductive dysfunction, diabetes mellitus, and obesity. However, the evidence for an association between BPA and 
cardiovascular disease (CVD) remains insufficient. In the present study, we aimed to identify the association between BPA and CVD, using data from the 2003-2016 National Health and Nutrition Examination Surveys 
(NHANES). We estimated urine BPA concentration after adjustments for creatinine (ng/mg) and normalized the asymmetrical distribution using natural logarithmic transformation (ln-BPA/Cr). A multivariate logistic 
regression was performed to evaluate the odds ratio (OR) and 95% confidence interval (CI) for CVD, with ln-BPA/Cr concentration as predictor. We then performed a Mantel-Haenszel meta-analysis with five eligible 
studies and NHANES 2003-2016 data. Our subjects were 11,857 adults from the NHANES data. After adjusting for age, sex, race/ethnicity, body mass index (BMI), cigarette smoking, diabetes status, hypertension, and 
dyslipidemia, OR between ln-BPA/Cr and CVD was 1.13 (95% CI: 1.02-1.24). After propensity-score-matching with age, sex, race/ethnicity, BMI, cigarette smoking, diabetes, hypertension, and dyslipidemia, OR continued 
to be significant for the association between ln-BPA/Cr and CVD (OR: 1.18, 95% CI: 1.04-1.33). A restricted cubic spline plot of this relationship revealed a dose-dependent increase in OR. However, untransformed BPA 
had a linear relationship with CVD only at low concentrations, whereas the OR of BPA plateaued at high concentrations. In a meta-analysis with 22,878 subjects, after adjusting for age, sex, and various cardiometabolic 
risk factors, OR was 1.13 (95% CI, 1.03-1.23). In conclusion, our study provides additional epidemiological evidence supporting an association between BPA and CVD.
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統合_0319 S. Moon, M. Y. Seo, K. Choi, Y. S. Chang, S. H. 
Kim and M. J. Park 2021

Urinary bisphenol A concentrations 
and the risk of obesity in Korean 
adults

This study was aimed to evaluate the association between urinary bisphenol A (BPA) levels and risk of obesity in Korean adults. We analyzed data from the Korean National Environmental Health Survey (KoNEHS) Cycle 2 
(2012-2014) and Cycle 3 (2015-2017). A total of 10,021 participants aged ≥ 19 years were included. Urine dilution was corrected by the covariate-adjusted standardization (CAS) method. We performed meta-analysis, 
logistic regression analysis by matching all covariates with a 1:1 propensity score, and a 4-knot restricted cubic spline plot model to calculate the odds ratios (ORs) for obesity according to natural log-transformed BPA 
levels. Mean urinary BPA concentration was 1.12 µg/L in KoNEHS Cycle 2 and 1.32 µg/L in Cycle 3. BPA levels were significantly higher among obese adults than among non-obese adults in both KoNEHS Cycles 2 and 3. 
In pooled data of KoNEHS Cycles 2 and 3, BPA showed significant positive associations with ORs for obesity in both sexes, which were more prominent in females (linear) than in males (non-linear). These associations 
were confirmed in spline analyses. CAS-applied BPA concentrations were positively associated with obesity in nationwide representative samples of Korean adults. Further studies are warranted to confirm and elucidate 
the underlying mechanism.
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統合_0320

P. Montazeri, C. Thomsen, M. Casas, J. de Bont, 
L. S. Haug, L. Maitre, E. Papadopoulou, A. K. 
Sakhi, R. Slama, P. J. Saulnier, J. Urquiza, R. 
Grazuleviciene, S. Andrusaityte, R. McEachan, J. 
Wright, L. Chatzi, X. Basagaña and M. Vrijheid

2019

Socioeconomic position and 
exposure to multiple environmental 
chemical contaminants in six 
European mother-child cohorts

BACKGROUND: Human exposure to environmental chemical contaminants at critical periods of development can lead to lifelong health consequences. Traditionally, socioeconomically disadvantaged groups are thought to 
experience higher contaminant exposures; however, this relationship may not hold for all contaminants. METHODS: Using data from six European birth cohorts (1301 mother-child pairs), we determined biomarkers of 
exposure to 41 contaminants in biological samples from children (6-12 years) and their mothers during pregnancy, including organochlorine compounds (OCs), polybrominated diphenyl ethers (PBDEs), per- and 
polyfluoroalkyl substances (PFASs), metals, phthalate metabolites, phenols, and organophosphate (OP) pesticide metabolites. We analyzed these biomarkers with several socioeconomic position (SEP) indicators 
(maternal education, employment status and family affluence scale). RESULTS: Higher SEP was associated with higher concentrations of several chemicals during pregnancy, including certain PFASs, mercury, arsenic, 
several phenols, and OP pesticides. Similarly, childhood concentrations of OCs, PFASs, mercury, arsenic, and bisphenol A were higher in higher SEP groups. Conversely, cadmium exposure during pregnancy and exposure 
to lead and phthalate metabolites in childhood were higher in lower SEP. Principal components representing multiple pollutant exposures showed similar association with SEP. CONCLUSIONS: This study demonstrates 
that environmental chemical contaminant exposure during fetal and childhood life is not exclusively associated to lower SEP and that for several contaminants higher SEP groups incur higher exposure levels.
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統合_0321
P. Montazeri, S. Fossati, C. Warembourg, M. 
Casas, D. B. P. Clemente, R. Garcia-Esteban, T. 
S. Nawrot and M. Vrijheid

2022
Prenatal exposure to phthalates and 
phenols and preclinical vascular 
health during early adolescence

BACKGROUND AND AIM: Exposure to endocrine-disrupting chemicals may increase cardiovascular risk from early life, but studies in children have shown inconsistent results, most focused on analysis of single 
chemicals, and none included measures of micro-vascularization as early preclinical markers. This study aimed to evaluate the association between prenatal exposure to phthalates and phenols and macro- and 
microvascular health during early adolescence. METHODS: Using data from a Spanish birth cohort (n = 416), prenatal exposure to eight phthalate metabolites and seven phenols (bisphenol A, four parabens, 
benzophenone-3, triclosan) were assessed using first and/or third trimester spot-urine concentrations. Macrovascular health (systolic and diastolic blood pressure (SBP and DBP, mmHg), pulse wave velocity (PWV, m/s)) 
and microvascular health (central retinal artery/vein equivalent (CRAE/CRVE, μm)), were measured at 11 years old. Linear regression models assessed associations for individual chemicals and Bayesian weighted 
quantile sum regression (BWQS) evaluated the overall association of the phthalate and phenol mixture with cardiovascular health. RESULTS: In single exposure models, bisphenol-A was associated with decreased PWV 
(β per doubling of exposure = -0.06; 95% CI: -0.10, -0.01). Mono-iso-butyl phthalate was associated with an increase in CRAE (β = 1.89; 95% CI: 0.34, 3.44). Methyl- and butyl-parabens were associated with a decrease 
in CRVE (β = -0.71; 95% CI: -1.41, -0.01) and (β = -0.96; 95% CI: -1.57, -0.35), respectively. No statistically significant associations were observed between any of the exposures and SBP or DBP. BWQS models showed 
no evidence of associations between the phthalate and phenol mixture and any of the outcomes. CONCLUSIONS: Our results provide little evidence to suggest that prenatal exposure to phthalates and phenols is 
associated with macro- or microvascular health during early adolescence, except a few associations with certain compounds. Errors in exposure measurement and reduced variability in cardiovascular measures at this 
early age limit our ability to draw strong conclusions.

Int J Hyg Environ 
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統合_0322 S. Mok, J. E. Lim, A. Lee, S. Kim, S. Kim, I. Lee, 
Y. Kho, J. Park, S. Kim, K. Choi and H. B. Moon 2022

Within- and between-person 
variability of urinary phthalate 
metabolites and bisphenol 
analogues over seven days: 
Considerations of biomonitoring 
study design

Urine was used as a part of a human biomonitoring study based on the excretion kinetics of less-persistent contaminants, such as phthalates and bisphenol A (BPA). Despite the advantages of being non-invasive and 
easy to collect, urine can show a large variability of concentrations of phthalate metabolites and BPA within a person depending on sampling time. Therefore, it is essential to assess the variability of urinary 
concentrations for comprehensive sampling design in the context of exposure and risk assessments. In this study, 18 phthalate metabolites and eight BPs were measured in all spot urine (n = 401) collected from 12 
participants for seven consecutive days to evaluate within- and between-person variabilities. The intraclass correlation coefficients (ICCs) for all spot urines were poor for monomethyl phthalate (ICC: 0.002) and BPA 
(0.121) but were moderate for monoethyl phthalate (0.514) and monobenzyl phthalate (0.462). Based on the results of di (2-ethylhexyl) phthalate (DEHP) metabolites, the half-life and differences in metabolic capability 
seem to affect the ICCs. Urinary mono (2-ethylhexyl) phthalate (MEHP), a primary metabolite of DEHP, was suggested as a short-term exposure marker of DEHP in our study. Creatinine- and specific gravity-adjusted 
concentrations of phthalate metabolites and BPs resulted in increased ICCs, implying requirements for randomly collected spot urine. Most analytes in the first morning voids (FMVs) were correlated significantly with 
those in the daily composites, suggesting the feasibility of FMVs to estimate the daily exposure dose. This study facilitates a more comprehensive sampling design and data interpretation strategy for human biomonitoring 
studies.
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Pages 112885

10.1016/j.envres.2022.112885 35131323 ヒト - - - - - - - バイオモニタリング 1 1 - - - - - - - - - - - - - - - - - -

統合_0323 S. Mok, Y. Jeong, M. Park, S. Kim, I. Lee, J. Park, 
S. Kim, K. Choi and H. B. Moon 2021

Exposure to phthalates and 
bisphenol analogues among 
childbearing-aged women in Korea: 
Influencing factors and potential 
health risks

Phthalates and bisphenol A (BPA), widely applied in industrial and consumer products, can affect hormones associated with the human reproductive system. Because the incidence of reproductive diseases is increasing, 
a comprehensive exposure assessment of phthalates and bisphenol analogues (BPs) is required for childbearing-aged women. Phthalate metabolites and BPs were measured in urine samples collected from 509 
childbearing-aged women (20-48 years) in Korea to investigate their current exposure status, profiles, influencing factors, and potential health risks. DEHP metabolites and BPA were the dominant compounds found, 
indicating that they are highly consumed in daily life. Bisphenol S (BPS), as an alternative to BPA, was detected in most urine samples. Total concentrations of phthalate metabolites and BPs ranged from 3.42 to 3570 
(GM: 45.6) ng/mL and from <LOQ to 80.3 (0.91) ng/mL, respectively, which were within the ranges observed in women in previous studies. Exposure to diethyl phthalate (DEP) was significantly associated with the use of 
cosmetics and personal care products such as perfume, body lotion, and sunscreen. Higher ratios of urinary BPS/BPA were observed in younger and more highly educated women and in women living in urbanized regions 
than others. This result suggests that a shift in consumption from BPA to BPS was preferentially occurring in urbanized regions. The assessment of the cumulative risk posed by phthalates and BPs showed that they pose 
only a small health risk to Korean women. This study provides baseline data on exposure levels, profiles, and influencing factors for phthalates and BPs in childbearing-aged women.
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統合_0324
N. Mohanraj, S. Prasanth, P. Rajapriya, G. 
Vinothkumar, V. M. Vinodhini, R. Janardhanan 
and P. Venkataraman

2023

Bisphenol A accelerates the vascular 
complications in patients with Type 
2 diabetes mellitus through vascular 
calcification-a molecular approach

PURPOSE: Environmental pollutant Bisphenol A (BPA) strongly interacts with insulin resistance, which leads to type 2 diabetes mellitus (T2DM). Uncontrolled glucose levels in both blood and urine develops vascular 
complications in T2DM patients. However, glucose-controlled diabetic patients are also affected by vascular complications due to vascular calcification, and there is a lack of clinically relevant data on BPA levels 
available in patients with T2DM-associated vascular complications due to vascular calcification. Therefore, we measured BPA levels in T2DM-associated vascular complications and correlated systemic BPA levels with 
vascular calcification-related gene expression. METHODS: This study included 120 participants with T2DM and its associated vascular complications. Serum and urinary BPA were estimated using an ELISA kit, and gene 
expression of the study participants in peripheral blood mononuclear cells (PBMCs) was studied with quantitative real-time PCR. RESULTS: Serum and urinary BPA levels were higher in T2DM and its associated vascular 
complications with CVD and DN patients compared to control. Both Serum and urinary BPA had higher significance with Sirt1 (p < 0.001, p < 0.001), Runx2 (p < 0.01, p < 0.001) and IL-1beta (p < 0.001, p < 0.02) gene 
expression in the study groups, but, TNF-alpha significant with Serum BPA (p < 0.04), not urinary BPA (p < 0.31). CONCLUSION: BPA levels were positively correlated with lower Sirt1 and increased Runx2 in T2DM-
associated vascular complications patients. Also, higher expression of IL-1beta and TNF-alpha was observed in T2DM-associated vascular complications patients. Our study is the first to associate BPA levels with 
vascular calcification in patients with T2DM and its associated vascular complications.
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統合_0325
L. Mínguez-Alarcón, L. Frueh, P. L. Williams, T. 
James-Todd, I. Souter, J. B. Ford, K. M. Rexrode, 
A. M. Calafat, R. Hauser and J. E. Chavarro

2022

Pregnancy urinary concentrations of 
bisphenol A, parabens and other 
phenols in relation to serum levels of 
lipid biomarkers: Results from the 
EARTH study

The epidemiologic literature on associations between urinary phenol concentrations and lipid profiles during pregnancy is limited. We examined whether urinary concentrations of phenol and phenol replacement 
biomarkers were associated with serum lipid levels among pregnant women. This cross-sectional study included 175 women attending the Massachusetts General Hospital Fertility Center who enrolled in the 
Environment and Reproductive Health (EARTH) Study between 2005 and 2017 and had data available on urinary phenol biomarkers and serum lipids during pregnancy. We used linear regression models to assess the 
relationship between groups of urinary phenol and phenol replacement biomarkers and serum lipid levels [total cholesterol, high density lipoprotein (HDL), non-HDL, low-density lipoprotein (LDL) cholesterol, and 
triglycerides], while adjusting for age at sample collection, pre-pregnancy BMI, education, race, infertility diagnosis, cycle type, number of fetuses, trimester and specific gravity. In adjusted models, pregnant women with 
urinary propylparaben concentrations in the highest tertile had 10% [22 (95% CI = 5, 40) mg/dL], 12% [19 (95% CI = 2, 36) mg/dL] and 16% [19 (95% CI = 3, 35) mg/dL] higher mean total, non-HDL and LDL cholesterol, 
respectively, compared to women with concentrations in the lowest tertile. Similar elevations were observed for urinary bisphenol A concentrations. Urinary bisphenol S, benzophenone-3, triclosan, methylparaben, 
ethylparaben, and butylparaben were unrelated to serum lipids. Among pregnant women, urinary concentrations of bisphenol A and propylparaben were associated with higher serum levels of total, non-HDL and LDL 
cholesterol.
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統合_0326
L. Mínguez-Alarcón, A. Bellavia, A. J. Gaskins, J. 
E. Chavarro, J. B. Ford, I. Souter, A. M. Calafat, R. 
Hauser and P. L. Williams

2021

Paternal mixtures of urinary 
concentrations of phthalate 
metabolites, bisphenol A and 
parabens in relation to pregnancy 
outcomes among couples attending 
a fertility center

BACKGROUND: Few epidemiologic studies have evaluated the impact of paternal environmental exposures, particularly as mixtures, on couples' pregnancy outcomes. OBJECTIVE: We investigated whether mixtures of 
paternal urinary bisphenol A (BPA), paraben, and phthalates were associated with pregnancy outcomes among couples attending a fertility center. METHODS: We included 210 couples undergoing 300 in vitro fertilization 
(IVF) between 2004 and 2017 in this prospective analysis. We quantified paternal urinary biomarker concentrations in one sample per cycle using isotope-dilution tandem mass spectrometry. We used principal component 
analysis (PCA) to identify correlations of biomarker concentrations and multivariable Cox proportional hazards models for discrete survival time to estimate the hazard ratios (HRs) and 95% CIs for the associations 
between PCA-derived factor scores and probability of failing to achieve a live birth. Interactions were also included in the models to examine strength of associations over three vulnerable periods [embryo transfer to 
implantation, implantation to clinical pregnancy, and clinical pregnancy to live birth]. Models were adjusted for paternal and maternal ages and body mass indexes, urinary dilution (specific gravity) and year of collection, 
infertility diagnosis, and other PCA factor scores. Sensitivity analyses with further adjustment for maternal PCA factor scores were performed. RESULTS: We identified three factors, representing di-2-ethylhexyl 
phthalate (DEHP) metabolites, BPA and non-DEHP metabolites, and parabens, accounting for 56%, 15% and 10%, respectively, of the total variance explained. An interquartile range (25th and 75th percentiles) increase in 
the DEHP-related factor score was associated with elevated probability of failing prior to live birth (HR = 1.41, 95% CI: 1.08, 1.81) and the association was stronger between implantation and clinical pregnancy as well as 
between clinical pregnancy and live birth compared to before implantation. The overall HRs of failure for the BPA/non-DEHP-related and paraben-related factor scores were HR = 1.24 (95% CI: 0.97, 1.59) and HR = 0.99 
(95% CI: 0.80, 1.24). We found similar HRs when additionally adjusting for maternal PCA factor scores. CONCLUSION: Paternal mixtures of urinary concentrations of DEHP metabolites were related to higher infertility 
treatment failure.
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Athanaselis and G. Mastorakos

2022
Bisphenol A correlates with fewer 
retrieved oocytes in women with 
tubal factor infertility

PURPOSE: Serum and urinary bisphenol A (BPA) concentrations have been associated negatively with the number of retrieved oocytes after in vitro fertilization (IVF). The impact of BPA upon women with polycystic ovary 
syndrome (PCOS) and women with tubal factor infertility (TFI), following IVF, was investigated. To this purpose, associations among serum and urinary and follicular fluid (FF) BPA concentrations and the number of 
retrieved and fertilized oocytes and comparisons between pregnancy rates were evaluated. METHODS: This was a cross-sectional study conducted at a university-affiliated assisted conception unit between January and 
November 2019, including 93 women of reproductive age (PCOS: 45; TFI: 48) following IVF. Unconjugated FF and serum BPA concentrations and total urinary BPA concentration were measured using a novel gas 
chromatography-mass spectrometry method. The number of retrieved and fertilized oocytes and pregnancy rate were documented and evaluated. RESULTS: The number of oocytes retrieved from PCOS women was 
greater than that of 21 TFI women, independently of BMI. Lower FF BPA concentrations were found in all PCOS women and in overweight/obese PCOS compared to TFI women (0.50, 0.38, and 1.13 ng/mL, respectively). 
In TFI women, FF BPA concentrations correlated negatively with the number of retrieved oocytes. Serum and FF and urinary BPA concentrations did not significantly affect the number of fertilized oocytes and pregnancy 
rate in both groups. CONCLUSION: FF BPA concentrations were lower in all PCOS women and in overweight/obese PCOS than in TFI women. In TFI women, FF BPA concentrations correlated negatively with retrieved 
oocytes. Confirmation of these findings might lead to moderation of use of BPA-containing products by women undergoing IVF.
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統合_0328

R. L. Miller, Y. Wang, J. Aalborg, A. N. 
Alshawabkeh, D. H. Bennett, C. V. Breton, J. P. 
Buckley, D. Dabelea, A. L. Dunlop, A. Ferrara, G. 
Gao, A. Gaylord, D. R. Gold, T. Hartert, I. Hertz-
Picciotto, L. A. Hoepner, M. Karagas, C. J. Karr, 
R. S. Kelly, C. Khatchikian, M. Liu, J. D. Meeker, 
T. G. O'Connor, A. K. Peterson, S. 
Sathyanarayana, J. Sordillo, L. Trasande, S. T. 
Weiss and Y. Zhu

2025

Prenatal exposure to environmental 
bisphenols over time and their 
association with childhood asthma, 
allergic rhinitis and atopic dermatitis 
in the ECHO consortium

Concerns persist about the potential impact of prenatal exposure to bisphenols (BP) and their replacement analogues on childhood asthma and allergies. Previous studies on single and small cohorts had limited statistical 
power, few investigated analogues BPF and BPS, and even fewer examined atopic outcomes. Our objective was to assess whether prenatal exposures to individual environmental bisphenols (BPA, BPF, BPS) influence risk 
of childhood asthma, allergic rhinitis, and atopic dermatitis. Data from the U.S. Environmental Influences on Child Health Outcomes (ECHO) consortium were harmonized on measures of prenatal urinary BPA, BPF and 
BPS and asthma and allergic rhinitis (ages 5-9 years) and atopic dermatitis (up to age 3 years) from 1905 mother-child pairs that were collected between 1998 and 2017. Across the 2012 federal ban of BPA from certain 
infant products, median BPA levels decreased from 1.11 ng/ml to 0.86 ng/ml; median BPF levels decreased from 0.51 ng/ml to 0.39 ng/ml; and median BPS levels increased from 0.23 ng/ml to 0.31 ng/ml (dilution adjusted; 
p < 0.001 for all three median comparisons). Prenatal measures of BPA, BPF, and BPS were unrelated to the risk of childhood asthma, allergic rhinitis, or atopic dermatitis in the total population. Modest sex-dependent 
effects were observed: only among girls, second tertile levels of BPF was associated with a reduced odds of asthma (odds ratio (OR) 0.27, 95% confidence interval (CI) 0.08, 0.93); a continuous index of prenatal BPS was 
associated with reduced odds of atopic dermatitis (OR 0.64, 95% CI 0.44, 0.93). The ongoing and changing patterns of exposure to bisphenols in the U.S. population require further study with additional attention to time 
windows of exposure and co-occurring social determinants of health, to continue to inform current policies and evaluate the importance of limiting exposure to BPA and its analogues on childhood asthma, allergic rhinitis, 
and atopic dermatitis.
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統合_0329
J. Milczarek-Banach, D. Rachoń, T. Bednarczuk, 
K. Myśliwiec-Czajka, A. Wasik and P. Miś
kiewicz

2020

Exposure to Bisphenol A Analogs 
and the Thyroid Function and 
Volume in Women of Reproductive 
Age-Cross-Sectional Study

Bisphenols (BPs) are commonly known plastifiers that are widely used in industry. The knowledge about the impact of BPs on thyroid function is scarce. Proper thyroid functioning is especially important for women of 
reproductive age, as hypothyroidism affects fertility, pregnancy outcomes and the offspring. There are no studies analyzing the influence of BPs on thyroid function and volume in non-pregnant young women. The aim of 
this cross-sectional study was to evaluate the relationship between bisphenol A and its 10 analogs (BPS, BPC, BPE, BPF, BPG, BPM, BPP, BPZ, BPFL, and BPBP) on thyroid function and volume in women of reproductive 
age. Inclusion criteria were: female sex, age 18-40 years. Exclusion criteria were history of any thyroid disease, pharmacotherapy influencing thyroid function, pregnancy or puerperium, and diagnosis of autoimmune thyroid 
disease during this study. Venous blood was drawn for measurement of thyrotropin (TSH), free thyroxine, thyroid peroxidase antibodies, thyroglobulin antibodies, BPs. Urine samples were analyzed for: ioduria and BPs. 
Ultrasound examination of thyroid gland was performed. One hundred eighty participants were included into the study. A negative correlation was found between urine BPC and the thyroid volume (R = -0.258; p = 0.0005). 
Patients with detected urine BPC presented smaller thyroid glands than those with not-detected urine BPC (p = 0.0008). A positive correlation was found between TSH and urine BPC (R = 0.228; p = 0.002). Patients with 
detected urine BPC presented higher concentrations of TSH versus those with not-detected urine BPC (p = 0.003). There were no relationships between any of serum BPs as well as the other urine BPs and thyroid 
function and its volume. The only BP that demonstrated the relationship between thyroid function and its volume was BPC, probably because of its chemical structure that most resembles thyroxine. Exposure to this BP 
may result in the development of hypothyroidism that could have a negative impact on pregnancy and the offspring.
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統合_0330
M. Milanović, N. Milošević, J. Sudji, S. 
Stojanoski, M. Atanacković Krstonošić, A. 
Bjelica, N. Milić and M. Medić Stojanoska

2020
Can environmental pollutant 
bisphenol A increase metabolic risk 
in polycystic ovary syndrome?

BACKGROUND: Bisphenol A (BPA), a widespread industrial substance is recognized as endocrine disrupting chemical and therefore could be associated with polycystic ovary syndrome (PCOS) related metabolic 
disturbances. PATIENTS: In this study 29 women of reproductive age with diagnosed PCOS were enrolled. METHODS: BPA in urine samples was analyzed by gas chromatography-mass spectrometry. RESULTS: BPA was 
detected in urines of 48.28% participants. The waist-to-height ratio (WtHR) was statistically significant higher in PCOS BPA+ in comparison to PCOS BPA- women (p = 0.046). PCOS BPA+ women had 6.88 times (95%Cl 
1.3481-35.0600, z = 2.319, p = 0.020) higher risk for waist circumference above 80 cm and 4.95 odds (95%Cl 1.0169-24.096, z = 1.981, p = 0.048) to have WtHR over 0.5 when compared to PCOS BPA-. Statistically 
significant positive association between BPA urine concentrations and insulin serum levels (p = 0.038) was obtained. BPA urine values were associated with elevated HOMA-IR values and reduced HDL levels with 
moderate significance (p = 0.079 and p = 0.061, respectively). Also, there was 3.75 times (95%Cl 0.7936-17.7203, z = 1.668, p = 0.095) higher risk for PCOS BPA+ women to have testosterone levels above reference 
values. CONCLUSION: The obtained results suggested that the BPA exposition in PCOS women was followed by increased metabolic risk through promotion of obesity, especially the visceral type, hyperinsulinemia, 
insulin resistance, dyslipidemia and elevated androgen levels.
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統合_0331 F. M. Metwally, H. Rashad, H. M. Zeidan and A. 
F. Hashish 2020

Impact of Bisphenol A on 
Gonadotropic Hormone Levels in 
Children with Autism Spectrum 
Disorders

Early developmental exposures to endocrine disruptors including bisphenol A (BPA) may affects the body's endocrine system producing adverse neurologic, reproductive, cardiovascular, metabolic, and immune effects in 
humans. Many studies show the effect of BPA on human reproduction at lower concentrations than that of the safety limit recommendations. However, limited studies have been associated between environmental 
exposure of BPA and gonadotropic hormone levels in children with autism spectrum disorders (ASDs). This study was done to evaluate association between the serum levels of hormones; follicle-stimulating (FSH), 
inhibin B (INHB), and estradiol (E2) and BPA in 49 ASD children compared with 40 healthy control children. Serum levels of FSH, INHB, and E2 were lower in ASD group than that of control. Correlations between BPA and 
FSH, INHB, and E2 within autistic children were not significant. The observed results revealed that BPA may cause endocrine dysfunction in ASD children.
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統合_0332
M. Meslin, C. Beausoleil, F. A. Zeman, J. P. 
Antignac, M. Kolossa-Gehring, C. Rousselle and 
P. Apel

2022

Human Biomonitoring Guidance 
Values (HBM-GVs) for Bisphenol S 
and Assessment of the Risk Due to 
the Exposure to Bisphenols A and S, 
in Europe

Within the European Joint Programme HBM4EU, Human Biomonitoring Guidance Values (HBM-GVs) were derived for several prioritised substances. In this paper, the derivation of HBM-GVs for the general population 
(HBM-GV(GenPop)) and workers (HBM-GV(worker)) referring to bisphenol S (BPS) is presented. For the general population, this resulted in an estimation of the total urinary concentration of BPS of 1.0 µg/L assuming a 
24 h continuous exposure to BPS. For workers, the modelling was refined in order to reflect continuous exposure during the working day, leading to a total urinary concentration of BPS of 3.0 µg/L. The usefulness for risk 
assessment of the HBM-GVs derived for BPS and bisphenol A (BPA) is illustrated. Risk Characterisation Ratios (RCRs) were calculated leading to a clear difference between risk assessments performed for both 
bisphenols, with a very low RCR regarding exposure to BPA., contrary to that obtained for BPS. This may be due to the endocrine mediated endpoints selected to derive the HBM-GVs for BPS, whereas the values 
calculated for BPA are based on the temporary Tolerable Daily Intake (t-TDI) from EFSA set in 2015. A comparison with the revised TDI recently opened for comments by EFSA is also discussed. Regarding the 
occupational field, results indicate that the risk from occupational exposure to both bisphenols cannot be disregarded.
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統合_0333 H. Meng, Y. Zhou and Y. Jiang 2020
Association of bisphenol A with 
puberty timing: a meta-analysis

OBJECTIVES: The results of existing studies on bisphenol A (BPA) and puberty timing did not reach a consensus. Thereby we performed this meta-analytic study to explore the association between BPA exposure in urine 
and puberty timing. METHODS: Meta-analysis of the pooled odds ratios (OR), prevalence ratios (PR) or hazards ratios (HR) with 95% confidence intervals (CI) were calculated and estimated using fixed-effects or 
random-effects models based on between-study heterogeneity. RESULTS: A total of 10 studies involving 5621 subjects were finally included. The meta-analysis showed that BPA exposure was weakly associated with 
thelarche (PR: 0.96, 95% CI: 0.93-0.99), while no association was found between BPA exposure and menarche (HR: 0.99, 95% CI: 0.89-1.12; OR: 1.02, 95% CI: 0.73-1.43), and pubarche (OR: 1.00, 95% CI: 0.79-1.26; PR: 
1.00, 95% CI: 0.95-1.05). CONCLUSIONS: There was no strong correlation between BPA exposure and puberty timing. Further studies with large sample sizes are needed to verify the relationship between BPA and puberty 
timing.
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fprint):459-466.
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A. Mehlsen, L. Høllund, H. Boye, H. Frederiksen, 
A. M. Andersson, S. Bruun, S. Husby, T. K. 
Jensen and C. A. G. Timmermann

2022
Pregnancy exposure to bisphenol A 
and duration of breastfeeding

INTRODUCTION: Bisphenol A (BPA) is frequently used in the production of plastics. It is an endocrine disruptor, and BPA exposure in mice has been associated with reduced offspring growth due to insufficient milk 
production. However, human studies of associations between BPA exposure and duration of breastfeeding are sparse. METHODS: Pregnant women from the Odense Child Cohort (n = 725) donated a third trimester 
morning urine sample, which was analyzed for BPA by LC-MS/MS. Information about duration of exclusive and any breastfeeding was obtained through questionnaires three and 18 months postpartum, and a subgroup of 
women responded to weekly text messages about breastfeeding. Associations between pregnancy BPA exposure and duration of breastfeeding were analyzed using Cox regression adjusting for potential confounders. 
RESULTS: The median urine BPA concentration was 1.29 ng/mL. Compared to women within the lowest tertile of BPA exposure, women in the second and third tertile were slightly more likely to terminate breastfeeding 
at any given time; HRs (95% CI) were 1.05 (0.87; 1.26) and 1.06 (0.89; 1.27), respectively, and to terminate exclusive breastfeeding at any time up to 20 weeks after birth, HRs (95% CI) were 1.07 (0.88; 1.28) and 1.06 (0.88; 
1.27), respectively. However, confidence intervals were also compatible with no effect or even a protective effect. DISCUSSION: This study indicated that high BPA exposure in pregnancy was associated with shorter 
duration of breastfeeding. Although our findings were not statistically significant, all estimates were above one suggesting increased risk of early breastfeeding termination with high exposure. Using a single spot morning 
urine sample to measure BPA has likely caused imprecision as it might not adequately reflect long term exposure. Future studies should consider measuring BPA more than once, including other timepoints during 
pregnancy and after birth.

Environ Res. 2022 Apr 
15:206:112471.

10.1016/j.envres.2021.112471 34861228 ヒト ⽣殖発⽣ - - - - - - コホート研究 1 1 - - - 1 1 1 - 1 - - - - - - - - - -

統合_0335

S. E. Medellín-Garibay, L. E. Alcántara-
Quintana, A. S. Rodríguez-Báez, J. Sagahón-Azú
a, M. Rodríguez-Aguilar, M. L. A. Hernández 
Cueto, J. E. Muñoz Medina, R. D. C. Milán-
Segovia and R. Flores-Ramírez

2023
Urinary phthalate metabolite and 
BPA concentrations in women with 
cervical cancer

Environmental pollutants are involved in the development and progression of numerous cancers, including cervical cancer (CC). One possible explanation for this is the ability of several pollutants to mimic natural 
hormones. This study aimed to evaluate the urinary concentrations of monoesters of phthalates and bisphenol A (BPA) in women with CC. A total of 45 women were included: 15 in the control group, 12 with CC diagnosis 
classified in early stages IA-IIB, and 18 in late stages III-IV. Urine samples were analyzed for BPA, mono-isobutyl phthalate (MiBP), mono-n-butyl phthalate (MBP), monobenzyl phthalate (MBzP), and mono 2-ethylhexyl 
phthalate (MEHP) using high-performance liquid chromatography coupled to a tandem mass detector. The detection rate of environmental pollutants was 100%, with a median concentration in the control group and early-, 
and late-stage groups of 10.4, 9.2, 4.3, 38.4, and 12.9 µg L(-1); 3.1, 3.1, 151.1, 54.5, and 30.4 µg L(-1) and 1.9, 92.8, 3.6, 31.0, and 9.3 µg L(-1) for BPA, MEHP, MBzP, MBP, and MiBP, respectively This study reveals high 
levels of phthalates, particularly MEHP, in urine samples of women with CC associated with human papillomavirus (HPV) infection. Further studies are needed to evaluate the possible role of phthalates in synergy with 
HPV in progression to CC.
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統合_0336 C. M. McKinney, B. G. Leroux, A. L. Seminario, 
A. Kim, Z. Liu, S. Samy and S. Sathyanarayana 2020

A Prospective Cohort Study of 
Bisphenol A Exposure from Dental 
Treatment

Laboratory studies show that bisphenol A (BPA) leaches from bisphenol A-glycidyl methacrylate (bisGMA)-based dental materials. We aimed to quantify the extent to which children are exposed to BPA from dental 
treatment with bisGMA materials, by amount of treatment and type of sedation. We hypothesized that posttreatment urinary BPA (uBPA) concentrations would be higher among patients with more surfaces treated with 
bisGMA-based materials and among patients receiving general anesthesia compared with pretreatment concentrations. We conducted a prospective cohort study in 211 children, 4 to 12 y old, who had no prior resin-based 
dental treatment. We measured uBPA concentrations twice before treatment and at 2 d and 1, 4, and 16 wk posttreatment. We abstracted treatment data (surfaces treated) from the chart. We generated descriptive 
statistics and compared pre- and posttreatment uBPA concentrations using generalized estimating equations. Participants were 51% female, 46% non-White, and 74% publicly insured. The median age was 6 y. The mean 
number of tooth surfaces exposed to BisGMA materials (composites/sealants) was 7.5 (SD 5.3). Overall, uBPA concentrations were 86% higher (95% confidence interval [CI] 42% to 143%, P < 0.001) at 2 d posttreatment 
compared with pretreatment concentrations. The uBPA concentrations 2 d posttreatment versus pretreatment tended to be higher (112%, 95% CI 53% to 194%) among those receiving treatment on >4 surfaces than those 
receiving treatment on ≤4 surfaces (50%, 95% CI -2% to 130%). Two days after treatment, uBPA was significantly higher than pretreatment concentrations in children receiving nitrous oxide but not in those receiving 
general anesthesia. Among all findings, uBPA concentrations returned to baseline by 4 wk. Children experience short-term increases in BPA from dental treatment. The impact of relatively high, short-term BPA exposure 
on child health is unknown. Given the widespread use of BisGMA-based dental materials and that chronic low-dose BPA exposure may adversely affect child health, strategies that minimize BPA exposure could potentially 
improve child health.
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G. McGee, M. Génard-Walton, P. L. Williams, T. 
I. M. Korevaar, J. E. Chavarro, J. D. Meeker, J. M. 
Braun, M. A. Broeren, J. B. Ford, A. M. Calafat, I. 
Souter, R. Hauser and L. Mínguez-Alarcón

2023

Associations of Maternal Urinary 
Concentrations of Phenols, 
Individually and as a Mixture, with 
Serum Biomarkers of Thyroid 
Function and Autoimmunity: Results 
from the EARTH Study

The associations between urinary phenol concentrations and markers of thyroid function and autoimmunity among potentially susceptible subgroups, such as subfertile women, have been understudied, especially when 
considering chemical mixtures. We evaluated cross-sectional associations of urinary phenol concentrations, individually and as a mixture, with serum markers of thyroid function and autoimmunity. We included 339 
women attending a fertility center who provided one spot urine and one blood sample at enrollment (2009-2015). We quantified four phenols in urine using isotope dilution high-performance liquid chromatography-tandem 
mass spectrometry, and biomarkers of thyroid function (thyroid-stimulating hormone (TSH), free and total thyroxine (fT4, TT4), and triiodothyronine (fT3, TT3)), and autoimmunity (thyroid peroxidase (TPO) and 
thyroglobulin (Tg) antibodies (Ab)) in serum using electrochemoluminescence assays. We fit linear and additive models to investigate the association between urinary phenols-both individually and as a mixture-and serum 
thyroid function and autoimmunity, adjusted for confounders. As a sensitivity analysis, we also applied Bayesian Kernel Machine Regression (BKMR) to investigate non-linear and non-additive interactions. Urinary 
bisphenol A was associated with thyroid function, in particular, fT(3) (mean difference for a 1 log unit increase in concentration: -0.088; 95% CI [-0.151, -0.025]) and TT(3) (-0.066; 95% CI [-0.112, -0.020]). Urinary 
methylparaben and triclosan were also associated with several thyroid hormones. The overall mixture was negatively associated with serum fT(3) concentrations (mean difference comparing all four mixture components 
at their 75th vs. 25th percentiles: -0.19, 95% CI [-0.35, -0.03]). We found no evidence of non-linearity or interactions. These results add to the current literature on phenol exposures and thyroid function in women, 
suggesting that some phenols may alter the thyroid system.
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C. F. McCabe, V. Padmanabhan, D. C. Dolinoy, 
S. E. Domino, T. R. Jones, K. M. Bakulski and J. 
M. Goodrich

2020

Maternal environmental exposure to 
bisphenols and epigenome-wide 
DNA methylation in infant cord 
blood

Maternal prenatal exposures, including bisphenol A (BPA), are associated with offspring's risk of disease later in life. Alterations in DNA methylation may be a mechanism through which altered prenatal conditions (e.g. 
maternal exposure to environmental toxicants) elicit this disease risk. In the Michigan Mother and Infant Pairs Cohort, maternal first-trimester urinary BPA, bisphenol F, and bisphenol S concentrations were tested for 
association with DNA methylation patterns in infant umbilical cord blood leukocytes (N = 69). We used the Illumina Infinium MethylationEPIC BeadChip to quantitatively evaluate DNA methylation across the epigenome; 
822 020 probes passed pre-processing and quality checks. Single-site DNA methylation and bisphenol models were adjusted for infant sex, estimated cell-type proportions (determined using cell-type estimation 
algorithm), and batch as covariates. Thirty-eight CpG sites [false discovery rate (FDR) <0.05] were significantly associated with maternal BPA exposure. Increasing BPA concentrations were associated with lower DNA 
methylation at 87% of significant sites. BPA exposure associated DNA methylation sites were enriched for 38 pathways significant at FDR <0.05. The pathway or gene-set with the greatest odds of enrichment for 
differential methylation (FDR <0.05) was type I interferon receptor binding. This study provides a novel understanding of fetal response to maternal bisphenol exposure through epigenetic change.

Environ Epigenet. 2020 
Dec 23;6(1):dvaa021.
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統合_0339
C. F. McCabe, J. M. Goodrich, K. M. Bakulski, S. 
E. Domino, T. R. Jones, J. Colacino, D. C. Dolinoy 
and V. Padmanabhan

2023

Probing prenatal bisphenol 
exposures and tissue-specific DNA 
methylation responses in cord blood, 
cord tissue, and placenta

The early-gestational fetal epigenome establishes the landscape for fetal development and is susceptible to disruption via environmental stressors including chemical exposures. Research has explored how cell- and 
tissue-type-specific epigenomic signatures contribute to human disease, but how the epigenome in each tissue comparatively responds to environmental exposures is largely unknown. This pilot study compared DNA 
methylation in four previously identified genes across matched cord blood (CB), cord tissue (CT), and placental (PL) samples from 28 mother-infant pairs in tthe Michigan Mother Infant Pairs study; evaluated association 
between prenatal exposure to bisphenols (BPA, BPF, and BPS) and DNA methylation (DNAm) by tissue type; compared epigenome-wide DNAm of CB and PL; and explored associations between prenatal bisphenol 
exposures and epigenome-wide DNAm in PL. Bisphenol concentrations were quantified in first-trimester maternal urine. DNAm was assessed at four genes via pyrosequencing in three tissues; epigenome-wide DNAm 
analysis via Infinium MethylationEPIC array was completed on CB and PL. Candidate gene analysis revealed tissue-specific differences across all genes. In adjusted linear regression, BPA and BPF were associated with 
DNAm across candidate genes in PL but not CB and CT. Epigenome-wide comparison of matched CB and PL DNAm revealed tissue-specific differences at most CpG sites and modest associations between maternal 
first-trimester bisphenol exposures and PL but not CB DNAm. These data endorse inclusion of a variety of tissues in prenatal exposure studies. Overlapping and divergent responses in CB, CT, and PL demonstrate their 
utility in combination to capture a fuller picture of the epigenetic effect of developmental exposures.
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A. Martínez-Ibarra, L. D. Martínez-Razo, E. R. Vá
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Ramírez, E. García-Gómez, M. López-López, C. 
Ortega-González, I. Camacho-Arroyo and M. 
Cerbón

2019

Unhealthy Levels of Phthalates and 
Bisphenol A in Mexican Pregnant 
Women with Gestational Diabetes 
and Its Association to Altered 
Expression of miRNAs Involved with 
Metabolic Disease

Several studies indicate that bisphenol A (BPA) and phthalates may have a role in the development of metabolic diseases using different molecular pathways, including epigenetic regulatory mechanisms. However, it is 
unclear whether exposure to these chemicals modifies serum levels of miRNAs associated with gestational diabetes mellitus (GDM) risk. In the present study, we evaluated the serum levels of miRNAs associated with 
GDM (miR-9-5p, miR-16-5p, miR-29a-3p and miR-330-3p) and urinary levels of phthalate metabolites (mono-n-butyl phthalate (MBP), mono-isobutyl phthalate (MiBP), mono-benzyl phthalate (MBzP) and mono(2-ethyl 
hexyl) phthalate (MEHP)) and bisphenol A in GDM patients and women without GDM during the second trimester of gestation. We observed higher levels of miR-9-5p, miR-29a-3p and miR-330-3p in sera of patients with 
GDM compared to non-diabetic subjects. Phthalates were detected in 97-100% of urine samples, while BPA only in 40%. Urinary MEHP and BPA concentrations were remarkably higher in both study groups compared to 
previously reported data. Unadjusted MEHP levels and adjusted BPA levels were higher in non-diabetics than in GDM patients (p = 0.03, p = 0.02). We found positive correlations between adjusted urinary MBzP levels and 
miR-16-5p expression levels (p < 0.05), adjusted MEHP concentrations and miR-29a-3p expression levels (p < 0.05). We also found negative correlations between unadjusted and adjusted MBP concentrations and miR-
29a-3p expression levels (p < 0.0001, p < 0.05), unadjusted MiBP concentrations and miR-29a-3p expression levels (p < 0.01). Urinary MEHP levels reflect a striking exposure to di(2-ethylhexyl) phthalate (DEHP) in 
pregnant Mexican women. This study highlights the need for a regulatory strategy in the manufacture of several items containing endocrine disruptors in order to avoid involuntary ingestion of these compounds in the 
Mexican population.
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統合_0341 E. Martínez Steele, N. Khandpur, M. L. da Costa 
Louzada and C. A. Monteiro 2020

Association between dietary 
contribution of ultra-processed 
foods and urinary concentrations of 
phthalates and bisphenol in a 
nationally representative sample of 
the US population aged 6 years and 
older

Ultra-processed food consumption has been associated with several health outcomes such as obesity, hypertension, cardiovascular disease and cancer. The deleterious nutrient profile of these products, and the 
presence of food additives, neoformed contaminants and contact materials such as phthalates and bisphenol may be some of the potential pathways through which ultra-processed food influences disease outcomes. The 
aim of this study was to examine the association between dietary contribution of ultra-processed foods and urinary biomarker concentrations of parent compounds or their metabolites including Di(2-ethylhexyl) phthalate 
(ΣDEHP), Di-isononyl phthalate (ΣDiNP), Monocarboxynonyl phthalate (mCNP), Mono (3-carboxypropyl) phthalate (mCPP), Monobenzyl phthalate (mBzP), Bisphenol A (BPA), Bisphenol F (BPF) and Bisphenol S (BPS), in 
the US. Participants from the cross-sectional 2009-2016 National Health and Nutrition Examination Survey, aged 6+ years, with urinary measures and with one 24-hour dietary recall were included in the study. Ultra-
processed foods were identified based on the NOVA classification system, a four-group food classification based on the extent and purpose of industrial food processing. Linear regression was used to compare average 
urinary creatinine-standardized concentrations across quintiles of energy contribution of ultra-processed foods. Models incorporated survey sample weights and were adjusted for different sociodemographic and life-
style variables. Adjusted geometric means of ΣDiNP, mCNP, mCPP, mBzP and BPF increased monotonically from the lowest to the highest quintile of ultra-processed food consumption. As both phthalates/bisphenol and 
ultra-processed foods have been previously associated with insulin resistance, diabetes, general/abdominal obesity and hypertension, our results suggest the possibility of contact materials in ultra-processed foods as 
one link between ultra-processed food and these health outcomes. Future studies could confirm findings and further explore these mechanisms of action.
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Egido-González, E. Davila-Cordova, C. Mestres, 
M. S. Petersen, N. Babio and J. Salas-Salvadó

2024

Exploring the association between 
urinary bisphenol A, S, and F levels 
and semen quality parameters: 
Findings from Led-Fertyl cross-
sectional study

Infertility is recognized as a multifaceted condition affecting approximately 15% of couples globally, influenced by various factors including genetic predisposition and environmental exposures. Among these environmental 
factors, bisphenol A (BPA) emerges as a prominent Endocrine-disrupting chemical (EDCs) widely distributed, leading to chronic human exposure in daily life. As regulations on BPA became more stringent, alternative 
substances such as bisphenol S (BPS) and bisphenol F (BPF) have emerged. Animal studies have demonstrated a dose-dependent decline in fertility and embryotoxicity following chronic exposure to BPA. However, 
literature data on human studies are limited and heterogeneous. Additionally, even less is known about the relationship between exposure to the BPA analogues (BPS and BPF) and sperm quality. Therefore, the present 
study aimed to examine the association between urinary concentrations of BPA, BPF, and BPS and semen quality parameters among 195 adult Spanish men from the Led-Fertyl study cohort using multiple linear regression 
models adjusted by potential confounding variables. Our results revealed an inverse association between log-transformed creatinine-adjusted concentration (ng/mg) of BPA and BPF levels and the percentage of sperm 
vitality (β: 3.56 %; 95%CI: 6.48 to -0.63 and β: 4.14 %; 95%CI: 6.97 to -1.31; respectively). Furthermore, participants in the highest quartile of BPA and BPF urinary concentration exhibited lower sperm vitality compared to 
those in the lowest quartile (β: 6.90 %; 95%CI: 11.60 to -2.15 and β: 9.68 %; 95%CI: 14.43 to -4.94; respectively). These results supply epidemiological evidence establishing a relationship between bisphenols urine 
exposure and sperm quality, suggesting that a re-evaluation of the overall safety of BPA alternatives is warranted.

Environ Res Vol.263 
Issue Pt 2 Pages 
120086

10.1016/j.envres.2024.120086 39353529 ヒト - - - - - - - 横断研究 1 1 - - - - - - - - - - - - - - - - - -

統合_0343 M. Martínez, M. Marquès, A. Salas-Huetos, N. 
Babio, J. L. Domingo and J. Salas-Salvadó 2023

Lack of association between 
endocrine disrupting chemicals and 
male fertility: A systematic review 
and meta-analysis

The incidence of infertility currently affects about 15% of the world's population. Male factors are estimated to be responsible for up to 40-50% of these cases. While the cause of these reproductive disorders is still 
unclear, the exposure to a family of ubiquitous compounds in our daily life, named endocrine disrupting chemicals (EDCs) could be involved. This paper was aimed at performing a systematic review and meta-analysis of 
population studies exploring whether human male exposure to EDCs affects male fertility. Clinical and observational studies assessing the exposure to EDCs along with sperm quality, the most common reproductive 
disorders, sperm DNA damage, sperm oxidative stress, fertilization rate, implantation rate, clinical pregnancy rate, live birth rate, and miscarriage rate were included. The quality assessment tool from the NHLBI-NIH was 
used to assure that studies met standardized quality criteria. Sensitivity analysis and heterogeneity among studies was assessed. Overall, the 32 selected articles, including 7825 individuals in the systematic review, 
explored 12 families of EDCs. The results revealed a high heterogeneity among studies in relation to the association between exposure to EDCs and the endpoints analyzed. Meta-analyses were performed with data from 
7 articles including 479 individuals, 4 articles assessing the association between BPA in urine and sperm quality, and 3 articles evaluating PCB153 in serum and sperm quality. In the meta-analysis, we identified an 
unpredicted significant positive association between PCB153 exposure and sperm concentration. However, it would not be clinically relevant. No positive or inverse associations were found neither for BPA, nor for 
PCB153 and the rest of sperm parameters analyzed. The high disparity between studies made difficult to draw conclusions on the potential harmful effects of EDCs on male fertility. Consequently, to delineate the 
potential relationship that EDCs can have on male fertility, an important condition stressing the health system, further investigations are required.
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統合_0344 M. Martínez, N. González, A. Martí, M. Marquès, 
J. Rovira, V. Kumar and M. Nadal 2021

Human biomonitoring of bisphenol A 
along pregnancy: An exposure 
reconstruction of the EXHES-Spain 
cohort

This study was aimed at reconstructing the exposure to bisphenol (BPA) of 60 pregnant women from the EXHES-Spain cohort. A biomonitoring study was conducted by determining BPA levels in urine samples over the 
three trimesters of pregnancy. Moreover, the correlations between BPA levels and the role of different potential exposure sources, with special emphasis on the dietary intake, were also studied. Urine samples were 
subjected to dispersive liquid-liquid microextraction and the subsequent analysis via gas chromatography-mass spectrometry. BPA was detected in 76% of the urine samples. A significant decrease of urinary BPA levels 
was observed along pregnancy, as mean concentrations of creatinine-adjusted BPA were 4.64, 4.84 and 2.51 μg/g in the first, second and third trimester, respectively. This decrease was essentially associated with 
changes in the dietary habits of the pregnant women, including a lower intake of canned food and drinks. However, the potential role of other pregnancy-related biochemical or physiological factors should not be 
disregarded. Very interestingly, significant differences in urine BPA levels were found according to the fruit consumption pattern, as women who ate more citrus fruits showed lower BPA concentrations in urine. The 
reconstructed exposure to BPA was estimated in 0.072, 0.069 and 0.038 μg BPA/kg of body weight/day in the first, second and third trimesters, respectively. These values are far below the temporary tolerable daily 
intake (t-TDI) established by the EFSA.
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D. Martin-Way, I. Puche-Sanz, J. M. Cozar, A. 
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Martinez-Gonzalez and M. J. Alvarez-Cubero

2022

Genetic variants of antioxidant 
enzymes and environmental 
exposures as molecular biomarkers 
associated with the risk and 
aggressiveness of bladder cancer

Bladder cancer (BC) is one of the top 10 most common tumours worldwide; however, no molecular markers are currently available for tumour management and follow-up. BC could benefit from molecular biomarkers in 
environmental disease, which provide mechanistic understanding of individual susceptibility to exposure-related cancers and allow characterizing genetic alterations in the molecular pathway for malignancy. This case-
control study performed a molecular analysis in 99 BC and 125 controls. Buccal swabs were collected to assess SNPs in eleven genes coding for xenobiotic detoxification enzymes, cellular antioxidant defences, and 
hormone synthesis and signalling (NAT2 (rs1801280), GPX1 (rs1050450 and rs17650792), TXNRD1 (rs7310505), PRDX3 (rs3740562), PON1 (rs662), SOD1 (rs10432782), SOD2 (rs4880), CAT (rs1001179), CYP17A1 
(rs743572) and ESR1 (rs746432)). A structured questionnaire was administered to study participants to assess environmental and dietary chemical exposures. Several miRNAs associated with BC and 
detoxification/antioxidant pathways were analysed in a subsample of the study population, including miR-93-5p, miR-221-3p, miR-126, miR-27a-3p, miR-193b, and miR-193a-5p. Levels of selected environmental 
pollutants (polycyclic aromatic hydrocarbons and endocrine disrupting chemicals) were determined in urine from a subsample of BC cases and controls. We found that CYP17A1, CAT, SOD1, ESR1, PON1, and GPX1 
(rs17650792) were associated with BC risk. Furthermore, exposure to smoke and/or dust, and alcohol intake were identified as risk factors for BC. Increased urinary levels of benzo[a]pyrene and bisphenol A were 
observed in BC patients relative to controls, along with an increased expression of miR-193b, miR-27a and miR-93-5p in BC. Nevertheless, further studies with a larger sample size are warranted to confirm these 
exploratory results. This study also shows that the combination of genetic markers (PON1 and CYP17A1) and miRNA (miR-221-3p and miR-93-5p) open a new scenario in the use of non-invasive biomarkers in the 
stratification of BC to guide personalized medicine, which is extremely urged in the current clinical setting.
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統合_0346 J. Martín, J. L. Santos, I. Aparicio and E. Alonso 2019

Exposure assessment to parabens, 
bisphenol A and perfluoroalkyl 
compounds in children, women and 
men by hair analysis

Population is continuously exposed to endocrine disrupting compounds present in everyday products such as parabens, bisphenol A (BPA), and perfluoroalkyl compounds (PFCs). The aims of this study were, first, to 
evaluate human exposure to three parabens (methylparaben (MeP), ethylparaben (EtP) and propylparaben (PrP)), BPA and six PFCs (perfluorobutanoic acid, perfluoropentanoic acid, perfluorohexanoic acid, 
perfluoroheptanoic acid (PFHpA), perfluorooctanoic acid (PFOA) and perfluorooctanesulfonic acid (PFOS)) through the analysis of hair samples from children, women and men and, then, to evaluate possible relationships 
between pollutant concentration in hair and age, gender, smoking and dyeing habits or hair colour. Hair samples were collected from 42 volunteers from Seville (Spain) (10 children, 16 women and 16 men). Six of the 
monitored pollutants (MeP, EtP, PrP, BPA, PFHpA and PFOS) were detected in at least 76% of the samples analysed. The highest concentrations and frequency of detection (100% of the samples) corresponded to MeP 
and PrP (up to 14,187 and 9009 ng/g, respectively). BPA was found in 83% of the samples at concentrations in the range from 24 to 1427 ng/g whereas PFCs were detected at concentrations in the range from 0.6 to 
15.5 ng/g, being PFHpA and PFOS the ones most frequently detected (86% and 76%, respectively). Concentrations of BPA and parabens in adults were statistically higher than those in children. The results of this study 
reveal the suitability of hair for biomonitoring endocrine disrupting compounds of high concern (PFCs, parabens and BPA) to which population is internally or/and externally but continuously exposed.
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2023
Exposure to Bisphenol A increases 
malignancy risk of thyroid nodules in 
overweight/obese patients

Bisphenol A (BPA) is a widespread thyroid disruptor, but evidence about an association with thyroid cancer is weak. Excess body weight is a risk factor for thyroid cancer and affects activity of endocrine disruptors. Aim 
of the study was to investigate the association between BPA exposure and thyroid cancer, verifying the effect modification related to body weight. We performed a multicentre, cross-sectional study including consecutive 
patients referring for nodular goiter. The quantitative determination of BPA in serum samples was performed through high performance liquid chromatography system, coupled in tandem with ultraviolet and fluorescence 
detection. Ninety-six patients were included: 55 benign nodules, 41 thyroid cancers, 28 normal weight, and 68 overweight/obese. BPA was detected in 79 subjects. In the overall study population and in the group with 
BMI<25 kg/m(2) BPA exposure was not significantly correlated to thyroid cancer (p = 0.08 and 0.759, respectively). In the group with BMI≥25 kg/m(2), BPA-exposed subjects showed significantly higher risk of malignancy 
(OR: 5.3, p = 0.028). At multivariate analysis, such association was independent of smoking, alcohol consumption, occupational exposure, and phthalates exposure (p = 0.021 and 0.016, respectively), but was lost after 
adjustment for the presence of metabolic syndrome (p = 0.089). In overweight/obese subjects, BPA exposure was significantly associated with higher thyroid stimulating hormone levels. Our study suggests that BPA 
exposure is a risk factor for thyroid cancer in overweight/obese subjects.
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統合_0348 V. S. Malik, K. Ravindra, P. Rattan, D. Dayal and 
S. V. Attri 2021

Environmental exposure to urinary 
Bisphenol-A in North Indian children 
aged between 6 and 16 years and 
its association with body mass index

This study investigates the effect of environmental risk factors among North Indian children aged between 6 and 16 years associated with body mass index by comparing fasting and non-fasting urine Bisphenol-A, urine 
creatinine, and serum thyroid levels with other potential confounding factors. A total of 301 children were enrolled, and term fasting and non-fasting were used based on the sample collection, either first morning or 
random. Children were grouped into obese, non-obese, and underweight categories based on age- and gender-specific Centre for Disease Control (CDC) 2000 growth chart and grouped according to their body mass 
index. The overall mean ± SD (standard deviation) of age (years) was 10.45±2.39 (boys age 10.38±2.38 and girls age 10.45±2.40). Urinary Bisphenol-A concentration (ng/mL ± SD) was higher among obese (2.40±4.70) 
than non-obese (1.30±1.67) and underweight (1.84±3.46) category children. Higher levels of fasting urinary Bisphenol-A (≥2 ng/mL) and thyroid-stimulating hormone (TSH) (≥12.7 μg/dL) were associated with obesity 
than those of non-fasting children. Being non-fasting among girls at quartile 4 (obese, >2.1800 ng/mL; underweight, >2.1325 ng/mL) had higher odds (obese adjusted odds ratio (aOR) 7.72 (95% CI 0.08-1368.52), 
underweight adjusted odds ratio (aOR) 12.45 (95% CI 1.55-171.24)] than fasting children. We recommend awareness programs and policy guidelines by engaging teachers and parents for the physical assessment of the 
presence of Bisphenol-A in food packaging materials to reduce the potential exposure to other chemical migrations sources. Graphical abstract.
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Hair Sample Analysis as a Method of 
Monitoring Exposure to Bisphenol A 
in Dogs

Bisphenol A (BPA) is an organic substance widely used in the plastics industry. It penetrates food and environment and, as an endocrine disruptor, has detrimental effects on human organisms. Pet animals, which live in 
the immediate vicinity of humans, are also exposed to BPA; however, knowledge regarding the exposure of dogs to this substance is extremely scarce. This is the first study in which hair analysis has been used to 
biomonitor BPA in 30 dogs using liquid chromatography and tandem mass spectrometry techniques. The presence of BPA in concentration levels above the method detection limit (1.25 ng/g) was noted in 93.33% of 
samples. BPA concentration levels were found to range from 7.05 ng/g to 436 ng/g (mean 81.30 ng/g). Statistically significant differences in BPA concentration levels were found between animals with physiological 
weight and animals with abnormal weight (skinny and obese). In turn, differences between males and females, as well as between young, middle-aged and old dogs, were not statistically significant. The obtained results 
have clearly shown that hair analysis is a useful method to evaluate the exposure of dogs to BPA. This study also confirmed that dogs are exposed to BPA to a large extent, and this substance may play a role as a 
pathological factor in this animal species. However, many aspects connected to the influence of BPA on canine health status are unclear and need further study.
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ń

2024
Bisphenol A analogues and 
metabolic syndrome in women with 
polycystic ovary syndrome

Bisphenols (BPs) have become a chemical group of special interest due to their ability to interfere with the endocrine system and their ubiquitous presence in the environment. As some of them possess mild estrogenic 
and anti-androgenic effects, they might be associated with the diagnosis of polycystic ovary syndrome (PCOS). Acting on multiple tissues, BPs exposure may lead to metabolic derangements characteristic for metabolic 
syndrome (MetS). Therefore, the aim of this study was to determine the potential relationship between exposure to some BPA analogues and features of the MetS in women with PCOS. Serum BPE, BPC, BPG, BPM, BPP, 
BPZ, BPFL, and BPBP concentrations did not differ significantly between the PCOS (n = 135) and the control subjects (n = 104). However, women whose serum BPM and BPP concentrations were in the highest tertile 
were more likely to be diagnosed with PCOS (adjusted OR; [95%CI] 0.43; [0.20; 0.89], P < 0.001 and 0.56; [0.27; 0.96], P = 0.049, consequently). Serum concentrations of BPs were not associated with the MetS diagnosis 
in the PCOS group. There was a negative correlation between the concentrations of serum BPBP and total serum cholesterol (r = - 0.153; P = 0.019), BPE and serum testosterone (r = - 0.160; P = 0.014) as well as BPC 
and HDL-cholesterol (r = - 0.138; P = 0.036). There was a positive correlation between the concentrations of BPP and serum triglycerides (r = 0.138; P = 0.036). Our results point to the potential association between 
exposure to BPM, BPP, and the diagnosis of PCOS, along with the impact of BPBP, BPE, BPC, and BPP on the metabolic features of the MetS.
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2024
Bisphenol A and cardiometabolic 
risk in adolescents: Data from the 
Generation XXI cohort

BACKGROUND AND AIMS: Bisphenol A (BPA), an endocrine disruptor widely used in food contact materials, has been linked to a worse health profile. This study intends to estimate the association between BPA 
exposure and cardiometabolic patterns at adolescence. METHODS AND RESULTS: Data from the Portuguese population-based birth cohort Generation XXI at the age of 13 were used (n = 2386 providing 3-day food 
diaries and fasting blood samples). BPA exposure was measured in 24-h urine from a subsample (n = 206) and then predicted in all participants using a random forest method and considering dietary intake from diaries. 
Three cardiometabolic patterns were identified (normal, modified lipid profile and higher cardiometabolic risk) using a probabilistic Gaussian mixture model. Multinomial regression models were applied to associate BPA 
exposure (lower, medium, higher) and cardiometabolic patterns, adjusting for confounders. The median BPA exposure was 1532 ng/d, corresponding to 29.4 ng/kg/d. Adolescents higher exposed to BPA (compared to 
medium and lower levels) had higher BMI z-score (kg/m(2)) (0.68 vs. 0.39 and 0.52, respectively; p = 0.008), higher levels of body fat (kg) (16.3 vs. 13.8 and 14.6, respectively; p = 0.002), waist circumference (76.2 vs. 73.7 
and 74.9, respectively; p = 0.026), insulinemia (ug/mL) (14.1 vs. 12.7 and 13.1, respectively; p = 0.039) and triglyceridemia (mg/dL) (72.7 vs. 66.1 and 66.5, respectively; p = 0.030). After adjustment, a significant 
association between higher BPA and a higher cardiometabolic risk pattern was observed (OR: 2.55; 95%CI: 1.41, 4.63). CONCLUSION: Higher BPA exposure was associated with a higher cardiometabolic risk pattern in 
adolescents, evidencing the role of food contaminants in health.
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統合_0352 Y. Ma, H. Huang, H. Qian, Y. Wu and Z. Gao 2024

Association of urinary bisphenol A 
levels with heart failure risk in U.S. 
adults from the NHANES (2003-
2016)

INTRODUCTION: Although heart failure (HF) has been linked to bisphenol A (BPA), few studies have investigated the cut-off values for the effects of urinary BPA levels on heart failure risk. The association between 
urinary BPA levels and HF prognosis has not been investigated. METHODS: This study included 11,849 adults over 20 years old using information from the National Health and Nutrition Examination Survey (NHANES), 
which was conducted from 2003 to 2016. The relationship between urinary BPA levels and the risk of HF was determined via a multivariable logistic regression model, and restricted cubic spline (RCS) methods were used 
to determine the cut-off for the effect of BPA levels on HF risk. Based on the available NT-proBNP concentration data from the NHANES (2003-2004), multivariable linear regression was applied to determine the linear 
association between the NT-proBNP concentration and urinary BPA concentration. RESULTS: The results revealed a positive correlation between a urinary BPA concentration in the fourth quartile and the occurrence of 
heart failure [OR 1.49, 95% CI (1.09, 2.04), p = 0.012]. A one-unit increase (1 ng/mg creatinine) in the ln-transformed BPA concentration was linked to a 15% increase in the incidence of HF [OR 1.15, 95% CI (1.03, 1.29), p 
= 0.014]. The cut-off urinary BPA concentration for HF risk was 1.51 ng/mg creatinine. There was a positive correlation between urinary BPA and NT-proBNP concentrations [β = 0.093, 95% CI (0.014, 0.171), p = 0.02] in 
males, but there was no linear association [β = 0.040, 95% CI (-0.033, 0.113), p = 0.283] in females. DISCUSSION: Increased urinary BPA levels are linked to an increased risk of heart failure and poor prognosis. There is 
a significant increase in the risk of heart failure if the urinary concentration of BPA exceeds 1.51 ng/mg creatinine.
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統合_0353
Z. Lyu, K. H. Harada, S. Kim, T. Fujitani, T. 
Hitomi, R. Pan, N. Park, Y. Fujii, Y. Kho and K. 
Choi

2023

Temporal trends in bisphenol 
exposures and associated health 
risk among Japanese women living 
in the Kyoto area from 1993 to 2016

BACKGROUND: Bisphenols, and especially bisphenol A, are widely used as components of epoxy resins and polycarbonate. Widespread detection and potential health risks have led to bisphenol A being replaced by other 
alternatives, including structurally similar bisphenol analogs. Several bisphenol analogs are suspected to have similar adverse health consequences. This study examined the temporal trends in bisphenol exposure among 
a group of Japanese women from 1993 to 2016, and assessed the associated health risks. METHODS: We used archived single spot urine samples of healthy Japanese women living in the Kyoto area (n = 133) collected in 
1993, 2000, 2003, 2009, 2011, and 2016. We measured the concentrations of 10 bisphenols in these samples. RESULTS: A sharp increase in the detection rates of bisphenol F was observed after 2000. There was a 
distinct downward trend in urinary bisphenol A concentrations and an upward trend in bisphenol E concentrations after 2009. While the hazard index for all measured bisphenols was below 1 in all subjects, bisphenol F 
was determined as the most important risk driver after 2000, rather than bisphenol A. DISCUSSION: Trends of decreasing bisphenol A and increasing bisphenol E exposure especially after 2011, along with no significant 
change in the sum of all bisphenol analogs in urine, provide clear evidence that bisphenol A has been replaced by other bisphenols in the study population. We found no significant change in the total exposure to bisphenols 
during the study period. Bisphenol F might become the most important bisphenol in terms of risk, while cumulative risks due to all bisphenol exposure were deemed insignificant. Considering the accumulating evidence 
indicating adverse effects at lower exposure levels, further studies are warranted to assess exposure and risk from bisphenol A analogs.

Chemosphere Vol.316 
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統合_0354 Q. Lyu, Y. Nie, J. Gao and D. Wang 2025
The association between urinary 
BPA concentrations and urinary 
incontinence in women

Urinary incontinence (UI) significantly impacts the quality of life and psychological well-being of female patients. Although emerging evidence suggests potential links between endocrine-disrupting chemicals and pelvic 
floor disorders, previous studies on the association between bisphenol A (BPA) exposure and UI in women have yielded inconsistent results. This study aimed to examine this potential association using data from the 
2015-2016 National Health and Nutrition Examination Survey (NHANES) (n = 467). Through multiple logistic regression analysis with three adjustment models: Model 1 (crude), Model 2 (adjusted for socio-demographic 
factors: age, race/ethnicity, education, marital status, and poverty ratio), and Model 3 (further adjusted for BMI, hypertension, diabetes, alcohol/smoking status, and delivery history), we assessed BPA exposure 
categorized into quartiles. No significant associations were observed between BPA exposure and either stress urinary incontinence (SUI) or mixed urinary incontinence (MUI) across all models (P > 0.05). However, 
participants in the highest BPA quartile (> 7.6 ng/mg creatinine) exhibited a significantly increased risk of urge urinary incontinence (UUI) in Model 1 (OR = 2.01, 95% CI [1.12-3.63]), Model 2 (OR = 2.04, 95% CI [1.08-
3.85]), and Model 3 (OR = 2.48, 95% CI [1.18-5.20]). This study has several limitations, including its cross-sectional design, reliance on self-reported UI outcomes, single measurement of urinary BPA, and potential 
residual confounding from unmeasured factors. While these findings suggest that environmental BPA exposure may contribute to UUI risk in women, future longitudinal studies with repeated biomarker measurements and 
objective UI assessments are needed to confirm these observations and explore potential mechanisms. If validated, reducing BPA exposure through public health interventions could emerge as a novel preventive strategy 
for UUI.

Sci Rep Vol.15 Issue 1 
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統合_0355 Y. Luo, Y. Nie, L. Tang, C. C. Xu and L. Xu 2020

The correlation between UDP-
glucuronosyltransferase 
polymorphisms and environmental 
endocrine disruptors levels in 
polycystic ovary syndrome patients

BACKGROUND: In recent years, there has been an interest in whether environmental endocrine disruptors (EEDs) may contribute to the endocrine disorders in patients with polycystic ovary syndrome (PCOS). The 
clearance of EEDs from the human body is regulated by the glucuronidation of UDP-glucuronosyltransferases (UGT). This study aimed to analyze the relationship of UGT1A1, UGT2B7, and UGT2B15 polymorphisms with 
the metabolism of EEDs in patients with PCOS. METHODS: A total of 357 Chinese women (119 PCOS cases and 238 controls) were genotyped for polymorphisms of UGT1A1, UGT2B7, and UGT2B15. The plasma 
concentrations of EEDs were measured by the gas chromatography-mass spectrometry method. The association between UGT polymorphisms and the serum level of EEDs in patients with PCOS was analyzed. RESULTS: 
The UGT2B7 single nucleotide polymorphism was associated with an increased risk of PCOS. The homozygous polymorphism (TT) of UGT2B7 showed higher bisphenol A and PAEs concentrations in serum. However, a 
single nucleotide polymorphism on UGT2B15 expression was associated with a decreased risk of PCOS. Subjects homozygous for the T allele of UGT2B15 had a significant effect on phthalates in the blood. In addition, 
our results also showed that the homozygous polymorphism (TT) of UGT2B7 and UGT2B15 was associated with the capacity of the excretion of androgen in patients with PCOS. CONCLUSIONS: Our study reported the 
novel associations between the UGT polymorphisms and EEDs concentrations in patients with PCOS, supporting the relevance of genetic differences in EEDs metabolism, which might be considered as an etiology of 
PCOS.
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統合_0356 R. Luo, M. Chen, S. Hao, M. Hun, S. Luo, F. 
Huang, Z. Lei and M. Zhao 2025

Associations of exposure to 
bisphenol-A or parabens with 
markers of liver injury/function 
among US adults in NHANES 2011-
2016

BACKGROUND: Bisphenol-A (BPA) and parabens are common endocrine-disrupting compounds (EDCs) that are used extensively in consumer products worldwide and are widely found in the environment. OBJECTIVE: The 
purpose of this study was to comprehensively explore the correlations between urinary BPA/parabens levels and liver injury/function markers. METHODS: In this cross-sectional study, we used National Health and 
Nutrition Examination Survey (NHANES) data from 2011 to 2016. The exposure variables were urinary BPA and four urinary parabens [methylparaben (MPB), ethylparaben (EPB), propylparaben (PPB), and butylparaben 
(BPB)], while the outcome variables were indicators of liver function/injury [alanine aminotransferase (ALT), aspartate aminotransferase (AST), AST/ ALT, albumin (ALB), total protein (TP), total bilirubin (TBIL), alkaline 
phosphatase (ALP), and the fibrosis-4 index (FIB-4)]. Multiple linear regression and weighted quantile sum (WQS) regression analyses were applied to explore the relationships between the individual/combined exposure 
variables and the liver injury/function indicators, respectively. Furthermore, stratified analysis was employed to detect the associations influenced by age and sex. RESULTS: A total of 2,179 adults were eligible for the 
present analysis. Multivariate linear regression analysis revealed positive associations of EPB with AST, ALT, TP, and FIB-4 scores and negative associations of BPA with TP and ALB. The effects of urinary parabens on 
adverse outcomes in the liver (AST and ALT) were significant in the female and middle-aged subgroups. In addition, the WQS analysis revealed that the mixture of four compounds was negatively associated with ALB. 
BPA had the greatest effect on the serum ALB concentration (weight = 0.688). IMPACT: Our present study provided novel evidence of significant associations between BPA or certain parabens and numerous markers of 
liver injury/function indicators. We found that higher urinary BPA concentrations were associated with worse liver function. Exposure to high EPB/PPB ratios was significantly associated with biomarkers of liver injury.
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統合_0357
L. Luo, C. Gao, Y. J. Fan, T. Zhuang, Y. Li, C. A. 
Li, J. Lv, Z. W. Hu, L. Tao, R. Gibson, H. Wang, 
D. X. Xu and Y. Huang

2025

Perinatal Bisphenol Exposure and 
Small-for-Gestational-Age 
Neonates: The Evolving Effect of 
Replacements Then and Now

Bisphenol analogues have been shown to have similar estrogenic activity to that of BPA and may affect fetal development. However, no human studies have examined the effects of perinatal exposure to emerging 
bisphenol alternatives [bisphenol G, bisphenol M, and bisphenol BP (BPBP)] on small for gestational age (SGA) and how placental function may mediate the relationship. Here, 13 urinary bisphenol analogues were 
detected in 1054 contemporary pregnant women, and BPA was still the most dominant congener. Logistic regressions identified BPA and its traditional alternatives [bisphenol B (BPB), bisphenol E (BPE), bisphenol Z, and 
bisphenol AP (BPAP)] as being associated with an elevated risk of SGA (all ORs > 1.80, P < 0.05). In contrast, the emerging substitutes, despite high occurrences, all showed much attenuated risk. Mixture effect models 
Bayesian kernel machine regression and quantile-based g-computation demonstrated that coexposure to bisphenols was strongly correlated with SGA risk (OR = 2.70, P < 0.001), with BPA and the conventional 
substitutes (BPB, BPE, and BPAP) as primary effect drivers, outweighing the effect from emerging substitutes. Finally, mediation analysis revealed that the placental function index estriol mediated the relationship 
between exposure and SGA, dominated by BPBP (25.4%). Our findings provide new epidemiological evidence that early BPA alternatives may pose a higher risk for offspring development than those emerging alternatives, 
potentially via mediation by compromised placental function. Future toxicity assessments and validation studies in other settings on these emerging bisphenols are needed.

Environ Sci Technol. 
2025 Apr 1;59(12):5983-
5993.
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統合_0358 F. Lucarini, T. Krasniqi, G. Bailat Rosset, N. 
Roth, N. B. Hopf, M. C. Broillet and D. Staedler 2020

Exposure to New Emerging 
Bisphenols Among Young Children 
in Switzerland

Restrictions on the use of bisphenol A (BPA) in consumer products led to its replacement by various bisphenol (BP) analogues, yet young children's exposure to these analogues has been poorly characterized so far. This 
study aimed to characterize infants' and toddlers' exposure to BPA and 14 emerging BP analogues (i.e., bisphenol AF, bisphenol AP, bisphenol B, bisphenol BP, bisphenol C (BPC), bisphenol E, bisphenol F (BPF), bisphenol 
G, bisphenol M (BPM), bisphenol P, bisphenol PH, bisphenol S (BPS), bisphenol TMC, and bisphenol Z). We extracted infants' and toddlers' urine from diapers (n = 109) collected in Swiss daycare centers as a practical 
and noninvasive alternative approach to urinary biomonitoring. Bisphenols were present in 47% of the samples, with BPC and BPM being the most frequently detected (23% and 25% of all samples, respectively). The mean 
concentrations of urinary BPS and BPF were greater than that of BPA. This contrasts with data reported previously. Furthermore, statistical analysis revealed a significant and negative correlation between urinary BPM 
concentration and the population's age. Our results provide a first characterization of infants' and toddlers' exposure to bisphenols in Switzerland. This knowledge can be used to support ongoing biomonitoring studies and 
to prioritize exposure reduction and prevention strategies.
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統合_0359 Z. Lu, A. Li, Y. Gao, H. Shi, X. Shi, W. Li, J. Song 
and M. Song 2025

Endocrine-disrupting chemicals in 
human adipose tissue and 
associations between exposure and 
obesity

Bio-accumulation of endocrine-disrupting chemicals (EDCs) in human body may result in various adverse health effects. This study measured the levels of 16 EDCs in the visceral adipose tissue of 55 participants in 
China and investigated their association with obesity. MeP, BPP, PrP, BPA, EtP, BPE, and BPC were frequently detected in more than 50 % of the adipose tissues. A positive correlation between bisphenol A and body 
mass index (BMI) was observed in both multivariate linear regression model (β = 0.87, 95 % confidence interval: 0.21-1.53, p = 0.011) and multivariate logistic regression analysis (odds ratio = 1.28, 95 % confidence 
interval: 1.01-1.62, 0.044). Restricted cubic spline regression analysis revealed a significant nonlinear association between bisphenol P and BMI. Weighted quantile sum regression and quantile-based g-computation 
revealed a slight positive trend between EDCs mixed exposure and BMI, with bisphenol A as the primary contributor to the positive correlation with BMI. Our findings suggest the extensive existence of environmental 
EDCs in the adipose tissue of the adult Chinese population and indicate that exposure to BPA in adipose tissue may be associated with the occurrence of obesity.
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統合_0360 X. Lu, Y. Lin, X. Qiu, J. Liu, T. Zhu, J. A. Araujo, 
O. Fiehn and Y. Zhu 2022

Triglyceride profiles are associated 
with subacute exposure to 
bisphenol A in healthy young adults

Conflicted results from previous epidemiological studies call for mechanistic evidence to associate exposure to bisphenol A (BPA) with cardiometabolic diseases. In this natural experiment among healthy travelers from 
Los Angeles (LA) to Beijing, we collected paired urine and blood samples before their departure, 6-8 weeks after their arrival to Beijing, and 4-7 weeks after their return to LA for the assessment of urinary BPA and 
lipidome in the serum fraction of blood, to study the effects of drastically changed BPA exposure on the lipid metabolism in relation to the development of cardiometabolic disorders. We used linear mixed-effects models 
with random intercepts for participant and phase to examine the associations between urinary BPA and serum lipidome. Among 744 lipid species from seven classes, triglyceride (TGs) species showed the strongest 
associations with BPA exposure. The elevation in BPA exposure was associated with increases in TGs with short carbon chains or few double bonds, and decreases in TGs with long carbon chains or many double bonds. 
A significant linear relationship was observed between BPA-associated TG changes and the number of carbons and double-bonds in the acyl chain. No modification effects of gender but of body mass index (BMI) were 
observed on the associations between BPA exposure and TGs. This interdisciplinary environmental research substantiated the cardiometabolic effects of BPA according to the perturbations of TG profiling.
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統合_0361 W. Lu, Z. Sun, Z. Wang, M. Qu, Z. Shi, Q. Song, 
L. Shen, S. Mai, Y. Wang, X. Hong and J. Zang 2023

The Joint Effects of Bisphenols and 
Iodine Exposure on Thyroid during 
Pregnancy

The aim of this research was to study the combined effects of bisphenols and iodine exposure on the thyroid gland during pregnancy. We included 162 pregnant women from a cohort established in Shanghai. Urinary 
concentrations of bisphenol A, bisphenol B(BPB), bisphenol C(BPC), bisphenol F, bisphenol S, and bisphenol AF(BPAF) were examined. Bayesian kernel machine regression (BKMR) and quantile g-computation models 
were used. The geometric means of BPA, BPB, BPC, BPF, BPS, BPAF, and ΣBPs levels in urine were 3.03, 0.24, 2.66, 0.36, 0.26, 0.72, and 7.55 μg/g creatinine, respectively. We observed a positive trend in the cumulative 
effects of BPs and iodine on serum triiodothyronine (FT3) and free thyroxine (FT4), as well as a U-shaped dose-response relationship between BPs and the probability of occurrence of thyroperoxidase autoantibody 
positivity in women with low urinary iodine concentration. In addition, a synergistic effect on the probability of occurrence of thyroid autoantibody positivity was observed between BPF and BPB, as well as between BPC 
and BPAF in this study. There were adverse health effects on the thyroid after co-exposure to BPs and iodine. Even if pregnant women were exposed to lower levels of BPs, women with iodine deficiency remained 
vulnerable to thyroid autoimmune disease.
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統合_0362

N. Loukas, D. Vrachnis, N. Antonakopoulos, V. 
Pergialiotis, A. Mina, I. Papoutsis, C. Iavazzo, A. 
Fotiou, S. Stavros, G. Valsamakis, N. Vlachadis, 
G. Maroudias, G. Mastorakos, Z. Iliodromiti, P. 
Drakakis and N. Vrachnis

2023

Prenatal Exposure to Bisphenol A: Is 
There an Association between 
Bisphenol A in Second Trimester 
Amniotic Fluid and Fetal Growth?

Background and Objectives: Fetal growth abnormalities increase the risk of negative perinatal and long-term outcomes. Bisphenol A (BPA) is a ubiquitous endocrine-disrupting chemical to which humans may be exposed 
in a number of ways, such as from the environment, via various consumer products, and through the individual's diet. Since the compound possesses estrogen-mimicking properties and exerts epigenetic and genotoxic 
effects, it has been associated with harmful effects impacting the entire spectrum of human life, including, vitally, the intrauterine period. We investigated the role of maternal exposure to BPA in abnormal fetal growth 
velocity, both impaired and excessive. Materials and Methods: Amniotic fluid samples were collected from 35 women who underwent amniocentesis early in the second trimester due to medical reasons. Pregnancies were 
followed until delivery, and birth weights were recorded. The amniotic fluid samples were subsequently divided into three groups based on fetal birth weight, as follows: AGA (appropriate for gestational age), SGA (small 
for gestational age), and LGA (large for gestational age). Amniotic fluid BPA levels were determined by gas chromatography coupled with mass spectrometry. Results: BPA was detected in 80% (28/35) of our amniotic 
fluid samples. Median concentration was 281.495 pg/mL and ranged from 108.82 pg/mL to 1605.36 pg/mL. No significant association was observed between the study groups regarding BPA concentration. A significant 
positive correlation between amniotic fluid BPA concentration and birth weight centile (r = 0.351, p-value = 0.039) was identified. BPA levels were also inversely associated with gestational age in pregnancies at term 
(between 37 and 41 weeks) (r = -0.365, p-value = 0.031). Conclusions: Our findings suggest that maternal exposure to BPA during the early second trimester of pregnancy can potentially contribute to increased 
birthweight percentiles and to decreased gestational age in pregnancies at term.
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統合_0363 J. López-Vázquez, R. Rodil, M. J. Trujillo-Rodrí
guez, J. B. Quintana, R. Cela and M. Miró 2022

Mimicking human ingestion of 
microplastics: Oral bioaccessibility 
tests of bisphenol A and phthalate 
esters under fed and fasted states

Notwithstanding the fact that microplastic fragments were encountered in the human stool, little effort has been geared towards elucidating the impact of chemical additives upon the human health. In this work, 
standardized bioaccessibility tests under both fasting and fed conditions are herein applied to the investigation of human oral bioaccessibility of plastic additives and monomers (i.e. eight phthalate esters (PAEs) and 
bisphenol A (BPA)) in low-density polyethylene (LDPE) and polyvinyl chloride (PVC) microplastics. The generation of phthalate monoesters is evaluated in the time course of the bioaccessibility tests. Maximum gastric 
and gastrointestinal bioaccessibility fractions are obtained for dimethyl phthalate, diethyl phthalate and BPA, within the range of 55-83%, 40-68% and 37-67%, respectively, increasing to 56-92% and 41-70% for dimethyl 
phthalate and diethyl phthalate, respectively, whenever their hydrolysis products are considered. Bioaccessibility fractions of polar PAEs are dependent upon the physicochemical characteristics of the microplastics, with 
greater bioaccessibility for the rubbery polymer (LDPE). With the method herein proposed, oral bioaccessible pools of moderately to non-polar PAEs can be also accurately assessed for risk-assessment explorations, with 
values ranging from 1.8% to 32.2%, with again significantly larger desorption percentages for LDPE. Our results suggested that the highest gastric/gastrointestinal bioaccessibility of the eight PAEs and BPA is reached 
under fed-state gastrointestinal extraction conditions because of the larger amounts of surface-active biomolecules. Even including the bioaccessibility factor within human risk assessment/exposure studies to 
microplastics, concentrations of dimethyl phthalate, di-n-butyl phthalate and BPA exceeding 0.3% (w/w) may pose severe risks after oral uptake in contrast to the more hydrophobic congeners for which concentrations 
above 3% (w/w), except for diethylhexyl phthalate, would be tolerated.
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統合_0364
A. López-Moreno, Á. Ruiz-Moreno, J. Pardo-
Cacho, K. Cerk, A. Torres-Sánchez, P. Ortiz, M. 
Úbeda and M. Aguilera

2022

Culturing and Molecular Approaches 
for Identifying Microbiota Taxa 
Impacting Children's Obesogenic 
Phenotypes Related to Xenobiotic 
Dietary Exposure

Integrated data from molecular and improved culturomics studies might offer holistic insights on gut microbiome dysbiosis triggered by xenobiotics, such as obesity and metabolic disorders. Bisphenol A (BPA), a dietary 
xenobiotic obesogen, was chosen for a directed culturing approach using microbiota specimens from 46 children with obesity and normal-weight profiles. In parallel, a complementary molecular analysis was carried out to 
estimate the BPA metabolising capacities. Firstly, catalogues of 237 BPA directed-cultured microorganisms were isolated using five selected media and several BPA treatments and conditions. Taxa from Firmicutes, 
Proteobacteria, and Actinobacteria were the most abundant in normal-weight and overweight/obese children, with species belonging to the genera Enterococcus, Escherichia, Staphylococcus, Bacillus, and Clostridium. 
Secondly, the representative isolated taxa from normal-weight vs. overweight/obese were grouped as BPA biodegrader, tolerant, or resistant bacteria, according to the presence of genes encoding BPA enzymes in their 
whole genome sequences. Remarkably, the presence of sporobiota and concretely Bacillus spp. showed the higher BPA biodegradation potential in overweight/obese group compared to normal-weight, which could drive a 
relevant role in obesity and metabolic dysbiosis triggered by these xenobiotics.
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統合_0365 A. López-Moreno, P. Langella, R. Martín and M. 
Aguilera 2023

Microbiota analysis for risk 
assessment of xenobiotic exposure 
and the impact on dysbiosis: 
identifying potential next-generation 
probiotics

On-going projects of the team are currently dealing with microbiota, xenobiotics, endocrine-disrupting chemicals (EDCs), obesity, inflammation and probiotics. The combination of diet, lifestyle and the exposure to dietary 
xenobiotics categorised into microbiota-disrupting chemicals (MDCs) could determine obesogenic-related dysbiosis. This modification of the microbiota diversity impacts on individual health-disease balance, inducing 
altered phenotypes. Specific, complementary, and combined prevention and treatments are needed to face these altered microbial patterns and the specific misbalances triggered. In this sense, searching for next-
generation probiotics (NGP) by microbiota culturing, and focusing on their demonstrated, extensive scope and well-defined functions could contribute to counteracting and repairing the effects of obesogens. Therefore, 
EU-FORA project contributes to present a perspective through compiling information and key strategies for directed taxa searching and culturing of NGP that could be administered for preventing obesity and endocrine-
related dysbiosis by (i) observing the differential abundance of specific microbiota taxa in obesity-related patients and analysing their functional roles, (ii) developing microbiota-directed strategies for culturing these taxa 
groups, and (iii) design and applying the successful compiled criteria from recent NGP clinical studies. New isolated or cultivable microorganisms from healthy gut microbiota specifically related to xenobiotic obesogens' 
neutralisation effects might be used as an NGP single strain or in consortia, both presenting functions and the ability to palliate metabolic-related disorders. Identification of holistic approaches for searching and using 
potential NGP, key aspects, the bias, gaps and proposals of solutions were also considered in this workplan.

Efsa j Vol.21 Issue 
Suppl 1 Pages e211010

10.2903/j.efsa.2023.e211010 38047127 ヒト - - - - - - - 腸内細菌叢解析 1 1 - - - - - - - - - - - - - - - - - -

統合_0366 A. Lopez-Moreno, K. Cerk, L. Rodrigo, A. Suarez, 
M. Aguilera and A. Ruiz-Rodriguez 2024

Bisphenol A exposure affects 
specific gut taxa and drives 
microbiota dynamics in childhood 
obesity

Cumulative xenobiotic exposure has an environmental and human health impact which is currently assessed under the One Health approach. Bisphenol A (BPA) exposure and its potential link with childhood obesity that 
has parallelly increased during the last decades deserve special attention. It stands during prenatal or early life and could trigger comorbidities and non-communicable diseases along life. Accumulation in the nature of 
synthetic chemicals supports the "environmental obesogen" hypothesis, such as BPA. This estrogen-mimicking xenobiotic has shown endocrine disruptive and obesogenic effects accompanied by gut microbiota 
misbalance that is not yet well elucidated. This study aimed to investigate specific microbiota taxa isolated and selected by direct BPA exposure and reveal its role on the overall children microbiota community and 
dynamics, driving toward specific obesity dysbiosis. A total of 333 BPA-resistant isolated species obtained through culturing after several exposure conditions were evaluated for their role and interplay with the global 
microbial community. The selected BPA-cultured taxa biomarkers showed a significant impact on alpha diversity. Specifically, Clostridium and Romboutsia were positively associated promoting the richness of microbiota 
communities, while Intestinibacter, Escherichia-Shigella, Bifidobacterium, and Lactobacillus were negatively associated. Microbial community dynamics and networks analyses showed differences according to the study 
groups. The normal-weight children group exhibited a more enriched, structured, and connected taxa network compared to overweight and obese groups, which could represent a more resilient community to xenobiotic 
substances. In this sense, subnetwork analysis generated with the BPA-cultured genera showed a correlation between taxa connectivity and more diverse potential enzymatic BPA degradation 
capacities.IMPORTANCEOur findings indicate how gut microbiota taxa with the capacity to grow in BPA were differentially represented within differential body mass index children study groups and how these taxa 
affected the overall dynamics toward patterns of diversity generally recognized in dysbiosis. Community network and subnetwork analyses corroborated the better connectedness and stability profiles for normal-weight 
group compared to the overweight and obese groups.

mSystems Vol.9 Issue 3 
Pages e0095723

10.1128/msystems.00957-23 38426791 ヒト - - - - - - - 腸内細菌叢解析 1 1 - - - - - - - - - - - - - - - - - -

統合_0367
L. López-Carrillo, Á. Mérida-Ortega, H. Gómez-
Ruiz, L. Hernández-Garciadiego and B. 
Gamboa-Loira

2021
Exposure to bisphenol A and breast 
cancer risk in northern Mexican 
women

OBJECTIVE: To evaluate the association between BC and urinary concentrations of free-bisphenol A (BPA-F), the biological form of BPA, among women residing in Northern Mexico. METHODS: The population under 
study comprised 394 histologically confirmed BC cases and 404 age-matched controls. Women were interviewed face to face about their sociodemographic and reproductive characteristics. BPA-F was determined by 
high-pressure liquid chromatography equipped with a fluorescence detector (HPLC/FLD). Logistic regression models were used to estimate the adjusted BC risk in relation to BPA-F. RESULTS: BPA-F geometric mean 
was significantly higher among cases compared to controls (3.16 μg/L in cases and 2.47 μg/L in controls). A significant adjusted BC odds ratio of 2.31 (95% CI: 1.43-3.74) was estimated for the highest category of 
BPA-F compared to the lowest category. CONCLUSION: BPA-F may be an environmental cofactor of BC. Since this is the first report on BPA-F association with BC, our results need to be replicated.

Int Arch Occup Environ 
Health Vol.94 Issue 4 
Pages 699-706

10.1007/s00420-020-01590-x 33392751 ヒト - - - - - - - 横断研究 1 1 - - - - - - - - - - - - - - - - - -

統合_0368
X. Liu, L. Wang, X. Liu, P. Yu, Y. Diao, T. Chen, 
Y. Sheng, D. Zhang, D. Peng, Y. Guo, S. Li and 
R. Xu

2025
Microplastics, plastics, and their 
products exposures and cancer: a 
pooled analysis

OBJECTIVE: This meta-analysis aims to evaluate the impact of microplastic pollutant exposure on cancer risk by analyzing data from existing cohort and case-control studies. METHODS: The researchers systematically 
searched PubMed, Embase, and the Cochrane Library on 30 June 2024 to identify relevant studies. The analysis focused on cancer incidence and mortality, with subgroup analyses performed for different types of cancers 
and microplastic pollutants, and dose-response analysis for further investigation. Publication bias was assessed by funnel plots, Egger's test, and Begg's test. All data processing and analyses were performed using Stata 
(V.18.0) and R (V.4.5.0) software. This study was conducted without using artificial intelligence (AI) tools in accordance with the TITAN Guidelines 2025. RESULTS: 43 studies involving 1 006 510 patients were included in 
this meta-analysis, including 32 case-control studies and 11 cohort studies. The findings indicated that exposure to microplastic pollutants was a risk factor for overall cancer incidence in case-control studies (OR = 
1.10, 95% CI = 1.01 to 1.19), but not for cohort studies (OR = 1.04, 95% CI = 0.96 to 1.12). Subgroup and dose-response analyses revealed that phthalates (OR = 1.28, 95% CI = 1.08 to 1.51) and bisphenol A (OR = 1.038, 
95% CI = 1.012 to 1.065) might be associated with cancer risk in case-control studies. CONCLUSION: Existing evidence from case-control studies suggests a weak correlation between microplastic pollutant exposure 
and cancer risk. However, this causal relationship needs to be interpreted with caution due to the methodological limitations of existing evidence.

Int J Surg. 2025 Aug 
1;111(8):5593-5605.

10.1097/js9.0000000000002631 40540244 ヒト 発がん(メタアナリシス) - - - - - - メタアナリシス 1 1 - - - 1 1 1 - - - - - - - - - - - -

統合_0369 J. Liu, M. Tian, H. Qin, D. Chen, S. M. Mzava, X. 
Wang and F. M. Bigambo 2024

Maternal bisphenols exposure and 
thyroid function in children: a 
systematic review and meta-analysis

BACKGROUND: Evidence from animal experiments and epidemiological studies has reported controversial results about the effects of prenatal bisphenols (BPs) exposure on childhood thyroid function. This study aims to 
explore the associations of prenatal exposure to BPs with thyroid-related hormones (THs) in newborns and early childhood, with a particular focus on the sex-dependent and exposure level effects. METHODS: Correlated 
studies were systematically searched from PubMed, Web of Science, Medline, Cochrane, and Embase until February 21, 2024. The exposures assessed include bisphenol A (BPA), bisphenol F (BPF), bisphenol S (BPS), 
bisphenol AF (BPAF), and tetrachlorobisphenol A (TCBPA). THs measured were thyroid stimulating hormone (TSH), total tri-iodothyronine (TT3), total thyroxine (TT4), free tri-iothyronine (FT3), and free thyroxine (FT4). 
Effect estimates were quantified using coefficients from multivariable regression models. Statistical analyses were completed using Stata 16.0. The methodological quality of the included studies was evaluated using the 
Newcastle-Ottawa Scale (NOS). RESULTS: Eleven cohort studies comprising 5,363 children were included in our meta-analysis. Prenatal bisphenol concentrations were statistically significant related to alterations in 
thyroid hormones in children, exclusively in female offspring, including reduced TSH (β = -0.020, 95% CI: -0.036, -0.005) and increased TT3 levels (β = 0.011, 95% CI: 0.001, 0.021), and exposure to high concentration of 
bisphenols (>1.5 ug/g creatinine) significantly reduced FT3 levels in children (β = -0.011, 95% CI: -0.020, -0.003). CONCLUSION: Prenatal bisphenol exposure is linked to alterations in thyroid hormone levels in girls, 
necessitating enhanced measures to control bisphenol exposure levels during pregnancy for child health protection. SYSTEMATIC REVIEW REGISTRATION: https://inplasy.com, identifier INPLASY202450129.

Front Endocrinol 
(Lausanne). 2024 Jul 
1:15:1420540.

10.3389/fendo.2024.1420540 39010904 ヒト 甲状腺(メタアナリシス) - - - - - - メタアナリシス 1 1 - - - 1 1 1 - - - - - - - - - - - -

統合_0370 J. Liu, L. J. Martin, I. Dinu, C. J. Field, D. Dewey 
and J. W. Martin 2021

Interaction of prenatal bisphenols, 
maternal nutrients, and toxic metal 
exposures on neurodevelopment of 
2-year-olds in the APrON cohort

BACKGROUND: Epidemiological studies suggest that Bisphenol-A (BPA) is a developmental neurotoxicant, but the modifying effects of maternal nutrient status or neurotoxicant metal co-exposures have not been 
reported. Bisphenol-S (BPS) is being used as a BPA-alternative, but few epidemiological studies have evaluated its effects. OBJECTIVES: To examine if prenatal maternal BPA or BPS exposure are associated with 
children's neurodevelopment at two years of age while adjusting for effect-measure modification by sex, maternal nutrients, and co-exposure to neurotoxic metals. METHODS: Total BPA and BPS concentrations were 
analyzed in spot maternal urine from the second trimester; metals and maternal nutrient status were analyzed in blood. Child neurodevelopment was evaluated with the Bayley Scales of Infant Development-III (Bayley-III) 
at age 2 (394 maternal-child pairs) and linear regression was used to investigate associations. RESULTS: Among nutrients and neurotoxic metals, selenium (Se) and cadmium (Cd) were the most significant predictors of 
Bayley-III scale scores. Higher maternal Cd was significantly correlated with poorer motor performance (p < 0.01), and higher levels of maternal Se were significantly associated with poorer performance on the cognitive, 
motor, and adaptive behavior scales (p < 0.05). While maternal Cd did not modify relationships between bisphenol exposures and Bayley-III scores, both maternal Se and child sex were significant effect-measure 
modifiers. Associations between BPA exposure and social emotional scores were negative for boys (p = 0.056) but positive for girls (p = 0.046). Higher exposure to bisphenols was associated with lower motor scores 
among children with lower levels of maternal Se. CONCLUSION: Higher maternal Cd was associated with poorer motor development, but it was not an effect-measure modifier of bisphenols' effects on motor 
development. Maternal Se may be protective against adverse effects of bisphenols, and additional nutrient-bisphenol interaction studies examining sex-specific effects of BPA and BPS on child development are 
warranted.

Environ Int. 2021 
Oct:155:106601.

10.1016/j.envint.2021.106601 33962233 ヒト 発達神経 - - - - - - コホート研究 1 1 - - - 1 1 1 - - - - - - - - - - - -

統合_0371 J. Liu and J. W. Martin 2019
Comparison of Bisphenol A and 
Bisphenol S Percutaneous 
Absorption and Biotransformation

BACKGROUND: Bisphenol S (BPS) has been widely substituted for bisphenol A (BPA) on thermal papers, but little is known about its skin absorption. OBJECTIVES: We compared the percutaneous absorption and 
biotransformation of BPS and BPA in vitro and in a controlled human trial. METHODS: Absorption and biotransformation of BPS and BPA were monitored across reconstructed human epidermis at two environmentally 
relevant doses over 25 h. In the human trial, five male participants handled thermal receipts containing BPS and washed their hands after 2 h. Urine (0-48 h) and serum (0-7.5h) were analyzed for target bisphenols, and one 
participant repeated the experiment with extended monitoring. BPS data were compared with published data for isotope-labeled BPA ([Formula: see text]) in the same participants. RESULTS: At doses of 1.5 and [Formula: 
see text] applied to reconstructed human epidermis, the permeability coefficient of BPS (0.009 and [Formula: see text], respectively) was significantly lower than for BPA (0.036 and [Formula: see text], respectively), and 
metabolism of both bisphenols was negligible. In participants handling thermal receipts, the quantities of BPS and [Formula: see text] on hands was significantly correlated with maximum urinary event flux ([Formula: see 
text]), but the slope was lower for BPS than BPA ([Formula: see text] and 1.1, respectively). As a proportion of total urinary bisphenol, free BPS [[Formula: see text]: [Formula: see text]] was higher than for free BPA 
([Formula: see text]). Postexposure maximum urinary BPS concentrations (0.93 to [Formula: see text]; [Formula: see text]) were in the 93-98th percentile range of BPS in background Canadians ([Formula: see text]; 
[Formula: see text]). CONCLUSION: Both the in vitro and human studies suggested lower percutaneous absorption of BPS compared with BPA, but a lower biotransformation efficiency of BPS should also be considered in 
its evaluation as a BPA substitute. https://doi.org/10.1289/EHP5044.

Environ Health Perspect 
Vol.127 Issue 6 Pages 
67008

10.1289/ehp5044 31199677 ヒト - - - - - - - バイオモニタリング 1 1 - - - - - - - - - - - - - - - - - -

統合_0372 H. Liu, Y. Zhou, Y. Li and Z. Gong 2023
Important roles of Hif1a in maternal 
or adult BPA exposure induced 
pancreatic injuries

Bisphenol A (BPA) is a monomer to produce polycarbonate plastics and can be released into the environment through human activities, leading to its accumulation in animals, plants and humans through direct contact or 
environmental exposure. Epidemiological studies have reported that BPA exposure is associated with metabolic disorders. The pancreas is an important endocrine organ and plays an important role in metabolic disorders. 
To explore the possible long-term effects of BPA exposure on neonatal health, bioinformatic methods were used to identify differentially expressed genes (DEGs) by comparing the neonatal pancreas after maternal 
exposure to BPA with the adult pancreas after direct exposure to BPA. Two datasets about BPA exposure and pancreatic abnormality, GSE82175 and GSE126297 in Gene Expression Omnibus (GEO) at the National Center 
for Biotechnology Information (NCBI) were collected. Control (or BPA-exposed) offspring (maternal exposure) and Control (or BPA-exposed) adults (direct exposure) were defined as Control (or BPA) groups. The results 
showed that BPA disturbed the normal function of the pancreas in both offspring and adults, with offspring showing higher susceptibility to BPA than adults. Seventeen insulin secretion-related DEGs (Stxbp5l, Fam3d, 
Mia3, Igf1, Hif1a, Aqp1, Kif5b, Tiam1, Map4k4, Cyp51, Pde1c, Rab3c, Arntl, Clock, Edn3, Kcnb1, and Krt20) in the BPA group were identified, and 15 regulator DEGs (Zfp830, 4931431B13Rik, Egr1, Ddit4l, Cep55, 
G530011O06Rik, Hspa1b, Hspa1a, Cox6a2, Ibtk, Banf1, Slc35b2, Golt1b, Lrp8, and Pttg1) with opposite expression trends and a regulator gene Cerkl with the similar expression trend in the Control and BPA groups were 
identified. Hif1α might be an important molecular target for pancreatic cancer caused by BPA exposure, and pregnancy is a critical window of susceptibility to BPA exposure.

Sci Rep Vol.13 Issue 1 
Pages 11502

10.1038/s41598-023-38614-8 37460698 ヒト - - - - - - - 遺伝⼦発現解析 1 1 - - - - - - - - - - - - - - - - - -

統合_0373 H. Liu, J. Q. Duan, X. M. Ren, X. L. Li, J. Chen, P. 
Li and R. Q. Zhang 2020

[Changes of Gene Expression Profile 
in Cardiac Mesenchymal Cells in 
Patients with Type 2 Diabetes 
Mellitus and Screening of Their 
Related Environmental Chemicals]

Objective To study the gene expression of cardiac mesenchymal cells in patients with type 2 diabetes mellitus (T2DM)based on a whole-genome high-throughput sequencing dataset,screen differentially expressed 
genes,analyze the genetics signature of cardiac mesenchymal cells in T2DM patients by bioinformatics analysis,and explore the environmental chemicals related to the key differentially expressed genes. Methods The 
dataset GSE106177 was obtained from Gene Expression Omnibus (GEO) database.The dataset was pre-processed and analyzed by Network Analyst,Cytoscape 3.7.1,String11.0,CTD,and HMDD for screening for 
differentially expressed genes,enrichment analysis,establishment of protein-protein interaction (PPI) networks,and screening for relevant environmental chemicals. Results The gene expression pattern of cardiac 
mesenchymal cells in T2DM patients was significantly different from that in the control group.There were 135 differentially expressed genes,of which 58 (42.96%) were up-regulated and 77 (57.04%) were down-
regulated.The differentially expressed genes mainly participated in biological processes such as multicellular organism development,anatomical structure development,and system development and were mainly involved in 
hepatocellular carcinoma,Cushing's syndrome,and cholesterol metabolism.PPI network showed that UBC was the core protein node.The microRNA-Gene interaction network showed that seven microRNAs,represented by 
hsa-mir-8485,interacted with the differentially expressed genes.Key T2DM related genes such as UBC,DNER,and CNTN1 interacted with bisphenol A. Conclusions The gene expression profile of cardiac mesenchymal 
cells markedly changes in T2DM patients,during which UBC may play an important biological role.Bisphenol A exposure may also affect the development and normal function of cardiac cells in T2DM patients.

Zhongguo Yi Xue Ke 
Xue Yuan Xue Bao. 
2020 Feb 28;42(1):37-
46.

10.3881/j.issn.1000-503X.11497 32131938 ヒト、in vitro - - - - - - - 遺伝⼦発現解析 1 1 不明 不明 不明 1 - - - - - - - - - - - - - -

統合_0374 C. Liu, Y. Liu, J. Ning, C. Wu, X. Lu, Y. Guo, P. 
He, C. Qiu and J. Wu 2024

Association between bisphenol A 
exposure and adiposity measures in 
children

Bisphenol A (BPA) is a chemical that has adverse effects on human health and may cause childhood obesity. Nevertheless, the association between BPA exposure and adiposity measures in children remains controversial, 
especially in young children. A cross-sectional study was conducted on 208 randomly selected children 4 to 6 years old attending preschools in Guangzhou, China. BPA exposure was assessed through ultra-high 
performance liquid chromatography-tandem mass spectrometry of urinary samples. Childhood adiposity measures were determined, including body mass index, waist circumference, skinfold thickness, and upper arm 
circumference. BPA was detected in all urinary samples, and the median urinary BPA concentration was 0.54 (interquartile range, 0.05-5.81) μg/L. In the adjusted models, children with higher urinary BPA concentrations 
had a higher body mass index z-score (β = 0.471; 95% confidence interval [CI]: 0.303, 0.640), and they were at a greater risk of overweight or obesity (odds ratio [OR] = 3.308; 95% CI: 2.151, 5.089). Higher urinary BPA 
concentrations were associated with an elevated waist-to-height ratio (β = 0.007; 95% CI: 0.002, 0.012), and they were at a higher risk of abdominal obesity (OR = 1.711; 95% CI: 1.102, 2.655). Higher urinary BPA 
concentrations were also associated with increased upper arm circumference and skinfold thickness in the adjusted models (β = 0.546; 95% CI: 0.278, 0.813; β = 0.702; 95% CI: 0.139, 1.266, respectively). Higher urinary 
BPA concentrations in children 4 to 6 years old were associated with a greater risk of overweight/obesity and abdominal obesity. BPA exposure might increase the risk of obesity in children. Further investigations are 
needed to confirm this association and explore the underlying mechanisms.

Medicine (Baltimore) 
Vol.103 Issue 52 Pages 
e41065

10.1097/md.0000000000041065 39969292 ヒト - - - - - - - 横断研究 1 1 - - - - - - - - - - - - - - - - - -

統合_0375 B. Liu, Y. Yan, J. Xie, J. Sun, H. J. Lehmler, L. 
Trasande, R. B. Wallace and W. Bao 2024

Bisphenol S, bisphenol F, bisphenol 
a exposure and body composition in 
US adults

Bisphenol S (BPS) and bisphenol F (BPF) are increasingly used to replace bisphenol A (BPA), an endocrine-disrupting chemical with putative obesogenic properties; whether and how BPS and BPF affect adiposity in 
humans remains to be determined. Therefore, we examined the association of BPA, BPS， and BPF with body composition among US adults. We included 1787 participants aged 20-59 years old in the National Health and 
Nutrition Examination Survey 2013-2016 who had information on urinary BPA, BPS, and BPF concentrations, and body composition measured using dual-energy x-ray absorptiometry. After full adjustment for potential 
confounders in linear regression models, BPA was significantly associated with the % body fat of the whole body, arm, and leg, with the β (95% CI) for the highest quartile vs. the lowest quartile of 1.34 (95%CI [0.11, 
2.58], P = 0.03), 1.60 (95%CI [0.20, 3.00], P = 0.03), and 1.63 (95%CI [0.24, 3.02], P = 0.02), respectively. No association between BPA and lean mass was found. For BPS, significant associations were found for % body 
fat of the whole body (β [95% CI] = 1.42 [0.49, 2.36], P = 0.004), trunk (β[95% CI] = 1.92 [0.86, 2.97], P = 0.001), and arm (β [95% CI] = 1.60 [0.49, 2.70], P = 0.01), as well as lean mass of the whole body (β [95% CI] =
 2610.6 [1324.3, 3896.8], P < 0.001), trunk (β [95% CI] = 1467.0 [745.3, 2188.7], P < 0.001), arm (β [95% CI] = 113.4 [10.3, 216.5], P = 0.03), and leg (β [95% CI] = 431.5 [219.6, 643.4], P < 0.001), comparing the third 
quartile vs. the lowest quartile. No significant association was observed between BPF and % body fat and lean mass. Results suggest that higher BPA levels were significantly associated with greater % body fat of the 
whole body and limbs, and there was suggestive evidence that BPS levels were associated with both % body fat and lean mass of the whole body and body parts in a nonmonotonic relationship.

Chemosphere Vol.346 
Pages 140537

10.1016/j.chemosphere.2023.1405
37
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統合_0376 B. Liu, X. Lu, A. Jiang, Y. Lv, H. Zhang and B. Xu 2024

Influence of maternal endocrine 
disrupting chemicals exposure on 
adverse pregnancy outcomes: A 
systematic review and meta-analysis

Maternal endocrine disrupting chemicals (EDCs) exposure, the common environmental pollutants, was capable of involving in adverse pregnancy outcomes. However, the evidence of their connection is not consistent. Our 
goal was to comprehensively explore the risk of EDCs related to adverse pregnancy outcomes. One hundred and one studies were included from two databases before 2023 to explore the association between EDCs and 
adverse pregnancy outcomes including miscarriage, small for gestational age (SGA), low birth weight (LBW) and preterm birth (PTB). We found that maternal PFASs exposure was positively correlated with PTB (OR:1.13, 
95% CI:1.04-1.23), SGA (OR:1.10, 95% CI:1.04-1.16) and miscarriage (OR:1.09, 95% CI:1.00-1.19). The pooled estimates also showed maternal PAEs exposure was linked with PTB (OR:1.16, 95% CI:1.11-1.21), SGA 
(OR:1.20, 95% CI:1.07-1.35) and miscarriage (OR:1.55, 95% CI:1.33-1.81). In addition, maternal exposure to some specific class of EDCs including PFOS, MBP, MEHP, DEHP, and BPA was associated with PTB. Maternal 
exposure to PFOS, PFOA, PFHpA was associated with SGA. Maternal exposure to BPA was associated with LBW. Maternal exposure to MMP, MEHP, MEHHP, MEOHP, BPA was associated with miscarriage. Maternal 
PFASs, PAEs and BPA exposure may increase adverse pregnancy outcomes risk according to our study. However, the limited number of studies on dose-response hampered further explanation for causal association.

Ecotoxicol Environ Saf. 
2024 Jan 
15:270:115851.

10.1016/j.ecoenv.2023.115851 38157800 ヒト ⽣殖発⽣(メタアナリシス) - - - - - - システマティックレビュー・メタアナリシス 1 1 - - - 1 1 1 - 1 - - - - - - - - - -

統合_0377

R. Linares, M. F. Fernández, A. Gutiérrez, R. 
García-Villalba, B. Suárez, P. Zapater, J. A. Martí
nez-Blázquez, E. Caparrós, F. A. Tomás-Barberá
n and R. Francés

2021

Endocrine disruption in Crohn's 
disease: Bisphenol A enhances 
systemic inflammatory response in 
patients with gut barrier 
translocation of dysbiotic microbiota 
products

The relevance of environmental triggers in Crohn's disease remains poorly explored, despite the well-known association between industrialization and disease onset/progression. We have aimed at evaluating the 
influence of endocrine disrupting chemicals in CD patients. We performed a prospective observational study on consecutive patients diagnosed of CD. Serum levels of endocrine disruptors, short-chain fatty acids, 
tryptophan and cytokines were measured. Bacterial-DNA and serum endotoxin levels were also evaluated. Gene expression of ER-α, ER-β and GPER was measured in PBMCs. All patients were genotyped for NOD2 and 
ATG16L1 polymorphisms. A series of 200 CD patients (140 in remission, 60 with active disease) was included in the study. Bisphenol A was significantly higher in patients with active disease versus remission and in 
colonic versus ileal disease. GPER was significantly increased in active patients and correlated with BPA levels. BPA was significantly increased in patients with bacterial-DNA and correlated with serum endotoxin levels, 
(r = 0.417; P = .003). Serum butyrate and tryptophan levels were significantly lower in patients with bacterial-DNA and an inverse relationship was present between them and BPA levels (r = -0.491; P = .001) (r = -0.611; 
P = .001). Serum BPA levels correlated with IL-23 (r = 0.807; P = .001) and IL-17A (r = 0.743; P = .001). The multivariate analysis revealed an independent significant contribution of BPA and bacterial-DNA to serum levels 
of IL-23 and IL-17A. In conclusion, bisphenol A significantly affects systemic inflammatory response in CD patients with gut barrier disruption and dysbiotic microbiota secretory products in blood. These results provide 
evidence of an endocrine disruptor playing an actual pathogenic role on CD.
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統合_0378 Y. J. Lin, H. C. Chen, J. W. Chang, H. B. Huang, 
W. T. Chang and P. C. Huang 2024

Exposure characteristics and 
cumulative risk assessment of 
bisphenol A and its substitutes: the 
Taiwan environmental survey for 
toxicants 2013

INTRODUCTION: Ever since the use of bisphenol A (BPA) has been restricted, concerns have been raised regarding the use of its substitutes, such as bisphenol S (BPS) and bisphenol F (BPF). Meanwhile, the EU 
European Food Safety Authority (EFSA) issued the new tolerable daily intake (TDI) after the latest re-risk assessment for BPA, which enforced the need for cumulative risk assessment in the population. This study was 
conducted to identify BPA and its substitute's exposure characteristics of the general Taiwanese population and estimate the cumulative risk of bisphenol exposure. METHODS: Urine samples (N = 366 [adult, 271; minor, 
95]) were collected from individuals who participated in the Taiwan Environmental Survey for Toxicants 2013. The samples were analyzed for BPA, BPS, and BPF through ultraperformance liquid chromatography-tandem 
mass spectrometry. Daily intake (DI) levels were calculated for each bisphenol. Hazard quotients (HQs) were calculated with the consideration of tolerable DI and a reference dose. Additionally, hazard index (HI; sum of 
HQs for each bisphenol) values were calculated. RESULTS: Our study found that the median level of BPA was significantly higher in adults (9.63 μg/g creatinine) than in minors (6.63 μg/g creatinine) (p < 0.001). The DI 
of BPS was higher in female (0.69 ng/kg/day) than in male (0.49 ng/kg/day); however, the DIs of BPF and BPS were higher in boys (1.15 and 0.26 ng/kg/day, respectively) than in girls (0.57 and 0.20 ng/kg/day, 
respectively). Most HI values exceeded 1 (99% of the participants) after EFSA re-establish the TDI of BPA. DISCUSSION: Our study revealed that the exposure profiles and risk of BPA and its substitute in Taiwanese 
varied by age and sex. Additionally, the exposure risk of BPA was deemed unacceptable in Taiwan according to new EFSA regulations, and food contamination could be the possible source of exposure. We suggest that 
the risk of exposure to BPA and its substitutes in most human biomonitoring studies should be reassessed based on new scientific evidence.
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Urinary bisphenol A and its 
substitutes exposure increased the 
risk of renal tubular injury (N-acetyl-
β-d-glucosaminidase) in the 
general Taiwanese population

BACKGROUND: It is uncertain if exposure to BPA and its substitutes has an impact on renal function, including N-acetyl-β-D-glucosaminidase (NAG), which is an early marker for kidney injury. We aimed to (1) Estimate 
the daily intakes (DIs) of BPA and its substitutes using individual urinary levels and conduct the cumulative risk assessment of bisphenols. (2) Assessed the association between exposure to BPA and its substitutes with 
various renal function indices using a dose-based and cumulative risk assessment approach. METHODS: We recruited 366 participants, and three bisphenols (BPA, bisphenol F, and bisphenol S) were analyzed through 
ultraperformance liquid chromatography-tandem mass spectrometry. DI levels were calculated for each bisphenol. Hazard index (HI) values were calculated for determining cumulative risk. Using the renal function index, 
we measured the serum and urinary level (e.g., microalbumin, NAG). The NAG/Creatinine ratio (> 4 IU/g creatinine) and other renal functions indexes based on clinical cut-off points to defined abnormality. RESULTS: 
After adjustment for covariates, increased NAG/Creatinine ratios were associated with higher DIs of BPA, showing a dose-response trend (Adjusted Odds Ratio [AOR] (tertile2): 3.58, 95% CI = 1.52-8.44; AOR (tertile3): 
7.34, 95% CI = 2.26-23.81; P (trend) < 0.001). Notably, the HI of bisphenols was positively associated with NAG/Creatinine in adults (AOR (tertile2)= 2.18, 95% CI = 1.10-4.34; AOR (tertile3)= 4.27, 95% CI = 2.14-8.51) 
after adjusted for covariates. CONCLUSION: We found a sensitive risk factor for abnormal NAG/creatinine levels after exposure to BPA and its substitute. Further mechanistic studies are needed to clarify these 
associations.
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統合_0380 Y. Lin, X. Qiu, J. Liu, C. H. Tseng, P. Allard, J. A. 
Araujo and Y. Zhu 2020

Different temporal trends of 
exposure to Bisphenol A among 
international travelers between Los 
Angeles and Beijing

Recent studies suggested a significant downward trend in population's exposure to bisphenol A (BPA) in the United States. However, the temporal trend of BPA exposure remains unclear in China - a populous country with 
substantial industrial activities but less efforts made to phase out BPA in consumer products. In addition, it is unclear to what extent a visit from the United States to China could affect human exposure to BPA. In this 
natural experiment, we measured the concentration of total BPA in 418 urine samples repeatedly collected from 55 Los Angeles residents before, during, and after they spent 10 weeks in Beijing from 2012 to 2017. We 
found that traveling from Los Angeles to Beijing led to a 2.91-fold (95% CI: 2.43 to 3.50) increase in urinary BPA levels, which fully returned to baseline after study participants came back to Los Angeles. From 2012 to 
2017, urinary BPA concentrations decreased in Los Angeles by 25.5% per year (95% CI: -30.8% to -19.8%; p < 0.001) but did not change in Beijing (p = 0.24). Consequently, the concentration ratio of urinary BPA between 
Beijing and Los Angeles increased from 1.23 (95% CI: 0.82 to 1.85) in 2012 to 4.05 (95% CI: 2.75 to 5.97) in 2017. These results indicate that BPA exposures may increase among international travelers to China. Additional 
efforts are needed to reduce population's exposure to BPA in China.
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統合_0381 M. H. Lin, C. Y. Lee, Y. S. Chuang and C. L. Shih 2023

Exposure to bisphenol A associated 
with multiple health-related 
outcomes in humans: An umbrella 
review of systematic reviews with 
meta-analyses

Bisphenol A (BPA), a toxic endocrine disruptor, is widely distributed in the environment, and the effects of BPA exposure on human health outcomes are a critical issue. The objective of this study was to perform an 
umbrella review of published meta-analyses investigating the associations between BPA exposure and human-related health outcomes. The relevant reports were searched from three electronic databases from inception 
to July 12, 2023 including PubMed, ScienceDirect, and Embase. The reports that were systematic reviews with meta-analyses investigating the associations between BPA exposure and human health outcomes were 
included in our review. A total of 14 reports were included in our review. Several human health outcomes related to exposure BPA were investigated including maternal prenatal health, infant health, allergic diseases, 
kidney disease, metabolic syndromes, polycystic ovary syndrome, earlier puberty, inflammation and immune responses, and thyroid function in neonates. Among these health outcomes, BPA exposure was associated with 
multiple human health outcomes including preterm birth, allergic diseases, kidney disease, polycystic ovarian syndrome, obesity, type 2 diabetes, cardiovascular disease, hypertension, and inflammation and immune 
responses (C-reactive protein and interleukin-6). These results showed that BPA exposure has seriously affected human health. To protect human health, World Health Organization should develop meaningful regulations 
on BPA to decrease the environmental contamination.
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統合_0382 J. E. Lim, B. Choi and S. H. Jee 2020
Urinary bisphenol A, phthalate 
metabolites, and obesity: do gender 
and menopausal status matter?

Previous studies of urinary bisphenol A (BPA), phthalate metabolites, and obesity risk have shown inconsistent results. Menopausal status is one of the main factors that affect hormone secretion change in women. In 
this study, we examined whether urinary BPA and phthalate metabolite levels are associated with obesity and whether the associations differ by sex and menopausal status in a sample of Korean adult populations. We 
recruited participants at three branches (Yeouido, Gangnam, and Gwanghwamun) of the Korea Medical Institute, a nationwide health check-up center, from 2015 to 2016. Urinary BPA level was measured by high-
performance liquid chromatography-tandem mass spectrometry (Agilent 6490 Triple Quad LC-MS/MS; Agilent Technologies, CA, USA). Urinary six phthalate metabolites were analyzed with ultra-high-performance liquid 
chromatography-tandem mass spectrometry (TSQ Quantum Access Mass; Thermo Fisher Scientific, MA, USA). Participants with body mass index ≥ 25 kg/m(2) were defined as general obesity group. Men with waist 
circumference (WC) ≥ 90 cm and women with WC ≥ 85 cm were defined as abdominal obesity group. Age, sex, alcohol intake, smoking, and exercise were considered in multivariate logistic regression models. Among the 
total of 702 participants, 211 participants were classified into the general obesity group, and 131 participants were classified into the abdominal obesity group. Urinary phthalate metabolite levels were not associated with 
general and abdominal obesity in men and women. However, in women, urinary BPA concentration was positively associated with abdominal obesity (OR = 1.50, 95% CI 1.00-2.26). Also, the association was stronger in 
postmenopausal women (OR = 2.23, 1.01-4.92), while it was weak in premenopausal women (OR = 1.31, 0.78-2.20). In this study, urinary BPA concentration was associated with abdominal obesity in women, especially 
postmenopausal women. Future studies should consider sex and menopausal status when investigating associations between urinary BPA, phthalate metabolites levels, and obesity.
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S. L. Liao, L. C. Chen, M. H. Tsai, M. C. Hua, T. 
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2020

Prenatal exposure to bisphenol - A 
is associated with dysregulated 
perinatal innate cytokine response 
and elevated cord IgE level: A 
population-based birth cohort study

BACKGROUND: Reports on the relationship between prenatal exposure to bisphenol-A (BPA) and the development of childhood allergy have been conflicting. This study aimed to investigate the impact of prenatal BPA 
exposure on several objective outcomes such as cytokine profile, atopic sensitization, and infant lung function (ILF) tests in addition to clinical allergic symptoms. METHODS: A subset of 274 children from the PATCH 
cohort study with available cord BPA data were followed until 3 years of age. Total and specific IgE level and Toll-like receptor (TLR) stimulated cytokine production were assessed yearly since birth. ILF such as tidal 
volume, Vmax(FRC), airway resistance and compliance were performed at least once before the age of 2 years. Allergic outcome was determined by questionnaires and physician's assessment. RESULTS: There was 
significant association between BPA concentration and IgE level in the cord blood (p < 0.01), but the correlation was no longer significant at ages 1 through 3 years. In addition, cord BPA concentration was associated 
with dysregulated TLR stimulated TNF-α and IL-6 production, but the correlation was significant only at birth. No relationship was found between cord BPA concentration and ILF measurements or allergic symptoms 
(wheezing, rhino-conjunctivitis, or eczema) throughout early childhood. CONCLUSION: Results showed that prenatal exposure to BPA was not associated with increased risk of childhood allergy or impaired ILF. However, 
with its impact on biomarkers for allergy such as alterations in perinatal cytokine profile and elevated cord IgE level, the potential role of prenatal BPA exposure on the development of allergy cannot be disregarded.
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統合_0384 K. Liao, Y. Zhao, J. Qu, W. Yu, S. Hu, S. Fang, M. 
Zhao and H. Jin 2024

Association of serum bisphenols, 
parabens, and triclosan 
concentrations with Sjögren 
Syndrome in the Hangzhou, China 
population

Exposure to endocrine-disrupting chemicals (EDCs) has been linked to various immune deficiency disorders, including autoimmune diseases like Sjögren Syndrome (SjS). However, the detrimental effects of exposure to 
EDCs, including bisphenols, parabens, and triclosan (TCS), on SjS have been inadequately documented. Thus, we conducted a cross-sectional study that included both healthy individuals (controls) and patients with SjS 
(cases). We assessed serum concentrations of bisphenol A (BPA), bisphenol S (BPS), methyl parabens (MeP), ethyl parabens (EtP), and TCS. The relationship between the five EDCs levels and the risk of SjS was also 
explored. Additionally, we conducted an in-depth analysis of the collective influence of these EDCs mixtures on SjS, employing a weighted quantile sum regression model. Out of the five EDCs analyzed, EtP displayed the 
highest mean concentration (2.80 ng/mL), followed by BPA (2.66 ng/mL) and MeP (1.99 ng/mL), with TCS registering the lowest level (0.36 ng/mL). Notably, BPS exposure was significantly positively associated with the 
risk of being diagnosed with SjS (with an odds ratio [OR] of 1.17, p = 0.042). No statistically significant associations with SjS were observed for BPA, MeP, EtP, and TCS (p > 0.05). And we did not observe any significant 
effects of the EDCs mixture on SjS. To the best of our knowledge, this study is the first to suggest that BPS may potentially increase the risk of SjS. Although no significant effects were observed between other EDCs 
and SjS risk, we cannot disregard the potential harm of EDCs due to their non-monotonic dose response.

Sci Total Environ 
Vol.915 Pages 170031

10.1016/j.scitotenv.2024.170031 38220002 ヒト - - - - - - - 横断研究 1 1 - - - - - - - - - - - - - - - - - -

統合_0385
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A. Tse
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Higher bisphenol analogues 
exposure levels in e-waste workers 
and their associations with DNA 
oxidative damage in Hong Kong

Bisphenol analogues (BPs) are widely used as additives in a variety of products, including the components of electronic waste (e-waste). However, limited research has been conducted to evaluate the health burden of 
BPs exposure from e-waste recycling, particularly among frontline workers in developed regions. This study aimed to address this gap by analyzing urinary BPs and 8-hydroxy-2'-deoxyguanosine (8-OHdG), a marker of 
oxidative DNA damage, from 101 e-waste workers and 100 office workers in Hong Kong collected from 06/2021 to 09/2022. E-waste workers had significantly higher overall BPs concentrations than office workers (3.476 
vs. 1.816 μg/L), with notable elevations in BPA, BPP, and BPZ. Male participants (3.118 μg/L) and e-waste workers involved in dismantling or repairing e-waste (4.245 μg/L) exhibited higher BPs burdens than the 
females (1.849 μg/L) and workers with other job designations (1.822 μg/L), respectively. Although the estimated daily intake (EDI) for BPA was below the recommended safety threshold, e-waste workers had higher 
EDIs for almost all BPs than office workers. BPA was the predominant analogue in e-waste and office workers (80.74 % and 75.94 %), and correlated with other BPs in e-waste workers, indicating its pervasive use in e-
waste products. Exposure to BPs, both individually and as a mixture, was significantly associated with increased 8-OHdG levels, with stronger associations among female participants and the e-waste workers. The above 
findings suggest that e-waste workers in Hong Kong had higher BPs exposure from e-waste recycling and carried the associated health risks, with females showing greater sensitivity to BPs.
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Joint effect between bisphenol A 
and alcohol consumption on benign 
prostatic hyperplasia: A case-control 
study in Hong Kong Chinese males

BACKGROUND: Whether bisphenol A (BPA) exposure is a contributing factor to benign prostatic hyperplasia (BPH) remains unclear. This study evaluated the association between chronic BPA exposure and BPH risk, and 
explored whether this association was modified by alcohol drinking. METHODS: This study included a total of 650 BPH cases and 650 controls recruited from the same hospital in Hong Kong during 2011-2016. Chronic 
BPA exposure level was estimated by a validated cumulative BPA exposure index (CBPAI). We performed unconditional logistic regression model to examine the association of BPH risk with potential sources of BPA 
exposure via oral intake and CBPAI. We further tested the interactions between CBPAI and alcohol consumption habits on BPH risk. RESULTS: A positive exposure-response relationship was observed between CBPAI and 
BPH risk. Frequent BPA exposure via oral intake of foods heated in a plastic box/bag (odds ratio [OR] = 3.52, 95% confidence interval [CI]: 1.51-8.22), cooling water in a plastic bottle (OR = 2.65, 95% CI: 1.33-5.27), or 
using a plastic cup to contain hot water (OR = 4.14, 95% CI: 1.02-16.89), was significantly associated with increased BPH risk. Compared with nonalcohol drinkers, alcohol drinkers was insignificantly associated with 
BPH risk (OR = 1.10, 95% CI: 0.77-1.57), but it demonstrated a more remarkable positive gradient between CBPAI exposure and BPH risk among alcohol drinkers, indicating an additive interaction between CBPAI and 
alcohol on BPH risk (synergy index = 4.24, 95% CI: 1.21-14.94). CONCLUSIONS: Chronic oral BPA exposure increased BPH risk with a positive exposure-response relationship among Hong Kong Chinese, and alcohol 
drinking amplified the effect of BPA on BPH. Hence, minimizations of containing food or water/beverage in plastic containers and drinking alcohol are recommended in the community to mitigate BPH risk. Future larger 
and designated studies are warranted.
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Pregnancy urinary phenol biomarker 
concentrations in relation to serum 
levels of inflammatory cytokines: 
Results from the EARTH study

BACKGROUND: Evidence on the association between maternal phenol exposure and inflammation during pregnancy is limited and inconsistent. OBJECTIVE: To evaluate associations between urinary phenol biomarkers 
and serum inflammatory cytokines across pregnancy, and to examine whether associations vary by trimesters. METHODS: We included 175 pregnant women from the Massachusetts General Hospital Fertility Center and 
participating in the Environment and Reproductive Health (EARTH) Study (2005-2017), with available data on urinary concentrations of eight phenol biomarkers and serum inflammatory biomarkers, high-sensitivity C-
reactive protein (hsCRP) and interleukin-6 (IL-6). Linear regression models were employed to assess the association between individual phenol biomarker concentrations and log-transformed inflammatory cytokine 
levels, while Bayesian Kernel Machine Regression (BKMR) models were utilized to evaluate phenol biomarker mixtures. Analyses were further stratified by the trimester of sample collection. RESULTS: Overall, detectable 
urinary ethylparaben was positively associated with serum hsCRP (β: 0.464; 95 % CI: 0.012, 0.917). In trimester-specific analyses, urinary butylparaben was positively associated with hsCRP (β: 0.533; 95 % CI: 0.006, 
1.059) in the first trimester, but negatively associated with IL-6 (β: -0.613; 95 % CI: -1.062, -0.164) in the second trimester. Urinary bisphenol A was inversely associated with hsCRP (β: -0.428; 95 % CI: -0.731, -0.125) 
in the third trimester. CONCLUSIONS: Our findings suggest that exposure to certain phenols may disrupt inflammatory profiles in pregnancy, with effects varying by trimesters. These novel associations underscore the 
importance of exposure timing when assessing environmental risk factors for maternal and offspring health outcomes.
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Single and mixed effects of prenatal 
exposure to multiple bisphenols on 
hemoglobin levels and the risk of 
anemia in pregnant women

INTRODUCTION: Bisphenols have endocrine-disrupting effects, which may disrupt hemoglobin (Hb) homeostasis and lead to anemia. However, the effects of bisphenols on anemia remain unknown. Therefore, we 
assessed the effects of single- and multiple-exposure to bisphenols on Hb levels and anemia of pregnant women. METHODS: The study involved 2035 pregnant women from Guangxi Zhuang Birth Cohort in China. 
Generalized linear regression, principal component analysis (PCA), quantile g-computation (Qgcomp), and Bayesian kernel machine regression (BKMR) were performed to examine the effects of serum bisphenols on Hb 
levels and the risk of anemia. RESULTS: After adjustment, elevated bisphenol A (BPA) levels were correlated with decreased Hb concentrations (β = -0.51; 95%CI: -0.92, -0.10) in the first trimester, and these 
correlations were more sensitive in mothers of males. Compared with the low-exposure group, bisphenol B (BPB) levels in the high-exposure group led to a 1.52 g/L (95%CI: -3.01, -0.03) decrease in Hb levels in the 
second trimester; tetrabromobisphenol A (TBBPA) levels in the high-exposure group led to a higher the risk of anemia in the third trimester (OR = 1.46; 95%CI: 1.07, 1.99); bisphenol F (BPF) in the high-exposure group led 
to lower Hb levels (β = -2.42; 95%CI:-4.69, -0.14) in mothers of male fetuses in the third trimester. Qgcomp showed that elevated levels of bisphenol mixture was correlated with (β = -1.42; 95%CI: -2.61, -0.24) 
decrease in Hb levels in the second trimester. PCA revealed a negative association between PC2 and Hb levels in the first trimester (β = -0.89; 95%CI: -1.61, -0.17). Similarly, a negative relationship was observed 
between PC1 and Hb levels in the third trimester among mothers with male fetuses (β = -1.00; 95%CI: -1.94, -0.06). CONCLUSIONS: Prenatal exposure to single and mixed bisphenols may decrease Hb levels and 
increase the risk of anemia during pregnancy, the associations may be greater in mothers with male fetuses than those with female fetuses.
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2021

Prenatal exposure to bisphenols and 
risk of preterm birth: Findings from 
Guangxi Zhuang birth cohort in 
China

Preterm birth (PTB), a serious adverse birth outcome, is the leading cause of perinatal mortality and morbidity. Bisphenols induce endocrine disruption that spreads across the placenta, which may affect fetal growth and 
development. However, the effects of bisphenols on PTB, particularly their combined effects, remain unknown. This study investigated the association between prenatal bisphenol exposure and PTB. Study participants 
were 2023 mother-infant pairs that were selected from the Guangxi Zhuang Birth Cohort. Maternal serum bisphenol levels were measured using ultrahigh performance liquid chromatography-tandem mass spectrometry, 
and pregnancy outcomes were obtained from medical records. Multivariate logistic regression, restricted cubic spline, principal component analysis (PCA), quantile g-computation (Qgcomp), and Bayesian kernel machine 
regression (BKMR) were used to examine the association between serum bisphenol levels and PTB. Ln-transformed BPA concentrations were associated with an increased risk of PTB only in female infants (OR = 1.30, 
95% CI: 1.02, 1.64). Ln-transformed bisphenol F (BPF) concentrations were positively associated with the risk of PTB (OR = 1.73, 95% CI: 1.18, 2.55). Inverse U-shaped relationships were observed between bisphenol B 
(BPB), bisphenol S (BPS), and tetrabromobisphenol A (TBBPA) levels and the risk of PTB (P-overall < 0.05, P-non-linear < 0.05). After sex stratification, the association between BPA analogs and PTB was only observed 
in males. In Qgcomp analysis, bisphenol mixtures were related to an increased risk of PTB (OR = 1.52, 95% CI: 1.04, 2.21), with BPF (43.7%), BPS (29.6%) and BPA (26.8%) having the greatest positive contribution. Results 
indicate that prenatal exposure to bisphenol mixtures might increase the risk of PTB, which might be primarily driven by BPA, BPF and BPS. There may also be sex-specific and nonmonotonic dose-dependent effects.
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統合_0390
J. Liang, Y. Shao, D. Huang, C. Yang, T. Liu, X. 
Zeng, C. Li, Z. Tang, J. T. H. Juan, Y. Song, S. Liu 
and X. Qiu

2023

Effects of prenatal exposure to 
bisphenols on newborn leucocyte 
telomere length: a prospective birth 
cohort study in China

Telomere length (TL) at birth is related to diseases that may arise in the future and long-term health. Bisphenols exhibit toxic effects and can cross the placenta barrier. However, the effects of prenatal exposure to 
bisphenols on newborn TL remain unknown. We aimed to explore the effects of prenatal exposure to bisphenols (i.e., bisphenol A [BPA], bisphenol B [BPB], bisphenol F [BPF], bisphenol S [BPS] and tetrabromobisphenol A 
[TBBPA]) on relative TL in newborns. A total of 801 mother-infant pairs were extracted from the Guangxi Zhuang Birth Cohort. The relationship between bisphenol levels in maternal serum and relative TL in cord blood 
was examined by generalized linear models and restricted cubic spline (RCS) models. After adjusting for confounders, we observed a 3.19% (95% CI: -6.08%, -0.21%; P = 0.037) reduction in relative cord blood TL among 
mothers ≥ 28 years old, with each onefold increase in BPS. However, in each onefold increase of TBBPA, we observed a 3.31% (95% CI: 0.67%, 6.01%; P = 0.014) increase in relative cord blood TL among mothers < 28 
years old. The adjusted RCS models revealed similar results (P overall < 0.05, P non-linear > 0.05). This study was the first to establish a positive association between serum TBBPA levels and relative TL in newborns 
born to young mothers. However, BPS levels were inversely correlated with TL in fetus born to old mothers. The results suggested that the fetus of old pregnant women may be more sensitive to BPS exposure. Moreover, 
BPS exposure early in life may accelerate aging or increase the risk of developing BPS-related diseases in later life.
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統合_0391
J. Liang, L. Pang, C. Yang, J. Long, Q. Liao, P. 
Tang, H. Huang, H. Wei, Q. Chen, K. Yang, T. 
Liu, F. Lv, S. Liu, D. Huang and X. Qiu

2023

Effects of prenatal single and mixed 
bisphenol exposure on bone mineral 
density in preschool children: A 
population-based prospective cohort 
study

Exposure to bisphenols can affect bone mineral density (BMD) in animals and humans. However, the effects of maternal exposure to bisphenols during pregnancy on bone health in preschool children remain unknown. We 
aimed to assess the effects of prenatal exposure to single and multiple bisphenols on bone health in preschool children. A total of 230 mother-child pairs were included in this study. Generalized linear regression, 
restricted cubic spline (RCS), principal component analysis (PCA), and Bayesian kernel machine regression (BKMR) were utilized to assess the relationship between bisphenol levels and bone health in preschool children. 
Each natural log (Ln) unit increase in tetrabromobisphenol A was related to a 0.007 m/s (95 % CI: -0.015, 0.000) decrease in Ln-transformed speed of sound (SOS) among girls. Decreased BMD Z scores in preschool 
children were found only in the high bisphenol S exposure group (β = -0.568; 95 % CI: -1.087, -0.050) in boys. The risk of low BMD (BMDL) was significantly higher in the middle-exposure group (OR = 4.695; 95 % CI: 
1.143, 24.381) and high-exposure group of BPS (OR = 6.165, 95 % CI: 1.445, 33.789) compared with the low-exposure group in boys. In girls, the risk of BMDL decreased with increasing bisphenol A concentration (OR = 
0.413, 95 % CI: 0.215, 0.721). RCS analysis revealed a U-shaped nonlinear correlation between BPB concentration and BMDL in girls (P-overall = 0.011, P-nonlinear = 0.009). In PCA, a U-shaped dose-response 
relationship was found between PC2 and the risk of BMDL (P-overall = 0.048, P-nonlinear = 0.032), and a significant association was only noted in girls when stratified by sex. The BKMR model revealed a horizontal S-
shaped curve relationship between bisphenol mixtures and BMDL in girls. The results indicated that prenatal exposure to single and mixed bisphenols can affect BMD in preschool children, exerting nonmonotonic and 
child sex-specific effects.
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統合_0392
J. Liang, S. Liu, T. Liu, C. Yang, Y. Wu, H. J. 
Jennifer Tan, B. Wei, X. Ma, B. Feng, Q. Jiang, D. 
Huang and X. Qiu

2020
Association of prenatal exposure to 
bisphenols and birth size in Zhuang 
ethnic newborns

Prenatal exposure to bisphenol A (BPA) and its analogues can affect fetal growth and development. However, epidemiologic findings were inconsistent and there was a lack of study for BPA analogues. We aimed to 
examine the associations between prenatal exposure to BPA, bisphenol B (BPB), bisphenol F (BPF), bisphenol S (BPS), and tetrabromobisphenol A (TBBPA) and birth size. 2023 mother-infant pairs were included in this 
study. The associations between serum bisphenol levels and birth size were analyzed by multivariate linear regression models. After adjusting for covariates, one log10-unit increase in serum BPA was correlated with a 
32.10 g (95% CI: -61.10, -3.10) decrease in birth weight for all infants, and the inverse association was only observed in males when stratified analysis by gender. Additionally, higher BPF concentrations were associated 
with decreasing birth weight (P for trend = 0.031), ponderal index (P for trend = 0.021), and birth weight Z-scores (P for trend = 0.039) in all infants, and the inverse associations were also only observed in males when 
stratified analysis by gender. Similarly, higher TBBPA levels were also correlated with decreased birth weight (P for trend = 0.023). However, after gender stratification, higher TBBPA concentrations were associated with 
a decrease in birth weight (P for trend = 0.007), birth length (P for trend = 0.026), and birth weight Z-scores (P for trend = 0.039) in males. Our data suggested an inverse association of prenatal exposure to BPA, BPF, and 
TBBPA and birth size, which may be more pronounced in male infants.
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統合_0393 F. Liang, X. Huo, W. Wang, Y. Li, J. Zhang, Y. 
Feng and Y. Wang 2020

Association of bisphenol A or 
bisphenol S exposure with oxidative 
stress and immune disturbance 
among unexplained recurrent 
spontaneous abortion women

Human exposure to environmental chemicals might play a role in the pathogenesis of unexplained recurrent spontaneous abortion (URSA). Bisphenol A (BPA) and bisphenol S (BPS) have been suggested to affect 
reproductive health. However, the mechanism remains unclear. To explore the association between BPA and BPS exposure and oxidative stress and immune homeostasis, we conducted a cross-sectional study and 
revealed BPA and BPS levels in relation to these two factors which were supposed to be implicated in miscarriage. 111 URSA patients were recruited and we analyzed urinary BPA and BPS concentrations, oxidative stress 
biomarkers (8-hydroxydeoxyguanosine and 8-isoprostane) and serum immune balance biomarkers (IL-1β, IL-2, IL-4, IL-6, IL-8, IL-10, IL-12p70, IL-13, TNF-α, TGF-β and IFN-γ). Multivariable linear regression models 
were used to evaluate the correlation between bisphenols exposure and outcome biomarkers. After adjustment for age, BMI, menstrual cycle, and parity history, creatinine-adjusted BPA was significantly associated with 
increases in 8-isoprostane (β = 0.74, 95% CI = 0.07, 1.41; p = 0.031) and IFN-γ (β = 0.18, 95% CI = 0.00, 0.36; p = 0.046). No statistical correlation between BPS and biomarkers of oxidative stress or immune balance 
was observed when all participants were analyzed. Further analysis revealed that in the subgroup of BPS > limit of detection (0.01 ng/ml), creatinine-adjusted BPS was significantly associated with increases in IL-10 (β 
= 0.22, 95% CI = 0.00, 0.45; p = 0.048). Our findings suggested that BPA and BPS exposure might be related to oxidative stress and immune imbalance in URSA patients. Overall, our work might suggest potential 
pathogenic and aetiological associations among the bisphenols, biomarkers and URSA, which offers hypotheses for further studies.
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統合_0394 Z. Li, H. Yin, K. Chen, B. Ding, J. Xu, M. Ren, C. 
Zhang and Y. Shen 2022

Effects of bisphenol A on uterine 
leiomyoma: In vitro and in vivo 
evaluation with mechanistic insights 
related to XBP1

The incidence rate of human uterine leiomyomas is over 70% in the women of childbearing age, which has caused serious health and financial burden. Our previous study confirmed that Bisphenol A (BPA)，representative 
environmental estrogen, promoted the proliferation of human uterine leiomyomas and up-regulated the expression of cell proliferation-related genes. In this study, by combining ChIP-seq and RNA-seq, it was shown that 
after BPA intervention, H3K27ac modification levels and gene expression levels were altered in uterine leiomyomas cells. Moreover experimental verification found that BPA can regulate ITGA2 through the transcription 
factor XBP1, activate the downstream PI3K/AKT signaling pathway, eventually promote the proliferation of uterine leiomyomas. The present study provides new insights into the pathogenesis associated with exposure to 
BPA and other endocrine disruptors with similar effects by defining XBP1 as an important regulator, and which may act as an intervention and treatment target for uterine leiomyomas.
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統合_0395 Z. Li, W. Mao, L. Yao, N. Zhao, Y. Zhang, M. 
Zhao and H. Jin 2022

First report on occurrence of 
bisphenol A isomers in human 
serum and whole blood

Studies have demonstrated the worldwide presence of bisphenol A (BPA) and its toxic effects on human health. BPA may exist as several structural isomers, which are byproducts in industrial BPA production. However, 
nearly nothing is known about the occurrence of BPA isomers in human blood and the partitioning of BPA metabolites between human serum and whole blood. In this study, BPA, BPA-sulfate (BPA-S), and BPA-glucuronide 
(BPA-G) were quantified in 144 pairs of serum and whole blood samples from Chinese participants. BPA was detected in 115 serum and 121 whole blood samples, with mean concentrations of 0.53 and 0.88 ng/mL, 
respectively. A structural isomer of BPA, tentatively termed B(1)-BPA, was identified for the first time, and measurable in 53% and 57% of serum (<LOD-1.9 ng/mL) and whole blood (<LOD-1.4 ng/mL) samples, 
respectively. BPA-S was the predominant BPA metabolite (mean 2.3 and 1.4 ng/mL, respectively), significantly higher (p < 0.01) than BPA-G (1.3 and 0.64 ng/mL) in both serum and whole blood. The calculated partitioning 
coefficients between serum and whole blood were the highest for B(1)-BPA (mean ± SD, 1.8 ± 0.25), followed by BPA-S (1.6 ± 0.36), BPA-G (1.4 ± 0.37), and BPA (1.3 ± 0.39), indicating their preferential enrichment in 
the serum fraction. Overall, this study first identifies a BPA isomer, which has not been previously reported in any environmental or human samples. Measuring BPA isomers in human serum and whole blood is critical for 
accurate human BPA exposure risk assessment.
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統合_0396
Y. J. Li, A. X. Liu, J. Y. Zeng, Y. Miao, M. Zhang, 
X. Y. Liu, W. Yang, R. C. Li, J. Q. Zhu, C. J. Liu 
and Q. Zeng

2025
Repeated measurements of urinary 
bisphenol A and its analogues in 
relation to sperm DNA damage

Bisphenol A (BPA), a common endocrine disrupting chemical (EDC), has shown detrimental effects on sperm quality and function in experimental models. However, epidemiological evidence is inconsistent and also there 
exists a notable lack of data on its analogues, such as bisphenol F (BPF) and bisphenol S (BPS). To investigate the relationships between BPA, BPF and BPS exposures and sperm DNA damage, we conducted a cross-
sectional study recruiting 474 Chinese men from an infertility clinic in Wuhan, China. We repeated measurements of urinary BPA, BPF and BPS concentrations to enhance the exposure assessments and evaluated sperm 
DNA damage using three comet assay indicators: tail length (TL), tail distributed moment (TDM) and percentages of tail DNA (Tail%). We observed positive associations of BPA exposure with TL and TDM (both P for 
trends < 0.05) and an association of elevated BPF exposure with increased Tail% (P for trend = 0.066). Furthermore, BPA exposure in relation to increased TL and TDM were more pronounced in men with body mass index 
(BMI) below 24 kg/m(2) and non-smokers (all P for interactions < 0.05). Our findings strengthened human evidence that BPA and its analogue BPF exposures were in relation to increased sperm DNA damage.
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統合_0397 Y. Li, J. Zhu, J. Fan, S. Cai, C. Fan, Y. Zhong and 
L. Sun 2020

Associations of urinary levels of 
phenols and parabens with 
osteoarthritis among US adults in 
NHANES 2005-2014

Phenols and parabens are two major classes of endocrine-disrupting compounds (EDCs) that may be related to multiple human diseases. However, there has been no studies examining the association between phenols 
as well as parabens and osteoarthritis (OA). We assessed the link between urinary concentrations of triclosan (TCS), benzophenone-3 (BP-3), bisphenol A (BPA), and parabens with OA based on the data collected from 
National Health and Nutrition Examination Survey in multivariable logistic regression models. Among all the 7114 participants included, the weighted percentage of OA was 12.11% (n = 807). Compared with participants at 
tertile 1, those at tertile 2 of urinary BP-3, and tertile 3 of urinary BP-3 were more likely to show increased OA prevalence in a fully adjusted model, with odd ratio (OR) as 1.34 [95% confidence interval (CI): 1.01-1.78], 1.55 
(95 CI%: 1.17-2.06), and 1.66 (95 CI%: 1.23-2.24), respectively. In subgroup analyses stratified by potential confounders, various subgroups remained to show statistically significant positive association between urinary 
BP-3 and OA prevalence. Otherwise, we observed no statistically significant associations between urinary TCS, BPA or parabens with OA. In conclusion, this serves as the first study in which we found that the urinary 
concentration of BP-3 was positively correlated to prevalence of OA among the US population.
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統合_0398 X. N. Li, D. Wu, Y. Liu, S. S. Zhang, F. L. Tian, Q. 
Sun, W. Wei, X. Cao and L. H. Jia 2021

Prenatal exposure to bisphenols, 
immune responses in cord blood 
and infantile eczema: A nested 
prospective cohort study in China

Increasing evidence shows that human exposure to bisphenols can increase the risk of allergic disease, such as child asthma. However, the mechanism by which exposure to bisphenols causes allergic disease is unclear. 
In addition, the effects of exposure to bisphenols during pregnancy on infantile eczema have been poorly studied. The aim of our study was to investigate the effect of bisphenols (BPA, BPF and BPS) exposure during 
pregnancy on immune cells in cord blood, and on the occurrence of infantile eczema. 111 mother-child pairs with urine samples from pregnant women and cord blood were recruited from a birth cohort established in 
February 2019 in Shenyang, China. The levels of urinary bisphenols and Th1-, Th2-, Treg- and Th17-related genes, and cytokines in cord blood, as well as the incidence of infantile eczema at 6 and 12 months follow up 
were determined. Our results show that BPA, BPF and BPS were detected in 100%, 63.1% and 46.8% of the urine samples, respectively. The median concentration of urine specific gravity adjusted BPA (SG-BPA) was 7.46
 ng/mL. High SG-BPA levels during pregnancy was independently associated with increased risk of infantile eczema (adjusted OR = 2.731, 95%CI: 1.064-7.012, P = 0.037). Higher levels of FOXP3 gene in cord blood had a 
significantly lower risk of developing eczema in infants (adjusted OR=0.430, 95%CI: 0.190-0.972, P = 0.042). However, BPS and BPF levels were not associated with infantile eczema. FOXP3 gene levels in cord blood 
mediated the relationship between SG-BPA levels during pregnancy and infantile eczema (indirect effect: β = 0.350 [CI:0.011,1.077]). Our findings indicate that high levels of BPA exposure during pregnancy increase the 
risk of infantile eczema, which may be associated with down-regulation of FOXP3 gene expression in cord blood.
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統合_0399 X. Li, Y. Zhong, W. He, S. Huang, Q. Li, C. Guo, 
S. Ma, G. Li and Y. Yu 2021

Co-exposure and health risks of 
parabens, bisphenols, triclosan, 
phthalate metabolites and hydroxyl 
polycyclic aromatic hydrocarbons 
based on simultaneous detection in 
urine samples from guangzhou, 
south China

Polycyclic aromatic hydrocarbons (PAHs) and certain ingredients in personal care products, such as parabens, bisphenols, triclosan and phthalate metabolites, have become ubiquitous in the world. Concerns of human 
exposure to these pollutants have increased during recent years because of various adverse health effects of these chemicals. Multiple compounds including parabens, bisphenols, triclosan, phthalate metabolites 
(mPAEs) and hydroxyl PAHs (OH-PAHs) in urine samples from Guangzhou were determined simultaneously to identify the human exposure pathways without external exposure data combined with data analysis, and the 
toxicants posed the highest risk to human health were screened in the present study. The detection frequencies for the chemicals exceeded 90%. Among the contaminants, mPAEs showed the highest concentrations, 
followed by OH-PAHs, with triclosan present at the lowest concentrations. Mono-n-butyl phthalate, methylparaben, bisphenol A, and hydroxynaphthalene represented the most abundant mPAE, parabens, bisphenol, and 
OH-PAH compounds, respectively. The present PAHs are mainly exposed to human through inhalation, while the chemicals added to personal care products are mainly exposed to human through oral intake and dermal 
contact. The urine samples from suburban subjects showed significantly higher OH-PAH levels than the urine samples from urban subjects, and females had lower OH-PAH levels than males. Urinary concentrations of 
the analyzed contaminants were significantly correlated with age, body mass index, residence time, as well as the frequencies of alcohol consumption and swimming. Risk assessments based on Monte Carlo simulation 
indicated that approximately 30% of the subjects suffered non-carcinogenic risks from mPAEs and OH-PAHs, with mPAEs accounting for 89% of the total risk.
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統合_0400 X. Li, Q. Chen, D. Wu, Z. Xiao, C. Shi, Y. Dong 
and L. Jia 2024

High Levels of BPA and BPF 
Exposure during Pregnancy Are 
Associated with Lower Birth Weight 
in Shenyang in Northeast China

Animal studies indicate that bisphenol A (BPA) has obesogenic effects. Recent experiments reported similar endocrine-disrupting effects of bisphenol F (BPF) and bisphenol S (BPS), which are substitutes of BPA. The 
aim of this study was to investigate the exposure levels of these bisphenols in pregnant women and their effects on the physical development of infants aged 0-12 months. This study recruited pregnant women who gave 
birth at a hospital between February 2019 and September 2020. Urine samples from these pregnant women in the third trimester of pregnancy were detected by using ultrahigh-performance liquid chromatography-triple 
quadruple mass spectrometry. Follow-ups at 6 and 12 months of age were conducted by telephone by pediatricians using a structured questionnaire. Multiple linear regressions were used to determine the associations 
between bisphenol concentrations and infant weight. A total of 113 mother-child pairs had complete questionnaires and urine samples as well as data on newborns aged 6 months and 12 months. The detection rates of 
urinary BPA, BPF, and BPS in pregnant women were 100, 62.83, and 46.02%, respectively. Their median levels are 5.84, 0.54, and 0.07 μg/L, respectively. Increased urinary BPA and BPF concentrations during pregnancy 
were significantly associated with lower birth weight (standardized regression coefficients [β] = -0.081 kg, 95% confidence interval [CI]: -0.134 to -0.027; β = -0.049 kg, 95% CI: -0.097 to -0.001). In addition, urinary 
BPA and BPF concentrations during pregnancy were positively associated with weight growth rate from 0 to 6 months (β = 0.035 kg/mouth, 95% CI: 0.00-0.064; β = 0.028 kg/mouth, 95% CI: 0.006-0.050), especially in 
female infants (β = 0.054 kg/mouth, 95% CI: 0.015-0.093; β = 0.035 kg/mouth, 95% CI: 0.005-0.065). Therefore, maternal BPA and BPF levels during pregnancy were negatively correlated with birth weight and positively 
correlated with the growth rate of infant weight at 0-6 months of age, especially in female infants.
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統合_0401 S. Li, H. Zhu, C. Yang, C. Wang, J. Liu, L. Jin, Z. 
Li, A. Ren and L. Wang 2024

Prenatal co-exposure to phthalate 
metabolites and bisphenols among 
non-syndromic cleft lip and/or 
palate in offspring

Phthalate metabolites and bisphenols can cause adverse pregnancy outcomes. However, there is no study to evaluate the associations of prenatal exposure to phthalate metabolites and bisphenols with non-syndromic 
cleft lip and/or palate (NSCL/P) risk in offspring. A population-based case-control study was conducted in a multicenter setting from 2005 to 2021, enrolling 448 pregnant women. Seven phthalate metabolites and six 
bisphenols were quantified in placenta using liquid chromatography-tandem mass spectrometry. In the logistic regression analysis, high levels of mono-ethyl phthalate, mono-cyclohexyl phthalate, mono-octyl phthalate, 
bisphenol A, bisphenol AF, bisphenol AP, and fluorene-9-bisphenol were associated with increased NSCL/P risk with odds ratios (95% confidence intervals) of 1.86(1.07,3.25), 6.56(3.47,12.39), 8.49(4.44,16.24), 
8.34(4.32,16.08), 3.19(1.81,5.62), 2.78(1.59,4.86), and 5.16(2.82,9.44). The Bayesian kernel machine regression model revealed that co-exposure to phthalate metabolites and bisphenols was associated with increased 
NSCL/P risk. Similarly, quantile-based g-computation analysis indicated that each quantile increase in mixture concentration was positively related to higher risk for NSCL/P [odds ratio (95% confidence interval) = 
2.98(1.97,4.51)]. This study provides novel evidence that prenatal single and co-exposure to phthalate metabolites and bisphenols were associated with increased NSCL/P risk, suggesting that exposure to phthalate 
metabolites and bisphenols during pregnancy should be minimized to reduce the incidence of NSCL/P in offspring.
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統合_0402 R. Y. Li, J. Wu, W. Xiao, Y. Zhou, K. Liang, J. Y. 
Bao, Z. Y. Yao, C. Zhang and Y. H. Wan 2025

Association between exposure to 
bisphenols and per- and 
polyfluoroalkyl substances and 
behavioral problems among Chinese 
preschoolers

In order to fill the gap in previous research, we aim to investigate the relationship between single and co-exposure to bisphenols (BPs) and per- and polyfluoroalkyl substances (PFAS) and behavioral problems among 
Chinese preschoolers. The current study measured urinary BPs and PFAS concentrations in 823 Chinese preschoolers. The children's behavioral problems were assessed using the Conners' Parent Symptom 
Questionnaire (PSQ). Binary logistic regression, weighted quantile sum (WQS) regression, and Bayesian kernel machine regression (BKMR) were used to examine the association between single or co-exposure to all 
chemicals and behavioral problems among preschoolers. After controlling for covariates, binary logistic regression results showed that bisphenol AP (BPAP), bisphenol B (BPB), bisphenol S (BPS), perfluorobutanesulfonic 
acid (PFBS), perfluorohexanesulfonic acid (PFHxS), and perfluorooctane sulphonate (PFOS) were significantly associated with children's behavioral problems (OR = 1.89-2.60, 95 % CI: 1.01-5.21). The WQS index was 
significantly positively associated with behavioral problems (OR = 2.01, 95 % CI: 1.24-3.32). BPAP and PFHxS were the chemicals with the most significant weights. BKMR results also found that the mixture of BPs and 
PFAS had a partially significant positive association with preschoolers' behavioral problems. This study indicated that a mixture of urinary BPs and PFAS has a combined effect on behavioral problems in preschoolers. In 
addition, BPAP and PFHxS, which are common substitutes for BPA and PFOS respectively, have a greater impact on preschoolers' behavioral problems and are worthy of further attention.
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統合_0403 R. Li, W. Zhan, J. Ren, F. Zhang, X. Huang and 
Y. Ma 2023

Temporal trends in risk of bisphenol 
A, benzophenone-3 and triclosan 
exposure among U.S. children and 
adolescents aged 6-19 years: 
Findings from the National Health 
and Nutrition Examination Survey 
2005-2016

BACKGROUND: Phenolic compounds with potential adverse health effects are gradually being replaced. Little is known about the potential health risks of BPA, BP3, and TCS exposure in children and adolescents aged 6-
19 years in the United States. OBJECTIVES: To determine trends and rates of change in hazard indices (HI) for three phenolics in U.S. children and adolescents for BPA, BP3, TCS, and to assess changes in gender, 
race/ethnicity, age, and potential health risks. METHODS: Metabolic biomonitoring data from field-collected urine samples from the National Health and Nutrition Examination Survey (NHANES) were utilized. Daily intake 
of three phenols (bisphenol A, benzophenone-3, and triclosan) between 2005 and 2016 in children and adolescents were obtained. Cumulative risk indicators, including hazard quotient (HQ), hazard index (HI), and 
maximum cumulative ratio (MCR), were used for the health risk assessment of the three phenols. RESULTS: During this period, the change in LSGM HI was -2.9% per cycle [95% Cl: (-3.7%, -2.2%)], and the percentage of 
participants with HI > 0.1 decreased from 15.6% to 10.5%. Children (6-11 years) had higher mean HI values than adolescents (12-19 years), while female had higher LSGM HI values than male. MCR values were generally 
low and negatively correlated with HI. However, the average value of MCR increased from 1.722 to 2.107 during this period. CONCLUSION: Exposure to phenolics among U.S. children and adolescents has changed in 
recent decades. However, gaps in data limit the interpretation of trends but legislative activity and advocacy campaigns by nongovernmental organizations may play a role in changing trends. Moreover, there are growing 
concerns about the potential health risks associated with exposure to multiple phenols in children and adolescents.
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統合_0404
R. Li, S. Yang, R. Gao, Y. Deng, J. Liu, C. Yuan, 
Q. Yao, X. Lv, K. Wang, X. Ye, B. Peng, J. Hu and 
A. Chen

2020

RELATIONSHIP BETWEEN THE 
ENVIRONMENTAL ENDOCRINE 
DISRUPTOR BISPHENOL A AND 
DYSLIPIDEMIA: A FIVE-YEAR 
PROSPECTIVE STUDY

Objective: To investigate whether serum bisphenol A (BPA) concentration is related to the occurrence of dyslipidemia. Methods: A total of 574 adults were enrolled at baseline and followed up for 5 years. Concentrations 
of serum BPA, triglycerides (TGs), low-density lipoprotein (LDL) cholesterol, and high-density lipoprotein (HDL) cholesterol were measured. Dyslipidemia was defined as the existence of one or more of the following 
conditions: high-LDL-cholesterolemia (LDL ≥140 mg/dL), hypertriglyceridemia (TGs ≥150 mg/dL), or low-HDL-cholesterolemia (HDL <40 mg/dL). Participants were stratified into tertiles according to low, median, and 
high baseline serum BPA levels. Multivariable linear and logistic regression models were used. Data from baseline and follow-up were used for cross-sectional and longitudinal analyses, respectively. Results: In the 
cross-sectional analysis, compared to subjects in the low BPA tertile, those in the high BPA tertile showed a higher level of LDL cholesterol (108.1 ± 24.4 mg/dL versus 119.5 ± 26.9 mg/dL; P<.05) and a lower level of 
HDL cholesterol (46.2 ± 11.7 mg/dL versus 39.5 ± 7.5 mg/dL; P<.05). In multivariable linear regression models, Z-transformed BPA was positively associated with LDL cholesterol (β= 0.13, P = .002) and negatively 
associated with HDL cholesterol (β= -0.28; P<.001). After cross-sectionally adjusting for confounders, subjects in higher BPA exposure was associated with a higher prevalence of low-HDL-cholesterolemia. 
Longitudinally, in subjects without low-HDL-cholesterolemia at baseline, each SD increment in baseline BPA was associated with a higher incidence of low-HDL-cholesterolemia after adjustment for confounders (odds 
ratio [95% confidence interval; CI] 2.76, 95% CI 1.21, 6.29). Conclusion: Cross-sectionally, higher BPA exposure is associated with a higher prevalence of low-HDL-cholesterolemia. Longitudinally, baseline BPA is an 
independent predictor of the 5-year incidence of low-HDL-cholesterolemia. Abbreviations: BMI = body mass index; BPA = bisphenol A; CI = confidence interval; CVD = cardiovascular disease; EIMDS = environment, 
inflammation and metabolic diseases study; HDL = high density lipoprotein; LDL = low density lipoprotein; OR = odds ratio; PPAR = peroxisome proliferator-activated receptor; SBP = systolic blood pressure; TG = 
triglyceride; Z-BPA = Z-transformed bisphenol A.
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統合_0405 Q. Li, S. Gao, Y. Zhang, Z. Xie, L. Wang, Y. Li, Q. 
Niu, H. Li, H. Guo, R. Ma and J. He 2024

Association between Bisphenol A 
and Prostate-Specific Antigen (PSA) 
among U.S. Older Males: National 
Health and Nutrition Examination 
Survey (NHANES), 2003-2012

BACKGROUND: There is growing evidence indicating that environmental endocrine disruptors may influence the development of prostate cancer. Despite this, the connection between BPA and PSA levels is still not fully 
understood and appears intricate. In this study, we aimed to assess the link between BPA exposure and PSA levels using data from the NHANES database. METHODS: We conducted a weighted linear regression, logistic 
regression analysis, natural cubic spline (NCS), subgroup analysis, and interaction analysis on 2768 participants. Urinary BPA was considered the independent variable, while PSA was the dependent variable. RESULTS: 
In the study, the average age of the participants selected was 62.70 years (±12.93). Age was negatively correlated with BPA, while PSA and BMI were positively correlated with BPA concentration (all of the p-value < 
0.05). In the fully adjusted model, the weighted linear and logistic regression results showed that BPA was positively correlated with PSA and prostate cancer. NCS analysis results show that BPA and PSA have a non-
linear relationship. Sensitivity and subgroup analyses showed similar results. In addition, there were interactions between BPA and age, PIR, education, HbA1c, high-density lipoprotein, smoking status, and Diabetes. 
CONCLUSIONS: There was a positive correlation between urinary BPA and PSA in older American males, especially when the BPA concentration was higher than 4.46 ng/mL. In future practical applications of prostate 
cancer screening, it is crucial to focus on individuals aged 75 years and older, as well as those with a PIR between 0 and 1, non-Hispanic black, and other risk groups to provide reference values for the primary and 
secondary prevention of prostate cancer.
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統合_0406 N. Li, G. G. Ying, H. Hong, E. P. K. Tsang and W. 
J. Deng 2021

Plasticizer contamination in the 
urine and hair of preschool children, 
airborne particles in kindergartens, 
and drinking water in Hong Kong

Common plasticizers and their alternatives are environmentally ubiquitous and have become a global problem. In this study, common plasticizers (phthalates and metabolites) and new alternatives [bisphenol analogs, t-
butylphenyl diphenyl phosphate (BPDP), and bisphenol A bis(diphenyl phosphate) (BDP)] were quantified in urine and hair samples from children in Hong Kong, drinking water (tap water/bottled water) samples, and 
airborne particle samples from 17 kindergartens in Hong Kong. The results suggested that locally, children were exposed to various plasticizers and their alternatives. High concentrations of BPDP and BDP were present 
in urine, hair, tap water, bottled water, and air particulate samples. The geometric mean (GM) concentrations of phthalate metabolites in urine samples (126-2140 ng/L, detection frequencies < 81%) were lower than 
those detected in Japanese and German children in previous studies. However, a comparison of the estimated daily intake values for phthalates in tap water [median: 10.7-115 ng/kg body weight bw/day] and air particles 
(median: 1.23-7.39 ng/kg bw/day) with the corresponding reference doses indicated no risk. Bisphenol analogs were detected in 15-64% of urine samples at GM concentrations of 5.26-98.1 ng/L, in 7-74% of hair samples 
at GM concentrations of 57.5-2390 pg/g, in 59-100% of kindergarten air samples at GM concentrations of 43.1-222 pg/m(3), and in 33-100% of tap water samples at GM concentrations of 0.90-3.70 ng/L. A significant 
correlation was detected between the concentrations of bisphenol F in hair and urine samples (r = 0.489, p < .05). The estimated daily urinary excretion values of bisphenol analogs suggest that exposure among children 
via tap water intake and airborne particle inhalation in kindergartens cannot be ignored in Hong Kong.
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統合_0407 N. Li, W. Ho, R. S. Sun Wu, G. G. Ying, Z. Wang, 
K. Jones and W. J. Deng 2019

Organophosphate flame retardants 
and bisphenol A in children's urine 
in Hong Kong: has the burden been 
underestimated?

The urine levels of organophosphate flame retardants (PFRs) and bisphenol A (BPA) in kindergarten children (n = 31, 4-6 years old, sampling performed in 2016) in Hong Kong were measured. The detection frequency of 
the target PFRs, tri(2-chloroethyl)phosphate (TCEP), tris(1,3-dichloro-2-propyl) phosphate (TDCIPP), tris(chloroisopropyl)phosphate (TCIPP), triphenyl phosphate (TPHP) and 2-ethylhexyl diphenyl phosphate (EHDPP) 
ranged from 52% to 84%. The 95th percentile urinary concentrations of TPHP, TDCIPP, TCIPP, EHDPP and TCEP were 1.70, 0.24, 0.03, 0.05, 0.68 and 0.03 ng/mL, respectively. The median urine level of BPA was 
1.69 ng/mL, with a detection frequency of 77%. Due to the lack of metabolism information, two scenarios were used to calculate the estimated daily intake (EDI) of these compounds. Back-calculated EDIs of PFRs using 
the urinary excretion rates from in vivo animal data (scenario 2) were up to 2.97 μg/kg/d (TDCIPP), which was only a little less than that observed in a sample of American infants, and the reference dose (RfD), meaning 
that the potential health risk of TDCIPP cannot be ignored. Dust ingestion was suggested to be the major pathway of exposure to PFRs, but when the levels in dust and air particles in kindergartens in Hong Kong were 
used to predict EDIs, these values were nearly half as much as those predicted from urinary TDCIPP in this study. This suggested that children's PFRs burden may be underestimated when considering only PFR levels in 
dust or air. There is thus a need for further studies with large-scale surveys and investigation of exposure routes.
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統合_0408 M. C. Li 2022

Urinary phenols and parabens in 
relation to hearing loss: The 
National Health and Nutrition 
Examination Survey

INTRODUCTION: The animal studies raise concerns about the possible ototoxicity of phenolic chemicals. Therefore, we conducted an epidemiologic study to examine the associations of phenols and parabens with 
hearing impairment. MATERIALS AND METHODS: Bisphenol A (BPA), benzophenone-3 (BP-3), and triclosan (TCS) were measured in urine samples in the National Health and Nutrition Examination Survey (NHANES) 
2003-06 and 2009-12. Methyl paraben (MPB) and propyl paraben (PPB) were measured in urine samples in NHANES 2005-06 and 2009-12. Hearing impairment was defined as a hearing threshold of more than 25 dB at 
each hearing frequency in the better ear. Tests for linear trend were conducted using the median concentrations of urinary phenols or parabens in each quartile as a continuous variable. RESULTS: A total of 1809 
participants (women = 52.0%) aged 20 and above were included in the final analysis (For MPB and PPB, the sample size was 1188). After adjusting for potential confounders, we found positive associations between BPA 
and hearing impairment at 3 K (p-trend = 0.04); between TCS and hearing impairment at 6 K (p-trend = 0.03); However, the odds ratio (OR) for the highest compared with the lowest quartile of both BPA and TCS did not 
reach statistical significance. In contrast, we found unexpected negative associations between BP-3 and hearing impairment at 0.5 K (p-trend = 0.04), 1 K (p-trend = 0.02), 2 K (p-trend <0.01), 6 K (p-trend = 0.03), and 8 
K Hz (p-trend = 0.02), respectively. CONCLUSIONS: The present study offers limited evidence that background phenol and paraben exposures are ototoxicants for the United States adult population. SUPPLEMENTARY 
INFORMATION: The online version contains supplementary material available at 10.1007/s40201-021-00779-7.
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統合_0409

J. Li, Z. Zhang, C. Zhang, Q. Zhu, J. Zhao, H. 
Zong, Q. Deng, J. Zheng, E. Wu, R. Wu, T. Tang, 
Y. Zhang, Q. Dong, Y. Li, J. Wang, L. Yang, S. 
Qiu, B. Shen and Q. Wei

2023

Association Between Urinary 
Bisphenols and Body Composition 
Among American Adults: Cross-
Sectional National Health and 
Nutrition Examination Survey Study

BACKGROUND: Bisphenol A (BPA), bisphenol S (BPS), and bisphenol F (BPF) are widely used in various consumer products. They are environmental contaminants with estrogenic properties that have been linked to 
various health outcomes. Understanding their impact on body composition is crucial for identifying potential health risks and developing preventive strategies. However, most current studies have only focused on their 
relationship with BMI. OBJECTIVE: This study aimed to investigate the association between urinary levels of BPA, BPS, and BPF and body composition, including BMI, lean mass, and fat mass, in a large population-based 
sample. METHODS: We conducted a cross-sectional analysis using data from the National Health and Nutrition Examination Survey 2003-2016. Body composition data were assessed using dual-energy X-ray 
absorptiometry, which provided precise measurements of lean mass, fat mass, and other indicators. We used multivariate linear regression models to estimate the associations, adjusting for potential confounders such 
as age, gender, race, socioeconomic factors, and lifestyle variables. RESULTS: The results revealed significant associations between bisphenol exposure and body composition. After adjusting for covariates, BPS showed 
a positive association with BMI, with quartiles 3 and 4 having 0.91 (95% CI 0.34-1.48) and 1.15 (95% CI 0.55-1.74) higher BMI, respectively, compared with quartile 1 (P<.001). BPA was negatively associated with total 
lean mass (TLM) and appendicular lean mass, with quartiles 2, 3, and 4 having -7.85 (95% CI -11.44 to -4.25), -12.33 (95% CI -16.12 to -8.54), and -11.08 (95% CI -15.16 to -7.01) lower TLM, respectively, compared with 
quartile 1 (P<.001). BPS was negatively associated with TLM, with quartiles 3 (β=-10.53, 95% CI -16.98 to -4.08) and 4 (β=-11.14, 95% CI -17.83 to -4.45) having significantly lower TLM (P=.005). Both BPA and BPS 
showed a positive dose-response relationship with trunk fat (BPA: P=.002; BPS: P<.001) and total fat (BPA: P<.001; BPS: P=.01). No significant association was found between BPF and any body composition parameter. 
CONCLUSIONS: This large-sample study highlights the associations between urinary levels of BPA and BPS and alterations in body composition, including changes in lean mass, fat mass, and regional fat distribution. 
These findings underscore the importance of understanding the potential health risks associated with bisphenol exposure and emphasize the need for targeted interventions to mitigate adverse effects on body 
composition.
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統合_0410 J. Li, W. Zhang, Y. Zhou, J. Shi, W. Xia, S. Xu and 
Z. Cai 2021

Cumulative health risks for 
bisphenols using the maximum 
cumulative ratio among Chinese 
pregnant women

Bisphenol A and its alternatives are frequently detected in environmental and human samples, but studies associated with the pattern of combined health hazards from the exposure to the bisphenol mixtures are lacking, 
particularly for pregnant women. Here, we recruited 941 pregnant women with a full set of urine samples in the three trimesters collected under a cohort study project in Wuhan, China, between 2014 and 2015. We 
measured the concentrations of 8 bisphenols in 2823 urine samples, and calculated the average concentrations of bisphenols, which were detected in over 50% of samples, once during each trimester of pregnancy. We 
calculated the maximum cumulative ratio (MCR) on basis of estimated daily intake (EDI), hazard quotient (HQ), hazard index (HI) of three major bisphenols, including bisphenol A (BPA), bisphenol F (BPF), and bisphenol S 
(BPS), to find which one or mixtures drive risks. Participants were categorized into four groups according to their maximum HQ, HI and MCR values. We found negative relationships between log(MCR-1) and log(HI) with 
the slope (-0.6431). Percentage of HQ of BPA in HI ranged from 37.1% (<25th percentiles of HI) to 75.5% (>95th percentiles of HI) indicating the upward trend of dominance by BPA at increasing HI ranges. The cumulative 
health risks of bisphenol exposures largely originated from the health hazards of BPA and BPS, particularly BPA. The intervention for regulation on the production and application of BPA and its alternatives are urgent, and 
China should consider national regulation on these chemicals based on its risk to human health.
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統合_0411 J. Li, W. Zhang, H. Zhao, Y. Zhou, S. Xu, Y. Li, W. 
Xia and Z. Cai 2020

Trimester-specific, gender-specific, 
and low-dose effects associated 
with non-monotonic relationships of 
bisphenol A on estrone, 17β-
estradiol and estriol

BACKGROUND: Bisphenol A (BPA) may cause some adverse effects on human health by mimicking estrogen activities. In vitro andanimalstudies have observed the non-monotonic associations between BPA and natural 
estrogens, but the evidence in human study is lacking, particularly at multiple points in time during pregnancy. OBJECTIVE: We aimed to examine the relationships between BPA and estrogens in the three trimesters 
among Chinese pregnant women and their gender variations. METHODS: This study included 851 participants from a birth cohort conducted in Wuhan, China between 2014 and 2015. We measured concentrations of BPA 
and three estrogens (estrone (E1), 17β-estradiol (E2) and estriol (E3)) in urine samples collected in the three trimesters of pregnancy (mean for each visit: 13.0, 23.6, and 35.9 weeks' gestation). We calculated the 
estimated daily intakes using urinary BPA concentrations and compared them with the tolerable intake value to assess potential health risks. We used multivariate linear regression models stratified by trimester and 
gender to explore trimester-specific and gender-specific associations of BPA with E1, E2, and E3. RESULTS: We found the decreased levels of estrogens (β < 0, P < 0.05) in the upper BPA quartiles over three trimesters, 
except for the elevated levels of E3 (β = 0.20, 95% CI: 0.02, 0.38) in the highest BPA quartile in the 2nd trimester. There were significant non-linear associations (overall associations P < 0.05, non-linear associations 
P < 0.05) between BPA and E3 in the three trimesters. In the gender-stratified analysis, we observed significant negative relationships (β < 0, P < 0.05) between BPA and E2 among mothers carrying male fetuses in the 
1st trimester and significant associations between BPA and E3 among mothers carrying female fetuses in the 2nd trimester. However, we found no significant relationship between BPA and E2 among mothers carrying 
female fetuses over three trimesters. CONCLUSIONS: Our findings support experimental evidence of non-monotonic relationships between BPA and three major estrogens, even at low doses of BPA. Mothers delivering 
male fetuses may be more sensitive to E2 at early pregnancy, and those delivering female fetuses may be more susceptive to E3 at mid-pregnancy.
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統合_0412 J. Li, C. Wu, H. Zhao, Y. Zhou, G. Cao, Z. Yang, 
Y. Hong, S. Xu, W. Xia and Z. Cai 2019

Exposure Assessment of Bisphenols 
in Chinese Women during 
Pregnancy: A Longitudinal Study

Bisphenol S (BPS) and bisphenol F (BPF) are increasingly used in manufacturing consumer products to replace the use of bisphenol A (BPA), but exposure data are limited, particularly among pregnant women. Here, we 
measured BPA, BPS, and BPF levels in urine samples, collected from 941 pregnant women over three trimesters. We examined the correlations, coexposure patterns, variability, and predictors of bisphenols using 
Spearman's correlation coefficient, percentile analysis, intraclass correlation coefficient, and linear mixed models, respectively. We assessed health risks using average concentrations of bisphenols over three trimesters. 
The three bisphenols were detected in more than 50% of samples, among which BPA was the predominant one. Cashiers, office workers, teachers, and salespersons had elevated urinary BPS concentrations, while 
healthcare workers had relatively higher BPA concentrations. About 15 participants had potential health risks induced by exposure to bisphenol mixtures. These findings indicate that exposure to multiple bisphenols at low 
levels is common over three trimesters. Multiple measurements of urinary BPA and BPS concentrations are needed for more accurate evaluation of the exposure levels during pregnancy, while urinary BPF concentrations 
during pregnancy are moderately reliable. Occupational exposure should be taken into consideration in future demographic studies.
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Cheng
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Urinary bisphenol A and its 
interaction with ESR1 genetic 
polymorphism associated with non-
small cell lung cancer: findings from 
a case-control study in Chinese 
population

Bisphenol A (BPA), a well-known endocrine disruptor, was reported to promote migration and invasion of lung cancer cells, but findings in human study is absent. A case-control study in Chinese population was 
conducted to evaluate the association between BPA exposure and non-small cell lung cancer (NSCLC), and explore the interaction between BPA exposure and estrogen-related genetic polymorphism on NSCLC. BPA 
concentrations were measured in urine samples using an UHPLC-MS method and rs2046210 in estrogen receptor α (ESR1) gene was genotyped by TaqMan genotyping system. Logistic regression was performed to 
estimate odds ratios (OR) and 95% confidence intervals (95% CI) for the association analyses. As a result, 615 NSCLC cases and 615 healthy controls were enrolled from Wuhan, central China. The mean age was 58.0 
(SD: 7.9) years old for controls and 59.2 (SD: 8.8) years old for cancer cases. The creatinine-adjusted BPA levels were significantly higher in NSCLC cases than that in healthy controls (median: 0.97 vs 0.73 μg/L, P < 
0.001). Exposure to high levels of BPA was significantly associated with NSCLC (adjusted OR = 1.91, 95%CI: 1.39-2.62, P < 0.001 for the highest quartile). We also observed a shallow concave dose-response relationship 
about the overall association between BPA and NSCLC. Moreover, interaction analyses showed that BPA exposure interacted multiplicatively with rs2046210, with a marginal P value (P = 0.049), to contribute to NSCLC. 
In conclusion, exposure to high levels BPA may be associated with NSCLC and the relationship may be modified by genetic polymorphism in ESR1.
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統合_0414 F. Li, F. Yang, D. K. Li, Y. Tian, M. Miao, Y. 
Zhang, H. Ji, W. Yuan and H. Liang 2020

Prenatal bisphenol A exposure, fetal 
thyroid hormones and 
neurobehavioral development in 
children at 2 and 4 years: A 
prospective cohort study

Findings about the association between prenatal Bisphenol A (BPA) exposure and neurobehavioral development in children are still inconsistent. In addition, whether fetal thyroid hormones (THs) mediate the reported 
association remains unclear. The present study aimed to examine the association between prenatal BPA exposure and risks of child behavioral problems at 2 and 4 years of age and whether the association could be 
explained by alteration of fetal THs as measured in cord plasma. Using the Shanghai-Minhang Birth Cohort Study (S-MBCS), BPA concentration was measured in maternal urine samples collected at 12-16 weeks of 
gestation. Children's neurobehavioral development was assessed using the Child Behavior Checklist/1.5-5 (CBCL), at 2 and 4 years of age. Using generalized estimating equation (GEE) models, 745 mother-pairs were 
included to examine associations of BPA with CBCL scores, Using multiple linear regression models, 348 mother-pairs were included to evaluate the association between maternal BPA and THs in cord plasma. A 
mediation analysis was conducted to explore the potential mediating role of THs. After adjusting for potential confounders, prenatal BPA level was associated with increased risks of Emotionally Reactive problem, 
Anxious/Depressed problem, having Somatic Complaints, exhibiting Aggressive Behavior, and Internalizing and Externalizing Problems: compared to the lowest tertile, the risks in the highest tertile and middle tertile, 
ranged between 1.55-fold (95% CI: 1.09, 2.21) and 2.59-fold (95% CI: 1.52, 4.42). The association was more pronounced among boys. None of the associations reached statistical significance among girls. An inverse 
association between prenatal BPA and fetal TH level was also observed. However, the observed neurotoxic effects of prenatal BPA exposure did not appear to be mediated by THs levels. The current findings suggest that 
prenatal exposure to BPA may disrupt fetal THs levels and may induce long-lasting behavioral alterations, especially in boys.

Sci Total Environ. 2020 
Jun 20:722:137887.
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統合_0415 C. Li, Y. Zhao, Y. Chen, F. Wang, L. A. Tse, X. 
Wu, Q. Xiao, Y. Deng, M. Li, L. Kang and S. Lu 2021

The internal exposure of bisphenol 
analogues in South China adults 
and the associated health risks

Bisphenol A (BPA) is widely applied in industrial products and household products, leading to ubiquitous occurrences in environmental and biological samples. However, knowledge on human internal exposure to bisphenol 
analogues remains limited. Our study determined nine bisphenol analogues in urine samples collected from 1168 South China adults. BPA and bisphenol F (BPF) exhibited the highest detection frequencies in urine, i.e., 
99.4% and 74.6%, respectively. BPA dominated over other analogues, with a median concentration of 1.74 μg/L, while BPF had a median concentration of 0.08 μg/L. Significant positive correlation was observed between 
urinary BPA and BPF (r = 0.201, p < 0.01), indicating similar exposure sources or pathways of these two chemicals. Urinary BPA concentrations were significantly correlated with age, marital status, drinking status and 
history of hyperlipidemia (p < 0.05). The median estimated daily intake (EDI) of Σ(3)BPs (the sum concentrations of BPA, BPF and BPAF) was determined to be 53.6 ng/kg-bw/day for adults. The EDIs were much lower 
than the temporary tolerable reference dose of BPA recommended by the European Food Safety Authority, indicating the bisphenol analogues presented no obvious health risks to South China adults.

Sci Total Environ 
Vol.795 Pages 148796

10.1016/j.scitotenv.2021.148796 34246145 ヒト - - - - - - - バイオモニタリング 1 1 - - - - - - - - - - - - - - - - - -

統合_0416 C. Li, M. Cao, T. Qi, X. Ye, L. Ma, W. Pan, J. Luo, 
P. Chen, J. Liu and J. Zhou 2021

The association of bisphenol A 
exposure with premature ovarian 
insufficiency: a case-control study

BACKGROUND: A few epidemiological investigations and animal studies have demonstrated that bisphenol A (BPA) may affect female reproductive health. However, no epidemiologic study has investigated the 
relationship between BPA exposure and the risk of premature ovarian insufficiency (POI). METHODS: In this case-control study, urinary concentrations of BPA and serum levels of reproductive hormone were measured. 
Associations between BPA concentrations and the risk of POI and POI-related hormone levels were estimated. RESULTS: Among BPA quartiles, no obvious association was found between BPA levels and the risk of POI 
(p = 0.603). Although the adjusted odds ratio (OR) of POI was slightly increased for participants in the highest BPA concentration quartile, the association was not statistically significant (OR = 1.282, 95% confidence 
interval [CI] 0.615-2.049 for the highest vs. lowest quartile, p = 0.508). Although follicle stimulating hormone (FSH) and anti-Mullerian hormone (AMH) levels showed no tendency of an association with BPA (p = 0.941 and 
p = 0.876 for FSH and AMH, respectively), the highest quartile of luteinizing hormone was significantly positively associated with BPA levels (OR = 1.333, 95% CI 0.986-1.803, p = 0.042). CONCLUSIONS: The urinary 
concentrations of BPA determined in this study were consistent with the range of exposure currently observed in Chinese women. However, BPA exposure at a relatively low level is not associated with POI in Chinese 
women. Further epidemiological studies are needed to confirm our findings.

Climacteric. 2021 
Feb;24(1):95-100.

10.1080/13697137.2020.1781078 32668991 ヒト 卵巣 - - - - - - 症例対照研究 1 1 - - - 1 1 1 - - - - - - - - - - - -

統合_0417 A. Li, T. Zhuang, M. Song, H. Cao, Y. Gao, S. 
Zheng, Y. Liang and G. Jiang 2023

Occurrence, placental transfer, and 
health risks of emerging endocrine-
disrupting chemicals in pregnant 
women

Previous studies demonstrated that many environmental chemicals can cross the human placental barrier. However, the risk regarding gestational exposure of emerging endocrine-disrupting chemicals (EDCs) is unclear. 
In this study, the occurrence of 24 EDCs, such as bisphenol A analogs, parabens, triclocarban, and triclosan, was investigated in serum and urine samples from Chinese pregnant women. Some metabolites were 
determined in matched serum-urine pairs (n = 75) to perform a comprehensive assessment of exposure. The placental transfer efficiency (PTE) of the detected chemicals was determined in matched maternal-cord serum 
pairs (n = 110). The mean PTEs of the chemicals showed a large variation from 43.1% to 171.0%. The potential effects of physicochemical properties, molecular structures, and biological factors on PTE were investigated 
using multiple linear regression models and molecular docking. We found that the PTE of methyl paraben, ethyl paraben, and propyl paraben was associated with their increasing alkyl chain lengths. Furthermore, a 
comprehensive exposure assessment of EDCs showed that 62.7% of pregnant women had a health index > 1, which indicted potential health risks during pregnancy. However, toxicity and the underlying mechanisms of 
these EDCs remain to be further studied.

J Hazard Mater Vol.459 
Pages 132157

10.1016/j.jhazmat.2023.132157 37506642 ヒト - - - - - - - バイオモニタリング 1 1 - - - - - - - - - - - - - - - - - -

統合_0418
J. L. Levasseur, S. C. Hammel, K. Hoffman, A. L. 
Phillips, S. Zhang, X. Ye, A. M. Calafat, T. F. 
Webster and H. M. Stapleton

2021

Young children's exposure to 
phenols in the home: Associations 
between house dust, hand wipes, 
silicone wristbands, and urinary 
biomarkers

BACKGROUND: Environmental phenols, such as parabens, bisphenol A, and triclosan, are ubiquitous in indoor environments because of their use in packaging, plastics, personal care products, and as anti-microbials. The 
primary pathways of exposure, as well as habits and behaviors that may lead to greater exposure, are still unclear. OBJECTIVES: Herein, we investigate the relationships between phenols found in residential environments 
by comparing levels in paired samples of house dust and hand wipes with children's urine. In addition, phenols were analyzed in a novel exposure tool, the silicone wristbands, to investigate which external matrix best 
correlates with individual exposure based on urinary phenol biomarkers. METHODS: Children aged 3-6 years in central North Carolina, United States, provided paired hand wipe (n = 202), wristband (n = 76), and spot 
urine samples (n = 180), while legal guardians completed questionnaires on habits and behaviors. House dust samples (n = 186) were collected from the main living area during home visits completed between 2014 and 
2016. RESULTS: Environmental phenols were detected frequently in all matrices investigated. Ethyl, methyl, and propylparaben levels observed in hand wipes, dust, and on wristbands were significantly correlated to their 
associated urinary biomarkers. In addition, intra-paraben correlations were noted, with biomarkers of ethyl, methyl, and propylparabens generally positively and significantly correlated, which suggests co-application of 
parabens in products. Triclosan levels in dust were positive and significantly correlated with levels in hand wipes and wristbands and with urinary concentrations, suggesting non-personal care product sources may be 
important in children's overall triclosan exposure. Generally, chemicals on wristbands were more highly correlated with urinary biomarkers than with chemicals in hand wipes or house dust. In addition, more frequent lotion 
use was positively associated with urinary concentrations of paraben biomarkers. CONCLUSIONS: Our results suggest that the home environment is an important source of exposure which has been under-investigated 
for some environmental phenols (e.g., triclosan in house dust). Associations between wristbands and biomarkers of exposure, which were stronger than for hand wipes and house dust, suggest that silicone wristbands 
may provide a suitable exposure assessment tool for some phenols.

Environ Int Vol.147 
Pages 106317

10.1016/j.envint.2020.106317 33341585 ヒト - - - - - - - バイオモニタリング 1 1 - - - - - - - - - - - - - - - - - -

統合_0419 S. Lee, S. K. Park, H. Park, W. Lee, J. H. Lee, Y. 
C. Hong, M. Ha, Y. Kim, B. E. Lee and E. Ha 2021

Joint association of prenatal 
bisphenol-A and phthalates 
exposure with risk of atopic 
dermatitis in 6-month-old infants

BACKGROUND: Prenatal exposure to bisphenol A (BPA) and phthalates could trigger immune response. Few studies have investigated the association between prenatal BPA and phthalate exposure and atopic dermatitis 
(AD) in infants. OBJECTIVE: We aimed to clarify the joint association of prenatal exposure to BPA and phthalate metabolites with AD incidence in 6-month-old infants. METHODS: We included 413 mother-child pairs from 
the Mothers and Children's Environmental Health (MOCEH) in a prospective birth cohort study. Maternal urinary BPA, mono-2-ethyl-5-hydroxyhexyl phthalate (MEHHP), mono-2-ethyl-5-oxohexyl phthalate (MEOHP), and 
mono-n-butyl phthalate (MnBP) concentrations were measured during early and late pregnancy. We applied the Bayesian kernel machine regression (BKMR) with probit regression to estimate the association of BPA and 
phthalate metabolites with AD incidence after adjusting for potential confounders. Individual association was estimated by differences in predicted probabilities comparing each individual chemical concentration at 75th 
versus 25th percentiles, while other chemicals were set at their median. Overall joint effect was estimated by differences in predicted probabilities comparing all chemical concentrations at 75th versus 25th percentiles. 
RESULTS: Individual effect of MEHHP in late pregnancy was strongly associated with incident AD [Difference: 0.244 (95% credible interval: -0.066, 0.554)] in the model including both early and late exposures. 
Furthermore, we confirmed overall joint association of urinary BPA and phthalate metabolites during pregnancy with a higher risk of AD [0.347 (0.168, 0.526) for late pregnancy exposure, and 0.307 (0.094, 0.521) for both 
early and late pregnancy]. Additionally, the joint association was more prominent among girls than that in boys. CONCLUSIONS: The joint association of prenatal exposure to BPA and phthalates could be associated with 
the incident AD in 6-month-old infants. Further studies are needed to confirm the synergistic effect of BPA and phthalate exposures on AD in children.

Sci Total Environ. 2021 
Oct 1:789:147953.

10.1016/j.scitotenv.2021.147953 34323845 ヒト 免疫 - - - - - - コホート研究 1 1 - - - 1 1 1 - 1 - - - - - - - - - -

統合_0420 S. Lee, C. Karvonen-Gutierrez, B. Mukherjee, W. 
H. Herman and S. K. Park 2022

Race-specific associations of urinary 
phenols and parabens with 
adipokines in midlife women: The 
Study of Women's Health Across the 
Nation (SWAN)

Adipokines, cytokines secreted by adipose tissue, may contribute to obesity-related metabolic disease. The role of environmental phenols and parabens in racial difference in metabolic disease burden has been 
suggested, but there is limited evidence. We examined the cross-sectional associations of urinary phenols and parabens with adipokines and effect modification by race. Urinary concentrations of 6 phenols (bisphenol-A, 
bisphenol-F, 2,4-diclorophenol, 2,5-diclorophenol, triclosan, benzophenone-3) and 4 parabens (methyl-paraben, ethyl-paraben, propyl-paraben, butyl-paraben) were measured in 2002-2003 among 1200 women (mean age 
= 52.6) enrolled in the Study of Women's Health Across the Nation Multi-Pollutant Study. Serum adipokines included adiponectin, high molecular weight (HMW)-adiponectin, leptin, soluble leptin receptor (sOB-R). Linear 
regression models were used to estimate the adjusted percentage change in adipokines per inter-quantile range (IQR) increase in standardized and log-transformed levels of individual urinary phenols and parabens. 
Bayesian kernel machine regression (BKMR) was used to evaluate the joint effect of urinary phenols and parabens as mixtures. Participants included white (52.5%), black (19.3%), and Asian (28.1%) women. Urinary 2,4-
dichlorophenol was associated with 6.02% (95% CI: 1.20%, 10.83%) higher HMW-adiponectin and urinary bisphenol-F was associated with 2.60% (0.48%, 4.71%) higher sOB-R. Urinary methyl-paraben was associated 
with lower leptin in all women but this association differed by race: 8.58% (-13.99%, -3.18%) lower leptin in white women but 11.68% (3.52%, 19.84%) higher leptin in black women (P interaction = 0.001). No significant 
associations were observed in Asian women. Additionally, we observed a significant positive overall effect of urinary phenols and parabens mixtures in relation to leptin levels in black, but not in white or Asian women. 
Urinary bisphenol-F, 2,4-dichlorophenol and methyl-paraben may be associated with favorable profiles of adipokines, but methyl-paraben, widely used in hair and personal care products, was associated with unfavorable 
leptin levels in black women. Future studies are needed to confirm this racial difference.

Environ Pollut Vol.303 
Pages 119164
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統合_0421 S. Lee, C. Karvonen-Gutierrez, B. Mukherjee, W. 
H. Herman, S. D. Harlow and S. K. Park 2021

Urinary concentrations of phenols 
and parabens and incident diabetes 
in midlife women: The Study of 
Women's Health Across the Nation

BACKGROUND: Environmental phenols have been suggested as diabetogens but evidence from prospective cohort studies is limited. We examined associations between urinary concentrations of phenols and parabens, 
assessed at two time-points, and incident diabetes in the Study of Women's Health Across the Nation (SWAN). METHODS: We examined 1,299 women, aged 45-56 years, who were diabetes-free at baseline of the SWAN 
Multi-Pollutant Study (MPS) (1999-2000) and were followed through January 2017. Urinary concentrations of bisphenol-A, bisphenol-F, triclosan, 2,4-dichlorophenol, 2,5-dichlorophenol, benzophenone-3, methyl-paraben, 
ethyl-paraben, propyl-paraben, and butyl-paraben were measured twice at MPS baseline and 3 years later (2002-2003), and the two average concentrations were used as exposure variables. Associations of incident 
diabetes with individual phenols and parabens were examined using Cox regression. We evaluated the overall joint effects using quantile-based g-computation. RESULTS: Adjusted hazard ratios (HRs) for incident 
diabetes of the third tertile compared with the first tertile of urinary concentrations were 0.40 (95% confidence interval [CI] = 0.29, 0.56) for methyl-paraben; 0.42 (0.30, 0.58) for propyl-paraben; 0.53 (0.38, 0.75) for 2,5-
diclrorophenol; and 0.55 (0.39, 0.80) for benzophenone-3. Nonlinear associations were found for bisphenol-A and 2,4-dichlorophenol (significant positive associations in the second tertile but no associations in the third 
tertile compared with the first tertile). No significant associations were observed for the other individual chemicals or the joint effect of mixtures. CONCLUSIONS: Our findings do not support diabetogenic effects of 
urinary parabens which were inversely associated with incident diabetes among mid-life women. Epidemiologic findings for biomarkers with short half-lives and high within-person variability need to be interpreted with 
caution.

Environ Epidemiol. 2021 
Oct 1;5(5):e171.

10.1097/ee9.0000000000000171 34934892 ヒト 代謝 - - - - - - コホート研究 1 1 - - - 1 1 1 - - - - - - - - - - - -

統合_0422 S. Lee, Y. C. Hong, H. Park, Y. Kim, M. Ha and E. 
Ha 2020

Combined effects of multiple 
prenatal exposure to pollutants on 
birth weight: The Mothers and 
Children's Environmental Health 
(MOCEH) study

BACKGROUND: Increasing evidence shows that prenatal environmental exposures is a risk factor for restricted intrauterine growth. However, only a few studies have examined the effects of multiple environmental 
exposures on fetal growth. OBJECTIVE: To investigate the effects of prenatal exposure on multiple environmental pollutants (heavy metals, bisphenol, phthalates, and air pollutants) on birth weight. METHODS: The 
Mothers and Children's Environmental Health study is a prospective birth cohort comprising a total of 719 mother-child pairs, including 466 pairs undergoing early pregnancy exposure and 542 pairs of late pregnancy 
exposure. The concentrations of three heavy metals (mercury, lead, and cadmium) in the maternal blood samples were measured. The concentrations of three phthalate metabolites [mono(2-ethyl-5-hydroxyhexyl) 
phthalate, mono(2-ethyl-5-oxohexyl) phthalate, and mono-n-butyl phthalate] and bisphenol A in maternal urine samples were measured. Daily exposure to ambient particulate matter (PM10) and nitrogen dioxide (NO2) 
exposure was estimated based on residence and averaged by gestational age. To assess the combined effect of multiple pollutants, principal components analysis (PCA) and supervised principal components analysis 
(SCPA) were conducted. RESULTS: Based on PCA, the components representing PM10 and NO2 exposure during early pregnancy were significantly associated with birth weight of -32.68 g (95% CI: -64.45 g to -0.91 g) per 
unit increase of the corresponding component. In SCPA model, the components representing NO2 exposure during early pregnancy and the combined exposure to mercury and lead during late pregnancy were negatively 
associated with birth weight of -46.63 g (95% CI: -90.65 g to -2.62 g) and -55.32 g (95% CI: -99.01 g to -11.64 g), respectively, per unit increase of the corresponding component. CONCLUSION: Based on our multi-pollutant 
model, PM10 and NO2 exposure in early pregnancy and the combined effect of Pb and Hg in late pregnancy were associated with reduced birth weight. Our results suggest that exposure to various pollutants during 
pregnancy has a significant cumulative effect on birth weight, even if each pollutant is at a level below the concentration required for direct effect.

Environ Res. 2020 
Feb:181:108832.

10.1016/j.envres.2019.108832 31810591 ヒト ⽣殖発⽣ - - - - - - コホート研究 1 1 - - - 1 1 1 - 1 - - - - - - - - - -

統合_0423

J. Lee, Y. A. Ahn, K. Choi, J. Park, H. B. Moon, G. 
Choi, J. J. Lee, E. Suh, H. J. Kim, S. H. Eun, G. H. 
Kim, G. Cho, S. K. Kim, S. Kim, S. Y. Kim, S. Kim, 
S. Eom, S. Choi, Y. D. Kim and S. Kim

2019
Bisphenol A in infant urine and 
baby-food samples among 9- to 15-
month-olds

Diet is the predominant source of bisphenol A (BPA) intake, but limited data are available on BPA levels in the diet of younger infants. This study investigated BPA levels in baby-food and urine samples collected from 
young infants (under 2 years old). Samples of homemade baby food (n = 210) and urine (n = 187) were collected at 9, 12, and 15 months after birth from a panel of Korean infants (n = 173). BPA levels in urine and food were 
measured using HPLC-MS/MS and GC-MS, respectively. BPA was above the limit of detection (LOD) in 85.5-85.7% of the urine samples and 32.5-76.3% of the baby-food samples. The median levels of BPA were 
0.45 ng/g wet weight (IQR: not detectable to 5.16 ng/g wet weight) in homemade baby food, 0.93 μg/L (IQR: <LOD to 2.66 μg/L) in unadjusted urine samples, and 0.94 μg/L (IQR: <LOD to 2.80 μg/L) in urine samples 
adjusted for specific gravity. The BPA levels detected in this study were comparable or lower compared to previously reported levels of BPA in baby-food and infant urine samples. The BPA concentrations in the baby food 
of 15-month-old children (median: 5.09 ng/g) were significantly greater than those detected at 9 or 12 months of age (median: <LOD and 0.47 ng/g, respectively). Considering that the dietary changes from solid food with 
high water content to solid food as infants grew were accompanied by greater exposure to BPA, it is noteworthy that urinary BPA levels did not significantly differ according to infants' age. These results suggest that solid 
food with high water content did not drive the internal dose in younger infants, implying that there may have been other sources of exposure in their baby-food (other than weaning-food) and the environment, although 
further study would be needed to confirm this possibility.

Sci Total Environ 
Vol.697 Pages 133861
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統合_0424
I. Lee, Y. J. Park, M. J. Kim, S. Kim, S. Choi, J. 
Park, Y. H. Cho, S. Hong, J. Yoo, H. Park, G. J. 
Cheon, K. Choi and M. K. Moon

2021

Associations of urinary 
concentrations of phthalate 
metabolites, bisphenol A, and 
parabens with obesity and diabetes 
mellitus in a Korean adult 
population: Korean National 
Environmental Health Survey 
(KoNEHS) 2015-2017

Phthalates and bisphenol A (BPA) have been suspected as risk factors for obesity and diabetes mellitus (DM) among humans. However, associations between phthalates and environmental phenols are often inconsistent 
across different populations. In this study, we recruited the adult population (n = 3782) of the Korean National Environmental Health Survey (KoNEHS) 2015-2017 (Cycle 3) and assessed the associations between urinary 
biomarkers of phthalate, BPA, and paraben exposure with obesity and DM. A potential collider issue with the use of urinary creatinine (Cr) or specific gravity (SG) exists when adjusting urinary dilution; therefore, a 
covariate-adjusted standardization (CAS) was employed for adjustment, and the results were compared. In the present population, the direction of the association often varied depending on the choices made to adjust 
urinary dilution. When using CAS, the direction of association resembled those of previously reported experimental observations. With Cr or SG adjustment, ORs for obesity decreased in the highest quartiles of 
monocarboxyoctyl phthalate (MCOP) [OR (95% CI) = Cr: 0.71 (0.54, 0.93); SG: 0.68 (0.52, 0.90)], monocarboxy-isononyl phthalate (MCNP) [OR (95% CI) = Cr: 0.67 (0.52, 0.87); SG: 0.68 (0.52, 0.89)], and mono(3-
carboxylpropyl) phthalate (MCPP) in the urine [OR (95% CI) = Cr: 0.60 (0.47, 0.76); SG: 0.61 (0.48, 0.77)]; however, with CAS, these negative associations disappeared. Instead, mono-benzyl phthalate (MBzP) [OR (95% CI)
 = 1.31 (1.03, 1.66)], BPA [OR (95% CI) = 1.62 (1.27, 2.06)], or ethyl paraben (EtP) [OR (95% CI) = 1.51 (1.19, 1.91)] concentrations in the highest quartile showed positive associations with a higher risk of obesity. On the 
other hand, for DM, an overall decrease in ORs was observed for phthalate metabolites and BPA following SG adjustment and disappeared with CAS adjustment. In addition, the highest quartiles of BPA, methyl paraben 
(MeP), and ethyl paraben (EtP) showed a significantly higher risk of DM than those in the lowest quartiles following CAS [OR (95% CI) = BPA: 1.65 (1.06, 2.59); MeP: 1.68 (1.08, 2.60); and EtP: 2.74 (1.77, 4.24), 
respectively]. The present observations outline the importance of using an appropriate adjustment method for urinary dilution in association studies on obesity and DM. In addition, several phthalates, BPA, and parabens 
were identified as potential chemical risk factors for these outcomes. Further studies are warranted in other populations to confirm these observations.

Environ Int Vol.146 
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統合_0425 I. Lee, J. Y. Park, S. Kim, J. N. An, J. Lee, H. Park, 
S. K. Jung, S. Y. Kim, J. P. Lee and K. Choi 2020

Association of exposure to 
phthalates and environmental 
phenolics with markers of kidney 
function: Korean National 
Environmental Health Survey 
(KoNEHS) 2015-2017

Increasing number of consumer chemicals have been associated with chronic kidney disease (CKD) in human populations. However, many studies that investigated estimated glomerular filtration rate (eGRF) as an 
outcome reported inconsistent associations. In the present study, we employed a subset (n = 1292) of a nationally representative adult population participating in Korean National Environmental Health Survey (KoNEHS) 
2015-2017, and assessed associations of major phthalates, bisphenol A (BPA), and parabens with both eGRF and albuminuria. In order to address a potential collider issue, a covariate-adjusted standardization method 
was applied, in addition to the conventional creatinine-correction, for adjusting urine dilution. Regardless of adjustment method, urinary DEHP metabolites showed significant positive associations with albumin to 
creatinine ratio (ACR). In addition, urinary metabolites of other heavy molecular weight phthalates such as MCOP and MCNP showed significant positive associations with ACR in the female population, but only following 
the covariate-adjusted standardization. For eGFR, conventional creatinine-correction resulted in positive associations with most of measured phthalate metabolites. However, with the covariate-adjusted standardization, 
most of positive associations with eGFR disappeared, and instead, significant negative associations were observed for MnBP, BPA, and EtP. Secondary analysis following stratification by CKD status, as well as principal 
component analysis (PCA), generally supported the observed associations. The present observations highlight the importance of urine dilution adjustment method for association studies on eGFR, and suggest potential 
effects of several consumer chemicals on adverse kidney function among humans.
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統合_0426
H. J. Lee, Y. J. Lee, Y. H. Lim, H. Y. Kim, B. N. 
Kim, J. I. Kim, Y. M. Cho, Y. C. Hong, C. H. Shin 
and Y. A. Lee

2024

Relationship of bisphenol A 
substitutes bisphenol F and 
bisphenol S with adiponectin/leptin 
ratio among children from the 
environment and development of 
children cohort

BACKGROUND: Bisphenol A (BPA) is known as an obesogenic endocrine disruptor. Bisphenol S (BPS) and F (BPF) are substitutes that have recently replaced BPA. OBJECTIVES: To investigate the relationships of urinary 
bisphenols (BPA, BPS and BPF) with adiposity measurements (obesity, BMI z-score, and fat mass), serum adipokine levels (adiponectin and leptin), and adiponectin/leptin ratio (A/L ratio) in 6- and 8-year-old children. 
METHODS: A total of 561 children who participated in the Environment and Development of Children cohort (482 and 516 children visited at age 6 and 8, respectively) at Seoul National University Children's Hospital during 
2015-2019 were included. Urinary BPA levels were log-transformed. BPS levels were categorized into three groups (non-detected, lower-half, and higher-half of detected), and BPF levels were classified into two groups 
(non-detected and detected). RESULTS: The urinary BPS higher-half group had a higher BMI z-score (β = 0.160, P= 0.044), higher fat mass (β = 0.104, P< 0.001), lower adiponectin concentration (β =- 0.069, P< 
0.001), higher leptin concentration (β = 0.360, P< 0.001), and lower A/L ratio (β =- 0.428, P< 0.001) compared with the non-detected group. The urinary BPF-detected group had a higher fat mass (β = 0.074, P< 0.001), 
lower adiponectin concentration (β =- 0.069, P< 0.001), higher leptin concentration (β = 0.360, P< 0.001), and lower A/L ratio (β =- 0.428, P< 0.001) compared with the non-detected group. The BPA levels showed no 
consistent associations with outcomes, except for isolated associations of BPA at age 6 with a higher BMI z-score at age 6 (P= 0.016) and leptin at age 8 (P= 0.021). CONCLUSIONS: Increased exposure to BPS and BPF 
is associated with higher fat mass and leptin concentration, lower serum adiponectin, and lower A/L ratio in children. These findings suggest potential adverse effects of BPA substitutes on adiposity and adipokines. No 
consistent association of BPA exposure with outcomes could be partly explained by the decreasing BPA levels over time.

Environ Int. 2024 
Mar:185:108564.
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統合_0427 A. W. Lee and V. Eata 2022

Association of environmental 
phenols with endometriosis and 
uterine leiomyoma: An analysis of 
NHANES, 2003-2006

Exposure to phenols is widespread since they are found in many everyday products. Given that phenols are considered endocrine disrupting chemicals with the potential to interfere with hormonal activities, they could 
have adverse effects on female reproductive health. We analyzed cross-sectional data from the National Health and Nutrition Examination Survey (NHANES), 2003-2006 to examine the association between phenols and 
endometriosis and uterine leiomyoma (fibroids). Levels of bisphenol A (BPA), benzophenone-3, and triclosan were measured using urine samples, and information on endometriosis and fibroids diagnoses as well as other 
relevant characteristics were ascertained using self-reported questionnaires. Multivariate logistic regression with odds ratios (ORs) and 95 % confidence intervals (CIs) were used to quantify the association between 
each phenol and female gynecologic condition. Our study included 700 women, of which 53 women had endometriosis and 107 women had fibroids. We found exposure to BPA to be statistically significantly positively 
associated with endometriosis (p = 0.05); women in the highest exposure quartile had over the three times the odds of having endometriosis relative to women in the lowest quartile (OR=3.58, 95 % CI 1.00-12.89). None of 
the phenols considered were significantly associated with fibroids. Overall, exposure to BPA increased the odds of having endometriosis, and there appeared to be a dose-response relationship. This suggests that BPA 
may play a role in the pathogenesis of endometriosis although the cross-sectional nature of NHANES data is a methodological limitation. Additional research on the impact of endocrine disrupting chemicals, like phenols, 
on female reproductive health should be conducted.
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統合_0428 A. Lee, J. E. Lim, S. Mok, S. Kim, I. Lee, H. B. 
Moon, K. Choi, S. Kim and J. Park 2025

Exploring overlooked bisphenol 
exposure sources through a 
comprehensive 7-day investigation 
using time-activity diaries and 
urinary biomonitoring

Bisphenols (BPs), widely used in polycarbonate plastics and epoxy resins, are associated with potential health risks, yet many exposure sources remain inadequately characterized. This study employed a novel approach 
by integrating 7-day time-activity diaries with individualized urinary biomonitoring to capture overlooked BP exposure sources. Twelve adult participants meticulously documented their daily activities, including food intake, 
across seven consecutive days, while providing all urine voids for analysis. A total of 401 urine samples were collected and analyzed individually (without pooling) to assess temporal variations and exposure associations. 
Among the eight analyzed BPs, Bisphenol A (BPA) and Bisphenol S (BPS) were detected in over 70 %, with median concentrations ranging from below the limit of quantification (LOQ) to 1.46 ng/mL for BPA and <LOQ to 
0.85 ng/mL for BPS, highlighting widespread exposure. While general questionnaires provided limited insight, the multi-day diaries successfully linked BP exposure to both well-known sources-such as food containers, 
personal care products, detergents, and receipts-and previously underexplored sources, including ointments, medical plasters, sheer tights, wallpapering, vinyl flooring installation, crop cultivation, and food preparation 
with gloves. These findings demonstrate the power of combining detailed, multi-day activity tracking with individualized biomonitoring to uncover subtle and unconventional chemical exposure routes. Future investigations 
in larger populations are warranted to refine exposure assessment strategies and better understand BP exposure dynamics.
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統合_0429
M. E. Lebachelier de la Riviere, M. Bousquet, E. 
Tavernier, V. Maillard, A. Desmarchais, S. 
Uzbekova, F. Guérif, A. Binet and S. Elis

2025

Effects of Bisphenols on the 
Assisted Reproductive Technology 
Outcomes Considering the Patient 
Clinical Parameters

CONTEXT: Bisphenol A (BPA) and its analogues disrupt endocrine functions, adversely impacting oocyte meiosis, maturation, and granulosa cell (GC) steroidogenesis. OBJECTIVE: To identify clinical factors, particularly 
adiposity and age, influencing ovarian cell sensitivity to bisphenol (BP) exposure. METHODS: This study analyzed a cohort of 368 women undergoing assisted reproductive technology (ART) from 2019 to 2023. Four BPs 
(BPA, BPS, BPF, and BPAF) were quantified, and ART outcomes (eg, oocyte count, embryo quality, and pregnancy rates) were assessed using regression models. GCs from 156 patients were cultured and exposed to BPS 
for 48 hours to evaluate progesterone and estradiol secretion based on clinical parameters. RESULTS: BPS and BPA were the most prevalent BPs in follicular fluid. BP exposure was associated with reduced fertilization 
rates (P = .05). Obesity tended to lower live birth rates (P = .08) but did not affect embryo development or implantation. Age significantly impacted embryo quantity (P < .001) and quality (P = .03). GC progesterone 
secretion was correlated with donor age after exposure to 1 µM and 10 µM BPS (P = .03 for both). GCs from younger women appeared more sensitive to BPS. CONCLUSION: Although obesity did not affect embryonic 
development, its association with reduced live birth rates suggests a suboptimal environment for implantation and/or fetal development. Age was linked to lower antral follicle count, pregnancy rates, and live birth rates. 
Younger women's GCs may exhibit heightened sensitivity to BPS exposure, warranting further investigation.

J Endocr Soc. 2025 Apr 
15;9(6):bvaf066.
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統合_0430
J. Leader, L. Mínguez-Alarcón, P. L. Williams, J. 
B. Ford, R. Dadd, O. Chagnon, E. Oken, A. M. 
Calafat, R. Hauser and J. M. Braun

2024

Associations of parental 
preconception and maternal 
pregnancy urinary phthalate 
biomarker and bisphenol-a 
concentrations with child eating 
behaviors

BACKGROUND: Eating behaviors are controlled by the neuroendocrine system. Whether endocrine disrupting chemicals have the potential to affect eating behaviors has not been widely studied in humans. We 
investigated whether maternal and paternal preconception and maternal pregnancy urinary phthalate biomarker and bisphenol-A (BPA) concentrations were associated with children's eating behaviors. METHODS: We 
used data from mother-father-child triads in the Preconception Environmental exposure And Childhood health Effects (PEACE) Study, an ongoing prospective cohort study of children aged 6-13 years whose parent(s) 
previously enrolled in a fertility clinic-based prospective preconception study. We quantified urinary concentrations of 11 phthalate metabolites and BPA in parents' urine samples collected preconceptionally and during 
pregnancy. Parents rated children's eating behavior using the Child Eating Behavior Questionnaire (CEBQ). Using multivariable linear regression, accounting for correlation among twins, we estimated covariate-adjusted 
associations of urinary phthalate biomarkers and BPA concentrations with CEBQ subscale scores. RESULTS: This analysis included 195 children (30 sets of twins), 160 mothers and 97 fathers; children were 
predominantly non-Hispanic white (84%) and 53% were male. Paternal and maternal preconception monobenzyl phthalate (MBzP) concentrations and maternal preconception mono-n-butyl phthalate (MnBP) were 
positively associated with emotional overeating, food responsiveness, and desire to drink scores in children (β(')s= 0.11 [95% CI: 0.01, 0.20]-0.21 [95% CI: 0.10, 0.31] per log(e) unit increase in phthalate biomarker 
concentration). Paternal preconception BPA concentrations were inversely associated with scores on food approaching scales. Maternal pregnancy MnBP, mono-isobutyl phthalate (MiBP) and MBzP concentrations were 
associated with increased emotional undereating scores. Maternal pregnancy monocarboxy-isononyl phthalate concentrations were related to decreased food avoiding subscale scores. CONCLUSIONS: In this cohort, 
higher maternal and paternal preconception urinary concentrations of some phthalate biomarkers were associated with increased food approaching behavior scores and decreased food avoiding behavior scores, which 
could lead to increased adiposity in children.

Int J Hyg Environ 
Health. 2024 
Apr:257:114334.
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統合_0431
J. Leader, L. Mínguez-Alarcón, P. L. Williams, J. 
B. Ford, R. Dadd, O. Chagnon, D. C. Bellinger, E. 
Oken, A. M. Calafat, R. Hauser and J. M. Braun

2024

Paternal and maternal 
preconception and maternal 
pregnancy urinary phthalate 
metabolite and BPA concentrations 
in relation to child behavior

BACKGROUND: Epidemiologic studies on health effects of parental preconception exposures are limited despite emerging evidence from toxicological studies suggesting that such exposures, including to environmental 
chemicals, may affect offspring health. OBJECTIVE: We investigated whether maternal and paternal preconception and maternal pregnancy urinary phthalate metabolite and bisphenol A (BPA) concentrations were 
associated with child behavior. METHODS: We analyzed data from the Preconception Environmental exposure And Childhood health Effects (PEACE) Study, an ongoing prospective cohort study of children aged 6-11 years 
whose parent(s) previously enrolled in the prospective preconception Environment and Reproductive Health (EARTH) study. Using linear mixed models, we estimated covariate-adjusted associations of 11 urinary phthalate 
metabolite and BPA concentrations collected prior to conception and during pregnancy with Behavioral Assessment System for Children-3 (BASC-3) T-scores (higher scores indicate more problem behaviors). RESULTS: 
This analysis included 134 mothers, 87 fathers and 157 children (24 sets of twins); parents were predominantly non-Hispanic white (mothers and fathers86%). Higher maternal preconception or pregnancy monobenzyl 
phthalate (MBzP) concentrations were related to higher mean externalizing problems T-scores in their children (β = 1.3 per 1-log(e) unit increase; 95 % CI: -0.2, 2.4 and β = 2.1, 95 % CI: 0.7, 3.6, respectively). Higher 
maternal preconception monocarboxyoctyl phthalate (MCOP) was suggested to be related to lower mean externalizing problems T-scores (β = -0.9; 95 % CI: -1.8, 0.0). Higher paternal preconception MCOP was 
suggestively associated with lower internalizing problems (β = -0.9; 95 %CI:-1.9, 0.1) and lower Behavioral Symptoms Index (BSI) T-scores (β = -1.3; 95 % CI: -2.1, -0.4). CONCLUSION: In this cohort, higher maternal 
preconception and pregnancy MBzP were associated with worse parent-reported child behavior, while higher maternal and paternal preconception MCOP concentrations were related to lower BASC-3 scores.

Environ Int. 2024 
Jan:183:108337.
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統合_0432 Z. Lazúrová, J. Figurová, B. Hubková, J. Maš
lanková and I. Lazúrová 2021

Urinary bisphenol A in women with 
polycystic ovary syndrome - a 
possible suppressive effect on 
steroidogenesis?

OBJECTIVES: There is a growing evidence indicating an impact of endocrine distrupting chemicals such as bisphenol A (BPA) on human reproduction. Its higher levels in serum or urine have been documented in women 
with polycystic ovary syndrome (PCOS), however the relationship to ovarian steroidogenesis remains unclear. Aim of the study was to compare urinary BPA (U-BPA) concentrations among PCOS women and control group. 
Second aim was to assess the relationship of U-BPA to ovarian steroidogenesis in the group with PCOS. METHODS: Eighty six Caucasian women (age 28.5 ± 5.1 years) diagnosed with PCOS and 32 controls of age 24.9 
± 4.4 years were included in the study. Fasting blood samples were analyzed for biochemical parameters and steroid hormones. U-BPA was measured in the morning urine sample using high pressure liquid 
chromatography. RESULTS: PCOS women had significantly higher U-BPA as compared with control group (p=0.0001). Those with high levels of U-BPA (U-BPA ≥2.14 ug/g creatinine) demonstrated higher serum insulin 
(p=0.029) and HOMA IR (p=0.037), lower serum estrone (p=0.05), estradiol (p=0.0126), FSH (p=0.0056), and FAI (p=0.0088), as compared with low-BPA group (U- BPA <2.14 ug/g creatinine). In PCOS women, U-BPA 
positively correlated with age (p=0.0026; R(2)=0.17), negatively with estradiol (p=0.0001, R(2)=0.5), testosterone (p=0.0078, R(2)=0.15), free-testosterone (p=0.0094, R(2)=0.12) and FAI (p=0.0003, R(2)=0.32), 
respectively. CONCLUSIONS: PCOS women have significantly higher U-BPA concentrations than healthy controls. U-BPA positively correlates with age and negatively with ovarian steroid hormones suggesting a possible 
suppressive effect of bisphenol A on ovarian steroidogenesis.
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統合_0433
M. Lærkeholm Müller, A. S. Busch, M. L. 
Ljubicic, E. N. Upners, M. B. Fischer, C. P. 
Hagen, J. Albrethsen, H. Frederiksen, A. Juul 
and A. M. Andersson

2023

Urinary concentration of phthalates 
and bisphenol A during minipuberty 
is associated with reproductive 
hormone concentrations in infant 
boys

BACKGROUND: The transient postnatal activation of the hypothalamic-pituitary-gonadal hormone axis is termed minipuberty and considered an important developmental period, which is highly sensitive to endocrine 
disruption. Here, we explore exposure-outcome associations during minipuberty between concentrations of potentially endocrine disrupting chemicals (EDCs) in urine of infant boys and their serum reproductive hormone 
concentrations. METHODS: In total, 36 boys participating in the COPENHAGEN Minipuberty Study had data available for both urine biomarkers of target endocrine disrupting chemicals and reproductive hormones in serum 
from samples collected on the same day. Serum concentrations of reproductive hormones were measured by immunoassays or by LC-MS/MS. Urinary concentrations of metabolites of 39 non-persisting chemicals, 
including phthalates and phenolic compounds, were measured by LC-MS/MS. Nineteen chemicals had concentrations above the limit of detection in ≥50% of children and were included in data analysis. Associations of 
urinary phthalate metabolite and phenol concentrations (in tertiles) with hormone outcomes (age- and sex-specific SD-scores) were analysed by linear regression. Primarily, we focused on the EU regulated phthalates; 
butylbenzyl phthalate (BBzP), di-iso-butyl phthalate (DiBP), di-n-butyl phthalate (DnBP), and di-(2-ethylhexyl) phthalate (DEHP) as well as bisphenol A (BPA). Urinary metabolites of DiBP, DnBP and DEHP were summed 
and expressed as ∑DiBPm, ∑DnBPm and ∑DEHPm. RESULTS: Compared to boys in the lowest ∑DnBPm tertile, urinary concentration of ∑DnBPm was associated with concurrent higher luteinizing hormone (LH) and 
anti-Müllerian hormone (AMH) SD-scores as well as lower testosterone/LH ratio in boys in the middle ∑DnBPm tertile (estimates (CI 95%) 0.79 (0.04; 1.54), 0.91 (0.13; 1.68), and -0.88 (-1.58;-0.19), respectively). 
Further, higher insulin-like peptide 3 (INSL3) SD-scores and lower DHEAS SD-score in boys in the highest ∑DnBPm tertile (0.91 (0.12; 1.70) and -0.85 (-1.51;-0.18), respectively) were observed. In addition, boys in the 
middle and highest ∑DEHPm tertile had higher LH (1.07 (0.35; 1.79) and 0.71 (-0.01; 1.43), respectively) and in the highest ∑DEHPm tertile also higher AMH (0.85 (0.10; 1.61)) concentration SD-scores, respectively. Boys 
in the highest BPA tertile had significantly higher AMH and lower DHEAS concentration compared to boys in the lowest BPA tertile (1.28 (0.54; 2.02) and -0.73 (-1.45; -0.01)), respectively. DISCUSSION: Our findings 
indicate that exposure to chemicals with known or suspected endocrine disrupting potential, especially the EU-regulated DnBP, DEHP and BPA, may modify male reproductive hormone concentrations in infant boys 
suggesting that minipuberty is a critical window sensitive to endocrine disruption.
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統合_0434 J. A. Kwon, B. Shin and B. Kim 2020

Urinary bisphenol A and thyroid 
function by BMI in the Korean 
National Environmental Health 
Survey (KoNEHS) 2012-2014

Bisphenol A (BPA) is one of the largest amounts of chemicals in daily life and source of polycarbonate plastics, epoxy resins, medical equipment, plastic consumer products. Recent studies reported that the effects of 
BPA on human health in the thyroid hormone. Therefore, this study aimed to indicate the association between urinary BPA concentration and thyroid function in total triiodothyronine (T3), thyroxine (T4), thyroidal 
stimulating hormone (TSH) and stratified the population by body mass index (BMI). This study was performed on 6478 adults aged 19 years and older based on the Second Korean National Environmental Health Survey 
(KoNEHS, 2012-2014). We measured BPA in urine and total T3, T4 and TSH in serum from the 2nd KoNEHS study. The multiple regression analysis was performed to assess the association of urinary BPA concentrations 
with thyroid hormone after BMI stratification. Urinary BPA associated with thyroid hormone. Especially, BPA is related to T3 (-0.627) in all group, and T4 (-0.060, -0.098) in all group and the group of BMI 25.0kg/m2 or 
more negatively. When stratified by BPA, T3 and T4 were significantly decreased with the high BPA exposure compared with the low BPA exposure for BMI more than 25.0kg/m2 (adjusted β = -3.402, 95% CI: 4.942, -
1.862, adjusted β = -0.209, 95% CI: 0.328, -0.090). However, no obvious associations were found between BPA concentration and TSH. The results of urinary BPA decrease with T3 and T4 levels increase in the higher 
BMI group is a new finding which does not exist in recent studies of Korea.
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統合_0435 R. Kumar, S. Adhikari, E. Driver, J. Zevitz and R. 
U. Halden 2022

Application of wastewater-based 
epidemiology for estimating 
population-wide human exposure to 
phthalate esters, bisphenols, and 
terephthalic acid

Phthalates, bisphenols (BPs), and terephthalic acid (TPA) are widely used plasticizers and monomers in plastic manufacturing. Most of them are known to have an adverse effect on the human body, functioning as 
endocrine disruptors and suspected carcinogens. Access to near real-time data on population exposure to plasticizers is essential for identifying vulnerable communities and better protecting and managing public health 
locally. The objective of the present study was to evaluate population-level exposure to phthalates, BPs, and TPA by measuring urinary metabolites in community wastewater. Composited community wastewater (24-h 
samples) from five sewer sub-catchments of a southwestern city within the United States were analyzed for urinary biomarkers of phthalates, BPs, and TPA using solid-phase extraction-liquid chromatography-tandem 
mass spectrometry in conjunction with the isotope dilution method for absolute quantification. Ten of 16 analytes were detected at least once in community wastewater above the method detection limit (MDL), with 
MDLs ranging from 37 to 203 ng/L. The population normalized mass load of TPA was the highest, followed by the human metabolite of di-(2-ethylhexyl) phthalate (DEHP). Bisphenol S and monoethyl phthalate were 
detected with the highest frequency. Study findings suggest that analyzing municipal wastewater for chemical indicators of human exposure to plastic constituents is feasible, practicable, and informative, as long as 
appropriate steps are taken to determine, quantify and account for background levels of plastic analytes in the laboratory environment.
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統合_0436 S. A. Kullberg, L. M. Voller and A. B. Neeley 2020
Chronic Actinic Dermatitis After 
Occupational Sensitization to the 
Epoxy Resin, Bisphenol
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J. Kalkwarf, J. M. Braun and J. P. Buckley

2023

Associations of maternal gestational 
urinary environmental phenols 
concentrations with bone mineral 
density among 12-year-old children 
in the HOME Study

BACKGROUND: Early life environmental exposures may affect bone mass accrual in childhood, but only one study has assessed the role of environmental phenols on child bone health. METHODS: We used data from 223 
mother-child dyads enrolled in the Health Outcomes and Measures of the Environment (HOME) Study (Cincinnati, OH; 2003-2006). We quantified benzophenone-3, bisphenol A (BPA), 2,5-dichlorophenol, and triclosan in 
maternal urine collected at 16- and 26-weeks gestation and calculated the average of creatinine-adjusted concentrations. We performed dual x-ray absorptiometry at age 12 years and calculated Z-scores for whole body 
(less head), total hip, femoral neck, and 1/3rd distal radius bone mineral content (BMC) and areal bone mineral density (aBMD) as well as ultra-distal radius aBMD and spine BMC and bone mineral apparent density 
(BMAD). We estimated covariate-adjusted associations per doubling of maternal urinary environmental phenol concentrations in linear regression models. We also examined effect measure modification by child's sex and 
estimated associations of the environmental phenol mixture with BMC and aBMD using quantile g-computation. RESULTS: We observed generally null associations for all analytes and bone measures. Yet, in adjusted 
models, higher urinary 2,5-dichlorophenol concentrations were associated with higher 1/3rd distal radius BMC (β: 0.09; 95% CI: 0.02, 0.17) and aBMD (β: 0.09; 95% CI: 0.02, 0.17) Z-scores in the overall sample. In sex-
stratified analyses, the magnitude of the BMC association was positive for females (β: 0.16; 95% CI: 0.06, 0.26) and null for males (β: 0.02; 95% CI: 0.08, 0.13). The environmental phenol mixture was associated with 
greater 1/3rd distal radius BMC and aBMD Z-scores in both sexes, which was mostly driven by benzophenone-3 in males and 2,5-dichlorophenol in females. CONCLUSION: In this prospective cohort study, we observed 
generally null associations for environmental phenols with BMC and aBMD at age 12 years. While there was a positive association of 2,5-dichlorophenol concentrations during fetal development with distal radius BMC 
and aBMD at age 12 years, future studies utilizing methods capable of differentiating cortical and trabecular bone are needed to elucidate potential mechanisms and implications for bone strength and microarchitecture.

Int J Hyg Environ 
Health. 2023 
Mar:248:114104.
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統合_0438 D. Koutaki, G. Paltoglou, A. Vourdoumpa and E. 
Charmandari 2021

The Impact of Bisphenol A on 
Thyroid Function in Neonates and 
Children: A Systematic Review of 
the Literature

BACKGROUND: Bisphenol A (BPA) is an endocrine-disrupting chemical widely used in plastic products that may have an adverse effect on several physiologic functions in children. The aim of this systematic review is to 
summarize the current knowledge of the impact of BPA concentrations on thyroid function in neonates, children, and adolescents. METHODS: A systematic search of Medline, Scopus, Clinical Trials.gov, Cochrane 
Central Register of Controlled Trials CENTRAL, and Google Scholar databases according to PRISMA guidelines was performed. Only case-control, cross-sectional, and cohort studies that assessed the relationship 
between Bisphenol A and thyroid function in neonates and children aged <18 years were included. Initially, 102 articles were assessed, which were restricted to 73 articles after exclusion of duplicates. A total of 73 
articles were assessed by two independent researchers based on the title/abstract and the predetermined inclusion and exclusion criteria. According to the eligibility criteria, 18 full-text articles were selected for further 
assessment. Finally, 12 full-text articles were included in the present systematic review. RESULTS: The presented studies offer data that suggest a negative correlation of BPA concentrations with TSH in children, a 
gender-specific manner of action, and a potential effect on proper neurodevelopment. However, the results are inconclusive with respect to specific thyroid hormone concentrations and the effect on thyroid autoimmunity. 
CONCLUSION: The potential negative effect of BPA in the developing thyroid gland of children that may affect proper neurodevelopment, suggesting the need to focus future research on designing studies that elucidate 
the underlying mechanisms and the effects of BPA in thyroid function in early life.

Nutrients Vol.14 Issue 1 10.3390/nu14010168 35011041 ヒト - - - - - - - システマティックレビュー 1 1 - - - - - - - - - - - - - - - - - -

統合_0439
M. Koushki, A. H. Doustimotlagh, N. Amiri-
Dashatan, M. Farahani, H. Chiti, R. Vanda and 
S. Aramesh

2024

Impact of bisphenol A exposure on 
the risk of gestational diabetes: a 
meta-analysis of observational 
studies

PURPOSE: A growing number of evidence have assessed the association between bisphenol A (BPA) as an endocrine-disrupting agent and the risk of gestational diabetes (GDM). This meta-analysis aimed to reassess 
the data on the association of BPA levels in women with GDM compared to the control. METHODS: A comprehensive literature search was conducted in Medline, Embase, Scopus, and Web of Science to extract relevant 
published studies up to May 2024. 12 articles were included in the meta-analysis. DerSimonian and Liard random-effects model was used to estimate the pooled odds ratio (OR). Sensitivity analysis was conducted to 
assess the robustness of the pooled results by removing each study from the pooled effect size. Subgroup analyses were performed depending on the subgroups of gestational age, GDM trimester, BMI, study design and 
geographical area. RESULTS: The results showed that there was no significant association between circulating and urinary BPA concentrations with the risk of GDM (OR: 0.79; 95% CI 0.60-1.04; P = 0.095). No significant 
heterogeneity was found among the studies. Using Begg's correlation (P = 0.95) and Egger's linear regression (P = 0.86) tests, no publication bias was observed. The sensitivity analysis shows that our findings were 
completely robust and stable. Meta-regression indicated a significant association between BPA levels and study design and geometric mean as an index of the risk of GDM. CONCLUSION: The present meta-analysis 
demonstrates exposure to BPA was associated with a reduced risk of GDM. Further studies are needed for obtain the reliable results.

J Diabetes Metab 
Disord. 2024 Sep 
2;23(2):2173-2182.
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統合_0440
A. Kortenkamp, M. Scholze, S. Ermler, L. 
Priskorn, N. Jørgensen, A. M. Andersson and H. 
Frederiksen

2022

Combined exposures to bisphenols, 
polychlorinated dioxins, 
paracetamol, and phthalates as 
drivers of deteriorating semen 
quality

BACKGROUND: Semen quality in men continues to decline in Western countries, but the contours of the issue remain obscure, in relation to contributing chemicals. OBJECTIVES: To obtain more clarity about the 
chemicals that drive the deterioration of semen quality, we conducted a mixture risk assessment based on European exposures. METHODS: We included chemicals capable of affecting semen quality after prenatal 
exposures, among them androgen receptor antagonists, substances that disrupt prostaglandin signalling, suppress testosterone synthesis, inhibit steroidogenic enzymes or activate the aryl hydrocarbon receptor. We 
employed the Hazard Index approach (HI), based on risk quotients of exposures in Europe and reference doses for reductions in semen quality. By summing up the risk quotients of the 29 chemicals included in the 
assessment we examined fold-exceedances of "acceptable" mixture exposures relative to an index value of 1. For bisphenols A, F, S, phthalates DEHP, DnBP, BBzP, DiNP, n-butyl paraben and paracetamol we relied on 
biomonitoring studies in which these 9 chemicals were measured together in the same subjects. This allowed us to construct personalised Hazard Indices. RESULTS: Highly exposed subjects experienced combined 
exposures to the 9 chemicals that exceeded the index value of 1 by more than 100-fold; the median was a 17-fold exceedance. Accounting for median background exposures to the remaining 20 chemicals added a Hazard 
Index of 1.39. Bisphenol A made the largest contribution to the HI, followed by polychlorinated dioxins, bisphenols S and F and DEHP. Eliminating bisphenol A alone would still leave unacceptably high mixture risks. 
Paracetamol is also a driver of mixture risks among subjects using the drug. CONCLUSIONS: Tolerable exposures to substances associated with deteriorations of semen quality are exceeded by a large margin. 
Bisphenols, polychlorinated dioxins, phthalates and analgesics drive these risks. Dedicated efforts towards lowering exposures to these substances are necessary to mitigate risks.
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統合_0441 A. Kortenkamp, O. Martin, S. Ermler, A. Baig and 
M. Scholze 2022

Bisphenol A and declining semen 
quality: A systematic review to 
support the derivation of a reference 
dose for mixture risk assessments

To support a mixture risk assessment with a focus on male reproductive health, we conducted a systematic review of associations between bisphenol A (BPA) exposures and declines in semen quality, based on animal 
and epidemiological studies. Contrary to a widely held view that there is "conflicting" evidence of such associations, our review and confidence rating approach reveals that animal studies provide convincing evidence of 
declines of semen quality after gestational BPA exposures. Many of the reported negative findings can be attributed to deficiencies in study sensitivity, insufficient control of background contamination and probable 
confounding through hormonal interference due to the use of soy-containing diets. We did not evaluate animal studies of adult BPA exposures. Divergent findings in "medium to high" and "medium" confidence 
epidemiological studies can be explained in terms of differences in exposure conditions. We attempted the estimation of a BPA reference dose based on animal studies. Due to variations in the no-observed adverse effect 
levels (NOAELs) in high confidence studies, possible reference doses ranged from 0.0001 to 0.0099 μg/kg/d. In choosing 0.003 μg/kg/d we struck a balance between caution suggested by studies at the lower end of the 
doses and the weight of evidence from studies with higher NOAELs. This weighting was motivated by the intended use of the value in a mixture risk assessment which meant arriving at a reasonable estimate of BPA 
exposures likely without effects on semen quality. We realise that our approach does not conform with the standards necessary for deriving tolerable daily intakes (TDIs) for single chemical exposures, which is not our 
interest here. BPA exposures currently experienced by European populations and beyond are in excess of 0.003 μg/kg/d and even fall in the range where some epidemiological studies observed effects on semen quality as 
a result of BPA exposures in adulthood.

Int J Hyg Environ Health 
Vol.241 Pages 113942
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統合_0442

G. Koppen, E. Govarts, G. Vanermen, S. 
Voorspoels, M. Govindan, M. C. Dewolf, E. Den 
Hond, P. Biot, L. Casteleyn, M. Kolossa-Gehring, 
G. Schwedler, J. Angerer, H. M. Koch, B. K. 
Schindler, A. Castaño, M. E. López, O. Sepai, K. 
Exley, L. Bloemen, L. E. Knudsen, R. Joas, A. 
Joas, G. Schoeters and A. Covaci

2019

Mothers and children are related, 
even in exposure to chemicals 
present in common consumer 
products

BACKGROUND: Phthalates, bisphenol A (BPA) and triclosan (TCS) are detectable in the vast majority of people. Most humans are continuously exposed to these chemicals due to their presence in food or in everyday 
consumer products. The measurement of these compounds in family members may help to explore the impact of major lifestyle factors on exposure. Mothers and (young) children are especially interesting to study, as they 
mostly share considerable parts of daily life together. MATERIALS AND METHODS: Phthalate metabolites, bisphenol A (BPA) and triclosan (TCS) were measured in first morning void urine, collected in mother-child pairs 
(n = 129) on the same day. The mothers (27-45y) and their children (6-11y) were recruited in the Brussels agglomeration and rural areas of Belgium in the context of the European COPHES-DEMOCOPHES human 
biomonitoring project. Face-to-face questionnaires gathered information on major exposure sources and lifestyle factors. Exposure determinants were assessed by multiple linear regression analysis. RESULTS: The 
investigated compounds were detectable in nearly all mothers (92.8-100%) and all children (95.2-100%). The range (P(90) vs. P(10)) of differences in urinary concentrations within each age group was for most compounds 
around 10-20 fold, and was very high for TCS up to 35 and 350-fold in children and mothers respectively. Some participants exceeded the tolerable daily intake guidelines as far as they were available from the European 
Food Safety Authority (EFSA). Overall, for BPA, the urinary concentrations were similar among both age groups. Most urinary phthalate metabolites were higher in children compared to the mothers, except for monoethyl 
phthalate (MEP). TCS levels were generally higher in the mothers. Despite the difference in mothers' and children's urinary concentrations, the creatinine-corrected levels were correlated for all biomarkers (Spearman 
rank r = 0.32 to 0.66, p < 0.001). Furthermore, for phthalates, similar home and lifestyle factors were associated with the urinary concentrations in both age groups: home renovation during last two years or redecoration 
during the last year for di-ethyl phthalate (DEP); PVC in home for di-n-butyl phthalate (DnBP), di-iso-butyl phthalate (DiBP) and butyl benzyl phthalate (BBzP), and personal care products use for DiBP and DnBP. Based on 
questionnaire information on general food type consumption patterns, the exposure variability could not be explained. However, comparing the phthalate intake from the current study with earlier assessed Belgian food 
intake calculations for both ages, food in general was estimated to be the major intake source for di-ethyl hexyl phthalate (DEHP), with diminishing importance for BBzP, DiBP and DnBP. CONCLUSION: Our results 
confirm, that children and their mothers, sharing diets and home environments, also share exposure in common consumer products related chemicals. By collecting morning urine levels on the same day, and using basic 
questionnaires, suspected exposure routes could be unraveled.
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統合_0443
M. D. Komarowska, K. Grubczak, J. Czerniecki, 
A. Hermanowicz, J. M. Hermanowicz, W. Debek 
and E. Matuszczak

2021
Identification of the Bisphenol A 
(BPA) and the Two Analogues BPS 
and BPF in Cryptorchidism

OBJECTIVE: to explore the association of plasma concentrations of bisphenol A (BPA), bisphenol S (BPS), and bisphenol F (BPF) with unilateral cryptorchidism. In addition, to analyze selected demographic and 
intraoperative characteristics. DESIGN: Retrospective analysis to determine plasma concentrations of total BPA, BPS and BPF using gas chromatography - mass spectrometry (GC-MS) among prepubertal boys with 
cryptorchidism and prebupertal male control subjects. During operation, the size, turgor and location of the cryptorchid testes were assessed. MAIN OUTCOME MEASURE: Plasma concentrations of total BPA, BPS and 
BPF. RESULTS: In children with cryptorchidism, plasma levels of BPA, BPS and BPF were significantly higher compared to the control subjects. For BPA, it was: median value: 9.95 ng/mL vs. 5.54 ng/mL, p<0.05. For BPS, 
it was: median value: 3.93 ng/mL vs. 1.45 ng/mL, p<0.001. For BPF, it was: median value: 3.56 ng/mL vs. 1.83 ng/mL, p<0.05. In cryptorchid group, BPA was detected in 61.4% samples, BPS in 19.3% and BPF in 19.3%. All 
the three bisphenols were detected in plasma samples of both the healthy subjects and the study cohort. In the latter group, we found significant higher levels of BPA in boys from urban areas. We found a weak positive 
correlation between the levels of BPS and BPF and reduced turgor of the testes. Furthermore, results showed weak positive correlations between BPA and BPS levels and the age of the children as well as between BPS 
and BPF concentrations and the place of residence. CONCLUSIONS: Results provide a first characterization of prepubertal boys suffering from cryptorchidism and exposed to different kind of bisphenols. Our study 
suggests that cryptorchid boys are widely exposed to BPA and, to a lesser extent, also to its alternatives, such as BPS and BPF.

Front Endocrinol 
(Lausanne). 2021 Jul 
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統合_0444
M. Komarowska, R. Chrzanowski, M. Tylicka, R. 
Rutkowski, Z. Mariak, B. Zelazowska-
Rutkowska, T. Lyson and A. Hermanowicz

2022

Plasma concentration of Bisphenol A 
and leptin in patients with 
meningioma and glioma: A pilot 
study

PURPOSE: Recent increase in incidence of meningiomas suggests the need to search for new risk factors. Leptin, a potentially pro-angiogenic and proliferative agent, could be a candidate for this role, as its expression 
correlates with body mass index (BMI). Because development of meningioma has also been linked to sex hormones, bisphenol A (BPA), a known xenoestrogen, can also be taken into consideration as a potential risk 
factor. The aim of this study was to determine plasma concentrations of both substances in patients with meningiomas and to match it to patients with gliomas - a group of brain tumors less hormone- and BMI-
dependent. MATERIALS & METHODS: Concentrations of BPA and leptin were measured in plasma of 24 patients with low grade meningioma and in 29 patients with glioma, using gas chromatography-mass spectrometry 
(GC-MS) and ELISA kits, respectively. The concentrations of both substances in patients with neoplasms were interpreted in relation to their concentration in healthy population, published in recent reports. RESULTS: 
Free and conjugated BPA were present in both meningioma and glioma patients. Moreover, their concentrations far exceeded those reported in the healthy population. Nevertheless, the level of leptin revealed to be 
significantly higher in meningioma patients than in glioma patients. CONCLUSIONS: Occurrence of both meningioma and glioma may be accompanied by increased concentrations of leptin and BPA. Further large-scale 
studies are needed to clarify whether the presence of both substances may play a role in pathogenesis or influence clinical course in patients with brain neoplasms.

Adv Med Sci. 2022 
Sep;67(2):229-233.
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J. Kiwitt-Cárdenas, J. J. Arense-Gonzalo, E. 
Adoamnei, L. Sarabia-Cos, F. Vela-Soria, M. F. 
Fernández, J. Gosálvez, J. Mendiola and A. M. 
Torres-Cantero

2024

Urinary concentrations of bisphenol 
A, parabens and benzophenone-
type ultra violet light filters in 
relation to sperm DNA fragmentation 
in young men: A chemical mixtures 
approach

People are daily exposed to multiple endocrine disruptor compounds (EDCs) that may interfere with different molecular and cellular processes, promoting a potential estrogenic, androgenic, or anti-androgenic state. 
However, most epidemiological studies attempting to establish relationships between EDCs exposure and health effects are still considering individual compounds. A few studies have shown associations between 
exposure to individual non-persistent EDCs and sperm DNA fragmentation (SDF) in different male populations. Thus, the aim of this study was to investigate associations between combined exposure to non-persistent 
EDCs and SDF index in young men. A cross-sectional study was conducted with 158 healthy university students from Southeaster Spain. The participants provided spot urine and semen samples on the same day. The 
concentrations of urinary bisphenol A (BPA), benzophenones [2,4-dihydroxybenzophenone (BP-1); 2,2',4,4'-tetrahydroxybenzophenone (BP-2), 2-hydroxy-4-methoxybenzophenone (BP-3), 2,2'-dihydroxy-4-
methoxybenzophenone (BP-8), 4-hydroxybenzophenone (4OHBP)], and parabens (methylparaben, ethylparaben, propylparaben, butylparaben) were measured by dispersive liquid-liquid microextraction and ultrahigh-
performance liquid chromatography with tandem mass spectrometry detection. SDF was analysed using a Sperm Chromatin Dispersion test. Statistical analyses were carried out using Bayesian Kernel Machine 
Regression models to evaluate associations between combined exposure to these compounds and SDF index while adjusting by relevant covariates. The increase in urinary concentration of 4OHBP was found to be the 
most important contributor to the negative association between urinary EDCs concentrations and SDF index, being of -5.5 % [95 % CI: -10.7, -0.3] for those in percentile 50, and - 5.4 % [95 % CI: -10.8, -0.1] for those in 
percentile 75. No significant associations were observed between other EDCs and SDF index. Our findings show that urinary 4OHBP levels may be associated with a decrease in the SDF index. Nonetheless, the effects 
we observed were likely to be small and of uncertain clinical significance. Further research is needed to replicate our findings in other male populations.
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統合_0446 B. Kiook, P. Jong-Tae and K. Kyeongmin 2021

Association of Urinary Bisphenols 
Concentration with Asthma in 
Korean Adolescents: Data from the 
Third Korean National 
Environmental Health Survey

The effects of bisphenol A (BPA) on asthma have been reported in various in vitro, animal, and human epidemiologic studies. However, epidemiological studies on the effects of bisphenol S (BPS) and bisphenol F (BPF), 
which are substitutes of BPA, on asthma are lacking. The purpose of this study was to identify the association between BPA, BPS, and BPF and asthma. An asthma-related questionnaire; urinary BPA, BPS, BPF; and the 
possible confounders were analyzed among 922 adolescents aged 12-17 years who participated in the Korean National Environmental Health Survey 2016. In males, urinary BPA, BPS, and BPF did not show a significant 
relationship with the lifetime prevalence of asthma. In females, urinary BPS was higher in the asthma group (p < 0.01). High urinary BPS showed a significant relationship with a high odds ratio (OR) of lifetime asthma 
prevalence in the model adjusted for possible confounders (p < 0.05). High urinary BPS was particularly associated with an increase in the OR of asthma diagnosed after the age of 60 months (p < 0.01). Urinary BPS was 
significantly associated with asthma diagnosis, especially after the age of 60 months, among Korean adolescent females.
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統合_0447 S. H. Kim, S. Y. Yu, J. H. Choo, J. Kim, K. Ahn 
and S. Y. Hwang 2024

Epigenetic Methylation Changes in 
Pregnant Women: Bisphenol 
Exposure and Atopic Dermatitis

Bisphenol is a chemical substance widely used in plastic products and food containers. In this study, we observed a relationship between DNA methylation and atopic dermatitis (AD) in the peripheral blood mononuclear 
cells (PBMCs) of pregnant women exposed to bisphenol A (BPA) and its alternatives, bisphenol S (BPS) and bisphenol F (BPF). DNA methylation is an epigenetic mechanism that regulates gene expression, which can be 
altered by environmental factors, and affects the onset and progression of diseases. We found that genes belonging to the JAK-STAT and PI3K-AKT signaling pathways were hypomethylated in the blood of pregnant 
women exposed to bisphenols. These genes play important roles in skin barrier function and immune responses, and may influence AD. Therefore, we suggest that not only BPA, but also BPS and BPF, which are used as 
alternatives, can have a negative impact on AD through epigenetic mechanisms.

Int J Mol Sci Vol.25 
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統合_0448 S. Kim, E. Park, E. K. Park, S. Lee, J. A. Kwon, B. 
H. Shin, S. Kang, E. Y. Park and B. Kim 2021

Urinary Concentrations of Bisphenol 
Mixtures during Pregnancy and Birth 
Outcomes: The MAKE Study

Bisphenols are endocrine disruptors that may be associated with altered fetal growth in humans, and they have similar biological functions to mimic hormones. In addition, aggregated chemicals showed an adverse effect 
although individual concentration was at a low level. However, most studies between bisphenols and birth outcomes have focused on the effect of individual bisphenol. Thus, we explored the associations of urinary 
bisphenol mixtures with birth outcomes. We conducted a prospective birth cohort study in South Korea. One hundred eighty mother-infant pairs were recruited from 2017 to 2019. Bisphenol A (BPA), bisphenol F (BPF), and 
bisphenol S (BPS) in one spot urine were analyzed using ultra-performance liquid chromatography-tandem mass spectrometry. We used two statistical approaches to examine potential associations of BPA, BPF, and BPS 
with birth weight and gestational age: (1) multivariable linear regression; (2) Bayesian kernel machine regression (BKMR). The geometric means of BPA, BPF, and BPS were 2.1, 0.2, and 0.1 μg/L, respectively. In 
stratified linear analyses by each median value, a higher BPF was positively associated with birth weight (g) (β = 125.5; 95% CI: 45.0 to 205.9). Mixture analyses using BKMR suggested an inverse association between 
bisphenol mixtures and birth weight. Our findings suggest that in utero bisphenol exposure may influence birth weight and that such relationships may differ considering non-linearity and the combined effect.

Int J Environ Res Public 
Health. 2021 Sep 
26;18(19):10098.

10.3390/ijerph181910098 34639400 ヒト ⽣殖発⽣ - - - - - - コホート研究 1 1 - - - 1 1 1 - 1 - - - - - - - - - -

統合_0449 S. Kim, H. S. Min, W. J. Lee and S. A. Choe 2023

Occupational differences in personal 
care product use and urinary 
concentration of endocrine 
disrupting chemicals by gender

BACKGROUND: In most societies, women and men systematically differ in consumption of cosmetics and household products, which are interlinked with gendered norms and occupational segregation. We investigated 
the differences in personal care product (PCP) use and exposure to endocrine disrupting chemicals (EDCs) based on occupation and gender. METHODS: We utilized data from the first to third Korean National 
Environmental Health Survey analyzing 9218 participants aged 20-59 years engaged in their current occupation for ≥3 months. Frequent PCP use (≥once/week) and exposure to EDCs were analyzed by gender and 
occupation. We used least-square geometric means (LSGMs) of urinary concentrations of the five EDCs adjusted for covariates. RESULTS: Manual occupation was most common in men and no paid occupation was most 
frequent in women. In general, clerical, service, and sales workers showed the highest prevalence of frequent use of hair and body products. Women used body and makeup products more frequently than men. For all five 
EDCs, similarly, women showed higher urinary levels in all occupation groups. When stratified by gender, the differences in urinary concentration of EDCs across occupation groups were not observed in men. Among 
women, clerical, service, and sales workers showed higher bisphenol A (BPA) and mono-n-butyl phthalate (MnBP) levels than manual workers. CONCLUSIONS: Differentials in exposure to EDCs by occupation groups 
were not evident for men. Given the higher urinary concentration of EDCs in women compared to men, interventions to reduce the exposure to EDCs would need to focus on women, especially in clerical, service, and sales 
occupations.

J Expo Sci Environ 
Epidemiol Vol.33 Issue 2 
Pages 312-318

10.1038/s41370-022-00436-7 35414680 ヒト - - - - - - - バイオモニタリング 1 1 - - - - - - - - - - - - - - - - - -

統合_0450 S. Kim, I. Lee, J. E. Lim, A. Lee, H. B. Moon, J. 
Park and K. Choi 2020

Dietary contribution to body burden 
of bisphenol A and bisphenol S 
among mother-children pairs

Due to the health concerns over bisphenol A (BPA), bisphenol S (BPS) has been used as an alternative in greater quantity. Diet is considered as the major source of exposure to bisphenols; however, its contribution to the 
total body burden has not been fully understood. In the present study, a 3-day dietary intervention was carried out for a group of mother and child(ren) pairs (37 families, 93 subjects), and contribution of the dietary factors 
to body burden of both bisphenols was investigated. During the intervention, the participants were asked to refrain from the foods in cans and plastic containers, fast foods, and delivery foods. Urinary levels of BPA and 
BPS were measured before, during, and after the intervention. In addition, the questionnaire survey was conducted for potential contributors to BPA and BPS exposure. Following the intervention, urinary levels of BPA and 
BPS of the mothers decreased on average by 53.1% (95% CI: -30.0, -68.6), and 63.9% (95% CI: -37.1, -79.3), respectively. Among the children, urinary BPA concentrations decreased by 47.5% (95% CI: -25.6, -62.9) by the 
intervention. However, BPS levels in urine did not change in the children. Interestingly, urinary BPS concentrations of the children measured during the non-intervention period were greater than those of the mothers in the 
same period. Consumption frequencies of several food items, e.g., canned foods, take-out drinks, or fast foods, were significantly correlated with elevated levels of urinary BPA or BPS concentrations. The results of this 
intervention study emphasize the importance of dietary contribution to BPA exposure among the mothers and children. Our findings also show that non-dietary sources could be a more important contributor for certain 
people, especially to BPS exposure among children. Further studies are warranted to identify the sources of BPS exposure among children.

Sci Total Environ 
Vol.744 Pages 140856

10.1016/j.scitotenv.2020.140856 32721674 ヒト - - - - - - - バイオモニタリング 1 1 - - - - - - - - - - - - - - - - - -

統合_0451 M. J. Kim, Y. K. Kwon, H. J. Kim, D. G. Han, I. S. 
Yoon, S. Park, G. Lee and H. Y. Lee 2025

Estimation of BPA, BPS, and BPF 
exposure levels in the general 
Korean population using the 
physiologically-based toxicokinetic 
model and human urinary 
biomonitoring for risk assessment

Bisphenol A (BPA) is a well-known endocrine disruptor, and its risk levels are regulated by various authorities. In response to regulatory policies, industrial substitutes for BPA, such as bisphenol S (BPS) and bisphenol F 
(BPF), have been introduced, raising concerns about their potential toxicity. Owing to the limited information on these new alternatives, using only traditional scenario-based risk assessments is insufficient. The use of 
human biomonitoring (HBM) data with physiologically based toxicokinetic (PBTK) models has increased. We estimated exposure to BPA, BPS, and BPF among Koreans using HBM (2015-2020) from the Korea National 
Environmental Health Survey (KoNEHS) and PBTK models. BPA model parameters were adjusted based on clinical evidence to enhance accuracy. We estimated external exposure to BPA and substitutes BPS and BPF 
using HBM data and PBTK model. Risk assessment used HbGV and POD values. Trends in BP exposure among Koreans from 2015 to 2020 were identified through HBM data. Risk characterization used exposure 
estimation by reverse dosimetry. BPA levels decreased by 43.8 % from 16.2 to 9.2 ng/kg BW/day in the population. BPS exposure increased 2.3-fold (0.52 → 1.23 ng/kg BW/day) in Cycle 4 compared to Cycle 3 (2018-2020). 
BPF levels showed a decreasing trend but doubled in the 13-18 age group, emphasizing monitoring needs. The risk concerns for BPA, BPS, and BPF in the Korean population were low, with all three within safe exposure 
limits. The changes in BP exposure were influenced by regulations, and exposure estimation using HBM-based PBTK modeling effectively evaluates regulatory impact.

Int J Hyg Environ Health 
Vol.269 Pages 114623

10.1016/j.ijheh.2025.114623 40729838 ヒト - - - - - - - 曝露推定 1 1 - - - - - - - - - - - - - - - - - -

統合_0452 L. Kim, D. A. Huh, K. Park, J. Lee, S. H. Hwang, 
H. J. Choi, W. Lim and K. W. Moon 2025

Dietary exposure to environmental 
phenols and phthalates in Korean 
adults: data analysis of the Korean 
National Environmental Health 
Survey (KoNEHS) 2018-2020

Environmental phenols and phthalates, endocrine-disrupting chemicals, are linked to dietary intake, highlighting the need to identify sources to prevent exposure-related diseases. This study investigates dietary patterns 
associated with urinary concentrations of environmental phenols and phthalate metabolites in Korean adults using data from 4201 adults in the Korean National Environmental Health Survey Cycle 4 (2018-2020). 
Exploratory factor analysis identified three dietary patterns: Western-style, traditional Korean, and seafood-rich. We analyzed metabolites with a ≥80 % detection rate, specifically environmental phenols (BPA, BPF, BPS, 
TCS, MP, EP, BP) and phthalates (MEHHP, MEOHP, MnBP, MECPP, MBzP, MCPP, MEP, MMP). The Western-style or processed food diet showed a significant negative association with MP (β [95 % CI] = -0.14 [-0.24, 
-0.03]), but no positive association. The traditional Korean diet showed significant positive associations with TCS (β [95 % CI] = 0.09 [0.02, 0.15]), EP (β [95 % CI] = 0.08 [0.01, 0.16]), BP (β [95 % CI] = 0.09 [0.05, 
0.12]), MEHHP (β [95 % CI] = 0.04 [0.003, 0.08]), MECPP (β [95 % CI] = 0.06 [0.02, 0.09]), and MMP (β [95 % CI] = 0.11 [0.06, 0.15]). In comparison, it had a significant negative association with BPS (β [95 % CI] = -
0.15 [-0.22, -0.09]). The seafood-rich dietary pattern exhibited a significant negative association with BP (β [95 % CI] = -0.07 [-0.11, -0.03]). Certain dietary patterns, including those traditionally regarded as healthy, may 
be associated with exposure to environmental phenols and phthalates, highlighting the need for further research to understand dietary sources of exposure before drawing implications for public health guidance.

Int J Hyg Environ Health 
Vol.267 Pages 114597

10.1016/j.ijheh.2025.114597 40393172 ヒト - - - - - - - バイオモニタリング 1 1 - - - - - - - - - - - - - - - - - -

統合_0453 K. Y. Kim, E. Lee and Y. Kim 2019

The Association between Bisphenol 
A Exposure and Obesity in Children-
A Systematic Review with Meta-
Analysis

Bisphenol A (BPA) is an environmental chemical that has adverse effects on health, probably causing childhood obesity. However, this association remains controversial, and it is difficult to find evidence for direct 
causality between environmental exposure and disease using epidemiological studies. In this study, we sought to elucidate the possible causality between BPA exposure and childhood obesity by conducting two meta-
analyses showing bidirectional associations, including exposure effect by obesity and obesity risk by exposure. Articles published up to September 2017 were searched in PubMed, Embase, and Cochrane Library. We 
evaluated observational studies that included measurements of urinary BPA concentration and BMI or body weight. Of 436 articles, a total of 13 studies were included in the meta-analysis. Two meta-analyses were 
performed to investigate the association between BPA exposure and childhood obesity. The results showed that the relatively high-exposed group had a significantly higher risk of childhood obesity than the relatively low-
exposed group (odds ratio = 1.566, 95% confidence interval [CI]: 1.097 to 2.234, p = 0.014). However, the obese group showed no significant difference in the BPA concentration when compared to the normal group 
(standardized mean difference = 0.166, 95% CI: -0.121 to 0.453, p = 0.257). This study suggested possible causality between BPA exposure and childhood obesity using data from epidemiological studies and showed that 
BPA exposure itself increased the risk of obesity in children.

Int J Environ Res Public 
Health. 2019 Jul 
15;16(14):2521.

10.3390/ijerph16142521 31311074 ヒト 代謝(メタアナリシス) - - - - - - メタアナリシス 1 1 - - - 1 1 1 - - - - - - - - - - - -
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統合_0454
K. Kim, H. M. Shin, S. A. Busgang, D. B. Barr, P. 
Panuwet, R. J. Schmidt, I. Hertz-Picciotto and D. 
H. Bennett

2021

Temporal Trends of Phenol, 
Paraben, and Triclocarban Exposure 
in California Pregnant Women 
during 2007-2014

Little is known about temporal trends of pregnant women's exposures to environmental phenols and parabens. We quantified four phenols [bisphenol A (BPA), bisphenol F, bisphenol S, and triclosan), four parabens [butyl 
paraben, ethyl paraben (ETPB), methyl paraben (MEPB), and propyl paraben (PRPB)], and triclocarban in 760 urine samples collected during 2007-2014 from 218 California pregnant women participating in a high-familial 
risk autism spectrum disorder cohort. We applied multiple regression to compute least square geometric means of urinary concentrations and computed average annual percent changes. We compared our urinary 
concentrations with those of other study populations to examine geographic variations in pregnant women's exposure to these target compounds. Urinary concentrations of BPA, MEPB, ETPB, and PRPB in this study 
population decreased over the study period [percent change per year (95% confidence interval): -5.7% (-8.2%, -3.2%); -13.0% (-18.1%, -7.7%); -5.5% (-11.0%, 0.3%); and -13.3% (-18.3%, -8.1%), respectively] and were 
consistently lower than those in pregnant women in other U.S. regions during the same study period. In recent years, certain phenols and parabens with known adverse health effects are being regulated or replaced with 
alternatives, which explains decreased body burdens observed in this study population. Either the national regulations or the advocacy campaigns in California may have influenced exposures or consumer product choices.

Environ Sci Technol. 
2021 Aug 
17;55(16):11155-11165.

10.1021/acs.est.1c01564 34347462 ヒト 発達神経 - - - - - - 横断研究 1 1 - - - 1 1 1 - - - - - - - - - - - -

統合_0455 J. I. Kim, Y. A. Lee, C. H. Shin, Y. C. Hong, B. N. 
Kim and Y. H. Lim 2022

Association of bisphenol A, 
bisphenol F, and bisphenol S with 
ADHD symptoms in children

BACKGROUND: Bisphenol A (BPA) has been linked to attention-deficit/hyperactivity disorder (ADHD) symptoms, but the neurotoxic effects of bisphenol substitutes such as bisphenol F (BPF) and S (BPS) have not been 
well investigated. We investigated the associations between BPA, BPF, and BPS with ADHD symptoms at multiple time points in children. METHODS: The levels of BPA (at ages 4, 6, and 8), BPF (at ages 6 and 8), and 
BPS (at ages 6 and 8) were measured in 619 children. Because of the low detection frequency of BPF and BPS levels, participants were divided into categories (<or ≥ limit of detection (LOD) for BPF; < LOD, ≥ LOD and 
< median, or ≥ median for BPS). ADHD symptoms were assessed using the ADHD Rating Scale IV (ARS). The relationship between bisphenols and ARS scores was analyzed using Poisson regression models, and 
generalized additive models and piecewise regression models were further explored for BPA. RESULTS: BPA was detected in most participants (>97%), whereas BPF and BPS were less frequently detected (age 6: 17.5% 
for BPF and 42.0% for BPS; age 8: 51.6% for BPF and 73.3% for BPS). Doubling in BPA levels was associated with increased ARS scores by 4.7% (95% confidence intervals [CI]: 0.5, 9.2) at age 6. The association was 
greater with BPA levels higher than 3.0 μg/g creatinine (24.2% [95% CI: 15.5, 33.6] increase). The BPF ≥ LOD group had 10.8% (95% CI: 1.2, 21.4) higher ARS scores than the BPF < LOD group. The BPS ≥ median group 
had 11.4% (95% CI: 2.0, 21.7) higher ARS scores than the BPS < LOD group. CONCLUSION: All bisphenols, in particular those at or above the LOD or median levels, were associated with ADHD symptoms at age 6. 
Further prospective studies are warranted to determine causal inference.

Environ Int. 2022 
Mar:161:107093.

10.1016/j.envint.2022.107093 35077929 ヒト 発達神経 - - - - - - 横断研究 1 1 - - - 1 1 1 - - - - - - - - - - - -

統合_0456 J. H. Kim, H. S. Shin and W. H. Lee 2021

Impact of Endocrine-Disrupting 
Chemicals in Breast Milk on 
Postpartum Depression in Korean 
Mothers

Previous human and animal studies have reported an association between endocrine-disrupting chemicals (EDCs) and anxiety/depression. This study aimed to determine how the concentrations of phthalate metabolites, 
bisphenol A, triclosan, and parabens in breast milk are associated with the risk of developing postpartum depression (PPD) in Korean mothers. We recruited 221 mothers who were receiving lactation coaching at 
breastfeeding clinics between July and September 2018. The breast milk samples were collected along with responses to the Edinburgh Postnatal Depression Scale. The multivariable logistic regression results revealed 
that the phthalate, bisphenol A, parabens, and triclosan levels in the breast milk were not significantly associated with the risk of PPD. This study was the first attempt to analyze the association between the levels of 
EDCs in breast milk and the risk of PPD. Considering that PPD is a condition that affects not only the women diagnosed with it, but also their children and families, the results of this study may have great relevance to 
populations in environmentally sensitive periods.

Int J Environ Res Public 
Health. 2021 Apr 
22;18(9):4444.

10.3390/ijerph18094444 33922135 ヒト 神経(産後うつ) - - - - - - 横断研究 1 1 - - - 1 1 1 - - - - - - - - - - - -

統合_0457 J. H. Kim, N. Moon, E. Ji and H. B. Moon 2023

Effects of postnatal exposure to 
phthalate, bisphenol a, triclosan, 
parabens, and per- and poly-
fluoroalkyl substances on maternal 
postpartum depression and infant 
neurodevelopment: a korean 
mother-infant pair cohort study

Exposure to endocrine-disrupting chemicals (EDCs) can promote infant neurodevelopmental impairment and maternal postpartum depression (PPD). However, the associations between lactation exposure to EDCs, 
maternal PPD, and infant neurodevelopment are unclear. Hence, we investigated these relationships in infants aged 36-42 months. We recruited 221 Korean mothers and analyzed 29 EDCs. The Edinburgh Postnatal 
Depression Scale (EPDS) was used to assess maternal PPD. Bayley scales of infant development; the Swanson, Nolan, and Pelham rating scale (SNAP); and the Child Behavior Checklist (CBCL) were used to assess 
neurodevelopment in infants exposed to the top 30% of EDC over three years. Multiple regression analyses were adjusted for maternal age, pre-pregnancy body mass index, education, income, employment, residence, and 
infant age and sex. The rates of infants with clinically abnormal diagnoses on neurologic developmental tests (Balyey, SNAP, and CBCL scales) ranged from 7.7 to 38.5% in this study, with the motor and 
hyperactivity/impulsivity areas scoring the highest among 65 boys and girls. Mono-2-ethylhexyl phthalate (MEHP) and mono-isononyl phthalate (MiNP) levels in breast milk significantly correlated with infant inattention 
and hyperactivity. Perfluorononanoic acid (PFNA) and perfluorooctyl sulfonate (PFOS) levels correlated significantly with motor development of BSID-III and total CBCL score which mean infant might have lower 
developmental status. EDC concentrations in breast milk were not associated with maternal PPD. Overall, lactational exposure to EDCs during the postpartum period can exert a negative effect on maternal PPD and 
infant neurodevelopment.

Environ Sci Pollut Res 
Int. 2023 
Sep;30(42):96384-
96399.

10.1007/s11356-023-29292-0 37572253 ヒト 神経(産後うつ) - - - - - - コホート研究 1 1 - - - 1 1 1 - - - - - - - - - - - -

統合_0458 J. H. Kim, N. Moon, S. J. Heo, Y. W. Jeong and D. 
R. Kang 2024

Repeated measurements and 
mixture effects of urinary 
bisphenols, parabens, polycyclic 
aromatic hydrocarbons, and other 
chemicals on biomarkers of oxidative 
stress in pre- and postpartum 
women

The association between oxidative stress and exposure to bisphenols, parabens, phenols, polycyclic aromatic hydrocarbons (PAH), and volatile organic compounds (VOCs) has been investigated by many in vitro and in vivo 
studies. However, most of these findings are based on cross-sectional studies, as a result of which the combined effects of these compounds have been rarely analyzed. In this study, our objective was to assess urinary 
bisphenols, parabens, PAHs, and VOCs, in relation to oxidative stress during pre-and postpartum periods, analyze the association between these chemicals and oxidative stress via repeated measurements using a linear 
mixed model (LMM), and evaluate the combined effects exerted by these chemicals on oxidative stress using Bayesian Kernel Machine Regression (BKMR). A total 529 urine samples were collected from 242 pregnant 
women during the 1st and 2nd trimesters, as well as postpartum follow-ups. Three bisphenols, four parabens, benzopheone-3 (BP-3), triclosan (TCS), four PAHs, two VOCs, and 3- phenoxy-benzoic acid (3-PBA) were 
analyzed. We also measured 8-hydroxydeoxyguanosine (8-OHdG) and malondialdehyde (MDA), which serve as oxidative stress biomarkers in maternal urine samples. During this period, 8-OHdG decreased steadily, 
whereas MDA increased during pregnancy and decreased after childbirth. LMM indicated that Bisphenol A, Prophyl-paraben, BP-3, and 1-hydroxypyrene (1-OHP) showed a significant association with increased MDA 
levels. The BKMR models revealed that the mixture effect exerted by these 16 chemicals had changed MDA levels, which indicate oxidative stress, and that both Butyl Paraben (BP) and 1-hydroxypyrene (1-OHP) had 
contributed to such oxidative stress. Mixtures of each subgroup (bisphenols, parabens, and PAHs) were associated with increased MDA levels. These findings suggest that exposure to some phenols and PAHs during 
pre- and post-partum stages may cause oxidative stress, and that exposure to these chemicals should be minimized during this period.

Environ Pollut. 2024 Feb 
1:342:123057.

10.1016/j.envpol.2023.123057 38043769 ヒト その他(酸化ストレス) - - - - - - 横断研究 1 1 - - - 1 1 1 - - - - - - - - - - - -

統合_0459 J. H. Kim, J. M. Kwak and H. Kang 2021

Web-based behavioral intervention 
to reduce exposure to phthalate 
metabolites, bisphenol A, triclosan, 
and parabens in mothers with young 
children: A randomized controlled 
trial

In this study, a web-based behavioral intervention was designed, which aimed to reduce exposure to phthalate metabolites, bisphenol A, triclosan, and parabens in mothers with young children. A randomized controlled 
design with two groups was used to verify the effects of the intervention pre- and post-test. In total, 51 mothers participated in the study, categorizing 26 and 25 in the intervention and control groups, respectively. The 
web-based behavioral intervention focused on changes in diet, personal care products, and health behavior and reinforced behavior through encouragement. This program included an educational video, a game for locating 
endocrine disruptors at home, a method for locating facilities potentially emitting endocrine disruptors, resources, and a questions and answers mode. Data were collected from May 18 to June 30, 2020. Participants 
allocated to the intervention group were provided access to the behavioral intervention website via a computer or smartphone. Participants allocated to the control group were sent written information about endocrine 
disruptors via mail. For both the intervention and control groups, questionnaire results and maternal urine samples were assessed at baseline, during the intervention, and after one month. After the intervention, the 
urinary concentrations of mono (2-ethylhexyl) phthalate (MEHP), mono (2-ethyl-5-oxohexyl) phthalate (MEOHP), bisphenol A (BPA), methylparaben (MP), ethylparaben (EP), and propylparaben (PP) were found to be 
significantly decreased in the intervention group. Compared with the control group, the intervention group showed significantly decreased urinary geometric mean values of MEHP, MEOHP, BPA, MP, and PP after one 
month compared with those during the intervention (3.8%, 16.3%, 28.4%, 9.2%, and 24.4%, respectively). Hence, the web-based behavioral intervention was effective at reducing the exposure to endocrine disruptors in 
mothers with young children.

Int J Hyg Environ Health 
Vol.236 Pages 113798

10.1016/j.ijheh.2021.113798 34186503 ヒト - - - - - - - バイオモニタリング 1 1 - - - - - - - - - - - - - - - - - -

統合_0460 J. H. Kim, D. Kim, S. M. Moon and E. J. Yang 2020

Associations of lifestyle factors with 
phthalate metabolites, bisphenol A, 
parabens, and triclosan 
concentrations in breast milk of 
Korean mothers

The toxicity of endocrine disruptors depends on the synergistic interactions of biological, environmental, and behavioral factors. The specific effects of diet, consumer product use, and behaviors, however, are debated in 
the literature, particularly with regard to endocrine disruptors found in breast milk. This study aimed to measure the levels of phthalate metabolites, bisphenol A, parabens, and triclosan in breast milk and to investigate 
their associations with various lifestyle factors. The breast milk samples as well as surveys were collected from 221 first-time mothers throughout South Korea and each sample was analyzed for the presence of 15 
endocrine disruptors. Phthalate metabolites were detected in 5.4-83.3% of the samples, with median concentrations of 0.08-1.72 μg/L, while bisphenol A, parabens, and triclosan were detected in 25.8-88.2% of the 
samples, with median concentrations of 0.12-1.47 μg/L. High levels of endocrine disruptors were associated with frequent consumption of fish and cup noodles; the use of plastic and disposable food containers; the use 
of air fresheners, lotions and make-up; the purchase of new furniture; and socioeconomic status. We also observed the potential role of moderate walking activity on the reduction of these chemicals in breast milk. Our 
data provide evidence of the potential effects of diet, consumer products, and behavior on the presence of phthalate metabolites, bisphenol A, parabens, and triclosan in breast milk. Future studies should include 
community or regional impact on a mothers' exposure to endocrine disruptors, to assess the joint contribution of both individual and neighborhood factors.

Chemosphere Vol.249 
Pages 126149

10.1016/j.chemosphere.2020.1261
49

32062213 ヒト - - - - - - - バイオモニタリング 1 1 - - - - - - - - - - - - - - - - - -

統合_0461 J. H. Kim, Y. H. Cho and Y. C. Hong 2020
MicroRNA expression in response to 
bisphenol A is associated with high 
blood pressure

Bisphenol A (BPA) is a ubiquitous environmental contaminant that is known to be associated with the risk of arterial hypertension. However, the underlying mechanisms describing how BPA exposure leads to high blood 
pressure (BP) and the role of epigenetics are still unclear. Therefore, we evaluated associations among BPA exposure, microRNA (miRNA) expression, and BP in a randomized crossover trial with 45 non-smoking females 
over 60 years of age. The participants visited the study site 3 times and were dose-dependently exposed to BPA. Two hours after exposure to BPA, urine and whole blood were collected for BPA measurement and miRNA 
profiling, and BP was measured. Relationships among urinary BPA level, miRNA expression, and BP were estimated using the mixed effect model. Decreases in miR-30a-5p, miR-580-3p, miR-627-5p, and miR-671-3p and 
increases in miR-636 and miR-1224-3p attributable to BPA exposure were associated with high BP. The core functional network from BPA exposure to increased BP was found to be on the pathway through these six 
miRNAs and their predicted BP-related target genes. Our results suggest that epigenetic biomarkers for BPA exposure and hypertension provide mechanistic data to explain hypertension exacerbation as well as key 
information for predicting the health effects of BPA exposure.

Environ Int. 2020 
Aug:141:105791.

10.1016/j.envint.2020.105791 32438192 ヒト ⼼⾎管 - - - - - - 介⼊研究 1 1 - - - 1 1 1 - - - - - - - - - - - -

統合_0462 D. Kim, E. R. Yoo, A. A. Li, G. Cholankeril, S. P. 
Tighe, W. Kim, S. A. Harrison and A. Ahmed 2019

Elevated urinary bisphenol A levels 
are associated with non-alcoholic 
fatty liver disease among adults in 
the United States

BACKGROUND AND AIMS: The relationship between bisphenol A (BPA) and non-alcoholic fatty liver disease (NAFLD) is undefined. We studied the impact of BPA on NAFLD. METHODS: We performed a cross-sectional 
analysis of data from the National Health and Nutrition Examination Survey (NHANES) 2005-2014 among adults in the United States (US). NAFLD was diagnosed using the hepatic steatosis index (HSI) and the US fatty 
liver index (USFLI) in the absence of other causes of chronic liver diseases. The first sample using HSI consisted of 7605 adults. The second sample using USFLI consisted of 3631 participants with availability of fasting 
data. RESULTS: Of the first 7605 participants (mean age 47 years, 48.4% male), the prevalence of NAFLD and abnormally elevated alanine aminotransferase (ALT) levels was correlated with urinary BPA levels (P < 0.05). 
Compared to the reference group with lowest quartile of urinary BPA levels, those with the third and fourth quartiles were 81% and 53% more likely to develop NAFLD defined by HSI. In a multivariate model, the ORs for 
NAFLD in the third and fourth quartiles were 1.69 (95% CI 1.39-2.04) and 1.44 (95% CI 1.19-1.76) respectively (P for trend <0.001). In the second sample using USFLI, high BPA levels (fourth quartile) remained an 
independent predictor of NAFLD (OR 1.44, 95% CI 1.05-1.98, P for trend = 0.012). CONCLUSIONS: High levels of urinary BPA were associated with NAFLD in a nationally representative sample of adults in the US. The 
pathophysiology remains unclear and warrants further investigation.

Liver Int Vol.39 Issue 7 
Pages 1335-1342

10.1111/liv.14110 30924602 ヒト - - - - - - - 横断研究 1 1 - - - - - - - - - - - - - - - - - -

統合_0463 B. Kim, B. Park, C. H. Kim, S. Kim and B. Park 2022

Association between endocrine-
disrupting chemical mixture and 
metabolic indices among children, 
adolescents, and adults: A 
population-based study in Korea

Exposure to endocrine-disrupting chemicals (EDCs) play a role in the etiology of obesity and dyslipidemia. However, few studies have analyzed the combined effects of EDC mixtures. This study explored the association 
between concurrent exposure to EDCs and obesity or dyslipidemia in children, adolescents, and adults. A total of 1454 children, 891 adolescents, and 3758 (for BMI) and 3424 (for TG/HDL) adults from the Korean 
National Environmental Health Survey 2015 to 2017 were included in this cross-sectional study. Urinary concentrations of eight phthalate metabolites, three phenols, three parabens, and one pyrethroid pesticides 
metabolite were quantified. Body mass index (BMI) was measured for all participants, and triglyceride (TG) and high-density lipoprotein cholesterol (HDL-c) levels were measured for adolescents and adults. Associations 
between combined EDC mixtures with the BMI and TG to HDL-c ratio were evaluated using Bayesian Kernel Machine Regression (BKMR). In all age groups, most of the chemical exposures, with the exception of BPF and 
BPS, were detected in more than 90% of participants. There were significant moderate to high correlations within phthalate metabolites and a high correlation within parabens. The BKMR showed that EDC mixtures were 
associated with higher BMI in both adolescents and adults, with greater significance in adults compared with adolescents, and a higher TG/HDL in male adolescents. In adolescents, MEP and MCPP drove the main 
effects on BMI and TG/HDL, respectively. In adults, 3PBA and BPA drove the main effects on BMI. The findings of this study suggest that exposure to EDC mixtures is associated with higher BMI and TG/HDL, and 
adolescence may be a critical period for EDC mixture in terms of both outcomes. Further studies are needed, but strategies to reduce EDC exposure from early life stages may be necessary to lower the risk of metabolic 
disease.

Environ Pollut Vol.315 
Pages 120399
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統合_0464 K. R. Kilcoyne and R. T. Mitchell 2019

Effect of environmental and 
pharmaceutical exposures on fetal 
testis development and function: a 
systematic review of human 
experimental data

BACKGROUND: Overall, the incidence of male reproductive disorders has increased in recent decades. Testicular development during fetal life is crucial for subsequent male reproductive function. Non-genomic factors 
such as environmental chemicals, pharmaceuticals and lifestyle have been proposed to impact on human fetal testicular development resulting in subsequent effects on male reproductive health. Whilst experimental 
studies using animal models have provided support for this hypothesis, more recently a number of experimental studies using human tissues and cells have begun to translate these findings to determine direct human 
relevance. OBJECTIVE AND RATIONALE: The objective of this systematic review was to provide a comprehensive description of the evidence for effects of prenatal exposure(s) on human fetal testis development and 
function. We present the effects of environmental, pharmaceutical and lifestyle factors in experimental systems involving exposure of human fetal testis tissues and cells. Comparison is made with existing 
epidemiological data primarily derived from a recent meta-analysis. SEARCH METHODS: For identification of experimental studies, PubMed and EMBASE were searched for articles published in English between 
01/01/1966 and 13/07/2018 using search terms including 'endocrine disruptor', 'human', 'fetal', 'testis', 'germ cells', 'testosterone' and related search terms. Abstracts were screened for selection of full-text articles for 
further interrogation. Epidemiological studies involving exposure to the same agents were extracted from a recent systematic review and meta-analysis. Additional studies were identified through screening of 
bibliographies of full-texts of articles identified through the initial searches. OUTCOMES: A total of 25 experimental studies and 44 epidemiological studies were included. Consistent effects of analgesic and phthalate 
exposure on human fetal germ cell development are demonstrated in experimental models, correlating with evidence from epidemiological studies and animal models. Furthermore, analgesic-induced reduction in fetal 
testosterone production, which predisposes to the development of male reproductive disorders, has been reported in studies involving human tissues, which also supports data from animal and epidemiological studies. 
However, whilst reduced testosterone production has been demonstrated in animal studies following exposure(s) to a variety of environmental chemicals including phthalates and bisphenol A, these effects are not 
reproduced in experimental approaches using human fetal testis tissues. WIDER IMPLICATIONS: Direct experimental evidence for effects of prenatal exposure(s) on human fetal testis development and function exists. 
However, for many exposures the data is limited. The increasing use of human-relevant models systems in which to determine the effects of environmental exposure(s) (including mixed exposures) on development and 
function of human tissues should form an important part of the process for assessment of such exposures by regulatory bodies to take account of animal-human differences in susceptibility.

Hum Reprod Update 
Vol.25 Issue 4 Pages 
397-421

10.1093/humupd/dmz004 30869130 ヒト - - - - - - - システマティックレビュー 1 1 - - - - - - - - - - - - - - - - - -

統合_0465 D. Khodasevich, N. Holland, K. G. Harley, B. 
Eskenazi, L. F. Barcellos and A. Cardenas 2024

Prenatal exposure to environmental 
phenols and phthalates and altered 
patterns of DNA methylation in 
childhood

INTRODUCTION: Epigenetic marks are key biomarkers linking the prenatal environment to health and development. However, DNA methylation associations and persistence of marks for prenatal exposure to multiple 
Endocrine Disrupting Chemicals (EDCs) in human populations have not been examined in great detail. METHODS: We measured Bisphenol-A (BPA), triclosan, benzophenone-3 (BP3), methyl-paraben, propyl-paraben, and 
butyl-paraben, as well as 11 phthalate metabolites, in two pregnancy urine samples, at approximately 13 and 26 weeks of gestation in participants of the Center for the Health Assessment of Mothers and Children of 
Salinas (CHAMACOS) study (N = 309). DNA methylation of cord blood at birth and child peripheral blood at ages 9 and 14 years was measured with 450K and EPIC arrays. Robust linear regression was used to identify 
differentially methylated probes (DMPs), and comb-p was used to identify differentially methylated regions (DMRs) in association with pregnancy-averaged EDC concentrations. Quantile g-computation was used to 
assess associations of the whole phenol/phthalate mixture with DMPs and DMRs. RESULTS: Prenatal BPA exposure was associated with 1 CpG among males and Parabens were associated with 10 CpGs among 
females at Bonferroni-level significance in cord blood. Other suggestive DMPs (unadjusted p-value < 1 × 10(-6)) and several DMRs associated with the individual phenols and whole mixture were also identified. A total 
of 10 CpG sites at least suggestively associated with BPA, Triclosan, BP3, Parabens, and the whole mixture in cord blood were found to persist into adolescence in peripheral blood. CONCLUSIONS: We found sex-
specific associations between prenatal phenol exposure and DNA methylation, particularly with BPA in males and Parabens in females. Additionally, we found several DMPs that maintained significant associations with 
prenatal EDC exposures at age 9 and age 14 years.

Environ Int. 2024 
Aug:190:108862.

10.1016/j.envint.2024.108862 38972116 ヒト 遺伝毒性 - - - - - - コホート研究 1 1 - - - 1 1 1 - - - - - - - - - - - -

統合_0466
G. N. Keskesiadou, S. Tsokkou, I. 
Konstantinidis, M. N. Georgaki, A. Sioga, T. 
Papamitsou and S. Karachrysafi

2024

Endocrine-Disrupting Chemicals and 
the Development of Diabetes 
Mellitus Type 1: A 5-Year 
Systematic Review

INTRODUCTION: According to the Institute of Environmental Sciences, endocrine-disrupting chemicals (EDCs) are "natural or human-made chemicals that may mimic, block, or interfere with the body's hormones, 
associated with a wide array of health issues", mainly in the endocrine system. Recent studies have discussed the potential contribution of EDCs as risk factors leading to diabetes mellitus type 1 (T1DM), through various 
cellular and molecular pathways. PURPOSE: The purpose of this study was to investigate the correlation between the EDCs and the development of T1DM. METHODOLOGY: Thus, a 5-year systematic review was 
conducted to bring light to this research question. Using the meta-analysis and systematic review guideline protocol, a PRISMA flow diagram was constructed and, using the keywords (diabetes mellitus type 1) AND 
(endocrine-disrupting chemicals) in the databases PubMed, Scopus and ScienceDirect, the relevant data was collected and extracted into tables. Quality assessment tools were employed to evaluate the quality of the 
content of each article retrieved. RESULTS: Based on the data collected and extracted from both human and animal studies, an association was found between T1DM and certain EDCs, such as bisphenol A (BPA), 
bisphenol S (BPS), persistent organic pollutants (POPs), phthalates and dioxins. Moreover, based on the quality assessments performed, using the Newcastle-Ottawa Scale and ARRIVE quality assessment tool, the 
articles were considered of high quality and thus eligible to justify the correlation of the EDCs and the development of T1DM. CONCLUSION: Based on the above study, the correlation can be justified; however, additional 
studies can be made focusing mainly on humans to understand further the pathophysiologic mechanism involved in this association.

Int J Mol Sci Vol.25 
Issue 18
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統合_0467
R. Keshavarz-Maleki, A. Kaviani, R. Omranipour, 
M. Gholami, M. R. Khoshayand, S. N. Ostad and 
O. Sabzevari

2021

Bisphenol-A in biological samples of 
breast cancer mastectomy and 
mammoplasty patients and 
correlation with levels measured in 
urine and tissue

Endocrine disrupting chemicals (EDCs) are organic compounds that have estrogenic activity and can interfere with the endocrine system. Bisphenol-A (BPA) is one of these compounds which possess a potential risk for 
breast cancer. The aim of this research was to evaluate BPA concentration in both the urine and breast adipose tissue samples of breast cancer mastectomy and mammoplasty patients and study correlations of BPA 
levels in breast adipose tissue with urine samples in the both groups. Urine and breast adipose tissue samples from 41 breast cancer mastectomy and 11 mammoplasty patients were taken. BPA concentrations were 
detected using an ELISA assay. Urinary BPA concentrations were significantly higher in cancerous patients (2.12 ± 1.48 ng/ml; P < 0.01) compared to non-cancerous (0.91 ± 0.42 ng/ml). Likewise, tissue BPA 
concentrations in cancerous patients (4.20 ± 2.40 ng/g tissue; P < 0.01) were significantly higher than non- cancerous (1.80 ± 1.05 ng/g tissue). Urinary BPA concentrations were positively correlated with breast adipose 
tissue BPA in the case group (P < 0.001, R = 0.896). We showed that BPA was present in urine and breast adipose tissue samples of the studied populations. With regard to higher BPA mean concentration in cancerous 
patients than non-cancerous individuals in this study, BPA might increase the risk of breast cancer incidence.

Sci Rep. 2021 Sep 
16;11(1):18411.

10.1038/s41598-021-97864-6 34531470 ヒト 発がん - - - - - - 症例対照研究 1 1 - - - 1 1 1 - - - - - - - - - - - -

統合_0468 H. Kaya Ozden and A. S. Karadag 2021

Could endocrine disruptors be a 
new player for acne pathogenesis? 
The effect of bisphenol A on the 
formation and severity of acne 
vulgaris: A prospective, case-
controlled study

BACKGROUND: Acne is one of the most common skin diseases in the adolescent period. Bisphenol A (BPA) is the most frequently observed endocrine-disrupting chemicals that we are exposed to in daily life. BPA can 
affect acne pathogenesis with similar biological activity on androgenic receptors. AIMS: To investigate whether BPA levels play a role in the development and severity of acne in adults. METHODS: Fifty-one adults with 
acne and 50 healthy controls, whose ages varied between 18 and 25 years and applied to our dermatology outpatient clinic, were evaluated. A questionnaire containing dietary and lifestyle habits for BPA exposure was 
filled. BPA and BPA glucuronides were analyzed in the LC-MS/MS system in the first-morning urine samples of the patients. Statistical significance was set at p < 0.05. RESULTS: The median levels of total BPA were 
significantly higher in the acne group compared with the control group (7.94 (4.69-20.32) vs. 5.62 (1.52-21.05) µg/g creatinine, respectively; p = 0.04)). The acne severity was positively associated with the BPA values (p =
 0.00 rs = 0.534). Higher BPA level was noticed in younger acne onset age (p = 0.012 r = -0.349) When the inquiry questions were evaluated, no difference was found between the study groups regarding BPA exposure risk 
(p > 0.05). CONCLUSION: BPA could be a factor in acne development and its severity. Therefore, it may be beneficial to prevent BPA exposure and raise awareness in the adolescence and post-adolescence period, in 
which industrial products such as junk food and plastic bottled water are used more frequently.

J Cosmet Dermatol. 
2021 Nov;20(11):3573-
3579.
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統合_0469

I. Katsikantami, M. N. Tzatzarakis, V. Karzi, A. 
Stavroulaki, P. Xezonaki, E. Vakonaki, A. K. 
Alegakis, S. Sifakis, A. K. Rizos and A. M. 
Tsatsakis

2020
Biomonitoring of bisphenols A and S 
and phthalate metabolites in hair 
from pregnant women in Crete

Phthalates, bisphenols A and S (BPA, BPS) are used as plasticizers and many of them are documented or suspected of being endocrine disruptors. Several studies indicate that exposure during pregnancy may affect the 
newborn's health and development. The aim of this cross-sectional study is the biomonitoring of seven phthalate metabolites, BPA and BPS in hair from 100 pregnant women in Crete. The most frequently detected 
compounds were monoethylhexyl phthalate (mEHP) (68%), mono isobutyl phthalate (miBP) (40%), BPA (37%), BPS (34%) and mono-n-butyl phthalate (mnBP) (28%). Phthalate metabolites were detected at medians from 
19.5 to 44.4 pg/mg, BPA at 69.9 pg/mg and BPS at 3.5 pg/mg. Significant positive correlations between phthalate metabolites were found which indicated their common sources of exposure. The frequent use of plastics 
for food storage was strongly associated with mEHP (p = .013) and a weaker association was found for miBP (p = .063). The frequent use of cosmetics during or before pregnancy was associated with levels of phthalate 
metabolites in hair. More specifically, the use of hair spray before pregnancy was significantly correlated with monobenzyl phthalate (mBzP) (p = .041) and a trend was found for miBP (p = .066). The use of makeup 
products during pregnancy was strongly associated with miBP (p = .015) and the use of deodorant during pregnancy was inversely associated with mEHP (p = .021). Strong associations came up between mEHP and lower 
birth weight (Spearman correlation coefficient, r = -0.302, p = .021) and exposure to BPS was associated with increased body mass index of the participants (p = .036). Although data in literature on biomonitoring of the 
compounds in hair are limited, the findings of this study are promising and in agreement with existing data in hair or urine.

Sci Total Environ 
Vol.712 Pages 135651
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統合_0470 S. Karthikeyan, T. Pollock, M. Walker, C. Khoury 
and A. St-Amand 2024

Analysis of chemical exposures in 
racial populations in Canada: An 
investigation based on the Canadian 
health measures survey

Despite demonstrated disparities in environmental chemical exposures by racial identity, no Canadian study has systematically assessed the feasibility of using a nationally representative dataset to examine differences 
in chemical concentrations by race. We assessed the feasibility and constraints of analysing chemical exposures in racial populations, including visible minorities and populations of Indigenous identity, using 
biomonitoring data collected through the Canadian Health Measures Survey (CHMS). Our primary objectives were to assess the ability to 1) generate geometric means and percentiles of chemical concentrations for racial 
populations by age or sex, 2) statistically compare concentrations among racial populations, and 3) calculate time trends of concentrations by race. We conducted these analyses for several priority chemicals: lead, 
cadmium, benzene, bisphenol A (BPA), and di(2-ethylhexyl) phthalate (DEHP). Survey participants self-identified as one of the following: White, Black, East and Southeast Asian, South Asian, Middle Eastern, Latin 
American, First Nations, Metis, and Inuit. Analyses were conducted for individual and combined cycles of the CHMS. Using data from the latest CHMS cycle in which each chemical was measured, we observed that 
sample sizes were sufficient to report geometric mean concentrations for all races except Inuit. Due to privacy considerations associated with small sample sizes, the 5th and 95th percentile concentrations could not be 
consistently reported for all racial populations in this analysis. While we were able to statistically compare concentrations among racial populations, the analysis was constrained by the limited number of statistical 
degrees of freedom available in a single CHMS cycle. Both of these constraints were alleviated by combining multiple cycles of data. The analysis of time trends was less subject to privacy and statistical limitations; we 
were able to calculate time trends of chemical concentrations for all racial populations. Our findings provide an important baseline for follow-up investigations of descriptive and etiological analyses of environmental 
chemical exposures and race in the CHMS.

Int J Hyg Environ Health 
Vol.260 Pages 114406
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統合_0471
C. Karrer, M. Andreassen, N. von Goetz, F. 
Sonnet, A. K. Sakhi, K. Hungerbühler, H. Dirven 
and T. Husøy

2020

The EuroMix human biomonitoring 
study: Source-to-dose modeling of 
cumulative and aggregate exposure 
for the bisphenols BPA, BPS, and 
BPF and comparison with measured 
urinary levels

BACKGROUND: Bisphenol A (BPA) and, with increasing occurrence, its analogs bisphenol S (BPS) and bisphenol F (BPF) are applied in many consumer products, leading to humans being exposed from a vast number of 
sources and via several routes. Estrogenic and anti-androgenic effects are exerted by the chemical BPA, and also by its analogs. Therefore, realistic exposure assessments are needed for assessing risks related to 
cumulative exposure. OBJECTIVES: Biomonitoring for BPA, BPS, and BPF was conducted in a human study embedded in the EU project EuroMix and the measured urinary concentrations were compared to source-to-dose 
calculations for source allocation and plausibility test of the model. METHODS: For two 24-hour study periods separated by 2-3 weeks, 144 adult volunteers in Norway kept detailed diaries on food consumption, personal 
care product (PCP) use, and thermal paper (TP) handling. Concurrently, 24 h urine was collected and urinary levels of BPA, BPS, and BPF were analyzed using ultra-high performance liquid chromatography and tandem 
mass spectrometry (UPLC-MS-MS). In line with the information obtained from the first study day, bisphenol exposure from food, PCPs, TP, and dust was modeled primarily individual-based with probabilistic models. 
Estimates for BP excretion over 24 h were obtained with the models and compared to measured amounts. RESULTS: Modeled aggregate internal exposures covered the full range of measured urinary amounts for all BP 
analogs. In general, individual-based medians of modeled BPA exposures were in good agreement with the measurements, but individual-specific correlation was lacking. Modeled exposures mostly underestimated BPS 
and BPF levels in participants with positive measurements (53% and 8%), except for the P95 values of modeled BPS exposure that were higher than measured amounts if TP was handled. Most likely, diet and TP were the 
sources contributing the most to BP exposure in this study. Urinary measurements did not reveal a significant correlation between the amounts of canned food consumed, the number of PCPs used, or the number of TP 
handling events and levels of BPA, BPS, or BPF. CONCLUSIONS: The good agreement between the ranges of modeled BPA exposure and measured BPA amounts indicates that available concentrations, especially from 
the main exposure source food, mirror the exposure situation realistically, and suggests that the exposure model considers the relevant exposure sources. The lack of individual-specific correlations means that the 
individual measured amounts and modeled exposures did not vary in parallel, e.g. due to mismatch of BP concentrations in food, TP, and other sources, or delayed internal exposure. The underestimation of modeled BPS 
and BPF exposure suggests that not all relevant sources were included in the respective exposure models. This could be due to a lack of input data, e.g. for food items, or due to an increased replacement of BPA with 
structural analogs compared to the used concentration and occurrence data.

Environ Int Vol.136 
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統合_0472 T. Karramass, C. Sol, K. Kannan, L. Trasande, V. 
Jaddoe and L. Duijts 2023

Bisphenol and phthalate exposure 
during pregnancy and the 
development of childhood lung 
function and asthma. The 
Generation R Study

BACKGROUND: Fetal exposure to bisphenols and phthalates may lead to alterations in the respiratory and immune system development in children, and to adverse respiratory health. AIM: To study the associations of 
fetal bisphenols and phthalates exposure with lung function and asthma at age 13 years. STUDY DESIGN AND METHODS: This study among 1020 children was embedded in a population-based prospective cohort study. 
We measured maternal urine bisphenol and phthalate concentrations in the first, second and third trimester of pregnancy, and lung function by spirometry and asthma by questionnaires at age 13 years. Multivariable linear 
and logistic regression models were applied. RESULTS: Maternal urine bisphenol and phthalate concentrations averaged during pregnancy were not associated with childhood lung function or asthma. Associations of 
maternal urine bisphenol and phthalate concentrations in specific trimesters with respiratory outcomes showed that one interquartile range increase in the natural log-transformed maternal urine mono-isobutyl phthalate 
concentration in the second trimester was associated with a higher FEV(1)/FVC, but not with asthma, accounting for confounders and multiple-testing correction. Although there were associations of higher second 
trimester bisphenol S with a lower FVC and FEV(1) in boys and girls, and of higher first trimester bisphenol S with a decreased risk of asthma in boys and an increased risk of asthma in girls, these results did not remain 
significant after correction for multiple testing. Results were not modified by maternal history of asthma or atopy. CONCLUSIONS: Maternal urine bisphenol and phthalate concentrations averaged or in specific trimesters 
during pregnancy were not strongly associated with childhood lung function and asthma at age 13 years. BPS, as a BPA substitute, tended to be associated with impaired lung function and altered risk of asthma, partly 
sex-dependent, but its strength was limited by a relatively low detection rate and should be queried in contemporary cohorts.

Environ Pollut. 2023 
Sep 1:332:121853.
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統合_0473 S. Kang, B. H. Shin, J. A. Kwon, C. W. Lee, E. K. 
Park, E. Y. Park and B. Kim 2020

Urinary bisphenol A and its 
analogues and haemato-biochemical 
alterations of pregnant women in 
Korea

INTRODUCTION: Bisphenol F (BPF) and bisphenol S (BPS) are chemical substitutes for, and may have similar physiological effects to, bisphenol A (BPA). Bisphenols provoke endocrine disorders and are cytotoxic, oxidize 
hemoglobin, and induce morphological changes in human red blood cells (RBC). It is more sensitive to changes in the RBC number and hemoglobin (Hb) level during pregnancy. Therefore, we investigated the effects of 
bisphenols (BPs) and their substitute compounds on hemopoiesis and the serum biochemical parameters of pregnant women. METHODS: The study population comprised 196 pregnant women from the MAKE cohort 
study, recruitment for which occurred from 2017 to 2019. We measured the levels of BPA, BPF and BPS in urine samples and collected data on socioeconomic, lifestyle, and environmental factors at visits to the hospital. 
The associations between the levels of the three BPs and biochemical parameters were analyzed by multiple linear regression. RESULTS: The geometric mean urinary concentrations of specific gravity adjusted BPA, BPF, 
and BPS were 2.1, 0.2, and 0.1 μg/L, respectively. There was a significant negative association between the urinary concentration of BPA and the Hb level (β = -0.5, p = 0.02). After stratifying by the median 
concentrations of the three BPs, the maternal urinary BPA level had a significantly negative effect on the RBC count, HB level, and hematocrit in the high BPA concentration group (RBC, β = - 0.5, p = 0.001; Hb, β = -1.4, 
p = 0.002; Hct, β = -5.0, p = 0.001). CONCLUSIONS: BPA has a harmful effect on hemato-biochemical changes that occur during pregnancy. Further studies should investigate the relation between widespread exposure 
to bisphenols and effects on human health.
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統合_0474 J. Kang, H. Kang and Y. H. Choi 2025

Changes of urinary bisphenol A and 
alternatives in Korea 2015-2020 and 
environmental disparities by 
socioeconomic status

BACKGROUND: Bisphenol A (BPA), mainly used as an ingredient for epoxy resins, is widely utilized in numerous daily necessities. However, due to its endocrine-disrupting property, many countries have regulated BPA 
usage in consumer products, which might motivate industries to prefer alternative chemicals such as bisphenol S (BPS) and bisphenol F (BPF). This study aimed to evaluate temporal changes in consumption patterns of 
bisphenol-containing products and evaluate whether such trend depended on socioeconomic status (SES). METHODS: We used data of general adults from the Korean National Environmental Health Survey (KoNEHS) 
2015-2020 (n = 8000). Bisphenol exposures were measured by urinary concentrations of BPA, BPS, and BPF. A ratio of alternative-to-legacy bisphenol (BP ratio [(S + F)/A]) was then estimated as (BPS + BPF)/BPA. 
Associations between BP ratio and SES indices (each variable and a composite score of household income, residence area, occupation, and education) were examined using survey-weighted multiple linear regression 
models. RESULTS: During the study period of 2015-2020, BP ratio [(S + F)/A] showed an overall increase, with a steep increase from 2017 to 2020 (BP ratio: 0.09 to 0.73). Such an increase corresponded to a series of 
BPA regulations since 2008, which had banned BPA-containing products (i.e., food containers, cosmetics, and baby products) and set the lifetime reference dose. Trends of BP ratio differed by SES, but not by age or sex. 
Among the most recent data in 2020, higher-educated individuals with a university graduate or above education showed a 70.1 % (95 % CI: 1.8 %, 182.9 %) higher BP ratio than those under high school graduation after 
adjusting for age and sex. CONCLUSIONS: Bisphenol exposure of the general Korean adults shifted from BPA to its alternatives in parallel with consecutive BPA regulations. Such an exposure shift was more pronounced 
in adults with higher SES. Further bisphenol regulations should consider environmental disparities of the public.

Environ Res Vol.285 
Issue Pt 1 Pages 
122307

10.1016/j.envres.2025.122307 40623515 ヒト - - - - - - - バイオモニタリング 1 1 - - - - - - - - - - - - - - - - - -

統合_0475 H. Kang, J. P. Lee and K. Choi 2021

Exposure to phthalates and 
environmental phenols in 
association with chronic kidney 
disease (CKD) among the general 
US population participating in multi-
cycle NHANES (2005-2016)

Exposure to consumer chemicals has been associated with chronic kidney disease (CKD) among humans, but their associations with estimated glomerular filtration rate (eGFR) are inconsistent. Such observations may 
be due to potential bias caused by the method of urine dilution adjustment and lack of consideration for multiple chemical exposure in the association models. This study aimed to identify major urinary chemicals 
associated with CKD by applying an alternative adjustment method of urine dilution ('novel' covariate-adjusted creatinine adjustment vs 'traditional' creatinine adjustment) and with a mixture exposure concept in the 
association model. For this purpose, the adult participants of US National Health and Nutrition Examination Survey (NHANES) 2005-2016 (n = 9008) were used, and the associations of urinary exposure biomarkers of 
major consumer chemicals, e.g., phthalates, bisphenol A, benzophenone-3, and parabens, with CKD related parameters of eGFR and albumin-to-creatinine ratio (ACR), were assessed. The use of the novel covariate-
adjusted creatinine standardization resulted in significant inverse associations with eGFR for most measured chemicals, unlike the results with the use of the conventional creatinine adjustment. Phthalate metabolites, 
such as monobutyl phthalate (MBP) and mono-benzyl phthalate (MBzP), were positively associated with ACR. Even in mixture exposure models using weighted quantile sum (WQS) regression, MBzP, metabolites of di-(2-
ethylhexyl) phthalate (DEHP), and bisphenol A (BPA) were revealed as major drivers of the association with eGFR or ACR. Results of sensitivity analyses with the subpopulation with normal eGFR range (n = 7041) were 
generally similar. Our observation suggests that exposure to benzyl butyl phthalate (BBP), DEHP, and BPA may be responsible for declined eGFR and increased ACR even at the exposure levels occurring among general 
adults.

Sci Total Environ 
Vol.791 Pages 148343

10.1016/j.scitotenv.2021.148343 34126474 ヒト - - - - - - - 横断研究 1 1 - - - - - - - - - - - - - - - - - -

統合_0476 H. Kang, S. Kim, H. Lee, Y. Jeong, J. Lee, I. Lee, 
H. B. Moon, K. Choi and K. T. Kim 2025

Parabens, bisphenols, and other 
environmental phenols exposure 
from cosmetics use in Korean 
adolescent girls: Findings from a 2-
day intervention study

Endocrine-disrupting chemicals (EDCs), such as bisphenols, parabens, and benzophenones, are commonly found in personal care products (PCPs) and pose a significant public health concern, particularly in adolescent 
girls. This study aimed to investigate the association between PCP use and urinary concentrations of environmental phenols in Korean adolescent girls, focusing on the potential role of PCPs as a major source of EDC 
exposure. A total of 112 female adolescents (aged 13-17 years) were recruited to examine the associations between urinary concentrations of parabens, bisphenols, benzophenones, and other environmental phenols and 
the self-reported frequency of PCP use (e.g., skincare products, sunscreen, cosmetics, and eye/lip products). In a subsequent two-day intervention restricting cosmetic use, involving a subpopulation of 74 participants, 
the changes in urinary chemical concentrations were assessed. Baseline findings showed an association between frequent PCP use and higher urinary concentrations of parabens (e.g., methyl, ethyl, and propyl parabens), 
bisphenol A (BPA), and benzophenone (e.g., benzophenone-1). After the two-day intervention, no significant reductions in EDCs concentrations were observed for the entire intervention participants (n = 74). However, 
when excluding adolescents with no baseline PCP use (n = 22), substantial reductions were shown in BPA (by 32.7 %), and benzophenones (by 11.9 %-22.8 %). This study contributes to the limited research on EDC 
exposure in adolescent populations and underscores the need for targeted public health interventions and policy measures to protect vulnerable populations from the potential health risks associated with EDC exposure.

Environ Res Vol.282 
Pages 122039

10.1016/j.envres.2025.122039 40451416 ヒト - - - - - - - バイオモニタリング 1 1 - - - - - - - - - - - - - - - - - -

統合_0477

G. Kalloo, G. A. Wellenius, L. McCandless, A. M. 
Calafat, A. Sjodin, M. E. Romano, M. R. Karagas, 
A. Chen, K. Yolton, B. P. Lanphear and J. M. 
Braun

2020
Exposures to chemical mixtures 
during pregnancy and neonatal 
outcomes: The HOME study

INTRODUCTION: Exposure to mixtures of environmental chemicals are prevalent among pregnant women and may be associated with altered fetal growth and gestational age. To date, most research regarding 
environmental chemicals and neonatal outcomes has focused on the effect of individual agents. METHODS: In a prospective cohort of 380 pregnant women from Cincinnati, OH (enrolled 2003-2006), we used biomarkers 
to estimate exposure to 43 phenols, phthalates, metals, organophosphate/pyrethroid/organochlorine pesticides, polychlorinated biphenyls, polybrominated diphenyl ethers, perfluoroalkyl substances (PFAS), and 
environmental tobacco smoke. Using three approaches, we estimated covariate-adjusted associations of chemical mixtures or individual chemicals with gestational-age-specific birth weight z-scores, birth length, head 
circumference, and gestational age: k-means clustering, principal components (PC), and one-chemical-at-a-time regression. RESULTS: We identified three chemical mixture profiles using k-means clustering. Women in 
cluster 1 had higher concentrations of most phenols, three phthalate metabolites, several metals, organophosphate/organochlorine pesticides, polychlorinated biphenyls, and several PFAS than women in clusters 2 and 3. 
On average, infants born to women in clusters 1 (-1.2 cm; 95% CI: -1.9, -0.5) and 2 (-0.5 cm; 95% CI: -1.1, 0.1) had lower birth length than infants in cluster 3. Six PCs explained 50% of the variance in biomarker 
concentrations and biomarkers with similar chemical structures or from shared commercial/industrial settings loaded onto commons PCs. Each standard deviation increase in PC 1 (organochlorine pesticides, some 
phenols) and PC 6 (cadmium, bisphenol A) was associated with 0.2 cm (95% CI: -0.4, 0.0) and 0.1 cm (95% CI: -0.4, 0.1) lower birth length, respectively. Organochlorine compounds, parabens, and cadmium were inversely 
associated with birth length in the one-chemical-at-a-time analysis. Cluster membership, PC scores, and individual chemicals were not associated with other birth outcomes. CONCLUSION: All three methods of 
characterizing multiple chemical exposures in this cohort identified inverse associations of select organochlorine compounds, phenols, and cadmium with birth length, but not other neonatal outcomes.

Environ Int. 2020 
Jan:134:105219.

10.1016/j.envint.2019.105219 31726361 ヒト ⽣殖発⽣ - - - - - - コホート研究 1 1 - - - 1 1 1 - 1 - - - - - - - - - -

統合_0478 J. Jurewicz, J. Majewska, A. Berg, K. Owczarek, 
R. Zajdel, D. Kaleta, A. Wasik and D. Rachoń 2021

Serum bisphenol A analogues in 
women diagnosed with the 
polycystic ovary syndrome - is there 
an association?

Due to the endocrine disrupting effects of bisphenol A (BPA) several governmental authorities have banned its use and the manufacturers had to find alternative substances with similar chemical properties. This led to the 
increase in the use of so-called BPA analogues, which however also turn out to possess mild estrogenic and ani-androgenic properties and thus, may cause fertility problems and sex-hormone dependent 
endocrinopathies. The aim of this study was to evaluate the potential association between the exposure to BPA and its two analogues: BPS and BPF, with the diagnosis of the polycystic ovary syndrome (PCOS), which 
remains the most common female endocrinopathy. Serum concentrations of BPA, BPS and BPF were measured using high performance liquid chromatography method with tandem mass spectrometry (HPLC-MS/MS) 
among 199 women with PCOS and 158 control subjects. In women with PCOS serum BPS concentrations were significantly higher compared to the control subjects (geometric mean [95% CI]: 0.14 ng/mL [0.10; 1.17] vs. 
0.08 ng/mL [0.06; 0.09], P = 0.023). Serum BPA and BPF concentrations did not differ between the studied groups. There was however a negative correlation between serum BPA and HOMA-IR (r = - 0.233, P = 0.001) and 
TST (r = - 0.203, P = 0.006) in women with PCOS. No correlations were found between the serum BPs and other metabolic parameters such as serum lipids, insulin, DHEA-S, androstenedione and FAI. When studying the 
association between serum BPA analogues and PCOS it turned out that women whose serum BPS concentrations were in the first tertile were more likely to be diagnosed with this endocrinopathy (OR [95% CI]: 1.21 
[1.04; 3.46], P = 0.017). This association was also statistically significant when adjusted for age, education, BMI, smoking, income, and alcohol consumption (adjusted OR [95% CI]: 1.12 [1.03; 3.71], P = 0.029). These 
results point to the potential association between the exposure to BPS and the diagnosis of PCOS. The role of BPA is not clear and warrants further studies.

Environ Pollut. 2021 
Mar 1:272:115962.

10.1016/j.envpol.2020.115962 33223334 ヒト 卵巣(システマティックレビュー) - - - - - - 症例対照研究 1 1 - - - 1 1 1 - - - - - - - - - - - -

統合_0479
S. K. Jung, W. Choi, S. Y. Kim, S. Hong, H. L. 
Jeon, Y. Joo, C. Lee, K. Choi, S. Kim, K. J. Lee 
and J. Yoo

2022

Profile of Environmental Chemicals 
in the Korean Population-Results of 
the Korean National Environmental 
Health Survey (KoNEHS) Cycle 3, 
2015-2017

The Korean National Environmental Health Survey (KoNEHS) program provides useful information on chemical exposure, serves as the basis for environmental health policies, and suggests appropriate measures to 
protect public health. Initiated on a three-year cycle in 2009, it reports the concentrations of major environmental chemicals among the representative Korean population. KoNEHS Cycle 3 introduced children and 
adolescents into the analysis, where the blood and urine samples of 6167 participants were measured for major metals, phthalates, phenolics, and other organic compounds. Lead, mercury, cadmium, metabolites of DEHP 
and DnBP, and 3-phenoxybenzoic acid levels of the Korean adult population tended to decrease compared to previous survey cycles but remained higher than those observed in the US or Canada. Both bisphenol A (BPA) 
and trans,trans-muconic acid concentrations have increased over time. Heavy metal concentrations (blood lead, and cadmium) in children and adolescents were approximately half that of adults, while some organic 
substances (e.g., phthalates and BPA) were high. BPA showed higher levels than in the US or Canada, whereas BPF and BPS showed lower detection rates in this cycle; however, as these are increasingly used as a 
substitute for BPA, further research is necessary. As environmental chemicals may affect childhood health and development, additional analyses should assess exposure sources and routes through continuous 
observations.

Int J Environ Res Public 
Health Vol.19 Issue 2
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統合_0480 M. K. Jung, H. S. Choi, J. Suh, A. Kwon, H. W. 
Chae, W. J. Lee, E. G. Yoo and H. S. Kim 2019

The analysis of endocrine disruptors 
in patients with central precocious 
puberty

BACKGROUND: A few studies have reported a positive association between phthalate exposure and pubertal timing, but several conflicting reports exist. The main objective of the study was to determine whether 
phthalate exposure was associated with central precocious puberty in girls. METHODS: This was a multicenter case-control study wherein 47 girls with central precocious puberty (CPP) and 47 controls (26 pre-pubertal 
girls and 21 pubertal girls) were enrolled. No obese girls were included. Five phthalate metabolites (creatinine adjusted) and bisphenol A (BPA) were measured in the first spot urine samples of these 94 girls in the early 
morning. RESULTS: The median values of monobenzyl phthalate (MBzP), mono-2-ethyl-5-carboxypentyl phthalate (MECPP), mono-2-ethyl-5-hydroxyhexyl phthalate (MEHHP), mono-2-ethyl-5-oxohexyl phthalate 
(MEOHP), and mono-n-butyl phthalate (MnBP) were 3.1, 29.3, 18.0, 15.4, and 25.2 μg/g creatinine in the CPP group, 4.3, 53.7, 35.7, 29.1, and 66.0 μg/g creatinine in the pre-pubertal control group, and 1.7, 28.7, 21.4, 
12.1, and 33.3 μg/g creatinine in the pubertal control group, respectively. The urinary concentration of the five phthalates was significantly lower in the CPP group than in the pre-pubertal control group (P < 0.001). 
Conversely, there was no significant difference in the urinary concentration of the five phthalates between the CPP and pubertal control groups (P values: 0.077 for MBzP, 0.733 for MECPP, 0.762 for MEHHP, 0.405 for 
MEOHP, and 0.981 for MnBP). In addition, the BPA level was not significantly different between the CPP and pubertal control groups (BPA median values: 0.63 μg/g creatinine, the CPP group; 1.7 μg/g creatinine, the 
pubertal control group; P value = 0.092). CONCLUSIONS: Our study showed that there was no significant difference in the urinary phthalate levels between the CPP and pubertal control groups. Moreover, phthalate 
metabolites were significantly lower in the CPP group than in the pre-pubertal control group. Further investigation about endocrine disruptors and pubertal progression is needed.

BMC Pediatr. 2019 Sep 
7;19(1):323.

10.1186/s12887-019-1703-4 31493798 ヒト ⽣殖(思春期発達) - - - - - - 症例対照研究 1 1 - - - 1 1 1 - - - - - - - - - - - -

統合_0481 H. Jin, J. Xie, L. Mao, M. Zhao, X. Bai, J. Wen, T. 
Shen and P. Wu 2020

Bisphenol analogue concentrations 
in human breast milk and their 
associations with postnatal infant 
growth

Many studies show that bisphenol A (BPA) is widespread in human breast milk. However, the occurrence of other bisphenol analogues (BPs), including bisphenol S (BPS), bisphenol F (BPF), and bisphenol AF (BPAF), in 
breast milk is still not well known. In this study, breast milk samples were collected from 190 women in Hangzhou, China, with the aims to characterize the occurrence of BPA, BPS, BPF, and BPAF in these samples and 
to investigate their effects on postnatal growth of infants through breast milk consumption. BPA (mean 2.5 ng/mL, range < LOD-15 ng/mL) was the most abundant BP in breast milk, followed by BPS (0.19 ng/mL, <LOD-
1.3 ng/mL) and BPAF (0.092 ng/mL, <LOD-0.58 ng/mL). BPF was not detected in all breast milk samples. We firstly found that breast milk concentrations of BPA were negatively correlated with infant's weight or length 
gain rate. Daily intakes (DIs) of BPs via the consumption of breast milk were calculated for infants, and the mean DI values were 531 ng/kg/day, 53 ng/kg/day, and 24 ng/kg/day for BPA, BPS, and BPAF, respectively. 
Overall, this study firstly demonstrats that the lactation exposure to BPA through breast milk consumption may affect the postnatal growth of infants.

Environ Pollut. 2020 
Apr:259:113779.

10.1016/j.envpol.2019.113779 31887597 ヒト ⽣殖発⽣ - - - - - - コホート研究 1 1 - - - 1 1 1 - 1 - - - - - - - - - -

統合_0482
Y. Jiang, J. Li, S. Xu, Y. Zhou, H. Zhao, Y. Li, C. 
Xiong, X. Sun, H. Liu, W. Liu, Y. Peng, C. Hu, Z. 
Cai and W. Xia

2020
Prenatal exposure to bisphenol A 
and its alternatives and child 
neurodevelopment at 2 years

While increasing evidence has shown that prenatal bisphenol A (BPA) exposure is adversely associated with child neurodevelopment, little is known about the neurodevelopmental effects of BPA alternatives, such as 
bisphenol S (BPS) and bisphenol F (BPF). We aimed to evaluate the relationships of repeated measurements of bisphenol exposure during pregnancy with child neurodevelopment. From 2014-2015, 456 mother-child pairs 
were included in the present study. Each had a spot urine sample in the first, second, and third trimester, respectively, during pregnancy for BPA, BPS, and BPF measurements. Children's neurodevelopment was assessed 
using the Bayley Scales of Infant Development at 2 years. In adjusted models, children's psychomotor development index scores decreased across quartiles of BPS concentrations [-5.52 (95 % CI: -10.06, -0.99) in the 4th 
quartile vs. 1 st quartile, P-trend = 0.01]. Each 10-fold increase in BPA concentrations was related to lower mental development index scores only in the second trimester [-2.87 (95 % CI: -4.98, -0.75), P(trimester-
int) = 0.04]. However, prenatal BPF exposure was not significantly associated with child neurodevelopment. We provide evidence that prenatal exposure to BPA and BPS may affect child neurodevelopment.

J Hazard Mater. 2020 
Apr 15:388:121774.

10.1016/j.jhazmat.2019.121774 32001102 ヒト 発達神経 - - - - - - コホート研究 1 1 - - - 1 1 1 - - - - - - - - - - - -

統合_0483 W. Jiang, Y. Huang, H. Jin, Y. Gan, Q. Zhang, X. 
He, Y. Tian, J. Zhang and C. The Shanghai Birth 2025

A prospective exposome-based 
gene-environment interaction study 
on the effects of prenatal 
environmental exposure on fetal 
growth in the Shanghai Birth Cohort

BACKGROUND: Both environmental exposure and type 2 diabetes (T2D) genetic susceptibility affect fetal growth. However, most previous studies used single exposure rather than an exposome strategy to explore the 
association between environmental factors and fetal growth, and the interactions of environmental exposures with maternal and fetal genes were often overlooked. OBJECTIVES: To explore the associations between a 
broad range of prenatal environmental factors and fetal growth and further evaluate the effect modification of maternal and fetal T2D genetic susceptibility on the identified exposures. METHODS: From 1,933 mother-
neonate pairs from the Shanghai Birth Cohort, we estimated the associations between 70 prenatal exposure measures (including outdoor environment, residential environment, chemical exposures, lifestyle factors, and 
psychosocial status) and fetal growth, measured by birth-weight-for-gestational-age z-score (WAZ). Single-exposure analysis, elastic net regression, sparse partial least squares regression, extreme gradient boosting, 
and random forest were applied jointly to screen for WAZ-associated exposures. Multivariable linear regression models were used to assess the interactions of WAZ-associated exposures with maternal and fetal T2D 
polygenetic risk score (PRS). RESULTS: Sixteen prenatal exposures were associated with fetal growth, of which manganese, strontium, and residential greenspace showed a positive association while bisphenol A (BPA), 
2,4-dihydroxy benzophenone (BP-1), ethyl 4-hydroxybenzoate (EtP), 4-hydroxybenzophenone (4-HBP), artificial light at night, noise, nitrogen dioxide, rubidium, thallium, silver, and humidity had a negative association. 
Temperature had an inverse U-shaped association with WAZ. The interactions of BPA and silver with maternal and fetal T2D PRS and rubidium with fetal T2D PRS were statistically significant, with more pronounced 
exposure effects in individuals with high T2D genetic risks. DISCUSSION: Our study identified several prenatal environmental exposures within the outdoor environment, phenols, and metal(loid)s that were associated 
with fetal growth. Mother-neonate pairs with high T2D genetic susceptibility were particularly vulnerable to the environmental insults. https://doi.org/10.1289/EHP15902.

Environ Health 
Perspect. 2025 May 20.

10.1289/ehp15902 40392608 ヒト ⽣殖発⽣ - - - - - - コホート研究 1 1 - - - 1 1 1 - 1 - - - - - - - - - -

統合_0484
V. S. Jiang, A. M. Calafat, P. L. Williams, J. E. 
Chavarro, J. B. Ford, I. Souter, R. Hauser and L. 
Mínguez-Alarcón

2023

Temporal trends in urinary 
concentrations of phenols, phthalate 
metabolites and phthalate 
replacements between 2000 and 
2017 in Boston, MA

Endocrine disrupting chemicals (EDCs) can adversely affect human health and are ubiquitously found in everyday products. We examined temporal trends in urinary concentrations of EDCs and their replacements. Urinary 
concentrations of 11 environmental phenols, 15 phthalate metabolites, phthalate replacements such as two di(isononyl)cyclohexane-1,2-dicarboxylate (DINCH) metabolites, and triclocarban were quantified using isotope-
dilution tandem mass spectrometry. This ecological study included 996 male and 819 female patients who were predominantly White/Caucasian (83 %) with an average age of 35 years and a BMI of 25.5 kg/m(2) seeking 
fertility treatment in Boston, MA, USA. Patients provided a total of 6483 urine samples (median = 2, range = 1-30 samples per patient) between 2000 and 2017. Over the study period, we observed significant decreases (% 
per year) in urinary concentrations of traditional phenols, parabens, and phthalates such as bisphenol A (β: -6.3, 95 % CI: -7.2, -5.4), benzophenone-3 (β: -6.5, 95 % CI: -1.1, -18.9), parabens ((β range:-5.4 to -14.2), 
triclosan (β: -18.8, 95 % CI: -24, -13.6), dichlorophenols (2.4-dichlorophenol β: -6.6, 95 % CI: -8.8, -4.3); 2,5-dichlorophenol β: -13.6, 95 % CI: -17, -10.3), di(2-ethylhexyl) phthalate metabolites (β range: -11.9 to -22.0), 
and other phthalate metabolites including mono-ethyl, mono-n-butyl, and mono-methyl phthalate (β range: -0.3 to -11.5). In contrast, we found significant increases in urinary concentrations of environmental phenol 
replacements including bisphenol S (β: 3.9, 95 % CI: 2.7, 7.6) and bisphenol F (β: 6, 95 % CI: 1.8, 10.3), DINCH metabolites (cyclohexane-1,2-dicarboxylic acid monohydroxy isononyl ester [MHiNCH] β: 20, 95 % CI: 17.8, 
22.2; monocarboxyisooctyl phthalate [MCOCH] β: 16.2, 95 % CI: 14, 18.4), and newer phthalate replacements such as mono-3-carboxypropyl phthalate, monobenzyl phthalate, mono-2-ethyl-5-carboxypentyl phthalate and 
di-isobutyl phthalate metabolites (β range = 5.3 to 45.1), over time. Urinary MHBP concentrations remained stable over the study period. While the majority of biomarkers measured declined over time, concentrations of 
several increased, particularly replacement chemicals that are studied.

Sci Total Environ 
Vol.898 Pages 165353

10.1016/j.scitotenv.2023.165353 37437643 ヒト - - - - - - - バイオモニタリング 1 1 - - - - - - - - - - - - - - - - - -

統合_0485 S. Jiang, G. Yang, S. Zhou, X. Zhang, C. Peng 
and Q. Lu 2021

Bisphenol A, S, and F exposure, 
ESR1/2, CAT, and eNOS genetic 
polymorphisms, and the risk of 
hypertension

While bisphenol A (BPA) exposure was inconsistently associated with hypertension risk, little is known about whether its alternatives bisphenol S and F (BPS and BPF) have similar hypertensive effects. Furthermore, 
epidemiologic studies on the genetic susceptibility to the hypertensive effects of bisphenols are scarce. We conducted a case-control study in 439 pairs of hypertension cases and matched controls. Urinary bisphenols 
concentrations were measured to characterize the internal exposure levels. The genotyping of ESR1/2, CAT, and eNOS was performed by a multiplex fluorescent polymerase chain reaction. BPA exposure was positively 
associated with hypertension risk. Carriers of rs2234693 C allele in ESR1 were associated with increased hypertension risk. Significant associations of BPA exposure with increased hypertension risk were suggested in 
individuals with the major allele of rs1256049 in ESR2, rs769214 in CAT, and rs1799983 in eNOS. Besides, rs4755374 in CAT might modify the association of BPA exposure with hypertension risk. Individuals with specific 
genotypes in ESR1/2, CAT, and eNOS might be more susceptible to the hypertensive effects of BPA.

Ecotoxicol Environ Saf. 
2021 Nov:224:112684.

10.1016/j.ecoenv.2021.112684 34438265 ヒト ⼼⾎管 - - - - - - 症例対照研究 1 1 - - - 1 1 1 - - - - - - - - - - - -

統合_0486 S. Jiang, Y. Wang, Z. Wang, Y. Xu, X. Li, M. Sun 
and B. Li 2024

Bisphenol A and its alternatives 
bisphenol S and F exposure with 
serum uric acid levels, 
hyperuricemia, and gout prevalence 
among US adults: a nationally 
representative cross-sectional study

BACKGROUND: Recent studies suggested inconclusive associations between bisphenols exposure and hyperuricemia risk. Our objective was to assess the potential association of bisphenol A (BPA) and its substitutes 
bisphenol S and F (BPS and BPF) exposure with serum uric acid (SUA) levels, hyperuricemia, and gout prevalence among US adults within the NHANES 2013-2016 datasets. METHODS: Multivariable linear and logistic 
regression models were used to explore the associations of urinary bisphenols concentrations with SUA levels, hyperuricemia, and gout prevalence, in total population and different sex groups. The restricted cubic spline 
(RCS) model was used to explore the dose-response relationship. RESULTS: In total population, doubling of urinary BPS and ∑BPs concentrations showed associations with an increase of 2.64 μmol/L (95% CI: 0.54, 
4.74) and 3.29 μmol/L (95% CI: 0.59, 5.99) in SUA levels, respectively. The RCS model indicated a significantly "J"-shaped dose-response relationship between BPS exposure and SUA levels. Compared to the reference 
group of urinary BPS, males in the highest quartile displayed a 13.06 μmol/L (95% CI: 0.75, 25.37) rise in SUA levels. For females, doubling of urinary BPS concentrations was associated with a 3.30 μmol/L (95% CI: 
0.53, 6.07) increase in SUA levels, with a significant linear dose-response relationship. In total population, doubling of urinary BPA concentrations showed a 1.05-fold (95% CI: 0.97, 1.14) adjusted risk of having 
hyperuricemia, with an inverted "U" curve. Doubling of urinary ∑BPs concentrations was associated with a 1.05-fold (95% CI: 0.96, 1.14) adjusted risk of hyperuricemia in total population, with a significant monotonic 
dose-response relationship. In females, doubling of urinary BPS concentrations was associated with a 1.45-fold (95% CI: 1.01, 2.08) adjusted increased risk of having gout, with a "J" shaped relationship. CONCLUSIONS: 
BPA and BPS exposure to some extent were associated with elevated SUA levels and increased risk of hyperuricemia, with different dose-response relationships and sex differences.
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統合_0487 S. Jiang, H. Liu, S. Zhou, X. Zhang, C. Peng, H. 
Zhou, Y. Tong and Q. Lu 2020

Association of bisphenol A and its 
alternatives bisphenol S and F 
exposure with hypertension and 
blood pressure: A cross-sectional 
study in China

Epidemiological studies have investigated the associations of bisphenol A (BPA) exposure with hypertension risk or blood pressure levels, but findings are inconsistent. Furthermore, the association between its 
alternatives bisphenol S and F (BPS and BPF) and hypertension risk are not yet known. We conducted a cross-sectional study in 1437 eligible participants without hypertension-related diseases, with complete data about 
blood pressure levels, hypertension diagnosis, and urinary bisphenols concentrations. Multivariable logistic and linear models were respectively applied to examine the associations of urinary bisphenols concentrations 
with hypertension risk and blood pressure levels. The dose-response relationship was explored by the restricted cubic spline model. Compared with the reference group of BPA, individuals in the middle and high exposure 
group had an adjusted odds ratio (OR) of 1.30 and 1.40 for hypertension, had a 3.08 and 2.82 mm Hg higher systolic blood pressure (SBP) levels, respectively, with an inverted "U" shaped dose-response relationship. 
Compared with the reference group of BPS, individuals in the second and third tertile had an adjusted OR of 1.49 and 1.48 for hypertension, had a 2.61 and 3.89 mm Hg increased levels of SBP, respectively, with a 
monotonic curve. No significant associations of BPF exposure with hypertension risk or blood pressure levels were found. BPA and BPS exposure were suggested to be associated with increased hypertension risk and 
blood pressure levels, with different dose-response relationships. Our findings have important implications for public health but require confirmation in prospective studies.
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統合_0488 J. Jiang, B. Chen, B. Tang, J. Li, C. Zhang, D. 
Tan, T. Zhang and Q. Wei 2024

Urinary phenols and parabens 
exposure in relation to urinary 
incontinence in the US population

BACKGROUND: Our study aimed to investigate the impact of urinary concentrations of personal care products (PCPs)-related phenols (PNs) and parabens (PBs), including Triclosan (TCS), Bisphenol A (BPA), 
Benzophenone-3 (BP-3), Butylparaben (BPB), Ethylparaben (EPB), Methylparaben (MPB), and Propylparaben (PPB), on urinary incontinence (UI) occurrence. METHOD: We conducted a cross-sectional analysis using data 
from the National Health and Nutrition Examination Survey (NHANES) spanning the years 2007 to 2016. Regression analysis was employed to investigate the relationship between exposure to PCPs-related substances, 
various levels of exposure, and UI within both the general population and the female demographic. Additionally, the Bayesian Kernel Machine Regression (BKMR) model was used to assess the effects of mixtures on UI. 
RESULTS: Our analysis comprised 7,690 participants who self-reported their diagnosis. Among them, 12.80% experienced stress urinary incontinence (SUI), 11.80% reported urge urinary incontinence (UUI), and 10.22% 
exhibited mixed urinary incontinence (MUI). In our fully adjusted multivariable models, BP-3 exposure exhibited a positive association with SUI (OR 1.07, 95% CI 1.02-1.14, p = 0.045). BPA exposure correlated with an 
increased risk of UUI (OR 1.21, 95% CI 1.01-1.44, p = 0.046) and MUI (OR 1.26, 95% CI 1.02-1.54, p = 0.029). TCS exposure displayed a negative correlation with the incidence of MUI (OR 0.87, 95% CI 0.79-0.97, p = 0.009). 
No significant links were observed between parabens and urinary incontinence. Notably, among the female population, our investigation revealed that BPA exposure heightened the risk of MUI (OR 1.28, 95% CI 1.01-1.63, p
 = 0.043). Participants in the highest tertile of BP-3 exposure demonstrated elevated likelihoods of SUI and MUI compared to those in the lowest tertile. In the BKMR analysis, negative trends were observed between the 
mixture and the risks of UUI and MUI when the mixture ranged from the 25th to the 40th and 35th to the 40th percentiles or above, respectively. Additionally, a positive trend was identified between the mixture and MUI 
when it was in the 40th to 55th percentile. CONCLUSION: In conclusion, our findings suggest that exposure to BPA, TCS, and BP-3 may contribute to the development of urinary incontinence.
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統合_0489 C. Jiang, J. Guan, X. Tang, Y. Zhang, X. Li, Y. Li, 
Z. Chen, J. Zhang and J. D. Li 2024

Prenatal low-dose Bisphenol A 
exposure impacts cortical 
development via cAMP-PKA-CREB 
pathway in offspring

Bisphenol A (BPA) is a widely used plasticizer known to cause various disorders. Despite a global reduction in the use of BPA-containing products, prenatal exposure to low-dose BPA, even those below established safety 
limits, has been linked to neurological and behavioral deficits in childhood. The precise mechanisms underlying these effects remain unclear. In the present study, we observed a significant increase in the number of 
cortical neurons in offspring born to dams exposed to low-dose BPA during pregnancy. We also found that this prenatal exposure to low-dose BPA led to increased proliferation but reduced migration of cortical neurons. 
Transcriptomic analysis via RNA sequencing revealed an aberrant activation of the cAMP-PKA-CREB pathway in offspring exposed to BPA. The use of H89, a selective PKA inhibitor, effectively rescued the deficits in both 
proliferation and migration of cortical neurons. Furthermore, offspring from dams exposed to low-dose BPA exhibited manic-like behaviors, including hyperactivity, anti-depressant-like responses, and reduced anxiety. 
While H89 normalized hyperactivity, it didn't affect the other behavioral changes. These results suggest that the overactivation of PKA plays a causative role in BPA-induced changes in neuronal development. Our data also 
indicate that manic-like behaviors induced by prenatal low-dose BPA exposure may be influenced by both altered neuronal development and abnormal PKA signaling in adulthood.

Front Integr Neurosci. 
2024 Aug 7:18:1419607.

10.3389/fnint.2024.1419607 39170668 動物 神経 1 1 (飲⽔） 1 1 (C57BL/6マウス) 0 1 (ただし飲⽔中濃度） - - - - - - 1 1 - 1 - - - - - - - - - - -

統合_0490 L. L. Jia, Y. L. Luan, H. M. Shen and Y. Guo 2022

Long-term stability of several 
endocrine disruptors in the first 
morning urine samples and their 
associations with lifestyle 
characteristics

Parabens, triclosan (TCS), bisphenols, benzophenones, and phthalates are typical endocrine disruptors (EDs) with short half-lives in the human body. The concentration levels of those EDs in a spot urine sample are 
frequently used in exposure assessment studies, and the reproducibility of urinary levels of these nonpersistent EDs should be considered. In the present study, we consecutively collected 45-day first morning void (FMV) 
urine samples, as well as daily questionnaires, in six recruited participants and measured the urinary concentrations of six parabens, TCS, nine bisphenols, five benzophenones, and ten phthalate metabolites by using 
high-performance liquid chromatography-tandem mass spectrometry. MeP, EtP, PrP, TCS, BPA, BPS, BPF, and most phthalate metabolites were frequently detected (over 62 % of samples). The intraclass correlation 
coefficients (ICCs) for ED concentrations in FMV urine samples ranged from fair to excellent for MeP (0.683), EtP (0.702), BPA (0.505), BPS (0.908), BPF (0.887), BP-3 (0.712), mMP (0.661), mEP (0.523), mBP (0.500), 
miBP (0.724), mBzP (0.961) and all metabolites of DEHP (0.867-0.957), whereas they were low for PrP (0.321) and TCS (0.306). After creatinine adjustment, the values of ICCs for most target EDs were increased with 
mild to significant improvement. The stability of ED concentrations was affected by daily diet (MeP, TCS, BPA, mMP, miBP, mBP and mBzP), food containers (PrP and mECPP), use of personal care products (HMWP 
metabolites), pharmaceuticals (EtP) and recorded activities (BPS, mEHP, mBzP, mEHHP and mEOHP), as confirmed by a general linear mixed model. Furthermore, extending the FMV sampling period improved the 
probability of acceptable reproducibility (ICCs > 0.40) of MeP, EtP, BP-3 and mEP concentrations. For BPS, BPF and HMWP metabolite concentrations showed high probabilities (>80 %) of acceptable reproducibility in 
the last three days, and the increasing sample size slowly improved the ability to discriminate the subjects. The results were exactly the opposite for BPA concentrations.
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統合_0491 Y. Ji, Y. Tian, Y. Pan, N. Sheng, H. Dai, X. Fan, X. 
Liu, X. Bai and J. Dai 2024

Exposure and potential risks of 
thirteen endocrine- disrupting 
chemicals in pharmaceuticals and 
personal care products for breastfed 
infants in China

Ingestion of breast milk represents the primary exposure pathway for endocrine-disrupting chemicals (EDCs) in newborns. To elucidate the associated risks, it is essential to quantify EDC levels in both breast milk and 
infant urine. This study measured the concentrations of 13 EDCs, including parabens (methyl paraben (MP), ethyl paraben (EP), propyl paraben (PP), iso-propyl paraben, butyl paraben, and iso-butyl paraben), bisphenols 
(bisphenol A (BPA), bisphenol F, bisphenol S, bisphenol AF, and bisphenol Z), triclosan (TCS), and triclocarban, in breast milk and infant urine to assess their potential health effects and endocrine disruption risks. In 
total, 1 014 breast milk samples were collected from 20 cities across China, along with 144 breast milk samples and 134 urine samples from a mother-infant cohort in Hangzhou. The EDCs were detected using ultra-high-
performance liquid chromatography-triple quadrupole mass spectrometry. Endocrine-disrupting potency was evaluated using a predictive method based on EDC affinity for 15 hormone receptor proteins. The toxicological 
priority index (ToxPi), incorporating population exposure data, was employed to assess health risks associated with exposure to multiple EDCs. Among the 13 EDCs, MP, EP, PP, BPA, and TCS were detected in over 50 % 
of breast milk samples, with the highest median concentrations observed for MP (0.37 ng/mL), EP (0.29 ng/mL), and BPA (0.17 ng/mL). Across the 20 cities, 0 %-40 % of infants had a hazard index (HI) exceeding 1. Based 
on affinity prediction analysis and estimated exposure, cumulative endocrine disruption risk intensity was ranked as MP > TCS > BPA > EP > PP. This research highlights the extensive exposure of Chinese infants to 
EDCs, offering a detailed analysis of their varying endocrine disruption potencies and underscoring the significant health risks associated with EDCs in breast milk.
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統合_0492
M. Jeseta, J. Kalina, K. Franzova, S. Fialkova, J. 
Hosek, L. Mekinova, I. Crha, B. Kempisty, P. 
Ventruba and J. Navratilova

2024
Cross sectional study on exposure to 
BPA and its analogues and semen 
parameters in Czech men

Exposure to bisphenols has been found to have adverse effects on male reproductive function in animals. Human exposure to bisphenols is widespread. Bisphenol A (BPA) and its analogues, including bisphenol S (BPS), 
bisphenol F (BPF), and bisphenol AF (BPAF) are utilized in various consumer products such as food contact materials and dental resins. The effects of these compounds on male fertility and spermatogenesis are unclear 
and findings from human studies are inconsistent. In this cross-sectional study, we evaluated the influence of BPA, BPS, BPF, BPAF (BPs) measured in semen on number of spermatozoa, total motility, progressive 
motility, morphology, and DNA fragmentation. We also examined the association of bisphenols (BPs) exposure with patients' occupation. A total of 358 patients aged 17-62 years with BMI 18-42 were included in the study 
from 2019 to 2021. BPs were extracted using solvent extraction followed by preconcentration step and determined by high-performance liquid chromatography and tandem mass spectrometry (LC/MSMS). Bisphenols 
were detected in 343 from 349 analysed samples (98.3% of all the samples). In 6 samples, the concentration of all BPs was under the limit of detection and in 20 samples under the limit of quantification. We did not find a 
statistically significant relationship between occupation and BPs. However, we observed significant correlations between the concentration of BPA and a lower motility and normal morphology. For BPS, a significant 
correlation with a lower ejaculate volume and a lower total sperm count was found. BPF and BPAF were detected only in 14.3% and 23.9% of samples, respectively. For BPF and BPAF, no significant correlations with 
spermiogram parameters were observed. Our results show that BPs are widespread in the male population (more than 90% of analysed samples), independently of an occupation and in case of BPA and BPS having a 
negative impact on spermiogram parameters.
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統合_0493

M. Ješeta, K. Franzová, S. Machynová, J. Kalina, 
J. Kohoutek, L. Mekiňová, I. Crha, B. Kempisty, 
M. Kašík, J. Žáková, P. Ventruba and J. Navrá
tilová

2022
The Bisphenols Found in the 
Ejaculate of Men Does Not Pass 
through the Testes

Exposure to bisphenols is related to negative effects on male reproduction. The bisphenols exposure is associated with several modes of action including negative impact on the blood-testis barrier (BTB) in testes or 
direct effect on spermatozoa. Bisphenols have been detected in human seminal plasma, but the possible mechanism of seminal transfer of bisphenols is not clear. Some authors consider the transfer through the blood-
testis barrier to be crucial. Therefore, in this work, we compared normozoospermic men and men after vasectomy who have interrupted vas deferens and their ejaculate does not contain testicular products. We measured 
the concentration of bisphenol A (BPA), bisphenol S (BPS) and bisphenol F (BPF) in the urine and seminal plasma of these men using liquid chromatography tandem mass spectrometry (LC/MSMS). We found that the ratio 
of urinary and seminal plasma content of bisphenols did not differ in normozoospermic men or men after vasectomy. From the obtained data, it can be concluded that the pathways of transport of bisphenols into seminal 
plasma are not primarily through the testicular tissue, but this pathway is applied similarly to other routes of transmission by a corresponding ejaculate volume ratio. To a much greater extent than through testicular 
tissue, bisphenols enter the seminal plasma mainly as part of the secretions of the accessory glands.
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統合_0494 Y. Jeong, S. Mok, S. Kim, I. Lee, G. Lee, Y. Kho, 
K. Choi, K. T. Kim and H. B. Moon 2024

Comparison of urinary exposure 
profiles to phthalates and bisphenol 
analogues in kindergartens in Korea: 
Impact of environmental choices on 
children's health

Phthalates and bisphenols (BPs) are well-known endocrine disrupting chemicals (EDCs) that are widely used in diverse consumer and personal care products. Despite their vulnerability, children are frequently exposed to 
phthalates and BPs in their surrounding environments. Although pre-school children spend most of their time in kindergarten, no comprehensive assessment of children' exposure to EDCs has been conducted according to 
the type of kindergarten. In this study, the urinary concentrations of phthalate metabolites and BPs were determined in Korean children attending conventional and eco-friendly kindergartens. The exposure levels and 
contaminant profiles were investigated according to kindergarten type and their association with oxidative stress was assessed. Di-(2-ethylhexyl) phthalate (DEHP) metabolites, such as mono-(2-ethyl-5-carboxypentyl) 
phthalate (median: 47.1 ng/mL) and mono-[(2-carboxymethyl)hexyl] phthalate (8.45 ng/mL) had the highest levels, indicating that they were the primary contaminants to which the children were exposed. Urinary 
concentrations of phthalate metabolites and bisphenol A (BPA) were higher in children from conventional kindergarten than an eco-friendly kindergarten. Conversely, bisphenol S (BPS) concentrations were significantly 
higher in children from the eco-friendly kindergarten than in those from conventional kindergartens, implying that eco-friendly plastic products might contain BPS as a replacement for BPA. The estimated daily intakes of 
BPA for all children exceeded the new tolerable daily intake proposed by the European Food Safety Authority. Malondialdehyde levels were significantly associated with the urinary concentrations of certain phthalate 
metabolites, indicating potential adverse health outcomes from phthalate exposure in children. The study highlights the need for targeted interventions to reduce EDC exposure in children, especially in settings where 
alternative chemicals may still pose health risks.
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統合_0495

P. Jedynak, J. Tost, A. M. Calafat, E. Bourova-
Flin, F. Busato, A. Forhan, B. Heude, M. Jakobi, 
S. Rousseaux, J. Schwartz, R. Slama, D. Vaiman, 
C. Philippat and J. Lepeule

2021

Pregnancy exposure to synthetic 
phenols and placental DNA 
methylation - An epigenome-wide 
association study in male infants 
from the EDEN cohort

In utero exposure to environmental chemicals, such as synthetic phenols, may alter DNA methylation in different tissues, including placenta - a critical organ for fetal development. We studied associations between 
prenatal urinary biomarker concentrations of synthetic phenols and placental DNA methylation. Our study involved 202 mother-son pairs from the French EDEN cohort. Nine phenols were measured in spot urine samples 
collected between 22 and 29 gestational weeks. We performed DNA methylation analysis of the fetal side of placental tissues using the IlluminaHM450 BeadChips. We evaluated methylation changes of individual CpGs in 
an adjusted epigenome-wide association study (EWAS) and identified differentially methylated regions (DMRs). We performed mediation analysis to test whether placental tissue heterogeneity mediated the association 
between urinary phenol concentrations and DNA methylation. We identified 46 significant DMRs (≥5 CpGs) associated with triclosan (37 DMRs), 2,4-dichlorophenol (3), benzophenone-3 (3), methyl- (2) and propylparaben 
(1). All but 2 DMRs were positively associated with phenol concentrations. Out of the 46 identified DMRs, 7 (6 for triclosan) encompassed imprinted genes (APC, FOXG1, GNAS, GNASAS, MIR886, PEG10, SGCE), which 
represented a significant enrichment. Other identified DMRs encompassed genes encoding proteins responsible for cell signaling, transmembrane transport, cell adhesion, inflammatory, apoptotic and immunological 
response, genes encoding transcription factors, histones, tumor suppressors, genes involved in tumorigenesis and several cancer risk biomarkers. Mediation analysis suggested that placental cell heterogeneity may partly 
explain these associations. This is the first study describing the genome-wide modifications of placental DNA methylation associated with pregnancy exposure to synthetic phenols or their precursors. Our results suggest 
that cell heterogeneity might mediate the effects of triclosan exposure on placental DNA methylation. Additionally, the enrichment of imprinted genes within the DMRs suggests mechanisms by which certain exposures, 
mainly to triclosan, could affect fetal development.
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統合_0496

P. Jedynak, L. Maitre, M. Guxens, K. B. Gü
tzkow, J. Julvez, M. López-Vicente, J. Sunyer, M. 
Casas, L. Chatzi, R. Gražulevičienė, M. 
Kampouri, R. McEachan, M. Mon-Williams, I. 
Tamayo, C. Thomsen, J. Urquiza, M. Vafeiadi, J. 
Wright, X. Basagaña, M. Vrijheid and C. 
Philippat

2021

Prenatal exposure to a wide range of 
environmental chemicals and child 
behaviour between 3 and 7 years of 
age - An exposome-based approach 
in 5 European cohorts

BACKGROUND: Studies looking at associations between environmental chemicals and child behaviour usually consider only one exposure or family of exposures. OBJECTIVE: This study explores associations between 
prenatal exposure to a wide range of environmental chemicals and child behaviour. METHODS: We studied 708 mother-child pairs from five European cohorts recruited in 2003-2009. We assessed 47 exposure biomarkers 
from eight chemical exposure families in maternal blood or urine collected during pregnancy. We used the Strengths and Difficulties Questionnaire (SDQ) to evaluate child behaviour between three and seven years of age. 
We assessed associations of SDQ scores with exposures using an adjusted least absolute shrinkage and selection operator (LASSO) considering all exposures simultaneously and an adjusted exposome-wide association 
study (ExWAS) considering each exposure independently. RESULTS: LASSO selected only copper (Cu) as associated with externalizing behaviour. In the ExWAS, bisphenol A [BPA, incidence rate ratio (IRR): 1.06, 95% 
confidence interval (95%CI): 1.01;1.12] and mono-n-butyl phthalate (MnBP, IRR: 1.06, 95%CI: 1.00;1.13) were associated with greater risk of externalizing behaviour problems. Cu (IRR: 0.90, 95%CI: 0.82;0.98), 
perfluoroundecanoate (PFUnDA, IRR: 0.92, 95%CI: 0.84;0.99) and organochlorine compounds (OCs) were associated with lower risk of externalizing behaviour problems, however the associations with OCs were mainly 
seen among women with insufficient weight gain during pregnancy. Internalizing score worsen in association with exposure to diethyl thiophosphate (DETP, IRR: 1.11, 95%CI: 1.00;1.24) but the effect was driven by the 
smallest cohort. Internalizing score improved with increased concentration of perfluorooctane sulfonate (PFOS, IRR: 0.92, 95%CI: 0.85;1.00), however the association was driven by the two smallest cohorts with the 
lowest PFOS concentrations. DISCUSSION: This study added evidence on deleterious effects of prenatal exposure to BPA and MnBP on child behaviour. Other associations should be interpreted cautiously since they 
were not consistent with previous studies or they have not been studied extensively.
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統合_0497
Y. Jang, Y. J. Choi, Y. H. Lim, K. S. Lee, B. N. 
Kim, C. H. Shin, Y. A. Lee, J. I. Kim and Y. C. 
Hong

2021

Associations Between Thyroid 
Hormone Levels and Urinary 
Concentrations of Bisphenol A, F, 
and S in 6-Year-old Children in 
Korea

OBJECTIVES: Bisphenol A (BPA) is used in the electrical, mechanical, medical, and food industries. Previous studies have suggested that BPA is an endocrine disruptor. Regulation of BPA has led to increased use of 
bisphenol F (BPF) and bisphenol S (BPS). However, few studies have investigated the associations of BPF and BPS with thyroid dysfunction in children. Our study investigated the associations of prenatal BPA and early 
childhood BPA, BPF, and BPS exposure with thyroid function in 6-year-old children. METHODS: Prenatal BPA concentrations were measured during the second trimester of pregnancy in an established prospective birth 
cohort. We measured urinary BPA, BPF, and BPS concentrations and thyroid hormone levels (thyroid-stimulating hormone, total T3, and free T4) in 6-year-old children (n=574). We examined the associations between 
urinary bisphenol concentrations and percentage change of thyroid hormone concentrations using multivariate linear regression. We also compared thyroid hormone levels by dividing the cohort according to BPA, BPF, and 
BPS concentrations. RESULTS: The associations between prenatal BPA and total T3 levels were statistically significant in all models, except for girls when using a crude model. The associations between urinary BPA 
and BPS concentrations and levels of all thyroid hormones were not statistically significant. However, we observed that lower free T4 levels (-1.94%; 95% confidence interval, -3.82 to -0.03) were associated with higher 
urinary BPF concentrations in girls only. CONCLUSIONS: Our findings identified significant associations between prenatal BPA exposure and total T3 levels in all children and between BPF exposure and free T4 levels in 
girls only.

J Prev Med Public 
Health. 2021 
Jan;54(1):37-45.

10.3961/jpmph.20.310 33618498 ヒト 甲状腺 - - - - - - コホート研究 1 1 - - - 1 1 1 - - - - - - - - - - - -

統合_0498
M. Jamka, S. Kurek, A. Makarewicz-Bukowska, 
A. Miśkiewicz-Chotnicka, M. Wasiewicz-
Gajdzis and J. Walkowiak

2024

No Differences in Urine Bisphenol A 
Concentrations between Subjects 
Categorized with Normal Cognitive 
Function and Mild Cognitive 
Impairment Based on Montreal 
Cognitive Assessment Scores

A link between bisphenol A (BPA) exposure and cognitive disorders has been suggested. However, the differences in BPA concentrations between subjects with and without cognitive impairment have not been analysed. 
Therefore, this observational study aimed to compare urine BPA levels in subjects with normal cognitive function (NCF) and mild cognitive impairment (MCI). A total of 89 MCI subjects and 89 well-matched NCF 
individuals were included in this study. Cognitive functions were assessed using the Montreal Cognitive Assessment (MOCA) scale. Urine BPA concentrations were evaluated by gas chromatography-mass spectrometry 
and adjusted for creatinine levels. Moreover, anthropometric parameters, body composition, sociodemographic factors, and physical activity were also assessed. Creatinine-adjusted urine BPA levels did not differ 
between the NCF and MCI groups (1.8 (1.4-2.7) vs. 2.2 (1.4-3.6) µg/g creatinine, p = 0.1528). However, there were significant differences in MOCA results between groups when the study population was divided into 
tertiles according to BPA concentrations (p = 0.0325). Nevertheless, multivariate logistic regression demonstrated that only education levels were independently associated with MCI. In conclusion, urine BPA levels are 
not significantly different between subjects with MCI and NCF, but these findings need to be confirmed in further studies.

Metabolites. 2024 May 
8;14(5):271.

10.3390/metabo14050271 38786748 ヒト 発達神経 - - - - - - 横断研究 1 1 - - - 1 1 1 - - - - - - - - - - - -

統合_0499
P. Jameekornkul, N. Numsriskulrat, S. 
Aroonyaparkmongkol, K. Soongswang and V. 
Supornsilchai

2025

Increased maternal urinary 
bisphenol F levels associated with 
reduced anogenital distance in male 
newborns

BACKGROUND: Bisphenol exposure during pregnancy has been linked to a range of adverse reproductive outcomes. However, the full extent of the effects of bisphenol analogs, particularly bisphenol A (BPA), bisphenol S 
(BPS), and bisphenol F (BPF), on fetal development, especially anogenital distance (AGD), a sensitive marker of reproductive development, remains unclear. We conducted this research to investigate association among 
maternal and neonatal urinary bisphenol analogs (BPA, BPS, BPF) and AGD. METHODS: This prospective cohort study enrolled 85 mother-newborn pairs in Bangkok, Thailand, from April 2023 to January 2024. Maternal 
and neonatal urine samples were collected and analyzed for BPA, BPF, and BPS concentrations by liquid chromatography-tandem mass spectrometry. Neonatal AGD measurements were obtained within 72 h of birth. 
Correlation was analyzed by Pearson's correlation test and linear regression analysis. RESULTS: High maternal urinary BPF concentrations were negatively associated with ano-penile distance, ano-scrotal distance, and 
penile length in male newborns (r -0.963, -0.844 and - 0.900, respectively, p < 0.05). No significant associations were found for BPA or BPS. Frequent maternal consumption of carton drinks was associated with higher 
neonatal BPS levels, while maternal obesity was positively correlated with maternal BPA concentration. No significant correlation was observed between maternal and neonatal bisphenol concentrations, nor between 
neonatal bisphenol levels and AGD. CONCLUSIONS: This study is the first to report a negative association between maternal BPF exposure and AGD in male newborns. These findings highlight the potential endocrine-
disrupting effects of BPF on fetal development and emphasize the need for further research.

Pediatr Int. 2025 Jan-
Dec;67(1):e70054.

10.1111/ped.70054 40277154 ヒト ⽣殖発⽣ - - - - - - コホート研究 1 1 - - - 1 1 1 - - - - - - - - - - - -

統合_0500
A. Jamal, N. Rastkari, R. Dehghaniathar, R. N. 
Nodehi, S. Nasseri, H. Kashani, M. Shamsipour 
and M. Yunesian

2020

Prenatal urinary concentrations of 
environmental phenols and birth 
outcomes in the mother-infant pairs 
of Tehran Environment and 
Neurodevelopmental Disorders 
(TEND) cohort study

Daily exposure to environmental phenols can lead to potential undesirable effects on the health of pregnant women and fetuses. The present study is aimed to evaluate the relationship between maternal urinary 
concentrations of phenols in pregnancy and anthropometric birth outcomes. The studied population comprised of 189 pregnant women participating in the Tehran Environment and Neurodevelopmental Disorders (TEND) 
prospective cohort study, which had been ongoing since March 2016 in some hospitals and health care delivery centers in Tehran, Iran. Concentrations of bisphenol-A, triclosan, 4-nonylphenol, and parabens were 
determined in spot urine samples of pregnant mothers in the first trimester. Weight, length, and head circumference at birth were also extracted from the mothers' delivery files. Multivariable linear regression was used to 
examine the relationship between log-concentrations of phenols and birth outcomes. When we analyzed all samples regardless of neonates' gender, none of the urinary concentrations of phenols were associated with 
weight and length at birth. Indeed, in sex-stratified adjusted models, one log-unit increase of butylparaben was related to a 283.6 g (95% CI: 23, 544) increase in boys' birth weight. Prenatal urinary concentration of 
triclosan and propylparaben was respectively related to a decrease of 4.8 cm (95% C: -8.5, -1.1) in boys' length and 0.9 cm (95%CI: -1.8, -0.04) in girls' length. In the adjusted models for estimating the changes in head 
circumference, one log-unit increase of triclosan, methylparaben, and butylparaben led to a reduction of 1.6 cm (95% CI: -3.17, 0.03), increase of 0.8 cm (95% CI: -0.01, 1.6) and 0.7 cm (95% CI: 0.08, 1.4) in head 
circumference at birth respectively. Our results suggested that prenatal triclosan and parabens exposure might be associated with head circumference at birth. Furthermore, we observed a sexually dimorphic pattern 
between maternal triclosan and parabens exposure during pregnancy and fetal growth. However, these findings must be interpreted while taking into account the limitations of this study.

Environ Res. 2020 
May:184:109331.

10.1016/j.envres.2020.109331 32169736 ヒト ⽣殖発⽣ - - - - - - コホート研究 1 1 - - - 1 1 1 - 1 - - - - - - - - - -

統合_0501 A. Jala, B. Varghese, R. Dutta, R. Adela and R. 
M. Borkar 2022

Levels of parabens and bisphenols 
in personal care products and 
urinary concentrations in Indian 
young adult women: Implications for 
human exposure and health risk 
assessment

Limited information is available about the levels of exposure of paraben and bisphenols emerging from personal care products (PCPs) use in Indian women and the risk associated with it. In this study, liquid 
chromatography-tandem mass spectrometry (LC-MS/MS) was used to determine the concentrations of six parabens (methyl-, ethyl-, propyl-, butyl, benzyl-, and heptyl-parabens) and 8 bisphenols (Bisphenol A, B, F, P, S, 
Z, AP, and AF) in PCPs samples (n = 114) obtained from Indian market and in the urine samples of young adult females (n = 52). The concentrations measured in PCPs and urine samples were used to determine the 
estimated daily intake. The mean concentrations of 6 parabens and 8 bisphenols in PCPs ranged from 38.3 to 2.38 × 10(5) ng/g and 2.71-148 ng/g, respectively. In urine samples analysed, the mean concentrations of 6 
parabens and 8 bisphenols ranged from 0.007 to 293 ng/mL and 0.10-10.8 ng/mL, respectively. There was no significant correlation of EDCs with age, BMI and waist-to-hip ratio (WHR), but significant correlations (p < 
0.05) were observed between urinary paraben and bisphenol concentrations. A statistically significant difference (p < 0.05) exists between the BMI and WHR groups by bisphenol concentrations. Estimated daily intake 
and exposure risks for parabens and bisphenols revealed no possible concerns for Indian young adult females. Hitherto, this is the first study to show that Indian young adult females were exposed to parabens and 
bisphenols. This study provides evidence on PCPs usage contribute to the urinary concentrations of EDCs.

Chemosphere Vol.297 
Pages 134028

10.1016/j.chemosphere.2022.1340
28

35218786 ヒト - - - - - - - バイオモニタリング 1 1 - - - - - - - - - - - - - - - - - -

統合_0502 R. B. Jain 2021

Concentrations of bisphenol A and 
its associations with urinary albumin 
creatinine ratios across the various 
stages of renal function

Data from National Health and Nutrition Examination Survey for 2003-2016 for US adults aged ≥ 20 years (N = 10,942) were used to study variabilities and associations with urinary albumin creatinine ratio (UACR) in the 
adjusted concentrations (AGM) of urine bisphenol A (BPA) across various stages of renal function (RF). RF stages considered were RF-1 (eGFR > 90 mL/min/1.73 m(2)), RF-2 (60 ≤ eGFR ≤ 90 mL/min/1.73 m(2)), RF-3A 
(45 ≤ eGFR < 60 mL/min/1.73 m(2)), and RF-3B/4 (15 ≤ eGFR < 45 mL/min/1.73 m(2)). Irrespective of gender, race/ethnicity, and smoking status, AGMs for BPA were located on U-curves with point of inflection at RF-2. 
In general, decreases from RF-1 to RF-2 were followed by increases from RF-2 to RF-3A and from RF-3A to RF-3B/4. For example, AGMs for males were observed to be 1.52, 1.48, 1.61, and 1.69 ng/mL at RF-1, RF-2, 
RF-3A, and RF-3B/4 respectively. A similar U-curve was observed for those without albuminuria but for those with albuminuria, BPA levels continued increasing until RF-3A before decreasing at RF-3B/4. Severe kidney 
dysfunction was found to be associated with statistically significantly higher concentrations of BPA in urine. Shape of concentration curves for BPA across RF stages is determined by the balance of actively mediated 
secretion and reabsorption operating on both sides of renal proximal tubules during each stage of RF. Shape of concentration curves for BPA across various stages of RF was age and concentration dependent. 
Associations between BPA and UACR were found to be negative (p = 0.02), positive (p = 0.23), negative (p = 0.53), and negative (p < 0.01) respectively at RF-1, RF-2, RF-3A, and RF-3B/4 respectively.

Environ Sci Pollut Res 
Int Vol.28 Issue 8 Pages 
9946-9953

10.1007/s11356-020-11535-z 33164123 ヒト - - - - - - - 横断研究 1 1 - - - - - - - - - - - - - - - - - -

統合_0503 J. Jain, N. Gupta, R. Mathur, S. Nimesh and S. K. 
Mathur 2020

A Study on Impact of BPA in the 
Adipose Tissue Dysfunction 
(Adiposopathy) in Asian Indian Type 
2 Diabetes Mellitus Subjects

A surge to increase the production via usage of chemicals at both industrial and agricultural arena has forced humans to be routinely and imprudently exposed to a wide variety of endocrine disrupting chemicals. The 
overall aim of the study was to evaluate possible relation that might exist between bisphenol-A (BPA) and the adipose tissue hormones, and further impact on adiposopathy. In the present study, the role of BPA, an 
"endocrine disruptor" with respect to adiposopathy was evaluated in type 2 diabetes mellitus patients. For the study, 150 healthy control subjects and 150 newly diagnosed diabetes patients were recruited. Fasting venous 
blood samples was analyzed for several biochemical parameters such as serum glucose, lipid profile, insulin, adiponectin, leptin, TNF-α, IL-6, IL-1, free fatty acid. Concentrations of BPA were also measured both in 
control and diabetic subjects. Serum BPA concentration was found to be significantly higher in diabetic subjects in comparison to the control subjects. Levels of BPA were found to be positively correlated with BMI and 
WC in diabetic subjects. Also, it was found to be positively correlated with leptin and negatively correlated with adiponectin in diabetic subjects. Therefore, the current study suggested more deleterious effect of BPA on 
diabetes and its pathophysiology.

Indian J Clin Biochem 
Vol.35 Issue 4 Pages 
451-457

10.1007/s12291-019-00843-y 33013015 ヒト - - - - - - - 横断研究 1 1 - - - - - - - - - - - - - - - - - -

統合_0504
M. H. Jacobson, Y. Wu, M. Liu, T. M. Attina, M. 
Naidu, R. Karthikraj, K. Kannan, B. A. Warady, S. 
Furth, S. Vento, H. Trachtman and L. Trasande

2020

Serially assessed bisphenol A and 
phthalate exposure and association 
with kidney function in children with 
chronic kidney disease in the US 
and Canada: A longitudinal cohort 
study

BACKGROUND: Exposure to environmental chemicals may be a modifiable risk factor for progression of chronic kidney disease (CKD). The purpose of this study was to examine the impact of serially assessed exposure 
to bisphenol A (BPA) and phthalates on measures of kidney function, tubular injury, and oxidative stress over time in a cohort of children with CKD. METHODS AND FINDINGS: Samples were collected between 2005 and 
2015 from 618 children and adolescents enrolled in the Chronic Kidney Disease in Children study, an observational cohort study of pediatric CKD patients from the US and Canada. Most study participants were male 
(63.8%) and white (58.3%), and participants had a median age of 11.0 years (interquartile range 7.6 to 14.6) at the baseline visit. In urine samples collected serially over an average of 3.0 years (standard deviation [SD] 
1.6), concentrations of BPA, phthalic acid (PA), and phthalate metabolites were measured as well as biomarkers of tubular injury (kidney injury molecule-1 [KIM-1] and neutrophil gelatinase-associated lipocalin [NGAL]) 
and oxidative stress (8-hydroxy-2'-deoxyguanosine [8-OHdG] and F2-isoprostane). Clinical renal function measures included estimated glomerular filtration rate (eGFR), proteinuria, and blood pressure. Linear mixed 
models were fit to estimate the associations between urinary concentrations of 6 chemical exposure measures (i.e., BPA, PA, and 4 phthalate metabolite groups) and clinical renal outcomes and urinary concentrations of 
KIM-1, NGAL, 8-OHdG, and F2-isoprostane controlling for sex, age, race/ethnicity, glomerular status, birth weight, premature birth, angiotensin-converting enzyme inhibitor use, angiotensin receptor blocker use, BMI z-
score for age and sex, and urinary creatinine. Urinary concentrations of BPA, PA, and phthalate metabolites were positively associated with urinary KIM-1, NGAL, 8-OHdG, and F2-isoprostane levels over time. For 
example, a 1-SD increase in ∑di-n-octyl phthalate metabolites was associated with increases in NGAL (β = 0.13 [95% CI: 0.05, 0.21], p = 0.001), KIM-1 (β = 0.30 [95% CI: 0.21, 0.40], p < 0.001), 8-OHdG (β = 0.10 
[95% CI: 0.06, 0.13], p < 0.001), and F2-isoprostane (β = 0.13 [95% CI: 0.01, 0.25], p = 0.04) over time. BPA and phthalate metabolites were not associated with eGFR, proteinuria, or blood pressure, but PA was 
associated with lower eGFR over time. For a 1-SD increase in ln-transformed PA, there was an average decrease in eGFR of 0.38 ml/min/1.73 m2 (95% CI: -0.75, -0.01; p = 0.04). Limitations of this study included 
utilization of spot urine samples for exposure assessment of non-persistent compounds and lack of specific information on potential sources of exposure. CONCLUSIONS: Although BPA and phthalate metabolites were 
not associated with clinical renal endpoints such as eGFR or proteinuria, there was a consistent pattern of increased tubular injury and oxidative stress over time, which have been shown to affect renal function in the 
long term. This raises concerns about the potential for clinically significant changes in renal function in relation to exposure to common environmental toxicants at current levels.

PLoS Med. 2020 Oct 
14;17(10):e1003384.

10.1371/journal.pmed.1003384 33052911 ヒト 腎 - - - - - - コホート研究 1 1 - - - 1 1 1 - - - - - - - - - - - -

統合_0505 M. H. Jacobson, M. Woodward, W. Bao, B. Liu 
and L. Trasande 2019

Urinary Bisphenols and Obesity 
Prevalence Among U.S. Children and 
Adolescents

Bisphenol A (BPA) has been recognized as an endocrine disrupting chemical and identified as an obesogen. Although once ubiquitous, human exposure to BPA has been declining owing to its substitution with other 
bisphenols. Two structurally similar substitutes, bisphenol S (BPS) and bisphenol F (BPF), have raised similar concerns, although fewer studies have been conducted on these newer derivatives. We used data from the US 
National Health and Nutrition Examination Surveys from 2013 to 2016 to evaluate associations between BPA, BPS, and BPF and body mass outcomes among children and adolescents aged 6 to 19 years. Concentrations of 
BPA, BPS, and BPF were measured in spot urine samples using HPLC with tandem mass spectrometry. General obesity was defined as ≥95th percentile of the age- and sex-standardized body mass index (BMI) z-scores 
according to the 2000 US norms. Abdominal obesity was defined as a waist circumference/height ratio of ≥0.5. BPA, BPS, and BPF were detected in 97.5%, 87.8%, and 55.2% of urine samples, respectively. Log-
transformed urinary BPS concentrations were associated with an increased prevalence of general obesity (OR, 1.16; 95% CI, 1.02 to 1.32) and abdominal obesity (OR, 1.13; 95% CI, 1.02 to 1.27). BPF detection (vs not 
detected) was associated with an increased prevalence of abdominal obesity (OR, 1.29; 95% CI, 1.01 to 1.64) and continuous BMI z-score (β = 0.10; 95% CI, 0.01 to 0.20). BPA and total bisphenols were not statistically 
significantly associated with general obesity, abdominal obesity, or any body mass outcome. These results suggest that BPA substitute chemicals are correlated with obesity in contemporary children.

J Endocr Soc Vol.3 Issue 
9 Pages 1715-1726

10.1210/js.2019-00201 31528831 ヒト - - - - - - - 横断研究 1 1 - - - - - - - - - - - - - - - - - -
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統合_0506 A. Ishtiaq, M. A. Nasrullah, J. S. Khan, S. Malik, 
U. Tareen, M. Anees, A. Sultan and I. Murtaza 2023

A cohort study investigating the role 
of Bisphenol A in the molecular 
pathogenesis of breast cancer

BACKGROUND: Breast cancer is an abnormal division of breast cells. Bisphenol A (BPA), an environmental toxicant, is identified as an emerging risk factor for breast cancer development. However, to the best of our 
knowledge, no previous study has investigated the BPA levels in breast cancer patients in Pakistan. The present study sought to explore the role of BPA in tumor growth among the Pakistani population. METHODS: The 
levels of BPA were analyzed in the serum samples of breast cancer patients and controls by using HPLC. To elucidate the role of BPA to initiate tumorigenic events in breast tissue different biochemical assays along with 
expression analysis of tumor markers were performed. RESULTS: The level of BPA in the serum samples of breast cancer patients was significantly higher than control. Histological analysis of breast cancer tissue 
samples revealed distinct subtypes of tumor, such as ductal carcinoma in situ (DCIS) and invasive ductal carcinoma (IDC). There was a significant increase in ROS level while a significant decrease in the levels of 
superoxide dismutase (SOD) and catalase (CAT) enzymes in malignant breast tissue samples as compared to control tissue samples. We found upregulated expression of p53, ZEB1 and WNT1 genes at mRNA level in 
malignant breast tissue samples by 17 folds, 328 folds and 35 folds, respectively. p53 protein expression in malignant breast tissue samples was also enhanced at the translational level. CONCLUSION: Current findings 
suggest a relationship between BPA and the progression of breast cancer among the Pakistani population.

J Cancer Res Clin 
Oncol. 2023 
Nov;149(16):14565-
14575.

10.1007/s00432-023-05247-3 37580403 ヒト 発がん - - - - - - 症例対照研究 1 1 - - - 1 1 1 - - - - - - - - - - - -

統合_0507
N. Irvine, R. C. Bell, F. B. Subhan, C. J. Field, J. 
Liu, A. M. MacDonald, D. W. Kinniburgh, J. W. 
Martin, D. Dewey and G. England-Mason

2024

Maternal pre-pregnancy BMI 
influences the associations between 
bisphenol and phthalate exposures 
and maternal weight changes and 
fat accumulation

BACKGROUND: Bisphenols and phthalates are two classes of endocrine-disrupting chemicals (EDCs) thought to influence weight and adiposity. Limited research has investigated their influence on maternal weight 
changes, and no prior work has examined maternal fat mass. We examined the associations between exposure to these chemicals during pregnancy and multiple maternal weight and fat mass outcomes. METHODS: This 
study included a sample of 318 women enrolled in a Canadian prospective pregnancy cohort. Second trimester urinary concentrations of 2 bisphenols and 12 phthalate metabolites were quantified. Self-reported and 
measured maternal weights and measured skinfold thicknesses were used to calculate gestational weight gain, 3-months and 3- to 5-years postpartum weight retention, late pregnancy fat mass gain, total postpartum fat 
mass loss, and late postpartum fat mass retention. Adjusted robust regressions examined associations between chemicals and outcomes in the entire study population and sub-groups stratified by pre-pregnancy body 
mass index (BMI). Bayesian kernel machine regression examined chemical mixture effects. RESULTS: Among women with underweight or normal pre-pregnancy BMIs, MBzP was negatively associated with weight 
retention at 3- to 5-years postpartum (B = -0.04, 95%CI: -0.07, -0.01). Among women with overweight or obese pre-pregnancy BMIs, MEHP and MMP were positively associated with weight retention at 3-months and 3- 
to 5-years postpartum, respectively (B's = 0.12 to 0.63, 95%CIs: 0.02, 1.07). DEHP metabolites and MCNP were positively associated with late pregnancy fat mass gain and late postpartum fat mass retention (B's = 0.04 
to 0.18, 95%CIs: 0.001, 0.32). Further, the mixture of EDCs was positively associated with late pregnancy fat mass gain. CONCLUSION: In this cohort, pre-pregnancy BMI was a key determinant of the associations 
between second trimester exposure to bisphenols and phthalates and maternal weight changes and fat accumulation. Investigations of underlying physiological mechanisms, windows of susceptibility, and impacts on 
maternal and infant health are needed.

Environ Res. 2024 Sep 
15:257:119276.

10.1016/j.envres.2024.119276 38830392 ヒト 代謝 - - - - - - コホート研究 1 1 - - - 1 1 1 - - - - - - - - - - - -

統合_0508

L. M. Iribarne-Durán, L. Serrano, F. M. Peinado, 
M. Peña-Caballero, J. A. Hurtado, F. Vela-Soria, 
M. F. Fernández, C. Freire, F. Artacho-Cordón 
and N. Olea

2022

Biomonitoring bisphenols, parabens, 
and benzophenones in breast milk 
from a human milk bank in Southern 
Spain

BACKGROUND: Human breast milk is considered the optimal source of nutrition for infants. Milk from breast milk banks offers an alternative to infant formulas for vulnerable hospitalized neonates most likely to benefit 
from exclusive human milk feeding. However, breast milk can also be a source of exposure to environmental contaminants, including endocrine-disrupting chemicals (EDCs). AIM: To evaluate concentrations of phenolic 
EDCs, including bisphenols, parabens (PBs), and benzophenones (BPs), in samples from a human milk bank in Granada, Southern Spain and to explore sociodemographic, reproductive, and lifestyle factors related to their 
concentrations in the milk. METHODS: Concentrations of three bisphenols [bisphenol A (BPA), bisphenol F (BPF), and bisphenol S (BPS)], four PBs [methyl- (MeP), ethyl- (EtP), propyl- (n-PrP), and butyl-paraben (n-
BuP)], and six BPs [BP-1, BP-2, BP-3, BP-6, BP-8, and 4-hydroxy-BP] were determined in milk samples from 83 donors. Information on potential explanatory variables was gathered using the milk bank donor form and an 
ad hoc questionnaire. Multiple linear and logistic regression models were fitted. RESULTS: Detectable concentrations were found of at least one of the analyzed compounds in all donor breast milk samples and at least 
five compounds in one-fifth of them. The most frequently detected compounds were MeP (90.5%), BP-3 (75.0%), EtP (51.2%), n-PrP (46.4%), and BPA (41.7%). Median concentrations ranged between <0.10 ng/mL (n-PrP, 
n-BuP, BP-1) and 0.59 ng/mL (BP-3). No sample contained detectable concentrations of BPF, BPS, or most BPs (BP-2, BP-6, BP-8, and 4- hydroxy-BP). Breast milk phenol concentrations were associated with parity, the 
utilization of deodorants, mouthwash, skin care products, and cosmetics, and the intake of nutritional supplements. CONCLUSIONS: Results reveal the widespread presence of BPA, PBs, and BP-3 in donor breast milk 
samples, highlighting the need for preventive measures to enhance the benefits of breast milk from milk banks and from breastfeeding women in general.

Sci Total Environ 
Vol.830 Pages 154737

10.1016/j.scitotenv.2022.154737 35337871 ヒト - - - - - - - バイオモニタリング 1 1 - - - - - - - - - - - - - - - - - -

統合_0509
L. M. Iribarne-Durán, F. M. Peinado, C. Freire, I. 
Castillero-Rosales, F. Artacho-Cordón and N. 
Olea

2022

Concentrations of bisphenols, 
parabens, and benzophenones in 
human breast milk: A systematic 
review and meta-analysis

BACKGROUND: Breast milk is the main source of nutrition for infants but may be responsible for their exposure to environmental chemicals, including endocrine-disrupting chemicals. AIM: To review available evidence on 
the presence and concentrations of bisphenols, parabens (PBs), and benzophenones (BPs) in human milk and to explore factors related to exposure levels. METHODS: A systematic review was carried out using Medline, 
Web of Science, and Scopus databases, conducting a comprehensive search of peer-reviewed original articles published during the period 2000-2020, including epidemiological and methodological studies. Inclusion 
criteria were met by 50 studies, which were compiled by calculating weighted detection frequencies and arithmetic mean concentrations of the chemicals. Their risk of bias was assessed using the ROBINS-I checklist. 
RESULTS: Among the 50 reviewed studies, concentrations of bisphenols were assessed by 37 (74.0%), PBs by 21 (42.0%), and BPs by 10 (20.0%). Weighted detection frequencies were 63.6% for bisphenol-A (BPA), 27.9-
63.4% for PBs, and 39.5% for benzophenone-3 (BP-3). Weighted mean concentrations were 1.4 ng/mL for BPA, 0.2-14.2 ng/mL for PBs, and 24.4 ng/mL for BP-3. Mean concentrations ranged among studies from 0.1 to 3.9
 ng/mL for BPA, 0.1 to 1063.6 ng/mL for PBs, and 0.5 to 72.4 ng/mL for BP-3. The highest concentrations of BPA and PBs were reported in samples from Asia (versus America and Europe). Higher BPA and lower methyl-
paraben concentrations were observed in samples collected after 2010. Elevated concentrations of these chemicals were associated with socio-demographic and lifestyle factors in eight studies (16.0%). Two 
epidemiological studies showed moderate/serious risk of bias. CONCLUSIONS: This systematic review contributes the first overview of the widespread presence and concentrations of bisphenols, PBs, and BPs in human 
breast milk, revealing geographical and temporal variations. The methodological heterogeneity of published studies underscores the need for well-conducted studies to assess the magnitude of exposure to these 
chemicals from human milk.
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統合_0510 M. N. Ilozumba, W. L. Shelver, C. C. Hong, C. B. 
Ambrosone and T. D. Cheng 2022

Urinary Concentrations of Triclosan, 
Bisphenol A, and Brominated Flame 
Retardants and the Association of 
Triclosan with Demographic 
Characteristics and Body Fatness 
among Women with Newly 
Diagnosed Breast Cancer

Background: Triclosan, bisphenol A (BPA), and brominated flame retardants are environmental estrogenic endocrine-disrupting compounds that may influence the prognosis of breast cancer. We examined the urinary 
concentrations of these compounds and their associations with demographic characteristics and body fatness in a population of women with newly diagnosed breast cancer. Methods: Overnight urine collection and 
anthropometric measures were obtained from 302 participants. Triclosan, BPA, tetrabromobisphenol A (TBBPA), and tetrabromobenzoic acid (TBBA) concentrations were determined using ultra-performance liquid 
chromatography−tandem mass spectrometry. Regression analyses were conducted to examine associations of urinary compound concentration with age, menopause, race, ethnicity, educational level, estrogen receptor 
status, body size, and body composition. Results: Triclosan, BPA, and TBBA were detected in urine samples from 98.3%, 6.0%, and 0.3% of patients, respectively; TBBPA was undetectable. Among patients with 
quantifiable values, the geometric mean concentrations were 20.74 µg/L (27.04 µg/g creatinine) for triclosan and 0.82 µg/L (1.08 µg/g creatinine) for BPA. Body mass index ≥ 30 vs. <25 kg/m2 was associated with lower 
creatinine-corrected urinary concentrations of triclosan (−40.00, 95% confidence interval [CI] = −77.19 to −2.81; p = 0.0351). The observed association was predominantly in postmenopausal women (−66.57; 95% CI: 
−109.18% to −23.96%). Consistent results were found for associations between triclosan levels and fat mass variables. Conclusion: In this study population, women with newly diagnosed breast cancer had triclosan 
exposure. Assessments of the implications of urinary concentrations of triclosan for women should consider body fatness and menopausal status.
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U. Ihenacho, C. Guillermo, L. R. Wilkens, A. A. 
Franke, C. Tseng, Y. Li, M. Sangaramoorthy, M. 
C. Derouen, C. A. Haiman, D. O. Stram, L. Le 
Marchand, I. Cheng and A. H. Wu

2023

Association of Endocrine Disrupting 
Chemicals With the Metabolic 
Syndrome Among Women in the 
Multiethnic Cohort Study

Metabolic syndrome (MetS) is associated with a high risk of cardiovascular disease, a leading cause of death among women. MetS is a diagnosis of at least 3 of the following: high blood pressure, high fasting glucose, 
high triglycerides, high waist circumference, and low high-density lipoprotein cholesterol. Epidemiological studies suggest that endocrine disrupting chemical (EDC) exposure is positively associated with individual 
components of MetS, but evidence of an association between EDCs and MetS remains inconsistent. In a cross-sectional analysis within the Multiethnic Cohort Study, we evaluated the association between 4 classes of 
urinary EDCs (bisphenol A [BPA], triclosan, parabens, and phthalates) and MetS among 1728 women. Multivariable logistic regression was used to estimate odds ratios and 95% CI for the association between tertiles of 
each EDC and MetS adjusting for age, body mass index (BMI), racial and ethnic group, and breast cancer status. Stratified analyses by race and ethnicity and BMI were conducted. MetS was identified in 519 (30.0%) 
women. We did not detect statistically significant associations of MetS with BPA, triclosan, or phthalate metabolite excretion. MetS was inversely associated with total parabens (P(trend) = .002). Although there were 
suggestive inverse associations between EDCs and MetS among Latino and African American women, and women with BMI < 30 kg/m(2), there was no statistically significant heterogeneity in associations by race and 
ethnicity or BMI. These findings suggest an inverse association between parabens and MetS in larger multiethnic studies. Prospective analyses to investigate suggested differences in associations by race, ethnicity, and 
BMI are warranted.

J Endocr Soc Vol.7 Issue 
12 Pages bvad136

10.1210/jendso/bvad136 38024651 ヒト - - - - - - - 横断研究 1 1 - - - - - - - - - - - - - - - - - -

統合_0512
A. Iglesias-González, M. Schweitzer, P. Palazzi, 
F. Peng, S. Haan, E. Letellier and B. M. R. 
Appenzeller

2022

Investigating children's chemical 
exposome - Description and 
possible determinants of exposure 
in the region of Luxembourg based 
on hair analysis

The specific physiology and behaviour of children makes them particularly vulnerable to chemical exposure. Specific studies must therefore be conducted to understand the impact of pollution on children's health. Human 
biomonitoring is a reliable approach for exposure assessment, and hair, allowing the detection of parent chemicals and metabolites, and covering wider time windows than urine and blood is particularly adapted to study 
chronic exposure. The present study aims at assessing chemical exposure and investigating possible determinants of exposure in children living in Luxembourg. Hair samples were collected from 256 children below 13 y/o 
and tested for 153 compounds (140 pesticides, 4 PCBs, 7 BDEs and 2 bisphenols). Moreover, anthropometric parameters, information on diet, residence, and presence of pets at home was collected through 
questionnaires. Correlations, regressions, t-tests, PLS-DA and MANOVAs, were used to investigate exposure patterns. Twenty-nine to 88 (median = 61) compounds were detected per sample. The highest median 
concentration was observed for BPA (133.6 pg/mg). Twenty-three biomarkers were detected in ≥ 95% of the samples, including 13 in all samples (11 pesticides, BPA and BPS). Exposure was higher at younger ages (R(2) 
= 0.57), and boys were more exposed to non-persistent pesticides than girls. Presence of persistent organic pollutants in most children suggests that exposure is still ongoing. Moreover, diet (e.g. imazalil: 0.33 pg/mg in 
organic, 1.15 pg/mg in conventional, p-value < 0.001), residence area (e.g. imidacloprid: 0.29 pg/mg in urban, 0.47 pg/mg in countryside, p-value = 0.03), and having pets (e.g. fipronil: 0.32 pg/mg in pets, 0.09 pg/mg in no 
pets, p-value < 0.001) were identified as determinants of exposure. The present study demonstrates that children are simultaneously exposed to multiple pollutants from different chemical classes, and confirms the 
suitability of hair to investigate exposure. These results set the basis for further investigations to better understand the determinants of chemical exposure in children.
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E. Ibroci, S. W. Thurston, E. S. Barrett, N. R. 
Bush, R. H. N. Nguyen, S. Sathyanarayana, A. 
Reichenberg, B. R. Collett, S. H. Swan and S. F. 
Evans

2022

Prenatal bisphenol A exposure in 
relation to behavioral outcomes in 
girls aged 4-5 and modification by 
socio-demographic factors in The 
Infant Development and 
Environment Study (TIDES)

Bisphenol A (BPA) is a polymer used in the production of polycarbonate plastics and epoxy resins. An estrogen mimic, prenatal BPA exposure has been associated with several behavioral outcomes in children; however, 
the impact of maternal demographic and economic factors on associations between BPA and child behavioral outcomes have not been examined. The objective of this study was to examine associations between prenatal 
maternal urinary BPA and behavior in 4-5 year old girls, and to assess whether socio-demographic factors modify this relationship. Mothers enrolled in The Infant Development and Environment Study (TIDES) provided a 
single spot urine at enrollment (median gestational age 11 weeks) and completed the Behavior Assessment System for Children-2 (BASC-2) and Social Responsiveness Scale-2 (SRS-2) when their daughters were 4-5 
years of age. Mother-daughter pairs with complete phthalate, BASC-2, SRS-2, and covariate data were included in this analysis (N = 244). BPA was detectable in 93 % of urine samples. We used multivariable linear 
regression analyses to estimate associations between maternal urinary log(10)-transformed BPA concentration and BASC-2 subscale and composite scores and SRS-2 Total Score. To examine the role of socioeconomic 
and demographic factors associated with study site, we stratified by TIDES center, comparing those enrolled at University of Rochester Medical Center (URMC), a predominately lower socioeconomic population, and 
those enrolled elsewhere: University of Washington, University of Minnesota, and University of California San Francisco, whose populations share similar higher socioeconomic demographic characteristics. Across all 
centers, no associations were seen between BPA and BASC-2 or SRS-2 scores. When stratifying by center, BPA was significantly associated with greater social impairment as measured by the SRS-2 Total Score (β-
coefficient [95 % confidence intervals]: 5.1 [1.0, 9.2]) in URMC participants (N = 61). In non-URMC participants (N = 183), BPA was significantly associated with lower BASC-2 Internalizing composite (-3.3 [-6.7, 0.0]) 
and Depression subscale scores (-3.4 [-6.7, 0.0]) while no associations were seen between BPA and SRS-2 scores. Our findings suggest that sociodemographic factors may modify the impacts of maternal prenatal BPA 
on developmental endpoints.
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統合_0514 M. Hwang, K. Choi and C. Park 2022

Urinary levels of phthalate, 
bisphenol, and paraben and allergic 
outcomes in children: Korean 
National Environmental Health 
Survey 2015-2017

BACKGROUND: Phthalates, bisphenols and parabens have been widely used in household and personal-care products. Their endocrine disrupting, sensitizing and antimicrobial properties might play a role in the 
occurrence of allergic diseases. However, the effects of these chemicals, particularly on humans, are relatively underexplored. OBJECTIVES: This study aimed to report the concentrations of phthalate, bisphenol and 
paraben in urine of Korean children, and assess their relationship with allergic outcomes. METHODS: Data obtained from nationally representative Korean children, a total of 1458 children between 3 and 11 years of age 
recruited in the Korean National Environmental Health Survey (3 rd round of KoNEHS 2015-2017), were analyzed. Associations of urinary phthalate metabolites, bisphenols, and parabens levels with atopic dermatitis and 
allergic rhinitis was examined by grouped into preschool (aged 3-5 years) and school children (aged 6-11 years). Allergic outcomes were obtained through questionnaires answered by their caregivers. RESULTS: Atopic 
dermatitis was associated with urinary metabolites of DEHP, BzBP, DINP, and DIDP, and MeP and PrP in preschool children, BPA and PrP in school children. Allergic rhinitis was associated with MeP and PrP in preschool 
children, and metabolites of DEHP, MeP and PrP in school children. The association of urinary chemicals with atopic dermatitis and allergic rhinitis were different by gender, especially in preschool children. 
CONCLUSION: Urinary phthalates, BPA and parabens levels in the Korean children were related with atopic dermatitis and allergic rhinitis. Considering the importance of allergic diseases in children, the public health 
implications of exposure to these chemicals warrant further studies. Given the cross-sectional design and confounding variables, the results of this study should be interpreted with caution.
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T. Husøy, M. Andreassen, H. Hjertholm, M. H. 
Carlsen, N. Norberg, C. Sprong, E. 
Papadopoulou, A. K. Sakhi, A. Sabaredzovic and 
H. Dirven
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The Norwegian biomonitoring study 
from the EU project EuroMix: Levels 
of phenols and phthalates in 24-
hour urine samples and exposure 
sources from food and personal care 
products

BACKGROUND: Exposure to multiple chemicals occurs daily through several routes; diet, inhalation and dermal contact. Real-life exposure assessment is needed to understand the risk. Therefore, a human biomonitoring 
(BM) study was performed to examine the plausibility of source-to-dose calculations for chemical mixtures in the Horizon 2020 EuroMix project. OBJECTIVES: To provide a detailed description of the design of the EuroMix 
BM study, and to present the initial results for urinary phenols and phthalates and to describe their exposure determinants from foods and personal care products (PCPs). METHOD: Adults (44 males and 100 females) 
kept detailed diaries on their food consumption, PCP use and handling of cash receipts. Urine samples were collected over the same 24-hour period. Urinary levels of four parabens, five bisphenols, 
oxybenzone/benzophenone-3 (OXBE), triclosan (TCS), triclocarban (TCC) and metabolites of eight phthalates and 1,2-cyclohexane dicarboxylic acid diisononyl ester (DINCH) were analysed by ultra-high-performance 
liquid chromatography and tandem mass spectrometry. Multivariable linear regressions were performed between PCPs/food categories and each dependent chemical variable separately, and were only sex-stratified when 
an interactions between sex and the independent variable was significant. RESULTS: The detection rate for the metabolites of phthalates and DINCH, and bisphenol A (BPA) and TCS in urine was 88-100%, while 
bisphenol S (BPS) and bisphenol F (BPF) were only found in 29% and 4% of the urine samples, respectively. Bisphenol B (BPB), bisphenol AF (BPAF) and TCC were not detected. Food groups associated with phenol 
exposure were meat, bread, beverages and butter and oil. Food determinants for phthalate exposure were sweets, butter and oil, fruit and berries and other foods. The only positive association between the use of PCPs 
and phenols was found between BPA and lip gloss/balm. Phthalate exposure was associated with the use of shower gel, hand cream (females), toothpaste, anti-wrinkle cream (females) and shaving products (males). 
CONCLUSION: The participants in the EuroMix BM study were exposed to a mixture of phenols and phthalates. A variety of food categories and PCPs were found to be possible sources of these chemicals. This indicates 
a complex pattern of exposure to numerous chemicals from multiple sources, depending on individual diet and PCP preferences.
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Z. Huang, W. Fu, L. Dou, H. Bao, W. Wu, P. Su, 
K. Huang, P. Zhu, J. Sheng, Y. Xu, F. Tao and J. 
Hao

2022

Prenatal Bisphenol A Exposure and 
Early Childhood Behavior and 
Cognitive Function: A Chinese Birth 
Cohort Study

INTRODUCTION: Biomonitoring of bisphenol A (BPA) in human blood is still scarce, although already noticeable. We aimed to examine the associations between prenatal serum BPA concentrations and behavior and 
cognitive function in preschool children. METHODS: A total of 1,782 mother-child pairs with complete demographic information, blood samples, and psychological measurements were included from the China-Anhui Birth 
Cohort (C-ABCS). We detected serum BPA concentrations and assessed children's neurodevelopment using a set of psychometric scales. RESULTS: The median prenatal maternal serum BPA concentration was 0.23 
(P25, P75: 0.07, 0.52) ng/mL, with a detection frequency of 85.19%. Compared with the girls with the lowest concentrations, those with highest BPA concentrations had increased risks of inhibitory self-control 
impairment [relative risk (RR) = 3.66, 95% confidence interval (CI): 1.53, 7.58], emergent metacognition impairment (RR = 1.70, 95% CI: 1.07, 2.78), conduct problem (RR = 1.68, 95% CI: 1.12, 2.39), peer relationship 
problem (RR = 2.57, 95% CI: 1.33, 4.47), higher total difficulties score (RR = 1.76, 95% CI: 1.12, 2.67), and higher impact factor score (RR = 1.52, 95% CI: 1.11, 2.05), while the boys with the highest prenatal BPA 
concentrations had an increased risk of conduct problem compared with those with the lowest concentrations (RR = 1.59, 95% CI: 1.09, 2.24) (P-interaction = 0.011). After stratification by age, high prenatal BPA 
concentrations were associated with increased ADHD (RR = 4.44, 95% CI: 1.54, 10.85) among children aged 3 years, not among children aged 4 years. CONCLUSION: Our study revealed the sex-specific and age-specific 
impacts of prenatal BPA exposure on preschool children's cognitive and behavioral development.
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統合_0517 Y. S. Huang, P. L. Hung, L. J. Wang, C. M. Tsai, 
C. K. Tsai, M. M. Tiao and H. R. Yu 2024

Distinct Impacts of Prenatal and 
Postnatal Phthalate Exposure on 
Behavioral and Emotional 
Development in Children Aged 1.5 to 
3 Years

Development is a continuous process, but few studies have assessed the simultaneous impact of prenatal and postnatal phthalate exposure on children's behavioral and emotional development. A total of 491 mother-child 
pairs from the general population in southern Taiwan were studied from 2021 to 2022. Urinary concentrations of bisphenol A (BPA) and phthalate metabolites-mono-ethyl phthalate (MEP), mono-n-butyl phthalate (MnBP), 
mono-benzyl phthalate (MBzP), and mono-2-ethylhexyl phthalate (MEHP)-were measured in pregnant mothers during the second trimester and in their corresponding children aged 1.5 to 3 years. Behavioral symptoms in 
children were evaluated using the Child Behavior Checklist (CBCL). Odds ratios (ORs) represent a 1-unit increase in log10-transformed creatinine-corrected maternal urine concentrations. Prenatal maternal urinary 
MnBP levels were associated with total problems (OR = 19.32, 95% CI: 1.80-43.13, p = 0.04), anxiety (OR = 33.58, 95% CI: 2.16-521.18, p = 0.01), and sleep problems (OR = 41.34, 95% CI: 1.04-1632.84, p = 0.04) in 
children. Additionally, urinary MnBP levels in children correlated with total problems (OR = 7.06, 95% CI: 1.01-49.05, p = 0.04) and internalizing problems (OR = 11.04, 95% CI: 1.27-95.72, p = 0.01). These findings suggest 
that prenatal and postnatal exposure to dibutyl phthalate (DBP), metabolized as MnBP, distinctly affects children's behavioral development.
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Advanced metabolomics-based 
approach to reveal new insights into 
Bisphenol A metabolism and its 
presence in human excreta and 
water bodies in Taiwan

Bisphenol A (BPA) is an environmental contaminant and can be detected in foodstuffs. Hence, investigating BPA metabolism in humans is crucial because certain BPA metabolites may exhibit similar or even greater be 
toxicity than does the parent compound. In this study, we used an advanced metabolomics-based data processing approach along with ultraperformance liquid chromatography-mass spectrometry (UPLC-MS) to identify 
BPA metabolites in human liver enzyme incubation samples, and those metabolites were further detected in human excreta and water body samples in Taiwan. The first stage involved converting full-scan MS files from 
the incubation samples into feature information; this stage revealed 1056 and 2472 features with dose-response relationships in the BPA and isotopically labeled BPA incubation datasets, respectively. The second stage 
involved using stable isotope tracing to identify isotopic pairs from the two datasets; this stage revealed 190 isotopic pairs. An additional dose-response experiment was conducted to confirm that all these features with 
isotopic pairs also exhibited a dose-response relationship. To focus on the primary BPA metabolite features, we excluded those with low intensities (below 50,000). This left us with 86 features, which we then used for 
our analysis. To confirm these features as possible BPA metabolites, we compared the tandem MS (MS/MS) spectra between BPA and isotopically labeled BPA incubation samples. The results revealed 75 isotopic pairs 
with matching isotopically labeled MS/MS spectra. Among these identified features, one feature's m/z value matched to that of a previously reported BPA metabolite, and the other 74 features were novel. However, only 9 
of them had proposed structures. We further investigated whether these features could be detected in humans or Taiwanese water bodies. Furthermore, 10 and 2 novel metabolites were identified in human urine and fecal 
samples, respectively; 17 novel metabolites were identified in the water samples. These findings indicate some of these novel metabolites are present not only in humans but also in various water bodies across Taiwan. 
These identified metabolites are phase I BPA metabolites, suggesting they may have toxic properties. Further research is warranted to investigate the structures of these newly discovered metabolites and assess their 
potential human health risks.
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2021
Prenatal Bisphenol a Exposure, DNA 
Methylation, and Low Birth Weight: 
A Pilot Study in Taiwan

Prenatal exposure to bisphenol A (BPA) may increase the risk of abnormal birth outcomes, and DNA methylation might mediate these adverse effects. This study aimed to investigate the effects of maternal BPA exposure 
on maternal and fetal DNA methylation levels and explore whether epigenetic changes are related to the associations between BPA and low birth weight. We collected urine and blood samples originating from 162 mother-
infant pairs in a Taiwanese cohort study. We measured DNA methylation using the Illumina Infinium HumanMethylation 450 BeadChip in 34 maternal blood samples with high and low BPA levels based on the 75th 
percentile level (9.5 μg/g creatinine). Eighty-seven CpGs with the most differentially methylated probes possibly interacting with BPA exposure or birth weight were selected using two multiple regression models. 
Ingenuity pathway analysis (IPA) was utilized to narrow down 18 candidate CpGs related to disease categories, including developmental disorders, skeletal and muscular disorders, skeletal and muscular system 
development, metabolic diseases, and lipid metabolism. We then validated these genes by pyrosequencing, and 8 CpGs met the primer design score requirements in 82 cord blood samples. The associations among low 
birth weight, BPA exposure, and DNA methylation were analyzed. Exposure to BPA was associated with low birth weight. Analysis of the epigenome-wide findings did not show significant associations between BPA and 
DNA methylation in cord blood of the 8 CpGs. However, the adjusted odds ratio for the dehydrogenase/reductase member 9 (DHRS9) gene, at the 2nd CG site, in the hypermethylated group was significantly associated 
with low birth weight. These results support a role of BPA, and possibly DHRS9 methylation, in fetal growth. However, additional studies with larger sample sizes are warranted.
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統合_0520 S. Huang, D. Wang, Z. Qi, C. Long, G. Li and Y. 
Yu 2023

A large-scale nationwide study of 
urinary phenols in the Chinese 
population

Bisphenol A (BPA), tetrabromobisphenol A (TBBPA), and their substitutes are commonly used in everyday products. However, large-scale internal exposure levels of them in China, the factors influencing on them, and the 
associated health risks were not systematically investigated still. In the present study, there were 1157 morning urine samples collected from residents of 26 provincial capitals in China for the measurement of BPA and 
seven bisphenol analogues, as well as TBBPA and its substitutes, i.e., tetrachlorobisphenol A and 4,4'-sulphonylbis(2,6-dibromophenol). The concentrations of Σ(8)bisphenols and Σ(3)TBBPAs ranged from <LOD to 168 
μg/L and from <LOD to 2.25 μg/L, respectively. BPA and bisphenol S were the main environmental phenols. Residents in eastern China were more exposed to bisphenols, which may be due to the regional production of 
BPA and the diversity of food consumption patterns of the residents. Education level and age were significantly correlated with bisphenol exposure. Subjects with a bachelor's degree or aged 18-44 years appeared to be 
more exposed to bisphenols, especially for BPA. Subjects who consumed bottled water and takeaways also had higher levels of bisphenols. Based on RfD, the health risk assessment showed that no subjects had hazard 
quotient values of BPA greater than one unit. Monte Carlo simulation indicated that 0.44 % of the Chinese general population had a potential non-carcinogenic risk from BPA. This large-scale nationwide study is beneficial 
for governmental decision-making and the prevention of phenol exposure.
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2025
Divergent effects of EDCs on bone 
maturation: Role of body mass index 
and puberty

Exposure to endocrine-disrupting chemical (EDC) mixture and its association with bone maturation in children remain unclear. In this case-control study, the relationship between EDC exposure and accelerated bone 
maturation in girls aged 6-13 years (n = 501) was investigated using data from the Evaluation and Monitoring on School-based Nutrition and Growth in Shenzhen study. Urinary concentrations of 11 phthalate metabolites, 
as well as seven bisphenols, nonylphenol (NP), and triclosan, were measured. Bone age (BA) was assessed using a mobile X-ray bone rheometer via the TW3-RUS method. Statistical analyses included binary logistic 
regression, weighted quantile sum, Bayesian Kernel Machine Regression, mediation effect analysis, and quantile regression. Girls with advanced BA had significantly lower median concentrations of mono-isobutyl 
phthalate (MiBP), mono(2-ethylc5-hydroxyhexyl) phthalate, and NP. Only total monoethyl phthalate (MEP) was positively associated with advanced BA in prepubertal girls, whereas mono-methyl phthalate (MMP), MiBP, 
bisphenol A (BPA), NP, and total EDCs were negatively associated. Negative correlations were observed between several phthalate metabolite concentrations and height for the BA standard deviation score. Body mass 
index (BMI) and puberty mediated the associations between mono-methyl phthalate concentration and NP with advanced BA. The findings reveal that MMP, MEP, BPA, MiBP, and NP exposure exert divergent effects and 
pubertal sensitivity differences on accelerated bone maturation, with BMI and pubertal stage playing mediating roles. These findings have significant public health implications, given the pervasiveness of EDCs and the 
increasing trends in overweight/obesity, earlier puberty initiation, and accelerated bone maturation.
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Associations of bisphenol exposure 
with thyroid hormones in pregnant 
women: a prospective birth cohort 
study in China

Bisphenols are endocrine disruptor chemicals that disrupt thyroid hormone homeostasis. However, evidence on the effects of bisphenol mixtures on thyroid hormones are insufficient. Therefore, the present study aimed to 
explore the effects of bisphenol substitutes and bisphenol mixtures on thyroid hormones during pregnancy. The study was conducted among 446 pregnant women in the Guangxi Zhuang Birth Cohort (GZBC), China. In 
multiple linear regressions, compared with the low-exposure group, bisphenol S (BPS) concentrations in the middle-exposure group led to a 10.90% (95% CI: - 18.16%, - 2.99%) decrease in triiodothyronine (T3) levels in the 
first trimester; tetrabromobisphenol A (TBBPA) levels in the middle-exposure group led to an 8.26% (95% CI: - 15.82%, - 0.01%) decrease in T3 levels in the first trimester; bisphenol B (BPB) levels in the middle-exposure 
group led to higher free thyroxine (FT4) levels (9.84%; 95% CI: 1.73%, 18.60%) in the second trimester; bisphenol F (BPF) in the middle-exposure group led to higher FT4 levels (8.59%, 95% CI: 0.53%, 17.31%) in the second 
trimester; and TBBPA levels in the high-exposure group led to a 9.39% (95% CI: 1.46%, 17.93%) increase in FT4 levels in the second trimester. The Bayesian kernel machine regression (BKMR) and restricted cubic spline 
(RCS) models showed a U-shaped dose-response relationship between bisphenol A (BPA) and free triiodothyronine (FT3) (p < 0.01) as well as BPS and FT4 (p < 0.05). Nonlinear relationships were also observed between 
the bisphenol mixture and FT3. Overall, maternal bisphenol exposure affected thyroid hormone levels during pregnancy. This study provides evidence that BPB, BPF, BPS, and TBBPA are unsafe substitutes for BPA, as well 
as the overall effect of bisphenols on adverse health in human beings.
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Occurrence and profile 
characteristics of environmental 
phenols in human urine from a rural 
area in Northwestern China

Many environmental phenols, such as bisphenols, benzophenones and parabens, are known as endocrine disruptors and can adversely affect human health. However, the knowledge of human exposure to common 
environmental phenols in Chinese rural areas is insufficient. In this context, 181 urine samples were collected from participants in a rural area in Northwest China and were analyzed for nine bisphenols, three 
benzophenones and four parabens. Bisphenol A (BPA), bisphenol S, benzophenone-1 (BP-1), benzophenone-3 (BP-3), 4-hydroxybenzophenone, methylparaben (MeP), ethylparaben and propylparaben (PrP) were detected in 
more than 50% of the urine samples, with median concentrations of 0.938 ng/mL, 0.0111 ng/mL, 0.191 ng/mL, 1.30 ng/mL, 0.0320 ng/mL, 25.9 ng/mL, 4.31 ng/mL and 1.94 ng/mL, respectively. A significant positive 
correlation was observed between BP-1 and BP-3, as well as between MeP and PrP, indicating metabolic transformation and combined use, respectively. The concentrations of MeP and PrP in females were significantly 
higher than those in males, suggesting that females were exposed to more MeP and PrP than males. Urinary concentrations of BPA, BP-3, MeP and PrP could be influenced by age. Other demographic information, such as 
annual household income, education and occupation was not associated with the exposure level of the targeted phenols in adults. The estimated daily intakes of the analytes except BPA were all below their respective 
tolerable/acceptable daily intake levels. This study profiles the demographic differences in the exposure to environmental phenols in general populations from rural areas and provides information on risk assessments.
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Association of urinary bisphenols 
with thyroid function in the general 
population: a cross-sectional study 
of an industrial park in China

Bisphenols (BPs) are potential thyroid disruptors that are widely used in many consumer products, leading to their widespread exposure in the general population. Current cross-sectional and case-control studies have 
found associations between exposure to BPs and serum thyroid function, but the results were contradictory. The objectives of this study are to describe demographic characteristics, BP exposure levels, and thyroid 
function measurements in potentially exposed and control districts and to investigate the association of urinary BPs with thyroid function. Data were collected from a general population aged 3-79 years (N = 281) 
recruited by the Zhejiang Human Biomonitoring Program (ZJHBP). The concentrations of 10 kinds of BPs in urine and serum free triiodothyronine (FT3), total triiodothyronine (TT3), free thyroxine (FT4), total thyroxine 
(TT4), thyroid-stimulating hormone (TSH), thyroglobulin (Tg), thyroglobulin antibodies (TgAb), thyroid peroxidase antibodies (TPOAb), and thyrotropin receptor antibody (TRAb) in serum were measured. Multiple linear 
regression and weighted quantile sum (WQS) regression were used to estimate the relationship between single and mixed exposure of BPs and thyroid function. Bisphenol A (BPA), bisphenol S (BPS), and bisphenol P 
(BPP) were detected, respectively, in 82.73%, 94.24%, and 55.40% of the population in the exposed area and 81.69%, 61.27%, and 43.66% of the population in the control area. Among adult females, serum TT3 was 
negatively associated with urinary BPA (β = -0.033, 95% CI = -0.071, -0.008, P = 0.021). Among minor females, FT4 and Tg levels were negatively associated with the urinary BPA (β = -0.026, 95% CI = -0.051, -0.002, P 
= 0.032 for FT4; β = -0.129, 95% CI = -0.248, -0.009, P = 0.035 for Tg), and TPOAb was positively associated with urinary BPA (β = 0.104, 95% CI = 0.006, 0.203, P = 0.039). In WQS models, BPs mixture was positively 
associated with FT3 (β(WQS) = 0.022, 95% CI = 0.002, 0.042) and TT3 (β(WQS) = 0.033, 95% CI = 0.004, 0.062), and negatively associated with FT4 (β(WQS) = -0.024, 95% CI = -0.044, 0.004). We found widespread 
exposure to BPA, BPS, and BPP in the general population of Zhejiang province and found an association between BPA and thyroid hormones. This association is gender- and age-dependent and needs to be confirmed in 
further studies.
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Association of parabens and 
bisphenols with lung function in 
children aged 5-12 years from 
Shanghai, China

Epidemiological studies have reported potential effects of individual paraben or bisphenol exposure on lung function, but few studies have estimated their joint effects. We conducted a cross sectional survey to 
investigate the associations of parabens and bisphenols exposure with lung function in 205 children aged 5-12 years from Shanghai, China. Urinary concentrations of six parabens [methyl-, ethyl-, propyl-, butyl-, benzyl-, 
and heptyl-paraben (MeP, EtP, PrP, BuP, BzP, and HeP)] and seven bisphenols [bisphenol A (BPA), bisphenol AF (BPAF), bisphenol AP (BPAP), bisphenol B (BPB), bisphenol P (BPP), bisphenol S (BPS), and bisphenol Z 
(BPZ)] were assessed by the high-performance liquid chromatography-tandem mass spectrometry (HPLC-MS/MS). Lung function, including forced expiratory volume in 1 s (FEV(1)), forced vital capacity (FVC), 
FEV(1)/FVC, peak expiratory flow (PEF), and forced expiratory flow between 25% and 75% of forced vital capacity (FEF(25-75%)), was further measured. Linear regression, bayesian kernel machine regression (BKMR), 
and weighted quantile sum regression (WQS) evaluated the individual and joint relationships of the parabens and bisphenols with the lung function parameters. Further, the analysis was stratified by child sex. Parabens 
(MeP, EtP, PrP, and BuP) and bisphenols (BPA, BPAP, BPB, and BPS) with detection rates >75% were included for analyses. In linear regressions, parabens (MeP, PrP, and BuP) were generally negatively associated with 
FEV(1), FVC, PEF, and FEF(25-75%), but no associations for bisphenols were found. The association of parabens with lung function was more pronounced in girls. The aforementioned negative associations between 
parabens and lung function were confirmed by both the BKMR and WQS, with MeP being considered most heavily weighing chemical. Our findings suggested that exposure to parabens, either individuals or as a mixture, 
were associated with decreased lung function in children aged 5-12 years, and these associations were stronger among girls. Considering the cross-sectional study design, large longitudinal studies are warranted to 
confirm our findings.
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Associations between exposure to a 
mixture of phenols, parabens, and 
phthalates and sex steroid 
hormones in children 6-19 years 
from NHANES, 2013-2016

BACKGROUND: Humans are typically exposed to mixtures of environmental endocrine-disrupting chemicals simultaneously, but most studies have considered only a single chemical or a class of similar chemicals. 
OBJECTIVES: We examined the association of exposure to mixtures of 7 chemicals, including 2 phenols [bisphenol A (BPA) and bisphenol S (BPS)], 2 parabens [methylparaben (MeP) and propyl paraben (PrP)], and 3 
phthalate metabolites [Mono-benzyl phthalate (MBzP), mono-isobutyl phthalate (MiBP), mono (carboxyoctyl) phthalate (MCOP)] with sex steroid hormones. METHODS: A total of 1179 children aged 6-19 years who had 
complete data on both 7 chemicals and sex steroid hormones of estradiol (E(2)), total testosterone (TT), and sex hormone-binding globulin (SHBG) were analyzed from the U.S. National Health and Nutrition Examination 
Survey 2013-2016. Free androgen index (FAI) calculated by TT/SHBG, and the ratio of TT to E(2) (TT/E(2)) were also estimated. Puberty was defined if TT ≥ 50 ng/dL in boys, E(2) ≥ 20 pg/mL in girls; otherwise 
prepuberty was defined. Linear regression, weighted quantile sum (WQS) regression, and Bayesian kernel machine regression (BKMR) were performed to estimate the associations of individual chemical or chemical 
mixtures with sex hormones. RESULTS: The linear regression showed that 2 phenols, 2 parabens, and 3 phthalate metabolites were generally negatively associated with E(2), TT, FAI, and TT/E(2), while positively with 
SHBG. Moreover, these associations were more pronounced among pubertal than prepubertal children. The aforementioned associations were confirmed when further applying WQS and BKMR, and the 3 phthalates 
metabolites were identified to be the most heavily weighing chemicals. CONCLUSIONS: Exposure to phenols, parabens, and phthalates, either individuals or as a mixture, was negatively associated with E(2), TT, FAI and 
TT/E(2), while positively with SHBG. Those associations were stronger among pubertal children.
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Exposure to bisphenols, parabens 
and phthalates during pregnancy 
and postpartum anxiety and 
depression symptoms: Evidence 
from women with twin pregnancies

BACKGROUND: Women are vulnerable to suffer from the common mental disorders like anxiety and depression during the postpartum period. Exposure to bisphenols, parabens, and phthalates has been linked to anxiety 
and depression symptoms in the general population. However, little is known about their impacts on postpartum women. OBJECTIVE: To evaluate the effects of individual and joint exposure to 11 nonpersistent chemicals 
during pregnancy on postpartum anxiety and depression. METHODS: Among 278 mothers from the Wuhan Twin Birth Cohort (WTBC), bisphenols, parabens, and phthalate metabolites were measured in maternal urine 
samples from each trimester. Self-rating Anxiety Scale (SAS) and Edinburgh Postnatal Depression Scale (EPDS) were administrated at early pregnancy and 1 month and 6 months postpartum to determine anxiety and 
depression symptoms, respectively. Associations between urinary chemical biomarkers (individual or mixtures) and anxiety and depression symptoms were estimated using multiple informant model and quantile-based g-
computation. RESULTS: With adjustment for confounders, one quartile increase in the overall chemical mixture (bisphenols, parabens and phthalate metabolites) during the second trimester was associated with 1.03-
point (95% CI: 0.07, 1.99, P = 0.036) higher EPDS score at 1 month postpartum, in which bisphenol A (BPA) and bisphenol F (BPF) contributed the most to the positive association. Consistent effects were also observed in 
the multiple informant models. We found that second-trimester BPA and BPF exposure individually showed the strongest and significant associations with anxiety and depression symptoms, and some of associations 
differed across trimesters (P(trimester-int) < 0.05). CONCLUSIONS: Second-trimester nonpersistent chemical exposure was associated with increased postpartum anxiety and depression symptoms.
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Associations of Trimester-Specific 
Exposure to Bisphenols with Size at 
Birth: A Chinese Prenatal Cohort 
Study

BACKGROUND: Bisphenol A (BPA) is an endocrine disruptor that affects fetal growth in experimental studies. Bisphenol F (BPF) and bisphenol S (BPS), which have been substituted for BPA in some consumer products, 
have also shown endocrine-disrupting effects in experimental models. However, the effects of BPF and BPS on fetal growth in humans are unknown. OBJECTIVES: Our goal was to investigate trimester-specific 
associations of urinary concentrations of BPA, BPF, and BPS with size at birth. METHODS: The present study included 845 pregnant women from Wuhan, China (2013-2015), who provided one urine sample in each of the 
first, second, and third trimesters. Linear regressions with generalized estimating equations were applied to estimate trimester-specific associations of urinary bisphenol concentrations with birth weight, birth length, 
and ponderal index. Linear mixed-effects models were used to identify potential critical windows of susceptibility to bisphenols by comparing the exposure patterns of newborns in the 10th percentile of each birth 
anthropometric measurement to that of those in the 90th percentile. RESULTS: Medians (25th-75th percentiles) of urinary concentrations of BPA, BPF, and BPS were 1.40 (0.19-3.85), 0.65 (0.34-1.39), and 0.38 (0.13-1.11) 
ng/mL, respectively. Urinary BPA concentrations in different trimesters were inversely, but not significantly, associated with birth weight and ponderal index. Urinary concentrations of BPF and BPS during some 
trimesters were associated with significantly lower birth weight, birth length, or ponderal index, with significant trend p-values (ptrend < 0.05) across quartiles of BPF and BPS concentrations. The observed associations 
were unchanged after additionally adjusting for other bisphenols. In addition, newborns in the 10th percentile of each birth anthropometry measure had higher BPF and BPS exposures during pregnancy than newborns in 
the 90th percentile of each outcome. CONCLUSIONS: Prenatal exposure to BPF and BPS was inversely associated with size at birth in this cohort. Replication in other populations is needed. 
https://doi.org/10.1289/EHP4664.
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Assessing Endogenous and 
Exogenous Hormone Exposures and 
Breast Development in a Migrant 
Study of Bangladeshi and British 
Girls

Timing of breast development (or thelarche) and its endogenous and exogenous determinants may underlie global variation in breast cancer incidence. The study objectives were to characterize endogenous estrogen 
levels and bisphenol A (BPA) exposure using a migrant study of adolescent girls and test whether concentrations explained differences in thelarche by birthplace and growth environment. Estrogen metabolites (EM) and 
BPA-glucuronide (BPA-G) were quantified in urine spot samples using liquid chromatography tandem mass spectrometry (LC-MS/MS) from a cross-sectional study of Bangladeshi, first- and second-generation 
Bangladeshi migrants to the UK, and white British girls aged 5-16 years (n = 348). Thelarche status at the time of interview was self-reported and defined equivalent to Tanner Stage ≥2. We compared geometric means 
(and 95% confidence interval (CIs)) of EM and BPA-G using linear regression and assessed whether EM and BPA-G explained any of the association between exposure to the UK and the age at thelarche using hazard 
ratios and 95% confidence intervals. Average EM decreased with exposure to the UK, whereas BPA-G increased and was significantly higher among white British (0.007 ng/mL, 95% CI: 0.0024-0.0217) and second-
generation British-Bangladeshi girls (0.009 ng/mL, 95% CI: 0.0040-0.0187) compared to Bangladeshi girls (0.002 ng/mL, 95% CI: 0.0018-0.0034). Two of four EM ratios (16-pathway/parent and parent/all pathways) were 
significantly associated with thelarche. The relationship between exposure to the UK and thelarche did not change appreciably after adding EM and BPA-G to the models. While BPA-G is often considered a ubiquitous 
exposure, our findings suggest it can vary based on birthplace and growth environment, with increasing levels for girls who were born in or moved to the UK. Our study did not provide statistically significant evidence that 
BPA-G or EM concentrations explained earlier thelarche among girls who were born or raised in the UK.
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Associations of urinary phenolic 
environmental estrogens exposure 
with blood glucose levels and 
gestational diabetes mellitus in 
Chinese pregnant women

BACKGROUND: Endocrine-disrupting chemicals (EDCs) are considered to be related to diabetes, but studies of the association between phenolic EDCs and gestational diabetes mellitus (GDM) are limited. OBJECTIVES: 
To assess associations of maternal urinary bisphenol A (BPA), nonylphenol (NP), and 2-tert-octylphenol (2-t-OP) with GDM occurrence. METHODS: A cross-sectional study was performed among 390 Chinese women at 
24-28 weeks of gestation. GDM was diagnosed with a 2-h 75-g oral glucose tolerance test (OGTT). BPA, NP, and 2-t-OP concentrations were determined in urine samples. Linear and logistic regression tests evaluated 
associations of BPA, NP, and 2-t-OP with blood glucose levels and GDM prevalence. RESULTS: The 2-t-OP concentrations in GDM patients were significantly higher than in non-GDM women with median values of 2.23 
μg/g Cr and 1.79 μg/g Cr, respectively. No significant difference was observed in BPA and NP. Urinary 2-t-OP was positively associated with blood glucose levels after adjustment for several confounding factors and 
urinary BPA and NP. Higher 2-t-OP levels were associated with higher odds of GDM (OR: 5.78; 95% CI: 2.04, 16.37), whereas higher NP levels were associated with lower odds (OR: 0.22; 95% CI: 0.05, 0.85) in the adjusted 
models. In addition, compared to the first quartile of 2-t-OP, the adjusted odds ratios (ORs) and 95% confidence intervals (95% CIs) for GDM in the second, third, and fourth quartiles were 2.81 (1.23, 6.42), 3.01 (1.30, 
6.93), and 5.49 (2.24, 13.46), respectively. CONCLUSION: Our study indicates that, for the first time to our knowledge, exposure to 2-t-OP is associated with a higher risk of GDM. However, higher NP exposure is 
associated with lower GDM risk. Further studies are necessary to affirm the associations of 2-t-OP and NP with GDM, and to elucidate the causality of these findings.
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Organophosphate esters and their 
metabolites in paired human whole 
blood, serum, and urine as 
biomarkers of exposure

Although organophosphate diester (di-OPE) metabolites in urine are usually used to assess human exposure to organophosphate esters (OPEs), whether they can reflect human exposure to all OPEs with great differences 
in chemical structures and properties is still currently unclear. In this study, we detected sixteen OPEs and ten di-OPEs in 52 paired whole blood, serum, and urine samples collected in Beijing, China to investigate the 
correlations between different compounds and matrices, thus providing proper biomarkers of human exposure to OPEs. The order of the median concentrations of ∑OPEs was whole blood (8.63 ng/mL) > serum (5.71 
ng/mL) > urine (0.396 ng/mL), while those of ∑di-OPEs followed the order of urine (16.6 ng/mL) > whole blood (5.97 ng/mL) > serum (3.70 ng/mL). Ethylhexyl diphenyl phosphate (EHDPP) and cresyl diphenyl phosphate 
(CDPP) were the dominant OPEs in both whole blood and serum samples and were significantly correlated between these two matrices. The distribution of OPEs in human blood was evaluated according to serum-to-
whole blood concentration ratios (S:WB ratios). The median S:WB ratios of triethyl phosphate (TEP), tri-n-butyl phosphate (TnBP), bisphenol-A bis(diphenyl phosphate) (BABP), EHDPP, and CDPP were lower than 1, 
indicating that these OPEs preferred to accumulated in blood cells rather than in serum/plasma. Bis(2-ethylhexyl) phosphate (BEHP) was the major di-OPEs and was detected in almost all whole blood, serum and urine 
samples. The median whole blood: urine (WB:UR) ratios of di-OPEs were significantly and positively correlated with their logK(ow) values, indicating that di-OPEs with low hydrophobicity were prone to excretion via urine. 
Based on the relationships between OPEs and di-OPEs in these matrices, the parent OPEs in whole blood can be recommended for use as alternative biomarkers of aryl-OPEs exposure in future human biomonitoring 
studies, in addition to metabolites in urine.
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統合_0532
X. Hong, Y. Zhou, Z. Zhu, Y. Li, Z. Li, Y. Zhang, 
X. Hu, F. Zhu, Y. Wang, M. Fang, Y. Huang and 
T. Shen

2023

Environmental endocrine disruptor 
Bisphenol A induces metabolic 
derailment and obesity via 
upregulating IL-17A in adipocytes

BACKGROUND: Bisphenol A (BPA), a ubiquitous environmental endocrine disruptor, has been extensively demonstrated to be associated with metabolic disorders, including obesity and type 2 diabetes mellitus. However, 
the underlying mechanism underpinning the environmental etiology of chronic metabolic disorders has not been sufficiently elucidated. OBJECTIVES: This study is designed to explore the toxicological pathogenesis of 
chronic inflammation in BPA exposure during obesity. METHODS: We investigated the role of IL-17A in the association of BPA exposure and obesity from human cross-sectional study to animal models, including 
genetically modified IL-17A(-/-) mice. RESULTS: Here, our work started from case-control observation that BPA exposure was significantly associated with risk of obesity (odds ratio = 4.72, 95%CI: 3.18 - 11.18, P < 
0.01), metabolic disorder and levels of interleukin-17A (IL-17A) in human adipose (estimated changes β = 0.46, 95%CI: 0.15 - 1.01, P < 0.01) with bariatric surgery. Animal model fed with high-fat diet (HFD) confirmed 
that BPA exposure aggravated body weight gain and insulin resistance, concurrent with much heightened inflammatory responses in the adipose tissue including increase in IL-17A and macrophage polarization towards 
M1 stage. Genetically modified IL-17A ablated mice (IL-17A(-/-)) showed reversed adipose tissue inflammation response, improved macrophage polarization homeostasis, along with insulin sensitivity in both HFD group 
alone or much more significantly the HFD + BPA group. Moreover, mediation analysis in human epidemiological investigation demonstrated that plasma IL-17A attributed up to 30.01% mediating role in the associations 
between BPA exposure and obesity risk. DISCUSSION: This research paradigm from human to animal provides strong evidence for the elucidation of IL-17A moderating inflammation and insulin resistance in obesity. Such 
findings reiterate the obesogenic role of environmental endocrine disruptor BPA in metabolic disorders and unveils the potential toxicological mechanisms underpinning such effect.

Environ Int Vol.172 
Pages 107759
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統合_0533
X. Hong, G. Wang, X. Liu, M. Wu, X. Zhang, X. 
Hua, P. Jiang, S. Wang, S. Tang, X. Shi, Y. Huang 
and T. Shen

2022

Lipidomic biomarkers: Potential 
mediators of associations between 
urinary bisphenol A exposure and 
colorectal cancer

Previous research reported associations between bisphenol A (BPA) exposure and some malignant tumor incidences, yet the underlying mechanism remains largely uncertain. This investigation was aimed to explore the 
association of BPA exposure burden with colorectal cancer (CRC) and the role of tumor tissue lipid metabolism in the associations between BPA and CRC using lipidomic approach. Urinary BPA levels in CRC cases were 
significantly higher than those in controls (P value < 0.05). BPA was positively correlated with all three serum CRC biomarkers, with an estimated odds ratio (OR) of 4.45 (95% confidence interval (95% CI): [1.31, 15.14]) 
between the highest and lowest tertiles of exposure. Lipidomic screening of tumor samples suggested significant perturbation in the glycerophospholipid metabolism pathway, of which phosphatidylcholine (PC 34:0), 
phosphatidylcholine (PC 37:1), phosphatidylethanolamine (PE 34:2), triacylglycerol (TG 56:4) demonstrated mediation contribution of 21.9%, 18.7%, 18.4% and 27.39%, respectively, in the association between BPA 
exposure and CRC. Our work provides novel findings that cancer tissue metabolites may be playing vital mediating roles in the associations between BPA exposure burden and CRC risk. These findings contribute to better 
understanding of the etiology of CRC induced by environmental stressors.

J Hazard Mater. 2022 
Apr 5:427:127863.

10.1016/j.jhazmat.2021.127863 34848068 ヒト 発がん - - - - - - 症例対照研究 1 1 - - - 1 1 1 - - - - - - - - - - - -

統合_0534 S. Hong, O. J. Kim, S. K. Jung, H. L. Jeon, S. Kim 
and J. Kil 2024

The Exposure Status of 
Environmental Chemicals in South 
Korea: The Korean National 
Environmental Health Survey 2018-
2020

In South Korea, a Human Biomonitoring (HBM) program, known as the Korean National Environmental Health Survey (KoNEHS), was launched in 2009. This study aims to provide an overview of environmental chemical 
exposures in South Korea based on data from the KoNEHS cycle 4 (2018-2020). To ensure population representativeness, Koreans aged 3 years and older were recruited from 426 sites across the country. A total of 6381 
participants joined in the collection of biospecimens, which were subsequently analyzed for 33 environmental chemicals or their metabolites, including nine that were not included in the previous cycle. The five most 
common PFASs were detected in more than 99.7% of the participants. The GM of serum PFOS was the highest in adults at 15.1 µg/L (13.9, 16.4) and in adolescents at 7.97 µg/L (7.42, 8.56). In adults, there was a gradual 
decrease in the detection rate and concentration of some heavy metals and phthalate metabolites. In children and adolescents, the detection rate of BPA in urine decreased, while the rate of its substitutes BPF and BPS 
increased, and the rate of propyl paraben in urine decreased significantly. The results of the KoNEHS cycle 4 indicate that exposure levels to certain environmental chemicals are still high, highlighting further monitoring 
and on-going surveys to determine their trends, especially for newly investigated substances, such as PFASs.

Toxics Vol.12 Issue 11 10.3390/toxics12110829 39591007 ヒト - - - - - - - バイオモニタリング 1 1 - - - - - - - - - - - - - - - - - -

統合_0535

S. Hong, B. S. Kang, O. Kim, S. Won, H. S. Kim, J. 
H. Wie, J. E. Shin, S. K. Choi, Y. S. Jo, Y. H. Kim, 
M. Yang, H. Kang, D. W. Lee, I. Y. Park, J. S. 
Park and H. S. Ko

2024

The associations between maternal 
and fetal exposure to endocrine-
disrupting chemicals and 
asymmetric fetal growth restriction: 
a prospective cohort study

Recent evidence has revealed associations between endocrine-disrupting chemicals (EDCs) and placental insufficiency due to altered placental growth, syncytialization, and trophoblast invasion. However, no 
epidemiologic study has reported associations between exposure to EDCs and asymmetric fetal growth restriction (FGR) caused by placenta insufficiency. The aim of this study was to evaluate the association between 
EDC exposure and asymmetric FGR. This was a prospective cohort study including women admitted for delivery to the Maternal Fetal Center at Seoul St. Mary's Hospital between October 2021 and October 2022. 
Maternal urine and cord blood samples were collected, and the levels of bisphenol-A (BPA), monoethyl phthalates, and perfluorooctanoic acid in each specimen were analyzed. We investigated linear and non-linear 
associations between the levels of EDCs and fetal growth parameters, including the head circumference (HC)/abdominal circumference (AC) ratio as an asymmetric parameter. The levels of EDCs were compared 
between fetuses with and without asymmetric FGR. Of the EDCs, only the fetal levels of BPA showed a linear association with the HC/AC ratio after adjusting for confounding variables (β = 0.003, p < 0.05). When 
comparing the normal growth and asymmetric FGR groups, the asymmetric FGR group showed significantly higher maternal and fetal BPA levels compared to the normal growth group (maternal urine BPA, 3.99 μg/g 
creatinine vs. 1.71 μg/g creatinine [p < 0.05]; cord blood BPA, 1.96 μg/L vs. -0.86 μg/L [p < 0.05]). In conclusion, fetal exposure levels of BPA show linear associations with asymmetric fetal growth patterns. High 
maternal and fetal exposure to BPA might be associated with asymmetric FGR.

Front Public Health. 
2024 Apr 
11:12:1351786.

10.3389/fpubh.2024.1351786 38665245 ヒト ⽣殖発⽣ - - - - - - コホート研究 1 1 - - - 1 1 1 - 1 - - - - - - - - - -

統合_0536
S. Hong, S. K. Choi, J. H. Wie, J. E. Shin, Y. S. Jo, 
Y. H. Kim, B. S. Kang, O. Kim, S. Won, H. J. 
Yoon, H. S. Kim, I. Y. Park, M. Yang and H. S. Ko

2025

Effects of Endocrine Disrupting 
Chemicals on Fetal Weight: 
Exposure Monitoring Among 
Mothers with Gestational Diabetes 
Mellitus and Their Fetuses

Gestational diabetes mellitus (GDM) requires lifestyle changes that may alter exposure to endocrine-disrupting chemicals (EDCs). This study aimed to assess maternal and fetal exposure to EDCs-including bisphenol-A 
(BPA), monoethyl phthalate (MEP), and perfluorooctanoic acid (PFOA)-during the COVID-19 pandemic and to evaluate their association with fetal birthweight. Maternal urine (second and third trimester) and paired cord 
blood samples were analyzed from 58 GDM and 118 non-GDM pregnancies using UPLC-MS/MS. Significant correlations were found between maternal urine and cord blood levels of BPA and MEP. Cord blood BPA levels 
were significantly lower in GDM mothers (0.35 vs. 0.72 μg/L, p < 0.05), suggesting reduced exposure due to dietary interventions. However, maternal urinary BPA levels in GDM pregnancies were positively associated 
with fetal birthweight (β = 2.69, p < 0.05), indicating increased susceptibility to obesogenic effects. PFOA was present in all cord blood but only 41% of maternal urine samples. These findings underscore the dual impact 
of GDM-related lifestyle changes: reduced EDC transfer to the fetus, yet persistent metabolic vulnerability.

Int J Mol Sci. 2025 Apr 
29;26(9):4226.

10.3390/ijms26094226 40362466 ヒト ⽣殖発⽣ - - - - - - コホート研究 1 1 - - - 1 1 1 - 1 - - - - - - - - - -

統合_0537

S. A. Holmboe, L. Scheutz Henriksen, H. 
Frederiksen, A. M. Andersson, L. Priskorn, N. Jø
rgensen, A. Juul, J. Toppari, N. E. Skakkebæk 
and K. M. Main

2022

Prenatal exposure to phenols and 
benzophenones in relation to 
markers of male reproductive 
function in adulthood

INTRODUCTION: Environmental exposure during fetal life may disrupt testicular development. In humans, a limited number of studies have investigated whether these adverse effects persist into adulthood. Using data 
from a prospective, population-based birth cohort study, The Copenhagen Mother-Child cohort, the objective was to assess if there is an association between fetal exposure to selected phenols and benzophenones and 
markers of testicular function in adult men. METHODS: Pregnant women were recruited in 1997-2001. Their sons were examined clinically at 18-20 years of age, with focus on adult markers of reproductive function 
(anogenital distance (AGD), semen quality and reproductive hormones). In total, 101 18-20-year-old men were included, whose mothers during pregnancy had a serum sample drawn and analyzed for bisphenol A (BPA) and 
seven other simple phenols, as well as six benzophenones. To investigate the association between chemical levels (in tertiles, T1-T3) in relation to markers of reproductive function, univariate and multiple linear 
regression analyses were performed. RESULTS: In fully adjusted analyses, increased levels of luteinizing hormone (LH) were observed with higher fetal exposure to BPA (percentage difference (95%CI)) (T2: 12% (-
8%,36%) and T3: 33% (10%,62%), compared to T1) and benzophenone-3 (BP-3) (T2: 21% (-2%,49%), T3: 18% (-4%,45%)), while no clear association was seen to total testosterone (TT). Higher levels of BPA and BP-3 
were associated with a lower TT/LH ratio, although only significant for BPA (p-trend=0.01). No associations were seen to AGD or markers of semen quality. CONCLUSION: In conclusion, high exposure to BPA and BP-3 
was associated with a compensated reduced Leydig cell function but no other changes in markers of reproductive health. As maternal levels of BPA and BP-3 were not correlated, separate effects may be at play. Larger 
studies on long-term reproductive consequences of prenatal exposures are warranted to validate our findings.

Front Endocrinol 
(Lausanne). 2022 Dec 
9:13:1071761.

10.3389/fendo.2022.1071761 36568115 ヒト 精巣 - - - - - - コホート研究 1 1 - - - 1 1 1 - 1 - - - - - - - - - -

統合_0538 A. Hirke, B. Varghese, S. Varade and R. Adela 2023

Exposure to endocrine-disrupting 
chemicals and risk of gestational 
hypertension and preeclampsia: A 
systematic review and meta-analysis

Prenatal exposure to endocrine-disrupting chemicals has been linked to gestational hypertension (GH) and preeclampsia (PE). However, the results were conflicting and inconclusive. We conducted a systematic review 
and meta-analysis for an overview of these relationships. We searched PubMed, and Google Scholar for studies investigating bisphenol A, phthalates, and per or poly-fluoroalkyl substances and GH or PE. Pooled odds 
ratio (OR) with a 95% confidence interval (CI) were calculated for risk estimate using the generic inverse variance method. A total of 14 studies were included in the present analysis. The pooled results demonstrated that 
perfluorooctanoic acid (PFOA, OR:1.20, 95% CI: 1.04, 1.39), perfluoro octane sulfonic acid (PFOS, (OR:1.23, 95% CI: 1.10, 1.38), and perfluononanoic acid (PFNA, OR:1.20, 95% CI: 1.03, 1.40) were significantly associated 
with an increased risk of PE. There was no significant association observed with perfluoro hexane sulfonic acid (PFHxS), perfluoro decanoic acid (PFDA), perfluoro heptanoic acid (PFHpA), and perfluoro undecanoic acid 
(PFUnDA) and PE. For GH, a statistically significant positive association was found with PFOA (OR:1.18, 95% CI: 1.01, 1.39) and PFHxS (OR:1.15, 95% CI: 1.02, 1.29). Among various phthalates analysed only mono-ethyl 
phthalate (MEP, OR:1.37, 95% CI: 1.11, 1.70) showed an association with GH. From our analysis, bisphenol A exposure during pregnancy did not show a significant association with the risk of PE. Our findings indicated 
that exposure to PFASs such as PFOA, PFOS, and PFNA during pregnancy is associated with an increased risk of PE and PFOA and PFHxS with GH. We also found that MEP was associated with GH. Most of the results 
were unstable in sensitivity analysis. Since most of these associations have limited evidence, more research is needed to confirm these findings.

Environ Pollut. 2023 Jan 
15:317:120828.

10.1016/j.envpol.2022.120828 36481468 ヒト ⽣殖発⽣(メタアナリシス) - - - - - - メタアナリシス 1 1 - - - 1 1 1 - 1 - - - - - - - - - -

統合_0539
M. Herrero, M. C. O. Souza, N. González, M. 
Marquès, F. Barbosa, J. L. Domingo, M. Nadal 
and J. Rovira

2023
Dermal exposure to bisphenols in 
pregnant women's and baby clothes: 
Risk characterization

Textile manufacturing consists of a multiple-step process in which a wide range of chemicals is used, some of them remaining in the final product. Bisphenols (BPs) are non-intentionally added compounds in textiles, 
whose prolonged skin contact may mean a significant source of daily human exposure, especially in vulnerable groups of the population. The present study aimed to determine the levels of bisphenol A (BPA) and some BP 
analogs (BPB, BPF, and BPS) in 120 new clothes commercialized in Spain for pregnant women, newborns, and toddlers. In addition, exposure assessment and risk characterization were also carried out. Traces of BPA 
were found in all the samples, with a median concentration of 7.43 ng/g. The highest values were detected in textile samples made of polyester. Regarding natural fibers, higher concentrations of BPs were observed in 
garments made of conventional cotton than in those made of organic cotton, with a significant difference for BPS (1.24 vs. 0.76 ng/g, p < 0.05). Although toddlers have a larger skin-area-to-body-weight ratio, pregnant 
women showed higher exposure to BPs than children. Anyhow, the non-carcinogenic risks associated with BPA exposure were below the unity, even under the upper-bound scenario. However, risks could be 
underestimated because other exposure routes were not considered in this study. The use of BPA has been restricted in some food-related products; therefore, BPA should also be regulated in the textile industry.

Sci Total Environ 
Vol.878 Pages 163122

10.1016/j.scitotenv.2023.163122 37001656 ヒト - - - - - - - バイオモニタリング 1 1 - - - - - - - - - - - - - - - - - -

統合_0540 J. G. Hernández-Pérez, A. Valenzuela-Sánchez, 
D. S. López and L. Torres-Sánchez 2025

Racial/ethnic disparities in the 
association of environmental 
exposure to phthalates and 
bisphenols mixtures with diabetes 
mellitus: NHANES 2013-2016

We evaluated the association between urinary concentrations of phthalates/bisphenols mixtures and diabetes mellitus (DM) and poorly controlled DM, stratified by sex, and race/ethnicity in 2718 adults from the 2013 to 
2016 National Health and Nutrition Examination Survey. DM was self-reported or defined by glucose tests/hypoglycemic use. Poorly controlled DM was defined by HbA1c ≥ 8%. Principal component analyses allowed to 
identify three mixtures: (1) DEHP (di(2-ethylhexyl) phthalate metabolites), (2) LMW/BPs (bisphenol A, F, S, and low molecular weight phthalates), and (3) high molecular weight phthalates. Group weighted quantile sum 
regression showed that the DEHP mixture was associated with lower DM prevalence in women and "other races" participants. Conversely, the LMW/BPs mixture was associated with higher DM odds, mainly among 
Mexican Americans. Race/ethnicity seems to determine the association between the different exposure mixtures and DM prevalence and poorly controlled DM.

Arch Environ Occup 
Health Vol.80 Issue 3-4 
Pages 49-61

10.1080/19338244.2025.2480113 40102054 ヒト - - - - - - - 横断研究 1 1 - - - - - - - - - - - - - - - - - -

統合_0541
L. Heras-González, J. A. Latorre, M. Martinez-
Bebia, D. Espino, F. Olea-Serrano and M. 
Mariscal-Arcas

2020
The relationship of obesity with 
lifestyle and dietary exposure to 
endocrine-disrupting chemicals

Phytoestrogens are natural components of plants, including numerous foods that form part of the habitual diet of humans and animals. They have similar estrogenic effects to those of synthetic endocrine disrupters such 
as monomers of plastic materials, e.g., polycarbonates and epoxy resins. The most frequently used monomer is bisphenol A (BPA), which has been found to migrate from drink and food packaging, plastic baby bottles, and 
the coating of cans. Numerous studies have associated exposure to endocrine disrupters with obesity, classifying them as obesogens. The objectives of this study were to estimate the dietary exposure to phytoestrogens 
and BPA in a group of Spanish schoolchildren and to estimate their potential obesogenic effects. The diet of this population of healthy Spanish children was estimated to have a mean total estrogenic capacity of 5.10(-12) 
M eq.E2 (5 pmol/day). The effects of this additional estrogenic burden are highly controversial, and no definitive conclusion has been reached. Thus, some authors consider exposure to these substances with estrogenic 
activity to be positive at certain stages of life, whereas others regard it as posing a risk at any age. In the present population of children, the likelihood of normal weight versus obesity was significantly related to the total 
proliferative effect (OR = 0.51, p = 0.026) as well as to the energy expenditure on physical activity, with lesser activity implying a greater risk of obesity (OR = 13.54, p = 0.001). Further research is warranted on the 
obesogenic effects of exposure to endocrine disruptors present in foods.

Food Chem Toxicol 
Vol.136 Pages 110983

10.1016/j.fct.2019.110983 31759064 ヒト - - - - - - - 横断研究 1 1 - - - - - - - - - - - - - - - - - -

統合_0542
L. Heras-González, D. Espino, M. J. Jimenez-
Casquet, A. Lopez-Moro, F. Olea-Serrano and 
M. Mariscal-Arcas

2022
Influence of BPA exposure, 
measured in saliva, on childhood 
weight

INTRODUCTION: Endocrine disruptors such as bisphenol A (BPA), BPA glycidyl methacrylate, and other BPA acrylate-based derivatives have been related to type 2 diabetes, the metabolic syndrome, and obesity, among 
other metabolic disorders. The objective of this study is to examine the influence of BPA exposure by saliva analysis and daily physical activity on the risk of overweight/obesity in schoolchildren from southern Spain. 
METHODS: The study included 300 children (53.5% girls) aged 7-10 years. Participants completed a questionnaire with four sections: participant data, including demographic information and life and family habits; semi-
quantitative food frequency questionnaire; anthropometric variables; and physical activity variables. All participants underwent dental examination, when the presence of sealants/composites in each tooth and other 
dental alterations was recorded, and samples of whole saliva were collected for UHPLC-MS/MS analyses. RESULTS: Risk of overweight/obesity was significantly influenced by body fat composition (OR = 10.77), not 
walking to and from school (OR = 1.38), lesser energy expenditure in sedentary activities (OR = 12.71), greater energy expenditure in sports (OR =1.62), and exposure to BPA from dental sealants/composites (OR = 1.38; p 
= 0.058). DISCUSSION: Further research is warranted on this issue in children, who may be especially vulnerable to the negative health effects of endocrine disruption.

Front Endocrinol 
(Lausanne) Vol.13 
Pages 1040583

10.3389/fendo.2022.1040583 36568119 ヒト - - - - - - - 横断研究 1 1 - - - - - - - - - - - - - - - - - -

統合_0543

L. W. Heinsberg, C. N. N. Bui, J. C. Hartle, S. M. 
Sereika, C. C. Choy, D. Wang, C. Soti-Ulberg, T. 
Naseri, M. S. Reupena, R. L. Duckham, J. J. 
Park, N. L. Hawley and N. C. Deziel

2020
Estimated Dietary Bisphenol-A 
Exposure and Adiposity in Samoan 
Mothers and Children

The Pacific Island nation of Samoa is marked by prevalent obesity and an increasing dependence on packaged foods likely to contain the endocrine disruptor bisphenol-A (BPA). We evaluated participant- and household-
level characteristics associated with estimated dietary BPA exposure in Samoan mothers and their children and examined associations between dietary BPA exposure and body mass index (BMI) and abdominal 
circumference (AC). Dietary BPA exposure indices were estimated for 399 mother-child pairs by combining information from dietary questionnaires and relative concentrations of BPA measured in foods/beverages. We 
observed moderate to strong correlation between mother-child daily BPA indices (Spearman's rho = 0.7, p < 0.0001). In mothers, we observed lower daily BPA indices in those who were less physically active (p = 0.0004) 
and living in homes with higher income (p = 0.00001). In children, we observed lower daily BPA indices in those living in homes with higher income (p = 0.0003) and following a less modern dietary pattern (p = 0.002), and 
higher daily BPA indices in those who were less physically active (p = 0.02). No significant associations were observed between daily BPA indices and BMI or AC. Despite this, the application of the daily BPA index 
identified factors associated with dietary BPA exposure and warrants further examination in Samoa and other understudied populations.

Toxics. 2020 Sep 
2;8(3):67.
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統合_0544

A. L. Heffernan, M. J. Gomez-Ramos, C. 
Symeonides, D. J. Hare, S. Vijayasarathy, K. 
Thompson, J. F. Mueller, A. L. Ponsonby and P. 
D. Sly

2020

Harmonizing analytical chemistry 
and clinical epidemiology for human 
biomonitoring studies. A case-study 
of plastic product chemicals in urine

There is an interdisciplinary interface between analytical chemistry and epidemiology studies with respect to the design, execution, and analysis of environmental epidemiology cohorts and studies. Extracting meaningful 
results linking chemical exposure to human health outcomes begins at study design and spans the entire workflow. Here we discuss analytical experimental design from an exposure science perspective, and propose a 
reporting checklist for the design of human biomonitoring studies. We explain key analytical chemistry concepts of blanks and limits of reporting and present a case series of plastic product chemical exposure in prenatal 
urine specimens from the Barwon Infant Study.

Chemosphere Vol.238 
Pages 124631

10.1016/j.chemosphere.2019.1246
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適格性評価はタイトル及び要旨の情報に基づ
き可能な範囲で実施。明らかに適格性基準不
適合と判断されるもの以外を信頼性評価へ進
め、信頼性評価段階で原著に基づき精査。

引⽤評価機関
●：該当

統合_0545
H. He, F. Zhang, S. Zhou, S. Zhang, L. Wang, J. 
Li, Q. Zeng, Y. Zhu, J. Tian, J. Chang, L. Cheng, 
Q. Lu, X. Miao, N. Shen and R. Zhong

2023

Interaction of metabolism-related 
pathway gene variants with 
bisphenol A exposure on serum lipid 
profiles

Bisphenol A (BPA) can be metabolized by metabolic enzymes and may induce abnormal lipid metabolism. We hypothesized that BPA exposure and its interaction with metabolism-related genes might be associated with 
serum lipid profiles. We performed a two-stage study among 955 middle-aged and elderly participants in Wuhan, China. Urinary BPA level was estimated without (BPA, μg/L) or with (BPA/Cr, μg/g) adjustments for 
urinary creatinine and ln-transformed values (ln-BPA or ln-BPA/Cr) were used to normalize the asymmetrical distributions. A total of 412 metabolism-related gene variants were selected and used for gene-BPA 
interaction analysis. Multiple linear regression was used to analyze the interactions between BPA exposure and metabolism-related genes on serum lipid profiles. In the discovery stage, both ln-BPA and ln-BPA/Cr was 
associated with decreased high-density lipoprotein cholesterol (HDL-C). Gene-urinary BPA interaction for IGFBP7 rs9992658 was observed to associate with HDL-C levels in both discovery and validation stages, with 
P(interaction) equal to 9.87 × 10(-4) (ln-BPA) and 1.22 × 10(-3) (ln-BPA/Cr) in combined analyses. In addition, the inverse association of urinary BPA with HDL-C levels was only observed among individuals carrying 
rs9992658 AA genotype, but not in individuals carrying rs9992658 AC or CC genotypes. The interaction between BPA exposure and metabolism-related gene IGFBP7 (rs9992658) was associated with HDL-C levels.
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統合_0546 H. He, Y. Deng, H. Wan, N. Shen, J. Li, Q. Zeng, 
J. Chang, Q. Lu, X. Miao, J. Tian and R. Zhong 2022

Urinary bisphenol A and its 
interaction with CYP17A1 rs743572 
are associated with breast cancer 
risk

OBJECTIVE: Bisphenol A (BPA), a common endocrine disrupter, can be activated by cytochrome P450 (CYP) metabolizing enzymes and might influence the development of breast cancer (BC). We hypothesized that BPA 
could interact with CYP genes, synergistically contributing to the BC risk. METHODS: Urinary BPA was measured in a total of 302 newly diagnosed BC patients and 302 healthy controls by ultra-high performance liquid 
chromatography-high resolution mass spectrometry. A set of seven CYP gene polymorphisms was genotyped by using the Sequenom MassARRAY system. A multivariate logistic regression model was used to assess the 
associations of BPA and BPA-SNP interaction with BC risk. RESULTS: BC patients had a higher urinary BPA concentration than healthy individuals (P < 0.001). Each 1-unit increase in log-transformed urinary BPA was 
associated with a 54 % increased BC risk [95 % confidence interval (CI), 1.34-1.77, P < 0.001]. Individuals with the CYP19A1 rs1902580 GA + AA genotype showed a significantly higher BC risk than those with the GG 
genotype (OR = 1.45, 95 % CI, 1.01-2.09, P < 0.05). A significant BPA-CYP17A1 rs743572 interaction was found to be associated with a higher risk of BC (P(interaction) = 0.020). Compared with low-BPA individuals 
carrying CYP17A1 rs743572 GG genotypes, high-BPA individuals with the GA + AA genotype had a higher BC risk, with an odds ratio of 2.49 (95 % CI, 1.52-4.13, P < 0.05). CONCLUSIONS: The positive association of BPA 
exposure with BC risk might be modified by CYP17A1 rs743572, providing evidence for the interaction effect of environment-genes on the etiology of BC.
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統合_0547 G. Hatem, A. M. Faria, M. B. Pinto, J. P. Teixeira, 
A. Salamova, C. Costa and J. Madureira 2025

Association between exposure to 
airborne endocrine disrupting 
chemicals and asthma in children or 
adolescents: A systematic review 
and meta-analysis

Various studies have explored the association between Endocrine Disrupting Chemicals (EDCs) exposure and children's and adolescents' respiratory health, showing potential long-term effects and links to asthma. This 
systematic review explores the association between exposure to seven EDC groups during school age and adolescence and asthma onset or exacerbation while highlighting the predominant compounds underlying these 
potential associations. PubMed, Web of Science, Scopus, and Cochrane Library databases were searched with no time restriction. The risk of bias and heterogeneity across the included studies were assessed using the 
Newcastle Ottawa scale and I2 test, respectively. Pooled Odds Ratios (OR) and their 95% Confidence Intervals (CI) were calculated using the random effect model, and the quality of evidence for each outcome was 
measured using the GRADE approach. The review included 64851 children and adolescents from 61 observational studies, most with a low risk of bias in the studied domains. The pooled OR for asthma onset was 
significant for phthalates in dust samples (OR:1.21, CI:1.02; 1.44). Due to limited studies, the overall pooled effects for the other groups were not computed. Individual compounds demonstrating significant associations 
with asthma onset included airborne nickel (OR:1.10, CI:1.03; 1.18) and zinc (OR:1.13, CI:1.11; 1.15), urinary Bisphenol S (OR:1.40, CI:1.13; 1.73), Bisphenol A (OR:1.57, CI:1.02; 2.40) and arsenic (OR:2.08, CI:1.33; 3.26), and 
DiBP (OR:1.41, CI:1.08; 1.82), DEHP (OR:1.89, CI:1.00; 3.57), and TBOEP (OR:2.61, CI:1.08; 6.30) in the dust. Individual compounds with significant associations with greater asthma exacerbation odds comprised airborne 
nickel (OR:1.08, CI:1.01; 1.16) and zinc (OR:1.09, CI:1.01; 1.17), and urinary MEHHP (OR:1.24, CI:1.02; 1.51), MECPP (OR:1.30, CI:1.07; 1.57), MEOHP (OR:1.30, CI:1.09; 1.55), and MCOP (OR:1.32, CI:1.11; 1.57). Exposure 
to EDCs was significantly associated with asthma onset and exacerbation in children and adolescents, namely for phthalates, bisphenols A and S, arsenic, nickel, and zinc. Further research is recommended to focus on 
the impact of synergistic and co-exposure to other indoor air pollutants.
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統合_0548
C. Hartmann, T. Jamnik, S. Weiss, M. Göß, Y. 
Fareed, V. Satrapa, D. Braun, M. Flasch, B. 
Warth and M. Uhl

2023

Results of the Austrian Children's 
Biomonitoring Survey 2020 part A: 
Per- and polyfluorinated alkylated 
substances, bisphenols, parabens 
and other xenobiotics

In 85 Austrian school children aged 6-10 years, two multi-analyte LC-MS/MS methods were used to study the concentrations of 33 chemical substances in urine, including per- and polyfluorinated alkylated substances 
(PFAS), bisphenols, parabens, benzophenones, triclosan, polycyclic aromatic hydrocarbon metabolites, and cotinine. Each of the children was exposed to 14-21 substances simultaneously. Correlations were found 
between compounds of the same and of divergent substance groups supporting the strong need to consider multiple exposures and mixture effects. Eight compounds, including perfluorohexanoic acid (PFHxA), 
perfluorononanoic acid (PFOA), methyl paraben (n-MeP), ethyl paraben (n-EtP), propyl paraben (n-PrP), benzophenone-1 (BP-1), 2-naphthol, and 3-hydroxyphenanthrene were detected in all urine samples. In the PFAS 
group the medians of detectable substances ranged between <0.0005 μg/l for perfluorononanoic acid (PFNA) and 0.004 μg/l for PFHxA. For other environmental contaminants investigated, a maximum urinary level of 
893 μg/l was identified for n-MeP. The highest median value was 2.5 μg/l for 2-naphthol. Daily intakes were calculated for bisphenol A (BPA), triclosan (TCS), and four parabens. These values did not exceed the 
tolerable or acceptable daily intakes currently in force. Based on a recently proposed TDI for BPA, daily intakes of all children exceeded this value. A cumulative risk assessment was conducted for four parabens not 
showing exceedances of acceptable exposures. The results demonstrate simultaneous exposure to several different chemicals, with the majority showing impact on the endocrine system being of particular concern with 
respect to mixture effects. Further assessments with a stronger focus on mixtures are warranted. The results also highlight the need of policy actions as foreseen in the EU Chemicals Strategy for Sustainability.
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統合_0549 J. C. Hartle, R. S. Zawadzki, J. Rigdon, J. Lam 
and C. D. Gardner 2022

Development and evaluation of a 
novel dietary bisphenol A (BPA) 
exposure risk tool

BACKGROUND: Exposure to endocrine disrupting chemicals such as bisphenol A (BPA) is primarily from the diet through canned foods. Characterizing dietary exposures can be conducted through biomonitoring and 
dietary surveys; however, these methods can be time-consuming and challenging to implement. METHODS: We developed a novel dietary exposure risk questionnaire to evaluate BPA exposure and compared these results 
to 24-hr dietary recall data from participants (n = 404) of the Diet Intervention Examining The Factors Interacting with Treatment Success (DIETFITS) study, a dietary clinical trial, to validate questionnaire responses. 
High BPA exposure foods were identified from the dietary recalls and used to estimate BPA exposure. Linear regression models estimated the association between exposure to BPA and questionnaire responses. A 
composite risk score was developed to summarize questionnaire responses. RESULTS: In questionnaire data, 65% of participants ate canned food every week. A composite exposure score validated that the dietary 
exposure risk questionnaire captured increasing BPA exposure. In the linear regression models, utilizing questionnaire responses vs. 24-hr dietary recall data, participants eating canned foods 1-2 times/week (vs. never) 
consumed 0.78 more servings (p < 0.001) of high BPA exposure foods, and those eating canned foods 3+ times/week (vs. never) consumed 0.89 more servings (p = 0.013) of high BPA exposure foods. Participants eating 
3+ packaged items/day (vs. never) consumed 62.65 more total grams of high BPA exposure food (p = 0.036). CONCLUSIONS: Dietary exposure risk questionnaires may provide an efficient alternative approach to 24-hour 
dietary recalls to quantify dietary BPA exposure with low participant burden. TRIAL REGISTRATION: The trial was prospectively registered at clinicaltrials.gov as NCT01826591 on April 8, 2013.
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統合_0550 M. E. U. Haq, M. S. H. Akash, S. Sabir, M. H. 
Mahmood and K. Rehman 2020

Human exposure to bisphenol A 
through dietary sources and 
development of diabetes mellitus: a 
cross-sectional study in Pakistani 
population

Bisphenol A (BPA) is considered as xenoestrogen, a crucial component utilized for the manufacturing of plastic products. It has a potential to disrupt the endocrine system and induces endocrine-related metabolic 
disorders. We aimed to investigate the exposure of BPA in Pakistani population and its association with sociodemographic features, dietary habits, and risk factors of diabetes mellitus (DM). This cross-sectional study 
was conducted on 400 participants among which 61.75% participants were diabetic and 38.25% were non-diabetic. We developed a structured questionnaire, gathered sociodemographic data, and collected their urine and 
blood samples for the estimation of BPA and various biomarkers as risk factors of DM, respectively. Pearson correlation coefficient was determined for urinary BPA levels and DM risk factors. Urinary BPA values were 
adjusted for confounders. Sociodemographic data shown that urinary BPA level was significantly higher (p < 0.05) in obese people (BMI > 27) living in semi-urban and industrial areas. BPA was detectable in 75% of study 
participants. Urinary BPA level was found to be higher in diabetic participants compared with that of non-diabetics. A significant correlation is observed between BPA exposure and DM risk factors. We found that urinary 
BPA level was correlated with elevated levels of HbA1c (r = 0.6028), HOMA-IR (r = 0.5356), CRP (r = 0.6946), BUN (r = 0.6077), AST (r = 0.5151), FFA (r = 0.5759), TGs (r = 0.5608), and MDA (r = 0.6908). Hence, our study 
adds to the growing body of evidence supporting the role of BPA exposure as a risk factor for DM and may be associated with higher glycemic index, increased pro-inflammatory and oxidative stress biomarkers, 
dyslipidemia, and impaired functioning of the liver and kidney. Heating food in plastic containers and consumption of packed food items are the main sources of BPA exposure which are positively associated with DM.
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統合_0551 K. Hao, J. Luo, J. Sun, H. Ge and Z. Wang 2021

Associations of urinary bisphenol A 
and its alternatives bisphenol S and 
F concentrations with depressive 
symptoms among adults

BACKGROUND: Bisphenol S (BPS) and bisphenol F (BPF), as substitutes for bisphenol A (BPA), are synthetic compounds detected increasingly frequently in plastics and resins. BPA, BPS, and BPF are endocrine 
disruptors with unclear effects on depressive symptoms. This study aims to evaluate the effects of these compounds on depressive symptoms in adults. METHODS: We used data from the U.S. National Health and 
Nutrition Examination Survey (NHANES) 2007-2016 for BPA (N = 7,085) and NHANES 2013-2016 for BPS and BPF (N = 2,707). BPA, BPS and BPF were detected in urine samples. Depressive symptoms were assessed 
with a nine-item patient health questionnaire (PHQ-9). Logistic regression models were used to investigate the effects of urinary BPA, BPS, and BPF concentrations on depressive symptoms. RESULTS: In the general 
population, no significant association was observed between urinary BPA, BPS, and BPF and depressive symptoms. However, in stratified analyses, urinary BPS was positively associated with depressive symptoms in 
men (odds ratio [OR], 2.90; 95% confidence interval [CI], 1.13-7.47). In elderly men (≥60 years old), urinary BPA and BPS were positively correlated with depressive symptoms with ORs (95% CIs) of 5.53 (1.55-19.70) and 
28.89 (4.23-192.75), respectively. In addition, urinary BPS was negatively associated with depressive symptoms (OR, 0.16; 95% CI, 0.04-0.59) in elderly women (≥60 years old). CONCLUSIONS: This study indicated that 
exposure to BPA and BPS was positively associated with depressive symptoms, especially in men. However, BPS was negatively associated with depressive symptoms in elderly women.
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統合_0552
J. B. Hansen, N. Bilenberg, C. A. G. 
Timmermann, R. C. Jensen, H. Frederiksen, A. 
M. Andersson, H. B. Kyhl and T. K. Jensen

2021

Prenatal exposure to bisphenol A 
and autistic- and ADHD-related 
symptoms in children aged 2 and5 
years from the Odense Child Cohort

BACKGROUND: Bisphenol A (BPA) is a non-persistent chemical with endocrine disrupting abilities used in a variety of consumer products. Fetal exposure to BPA is of concern due to the elevated sensitivity, which 
particularly relates to the developing brain. Several epidemiological studies have investigated the association between prenatal BPA exposure and neurodevelopment, but the results have been inconclusive. OBJECTIVE: To 
assess the association between in utero exposure to BPA and Attention Deficit/Hyperactivity Disorder (ADHD-) symptoms and symptoms of Autism Spectrum Disorder (ASD) in 2 and 5-year old Danish children. METHOD: 
In the prospective Odense Child Cohort, BPA was measured in urine samples collected in gestational week 28 and adjusted for osmolality. ADHD and ASD symptoms were assessed with the use of the ADHD scale and 
ASD scale, respectively, derived from the Child Behaviour Checklist preschool version (CBCL/1½-5) at ages 2 and 5 years. Negative binomial and multiple logistic regression analyses were performed to investigate the 
association between maternal BPA exposure (continuous ln-transformed or divided into tertiles) and the relative differences in ADHD and ASD problem scores and the odds (OR) of an ADHD and autism score above the 
75th percentile adjusting for maternal educational level, maternal age, pre-pregnancy BMI, parity and child age at evaluation in 658 mother-child pairs at 2 years of age for ASD-score, and 427 mother-child pairs at 5 years 
of age for ADHD and ASD-score. RESULTS: BPA was detected in 85.3% of maternal urine samples even though the exposure level was low (median 1.2 ng/mL). No associations between maternal BPA exposure and ASD 
at age 2 years or ADHD at age 5 years were found. Trends of elevated Odds Ratios (ORs) were seen among 5 year old children within the 3rd tertile of BPA exposure with an ASD-score above the 75th percentile (OR = 1.80, 
95% CI 0.97,3.32), being stronger for girls (OR = 3.17, 95% CI 1.85,9.28). A dose-response relationship was observed between BPA exposure and ASD-score at 5 years of age (p-trend 0.06) in both boys and girls, but only 
significant in girls (p-trend 0.03). CONCLUSION: Our findings suggest that prenatal BPA exposure even in low concentrations may increase the risk of ASD symptoms which may predict later social abilities. It is therefore 
important to follow-up these children at older ages, measure their own BPA exposure, and determine if the observed associations persist.
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統合_0553 W. M. Hananeh, R. Al Rukibat, S. Jaradat and M. 
Borhan Al-Zghoul 2021

Exposure assessment of bisphenol A 
by drinking coffee from plastic cups

BACKGROUND: Human exposure to plastic and Bisphenol-A (BPA) is very wide in food or beverage containers and baby bottles that have contacted polycarbonate and epoxy resin. Currently a traditional beverage in 
Arabian culture is served in plastic cups instead of glass cups in different occasions. OBJECTIVE: To evaluate the possible BPA leach from the grade 5 drinking coffee plastic cups into the coffee and whether the use of 
plastic cups instead of glass ones to serve hot Arabian coffee poses a health risk. MATERIALS AND METHODS: Oral administration of such coffee to three different groups of rats were undertaken. Each group consisted 
of 10 males and 10 females. The first group (G1) was gavaged 1.5 ml of hot water in glass cups. The second group (G2) was gavaged 1.5 ml of hot water in plastic cups while the third one (G3) was gavaged 1.5 ml of 
Arabian coffee in plastic cups. Serum concentrations of Bisphenol-A were measured 4 weeks later. Complete postmortem examination was conducted and representative tissue samples were subjected to 
histopathological evaluation. RESULTS: In the control group receiving water kept in a glass cup had 24 ± 2 μg/L serum concentration and the second group was 36 ± 4 μg/L while in the third group was 29 ± 6 μg/L. 
No significant postmortem changes or histopathological findings were present in the studied animals. CONCLUSIONS: Bisphenol-A can be leached from food-grade plastic cups into hot drinks within short period of time, 
posing a significant impact to public health.
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統合_0554 D. Ham, M. Ha, H. Park, Y. C. Hong, Y. Kim, E. 
Ha and S. Bae 2024

Association of postnatal exposure to 
mixture of bisphenol A, Di-n-butyl 
phthalate and Di-(2-ethylhexyl) 
phthalate with Children's IQ at 5 
Years of age: Mothers and 
Children's environmental health 
(MOCEH) study

Early childhood is important for neurodevelopment, and exposure to endocrine disruptors such as bisphenol A (BPA) and phthalates in this period may cause neurodevelopmental disorders and delays. The present study 
examined the association between exposure to mixtures of BPA and three metabolites of phthalates in early childhood and IQ at 5 years of age. The Mother and Children's Environmental Health (MOCEH) study is a 
prospective birth cohort study conducted in Korea with 1751 pregnant women enrolled from 2006 to 2010. After excluding those without relevant data, 47 children were included in the final analysis. We measured 
children's urinary concentrations of metabolites of endocrine-disrupting chemicals (Bisphenol A, mono-(2-ethyl-5-oxohexyl) phthalate, mono-(2-ethyl-5-hydroxyhexyl) phthalate and mono-(2-ethyl-5-butyl) phthalate) at 
ages of 24 and 36 months. We evaluated the children's IQ with the Korean Wechsler Intelligence Test at the age of 5 years. After adjusting for potential confounders, a multiple linear regression was conducted to examine 
the associations between individual endocrine-disrupting chemicals and the IQ of the children. Weighted Quantile Sum (WQS) regression and quantile-based g-computation were used to assess the association between 
IQ at age 5 and exposure to mixtures of BPA and phthalates. In the single-chemical analyses, mono-(2-ethyl-5-butyl) phthalate exposure at 36 months was adversely associated with children's IQ (β = -4.93, 95% 
confidence interval (CI): -9.22, -0.64). In the WQS regression and quantile-based g-computation analyses, exposure to the mixture of BPA and phthalates was associated with lower IQ [β = -9.13 (P-value = 0.05) and β 
= -9.18 (P-value = 0.05), respectively]. The largest contributor to the overall association was exposure to mono-(2-ethyl-5-butyl) phthalate at 36 months. In the present study, postnatal exposure to mixtures of BPA and 
three metabolites of phthalates was associated with decreased IQ of children at age 5.
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統合_0555
T. A. Hagobian, H. Brunner-Gaydos, A. Seal, A. 
Schaffner, C. Kitts, R. Hubbard, S. K. Malin, M. 
R. La Frano, K. A. Bennion and S. Phelan

2020

Rationale and design of a 
randomized controlled trial 
examining oral administration of 
bisphenol A on hepatic glucose 
production and skeletal muscle 
insulin sensitivity in adults

Previous observational studies have shown that the endocrine disrupting chemical bisphenol A (BPA) is associated with type 2 diabetes, but few studies have examined direct effects of BPA on human health. The purpose 
of this study is to determine whether orally administered BPA at the US Environmental Protection Agency (EPA) safe dose of 50 μg/kg body weight has an adverse effect on hepatic glucose production and skeletal 
muscle insulin sensitivity. Forty, non-habitually active, healthy adults of normal weight will be enrolled. Participants will begin with a 2-day baseline energy balance diet low in bisphenols in which urine and blood will be 
collected, and standard tests performed to assess the primary outcome measures of hepatic glucose production (via [6,6-(2)H] glucose infusion) and skeletal muscle insulin sensitivity (via euglycemic hyperinsulinemic 
clamp technique). Secondary outcome measures are fasting hormones/endocrine factors (insulin, glucose, C-peptide, Pro-insulin, adiponectin, 17-beta-estradiol, free fatty acids) related to the pathogenesis of type 2 
diabetes. Participants will then be randomly assigned to a 4-day energy balance diet plus oral administration of BPA at 50 μg/kg body weight (Diet + BPA) or 4-day energy balance diet plus oral administration of placebo 
(Diet + No BPA); all outcome measures will be reassessed after 4 days. Findings from this study will provide a framework for other studies in this area, and provide much needed experimental evidence using gold standard 
measures as to whether oral BPA administration over several days poses any risk of type 2 diabetes.
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統合_0556 T. Hagobian, Z. Delli-Bovi, A. Mercado, A. Bird, 
M. Guy and S. Phelan 2021

Development and feasibility of 
randomized trial to reduce urinary 
bisphenols in women with obesity

BACKGROUND: Bisphenol exposure is widespread and correlated with diabetes and cardiovascular disease. Previous intervention studies have successfully lowered bisphenol exposure among women of normal weight. 
The primary objective of this study was to develop and test the feasibility of a 3-week behavioral change intervention, rooted in social cognitive theory, to lower a broad range of bisphenols (BPA, BPS, and BPF) in women 
with obesity. METHODS: Thirty women with obesity (31.1 ± 5.6 kg/m(2), 21.1 ± 3.1 years) were randomly assigned to an intervention or control. The intervention included weekly face-to-face meetings to reduce 
bisphenol exposures from food, cosmetics, and packaged products. Fasting urinary bisphenols, creatinine, and weight were assessed at study entry and after 3 weeks. RESULTS: The intervention was evaluated as 
feasible (100% of enrollment and recruitment, 96% of retention and attendance at lesson plan visits, and 96% of a collection of urine samples). Adherence to the intervention was estimated based on completion of self-
monitoring records; the number of daily records completed was 7.7 ± 1.3 (mean ± SD) after week 1, 7.1 ± 1.5 after week 2, and 4.4 ± 0.9 after week 3. In secondary analysis, there was a significant treatment × time 
effect on creatinine-corrected urinary BPS (- 1.42 μg/g creatinine in the intervention vs. - 0.09 μg/g creatinine in the control group). CONCLUSION: In women with obesity, the 3-week intervention was considered 
feasible with promising preliminary results of decreasing BPS concentrations. These data warrant future large-scale clinical trial interventions to reduce bisphenol exposure and determine whether reductions in 
bisphenols positively impact diabetes and cardiovascular disease risk markers. This study was retroactively registered at ClinicalTrial.gov Identifier NCT03440307.
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統合_0557 C. Gys, M. Bastiaensen, G. Malarvannan, Y. Ait 
Bamai, A. Araki and A. Covaci 2021

Short-term variability of bisphenols 
in spot, morning void and 24-hour 
urine samples

Due to worldwide regulations on the application of the high production volume industrial chemical bisphenol A (BPA) in various consumer products, alternative bisphenols such as bisphenol F (BPF) and bisphenol S (BPS) 
are increasingly used. To assess human exposure to these chemicals, biomonitoring of urinary concentrations is frequently used. However, the short-term variability of alternative bisphenols has not been evaluated 
thoroughly yet, which is essential to achieve a correct estimation of exposure. In this study, we collected all spot urine samples from ten healthy adults for five consecutive days, and an additional 24 h pooled sample. We 
measured the concentrations of seven bisphenols (BPAF, BPF, BPA, BPB, BPZ, BPS and BPAP) in these samples using gas chromatography coupled to tandem mass spectrometry. BPA, BPF and BPS were frequently found 
in spot samples (>80%), while bisphenol AP (BPAP) was detected in 43% of spot samples. Calculations of intra-class correlation coefficients (ICCs) showed that reproducibility of these four bisphenols was relatively 
poor (<0.01-0.200) but improved when concentrations were corrected for urine dilution using creatinine levels (0.128-0.401). Of these four bisphenols, BPF showed the best reproducibility (ICC 0.200-0.439) and BPS the 
most variability (ICC <0.01-0.128). In general, the within-participant variability of bisphenol levels was the largest contributor to the total variance (47-100%). We compared repeated first morning voids to 24 h pooled 
urine and found no significantly different concentrations for BPA, BPF, BPS, or BPAP. Levels of BPA and BPF differed significantly depending on the sampling time throughout the day. The findings in this study suggest 
that collecting multiple samples per participant over a few days, in predefined time windows throughout the day, could result in a more reliable estimation of internal exposure to bisphenols.
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C. Gys, M. Bastiaensen, L. Bruckers, A. Colles, 
E. Govarts, L. R. Martin, V. Verheyen, G. Koppen, 
B. Morrens, E. Den Hond, A. De Decker, G. 
Schoeters and A. Covaci

2021
Determinants of exposure levels of 
bisphenols in flemish adolescents

The broadly used industrial chemical bisphenol A (BPA), applied in numerous consumer products, has been under scrutiny in the past 20 years due to its widespread detection in humans and the environment and potential 
detrimental effects on human health. Following implemented restrictions and phase-out initiatives, BPA is replaced by alternative bisphenols, which have not received the same amount of research attention. As a part of 
the fourth cycle of the Flemish Environment and Health Study (FLEHS IV, 2016-2020), we monitored the internal exposure to six bisphenols in urine samples of 423 adolescents (14-15 years old) from Flanders, Belgium. 
All measured bisphenols were detected in the study population, with BPA and its alternatives bisphenol F (BPF) and bisphenol S (BPS) showing detection frequencies > 50%. The reference values show that exposure to 
these compounds is extensive. However, the urinary BPA level decreased significantly in Flemish adolescents compared to a previous cycle of the FLEHS (2008-2009). This suggests that the replacement of BPA with its 
analogues is ongoing. Concentrations of bisphenols measured in the Flemish adolescents were generally in the same order of magnitude compared to recent studies worldwide. Multiple regression models were used to 
identify determinants of exposure based on information on demographic and lifestyle characteristics of participants, acquired through questionnaires. Some significant determinants could be identified: sex, season, 
smoking behavior, educational level of the parents, recent consumption of certain foods and use of certain products were found to be significantly associated with levels of bisphenols. Preliminary risk assessment 
showed that none of the estimated daily intakes (EDIs) of BPA exceeded the tolerable daily intake, even in a high exposure scenario. For alternative bisphenols, no health-based guidance values are available, but in line 
with the measured urinary levels, their EDIs were lower than that of BPA. This study is, to the best of our knowledge, the first to determine internal exposure levels of other bisphenols than BPA in a European adolescent 
population.
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統合_0559 C. Gys, Y. Ait Bamai, A. Araki, M. Bastiaensen, 
N. Caballero-Casero, R. Kishi and A. Covaci 2020

Biomonitoring and temporal trends 
of bisphenols exposure in Japanese 
school children

The widely used chemical bisphenol A (BPA), applied in various consumer products, has been under scrutiny in the past 20 years due to its widespread detection in humans and potential detrimental effects on human 
health. Following the implementation of restrictions and phase-out initiatives, BPA has been replaced by other structurally similar bisphenols, which have not yet received the same level of research attention. In this study, 
we aimed to 1) investigated the internal exposure to seven bisphenols in morning void urine samples (n = 396) from 7-year-old children from Hokkaido, Japan and 2) assess possible time trends in the concentrations of 
bisphenols between 2012 and 2017. Information on demographic, indoor environment and dietary characteristics of participants were acquired through a self-administered questionnaire. All bisphenols were detected in 
the study population, with BPA, BPF and BPS showing detection frequencies >50%. Concentrations of bisphenols measured in the Japanese children in our study were generally lower compared to studies worldwide. We 
found that BPA concentrations decreased significantly over the study time period (average 6.5% per year), whereas BPS rose with 2.8% per year. Levels of BPA and BPF were higher in autumn compared to winter. Higher 
urinary BPF levels were significantly associated with higher concentrations of the oxidative stress biomarker, 8-hydroxy-2'-deoxyguanosine (8-OHdG). BPA and BPF levels were higher in children from families with lower 
household income. Bisphenol concentrations were significantly influenced by some other personal (e.g. household income), food intake (e.g. vegetables and cow milk) and indoor housing characteristics (e.g. flooring). 
This is the first study to report longitudinal time trends of bisphenols in Japan. The presented findings imply that further research on bisphenols is warranted in the future to monitor whether these time trends continue.
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統合_0560 Z. Guo, X. Ren, P. Liu, Y. Deng, J. Bian, Y. Ge, B. 
Xu, X. Tang, X. Li, H. Huang, J. Liu and S. Lu 2024

Co-exposure to parabens, bisphenol 
A, and triclosan and the associations 
with dyslipidemia in Chinese older 
adults: The mediation effect of 
oxidative stress

Dyslipidemia is a prevalent metabolic disorder in older adults and has negative effects on cardiovascular health. However, the combined effect of paraben, bisphenol A (BPA), and triclosan (TCS) exposure on dyslipidemia 
and the underlying mechanisms remain unclear. This cross-sectional study recruited 486 individuals ≥60 years in Shenzhen, China. Morning spot urine samples were collected and analyzed for four parabens, BPA, TCS, 
and 8-hydroxy-2'-deoxyguanosine (8-OHdG), a typical biomarker for oxidative stress, using mass spectrometry. Blood samples were tested for lipid levels using an automated biochemical analyzer. Quantile-based g-
computation (QGC) was used to assess the combined effects of exposures on dyslipidemia. Mediation analysis was applied to investigate the mediating role of 8-OHdG between exposure and dyslipidemia. QGC showed 
that co-exposure to parabens, BPA, and TCS was positively linked with hypercholesterolemia (OR: 1.17, 95%CI: 1.10-1.24, P < 0.001) and hyper-LDL-cholesterolemia (OR: 1.35, 95%CI: 1.05-1.75, P = 0.019). 
Methylparaben (MeP), n-propyl paraben (PrP), and butylparaben (BtP) were the major contributors. 8-OHdG mediated 6.5% and 13.0% of the overall effect of the examined chemicals on hypercholesterolemia and hyper-
LDL-cholesterolemia, respectively (all P < 0.05). Our study indicated that co-exposure to parabens, BPA, and TCS is associated with dyslipidemia and oxidative stress partially mediate the association. Future research is 
needed to explore additional mechanisms underlying these relationships.
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統合_0561 Y. Guo, C. Liu, Y. H. Deng, J. Ning, L. Yu and J. 
L. Wu 2023

Association between Bisphenol A 
exposure and body composition 
parameters in children

BACKGROUND: Although there is evidence linking Bisphenol A (BPA) exposure to obesity, research examining its relationship with body composition parameters in young children is limited. METHODS: A cross-sectional 
investigation was conducted on 200 preschool children aged between 4 and 6 years in Guangzhou, China. BPA exposure was assessed through urine samples using ultra-high performance liquid chromatography- tandem 
mass spectrometry, and body composition parameters were measured through bioelectrical impedance analysis (InBody770). RESULTS: The median urinary BPA concentration was 0.556 μg/L (IQR: 0.301 - 1.031 μg/L) 
and creatinine-adjusted BPA concentration was 0.930 μg/g (IQR: 0.551 - 1.586 μg/g). BPA levels were significantly associated with body mass index (β= 1.15; 95%CI: 0.47, 1.83), body fat mass (β= 1.14; 95%CI: 0.39, 
1.89), fat free mass (β= 0.92; 95%CI: 0.26, 1.58), and percent body fat (β= 3.44; 95%CI: 1.17, 5.71) after adjusting for potential confounding factors. Similarly, adjusted models with log(10)-transformed creatinine-
adjusted BPA concentrations as a continuous variable showed similar trends. Positive linear associations were observed between quartiles of BPA concentrations and body composition parameters, with the highest 
coefficients in the fourth quartile. CONCLUSION: Our study provides further evidence of positive correlations between BPA exposure and body composition parameters in children aged 4 to 6 years. These findings 
highlight the potential health risks associated with obesity-related body composition parameters in young children. Further investigations are needed to confirm this association and explore the underlying mechanisms.
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統合_0562 X. Guo, D. Zhao, J. Meng, W. Hu, B. Wu, X. 
Wang, W. Su, M. Meng, G. Qu and Y. Sun 2023

Association of a mixture of 
phthalates and phenols with frailty 
among middle-aged and older 
adults: A population-based cross-
sectional study

BACKGROUND: Frailty is a complex geriatric syndrome caused by degenerative changes in the body or various chronic diseases. The use of personal care and consumer products is associated with a wide range of health 
outcomes, but its relationship with frailty remains unknown. Therefore, our primary aim was to explore the potential links between exposure to phenols and phthalates, either separately or in combination, and frailty. 
METHODS: The exposure levels of phthalates and phenols were evaluated through the measurement of metabolites in urine samples. Frailty state was assessed by a 36-item frailty index with values ≥ 0.25 indicating 
frailty. Weighted logistic regression was used to explore the relationship between individual chemical exposure and frailty. In addition, multi-pollutant strategies (WQS, Qgcomp, BKMR) were used to examine the joint 
effect of chemical mixture on frailty. A series of subgroup analyses and sensitivity analyses were conducted as well. RESULTS: In the multivariate logistic regression model, each unit increase in natural log-transformed 
BPA (OR: 1.21; 95%CI: 1.04, 1.40), MBP (OR: 1.25; 95%CI: 1.07, 1.46), MBzP (OR: 1.18; 95%CI: 1.03, 1.36), and MiBP (OR: 1.19; 95%CI: 1.03, 1.37) were significantly associated with higher odds of frailty. The results of the 
WQS and Qgcomp indicated that increasing quartiles of chemical mixture was associated with odds of frailty with ORs of 1.29 (95%CI: 1.01, 1.66) and 1.37 (95%CI: 1.06, 1.76). The weight of MBzP is dominant in both the 
WQS index and the positive weight of Qgcomp. In the BKMR model, the cumulative effect of chemical mixture was positively correlated with the prevalence of frailty. CONCLUSIONS: In summary, higher levels of BPA, 
MBP, MBzP, and MiBP are significantly associated with higher odds of frailty. Our study provides preliminary evidence that phenol and phthalate biomarker mixture is positively associated with frailty, with MBzP 
contributing most to the positive association.
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統合_0563 L. Guo, P. Zhao, S. Xue and Z. Zhu 2024
Association of urinary bisphenol A 
with hyperlipidemia and all-cause 
mortality: NHANES 2003-2016

BACKGROUND: The connection between urinary bisphenol A (BPA) and hyperlipidemia is still unclear, and few studies have evaluated whether urinary BPA affects mortality among individuals with hyperlipidemia. 
Therefore, we aimed to investigate the link between urinary BPA and hyperlipidemia and assess the impact of urinary BPA on mortality risk in subjects with hyperlipidemia. METHODS: We analyzed data of the National 
Health and Nutrition Examination Survey from 2003 to 2016. Multivariable logistic analysis was performed to examine the relationship between urinary BPA and hyperlipidemia. Cox regression analysis was carried out to 
investigate the relationship between urinary BPA and all-cause mortality in subjects with hyperlipidemia. RESULTS: This study included 8,983 participants, of whom 6,317 (70.3%) were diagnosed with hyperlipidemia. The 
results showed that urinary BPA was higher in participants with hyperlipidemia group than those without hyperlipidemia (3.87 ± 0.32 vs. 2.98 ± 0.14, P = 0.01). Urinary BPA levels were analyzed in tertiles. Compared with 
tertile 1 of BPA (reference), the odds ratio (95% confidence interval) of hyperlipidemia related to tertile 3 of BPA was 1.28 (1.11-1.48). The hazard ratio for all-cause death associated with the highest versus lowest tertile 
of urinary BPA was 1.20 (95% confidence interval: 1.01-1.44; P = 0.04) among participants with hyperlipidemia. CONCLUSIONS: The study indicated a positive relationship between urinary BPA and the risk of 
hyperlipidemia. Urinary BPA was associated with a significantly higher risk of all-cause mortality in adults with hyperlipidemia.
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統合_0564
J. Guo, J. Zhang, C. Wu, H. Xiao, S. Lv, D. Lu, X. 
Qi, C. Feng, W. Liang, X. Chang, Y. Zhang, H. 
Xu, Y. Cao, G. Wang and Z. Zhou

2020
Urinary bisphenol A concentrations 
and adiposity measures at age 7 
years in a prospective birth cohort

Bisphenol A (BPA) exposure during early life may increase risk of childhood obesity, however, prospective evidence of birth cohort is limited and inconclusive. We aimed to explore the associations of maternal and 
childhood BPA exposure with child adiposity measures, including body mass index, waist circumference and skinfold thickness and waist to height ratio of children at 7 years. 430 mother-child pairs were examined from a 
population-based prospective cohort in a rural area of East China. BPA concentrations of spot urine samples were quantified in mothers and their children aged 3 and 7 years. Maternal urinary BPA concentration was 
significantly positively associated with waist circumference in children aged 7 years (β = 0.508 cm, 95% CI: 0.067, 0.950). These significant associations were not modified by child sex, but they were only observed 
among girls in sex-stratified analyses. Risk of central obesity related to prenatal BPA exposure was significantly higher in the second and the third tertile than those in the first tertile (odds ratio, OR = 2.510, 95% CI = 
1.146, 5.499; OR = 2.584, 95% CI = 1.186, 5.631, respectively; p for trend = 0.022). The present findings suggested that prenatal exposure to BPA may enhance waist circumference of children and thereby increase risk of 
central obesity in school-age girls.
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統合_0565
J. Guo, C. Wu, J. Zhang, X. Qi, S. Lv, S. Jiang, T. 
Zhou, D. Lu, C. Feng, X. Chang, Y. Zhang, Y. 
Cao, G. Wang and Z. Zhou

2020

Prenatal exposure to mixture of 
heavy metals, pesticides and 
phenols and IQ in children at 7 years 
of age: The SMBCS study

OBJECTIVE: Prenatal exposure to heavy metals, pesticides and phenols has been suggested to interfere with neurodevelopment, but the neurotoxicity of their mixtures is still unclear. We aimed to elucidate the 
associations of maternal urinary concentrations of selected chemical mixtures with intelligence quotient (IQ) in children. METHODS: Maternal urinary concentrations of selected heavy metals, pesticide metabolites, and 
phenols were quantified in pregnant women who participated in the Sheyang Mini Birth Cohort Study (SMBCS) from June 2009 to January 2010. At age 7 years, child's IQ score was assessed using the Chinese version of 
Wechsler Intelligence Scale for Children (C-WISC) by trained pediatricians. Generalized linear regression models (GLM), Bayesian kernel machine regression (BKMR) models and elastic net regression (ENR) models were 
used to assess the associations of urinary concentrations individual chemicals and their mixtures with IQ scores of the 7-year-old children. RESULTS: Of 326 mother-child pairs, single-chemical models indicated that 
prenatal urinary concentrations of lead (Pb) and bisphenol A (BPA) were significantly negatively associated with full intelligence quotient (FIQ) among children aged 7 years [β = -2.31, 95% confidence interval (CI): -4.13, 
-0.48; p = 0.013, sex interaction p-value = 0.076; β = -1.18, 95% CI: -2.21, -0.15; p = 0.025; sex interaction p-value = 0.296, for Pb and BPA, respectively]. Stratified analysis by sex indicated that the associations were 
only statistically significant in boys. In multi-chemical BKMR and ENR models, statistically significant inverse association was found between prenatal urinary Pb level and boy's FIQ scores at 7 years. Furthermore, BKMR 
analysis indicated that the overall mixture was associated with decreases in boy's IQ when all the chemicals' concentrations were at their 75th percentiles or higher, compared to at their 50th percentiles. ENR models 
revealed that maternal urinary Pb levels were statistically significantly associated with lower FIQ scores (β = -2.20, 95% CI: -4.20, -0.20; p = 0.031). CONCLUSIONS: Prenatal exposure to selected chemical mixtures may 
affect intellectual performance at 7 years of age, particularly in boys. Pb and BPA were suspected as primary chemicals associated with child neurodevelopment.
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J. Guo, C. Wu, J. Zhang, W. Li, S. Lv, D. Lu, X. Qi, 
C. Feng, W. Liang, X. Chang, Y. Zhang, H. Xu, Y. 
Cao, G. Wang and Z. Zhou

2021

Prenatal exposure to multiple 
phenolic compounds, fetal 
reproductive hormones, and the 
second to fourth digit ratio of 
children aged 10 years in a 
prospective birth cohort

Select phenols are known to possess hormone-disrupting properties, but no previous study has addressed the potential effects of prenatal exposure to phenol mixtures on fetal reproductive hormones and children's 
second to fourth digit (2D: 4D) ratio, a marker for in utero testosterone (T) exposure. We aimed to explore interrelations of prenatal phenol exposures individually and in mixtures, cord serum reproductive hormones, and 
2D: 4D ratio of children aged 10 years. Urinary 11 phenol concentrations were determined from 392 pregnant women participating in a longitudinal birth cohort. We estimated associations of prenatal phenol exposures 
individually and in mixtures with cord reproductive hormones and children's 2D:4D ratio using three statistical approaches, including generalized linear models (GLMs), elastic net regression (ENR) models and Bayesian 
kernel machine regression (BKMR) models. In female newborns, the three models showed that maternal triclosan (TCS) concentrations were significantly negatively associated with cord serum T levels [regression 
coefficient (β) = -0.076, 95% confidence interval (CI): 0.138, -0.013; p = 0.018]. Additionally, maternal urinary bisphenol A (BPA) levels were related to decreases in 2D:4D ratio of the left hand in girls by GLMs (β = -
0.003, 95% CI: 0.007, -0.001; p = 0.024) and ENR models, but not BKMR models. We provided evidence that prenatal TCS exposure predicted lower cord serum T levels, and maternal BPA exposure was related to 
decreased 2D:4D ratio of the left hand in females.
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J. Guo, C. Wu, J. Zhang, W. Li, S. Lv, D. Lu, X. Qi, 
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Cao, G. Wang and Z. Zhou

2020

Maternal and childhood urinary 
phenol concentrations, neonatal 
thyroid function, and behavioral 
problems at 10 years of age: The 
SMBCS study

BACKGROUND: Environmental phenols, bisphenol A (BPA), triclosan (TCS), and benzophenone-3 (BP-3), are known as emerging endocrine-disrupting chemicals; however, their impacts on thyroid hormones and children's 
neurobehaviors are still unclear. OBJECTIVES: We aimed to examine the associations of prenatal and childhood exposure to phenols with neonatal thyroid function and childhood behavioral problems aged 10 years. 
METHODS: A total of 386 mother-singleton pairs were included from Sheyang Mini Birth Cohort Study (SMBCS), a longitudinal birth cohort in China. We quantified urinary BPA, TCS and BP-3 concentrations in maternal 
and 10-year-old children's urine samples using gas chromatography tandem mass spectrometry and thyroid function parameters in cord serum samples. Caregivers completed the Strength and Difficulties Questionnaire 
(SDQ) for their children at 10 years of age. Multivariable linear regression models and logistic regression models were applied to estimate associations of urinary phenol concentrations with thyroid hormones and risks of 
children's behavioral problems, respectively. RESULTS: The median values of urinary BPA, TCS and BP-3 concentrations for pregnant women were 1.75 μg/L, 0.54 μg/L and 0.37 μg/L, while 1.29 μg/L, 6.64 μg/L and 
1.39 μg/L for children, respectively. Maternal urinary BPA concentrations were in associations with 1.00% [95% confidence interval (CI): 0.20%, 1.92%] increases in cord serum FT4 concentrations and significantly 
associated with increased risks of total difficulties [odds ratio (OR): 1.45, 95% CI: 1.07, 1.97], while maternal urinary levels of BP-3 were significantly related to poorer prosocial behaviors (OR: 1.58, 95% CI: 1.04, 2.39) of 
children at 10 years of age. In sex-stratified analyses, maternal urinary BPA concentrations were related to increased total difficulty subscales only in boys. CONCLUSIONS: The findings indicated that higher prenatal 
urinary BPA concentrations were associated with increased risks of total difficulties, especially in boys and maternal urinary BP-3 concentrations were related to poorer prosocial behaviors at 10 years.
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統合_0568 J. Guo, K. Liu, J. Yang and Y. Su 2024

The association between prenatal 
exposure to bisphenol A and 
offspring obesity: A systematic 
review

In recent years, the global prevalence of childhood overweight and obesity has surged. Bisphenol A (BPA), prevalent in the manufacture of polycarbonate plastics and epoxy resins, is associated with this escalating obesity 
pattern. Both early life stages and pregnancy emerge as pivotal windows of vulnerability. This review systematically evaluates human studies to clarify the nexus between prenatal BPA exposure and offspring obesity. Our 
extensive literature search covered databases like PubMed, Web of Science, Cochrane Library, Embase, and Scopus, encompassing articles from their inception until July 2023. We utilized the Newcastle-Ottawa Scale 
(NOS) to evaluate the methodological rigor of the included studies, the Oxford Center for Evidence-Based Medicine Levels of Evidence Working Group (OCEBM) table to determine the level of the evidence, and the Grades 
of Recommendation, Assessment, Development, and Evaluation (GRADE) guidelines to evaluate the certainty of the evidence with statistical significance. We centered on primary studies investigating the link between 
urinary BPA levels during pregnancy and offspring obesity. Our analysis included thirteen studies, with participant counts ranging from 173 to 1124 mother-child dyads. Among them, eight studies conclusively linked 
prenatal BPA exposure to increased obesity in offspring. Evaluation metrics for the effect of prenatal BPA on offspring obesity comprised BMI z-score, waist circumference, overweight/obesity classification, aggregate 
skinfold thickness, body fat percentage, and more. Present findings indicate that prenatal BPA exposure amplifies offspring obesity risk, with potential effect variations by age and gender. Therefore, further research is 
needed to explore the causal link between prenatal BPA exposure and obesity at different developmental stages and genders, and to elucidate the underlying mechanisms.
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統合_0569 J. Guo, K. Liu, J. Yang and Y. Su 2023
Prenatal exposure to bisphenol A 
and neonatal health outcomes: A 
systematic review

Bisphenol A (BPA) is an endocrine-disrupting chemical substance responsible for the composition of polycarbonate plastics and epoxy resins. Early life and pregnancy are important windows of susceptibility. This review 
aimed to conduct a systematic assessment of human studies to comprehensively describe the association between prenatal BPA exposure and neonatal health outcomes. Literature was searched in Cochrane Library, 
Embase, PubMed, Scopus, and Web of Science published before November 2022, and were selected according to clear inclusion and exclusion criteria. The Newcastle-Ottawa scale (NOS) and Grades of 
Recommendation, Assessment, Development, and Evaluation guidelines (GRADE) were followed to grade the methodological quality of studies and the certainty of the evidence respectively. As a result, a total of 22259 
participants from 45 trials were included. And the potential associations of prenatal exposure to BPA and neonatal health outcomes were mainly shown in four aspects: gestational age/preterm birth, physical health at 
birth, the incidence of systemic abnormalities or diseases, and other health outcomes. Although the certainty of the evidence was low to very low, the methodological quality of the included studies was high. Prenatal BPA 
exposure tended to have negative effects on most of the health outcomes in neonates but showed inconsistent results on physical health at birth. This systematic review is the first to comprehensively synthesize the 
existing evidence on the association between prenatal BPA exposure and neonatal health outcomes. In the future, further studies are still needed to verify these effects and elucidate the underlying mechanisms.
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統合_0570 C. Guo, F. Ren, J. Jin, H. Zhang, L. Wang, H. 
Zhang and J. Chen 2021

Internal exposure of Chinese 
children from a typical coastal city to 
bisphenols and possible association 
with thyroid hormone levels

Bisphenols (BPs) are widely used in consumer products, and human exposure to BPs is nearly ubiquitous. However, human biomonitoring data are scarce, especially for children. In this study, we quantified eight BPs in 
the serum of 345 children from a typical coastal city in China. Bisphenol A (BPA), bisphenol F (BPF), and bisphenol S (BPS) were frequently detected (63% BPA, 68% BPF, 43% BPS), with geometric mean (GM) 
concentrations of 1.6, 0.08, and 0.04 ng/mL, respectively. The other five BPs had low detection frequencies (<5%). The distribution of BPA, BPF, and BPS in children's serum samples was independent of sex whereas the 
concentrations of BPS and BPF both significantly increased with age (P < 0.01). The GM values of estimated daily intake for BPA and BPS were 0.61 and 0.014 μg/kg body weight (bw)/day, respectively, indicating a 
relatively higher exposure risk of BPA in comparison with BPS. Compared with the population with euthyroid or nonhyperthyroid thyroid dysfunction, children with hyperthyroidism suffered higher exposure to BPA. By 
multiple linear regression analysis, thyroid-stimulating hormone showed a significantly negative relationship with log(10)-BPA concentration for euthyroid children (R(2) = 0.477, P < 0.001), whereas a significantly positive 
correlation (R(2) = 0.753, P = 0.033) was found for hyperthyroid children.

Environ Int Vol.156 
Pages 106759

10.1016/j.envint.2021.106759 34265627 ヒト - - - - - - - 横断研究 1 1 - - - - - - - - - - - - - - - - - -

44



別添-2 統合⽂献リスト  

統合No. 著者名 発⾏年 タイトル アブストラクト 書誌情報 doi PMID
ヒト/動物/in vitro/ex 

vivo/in silico
分野

（疫学/動物） 哺乳動物 経⼝投与
BPA

単独ばく露

⼀般的な動物
種及び系統の
無処置動物

対照群と
3⽤量以上の
BPA投与群

10 mg/kg/⽇
以下の

⽤量設定

コホート研究/症例対照研究
/メタアナリシス

全ての
集団

全ての
ばく露経路

BPA
単独ばく露

遺伝毒性
試験

遺伝毒性試験以外
については100nM
以下の濃度設定の

試験

適格性評価基準
通過

（1534報）

信頼性評価対象
⽂献

(1012報)

疫学納品
⽂献(716報)

動物納品
⽂献(299報)

※１報取得不
可を含む

疫学情報
抽出⽂献

（170報）

動物情報
抽出⽂献

（123報）

EFSA
2023

EFSA
2016

EFSA
2015 BfR KEMI ANSES FDA NIFDS

CLARITY
-BPA

 適格性評価（動物）1：該当、0：該当しない  適格性評価（疫学）1：該当、0：該当しない  適格性評価（in vitro）1：該当、0：該当しない

適格性評価はタイトル及び要旨の情報に基づ
き可能な範囲で実施。明らかに適格性基準不
適合と判断されるもの以外を信頼性評価へ進
め、信頼性評価段階で原著に基づき精査。

引⽤評価機関
●：該当

統合_0571

C. Gundacker, K. Graf-Rohrmeister, M. Gencik, 
M. Hengstschläger, K. Holoman, P. Rosa, R. 
Kroismayr, I. Offenthaler, V. Plichta, T. Reischer, 
I. Teufl, W. Raffesberg, S. Scharf, B. Köhler-
Vallant, Z. Delissen, S. Weiß and M. Uhl

2021

Gene Variants Determine Placental 
Transfer of Perfluoroalkyl 
Substances (PFAS), Mercury (Hg) 
and Lead (Pb), and Birth Outcome: 
Findings From the UmMuKi 
Bratislava-Vienna Study

Prenatal exposure to perfluoroalkyl substances (PFAS), bisphenol A (BPA), lead (Pb), total mercury (THg), and methylmercury (MeHg) can affect fetal development. Factors influencing placental transfer rate of these 
toxins are poorly investigated. Whether prenatal exposure to pollutants has an effect on birth weight is incompletely understood. We therefore aimed (1) to determine placental transfer rates of PFAS, BPA, Pb, THg, and 
MeHg, (2) to analyze relationships between fetal exposure and birth outcome and (3) to analyze gene variants as mediators of placental transfer rates and birth outcome. Two hundred healthy pregnant women and their 
newborns participated in the study. BPA, 16 PFAS, THg, MeHg, and Pb were determined using HPLCMS/MS (BPA, PFAS), HPLC-CV-ICPMS (MeHg), CV-AFS (THg), and GF-AAS (Pb). Questionnaires and medical records 
were used to survey exposure sources and birth outcome. 20 single nucleotide polymorphisms and two deletion polymorphisms were determined by real-time PCR from both maternal and newborn blood. Genotype-
phenotype associations were analyzed by categorical regression and logistic regression analysis. Specific gene variants were associated with altered placental transfer of PFAS (ALAD Lys59Asn, ABCG2 Gln141Lys), THg 
(UGT Tyr85Asp, GSTT1del, ABCC1 rs246221) and Pb (GSTP1 Ala114Val). A certain combination of three gene polymorphisms (ABCC1 rs246221, GCLM rs41303970, HFE His63Asp) was over-represented in newborns 
small for gestational age. 36% of Austrian and 75% of Slovakian mothers had levels exceeding the HBM guidance value I (2 μg/L) of the German HBM Commission for PFOA. 13% of newborns and 39% of women had Ery-
Pb levels above 24 μg/kg, an approximation for the BMDL(01) of 12 μg/L set by the European Food Safety Authority (EFSA). Our findings point to the need to minimize perinatal exposures to protect fetal health, 
especially those genetically predisposed to increased transplacental exposure.

Front Genet. 2021 Jun 
16:12:664946.

10.3389/fgene.2021.664946 34220941 ヒト ⽣殖発⽣ - - - - - - コホート研究 1 1 - - - 1 1 1 - - - - - - - - - - - -

統合_0572 P. Gul, N. Celik, F. B. Ozgeris, F. Demirkaya-
Miloglu, A. Kiziltunc and N. Seven 2021

Effects of Bisphenol A Released 
From Composite Fillings on 
Reproductive Hormone Levels in 
Men

OBJECTIVES: Composite resins are the most preferred filling material because of their excellent aesthetic qualities. However, a filling material should also be biocompatible as well as aesthetic. The aim of this study was 
to determine the serum and saliva bisphenol-A (BPA) levels and to examine the effects of serum BPA on reproductive hormone levels after healthy men were treated with composite fillings. METHODS: Eighteen healthy 
males each received 2 composite restorations. Saliva and blood samples of subjects were collected before resin application and 1 day and 1, 3, and 5 weeks after the resin was applied. BPA amounts in samples were 
detected using high-performance liquid chromatography (HPLC). Serum gonadotropins, testosterone, sex hormone binding globulin, free androgen index, and oestrogen levels were measured with radioimmunological 
assay kits. Statistical analysis of data was made using Friedman, Wilcoxon signed ranks and Mann-Whitney U tests (α = 0.05). RESULTS: The amount of BPA released from composite resins over time was not 
significantly elevated in either saliva or serum (P > 0.5). In addition, serum BPA levels were significantly higher than saliva BPA levels for both composites (P < .05), but saliva and serum BPA levels were not statistically 
different when comparing the 2 composites (P > .05). CONCLUSIONS: BPA from composite resins used in this study did not significantly alter serum hormone levels.

Int Dent J Vol.71 Issue 4 
Pages 343-351

10.1016/j.identj.2020.12.008 33583564 ヒト - - - - - - - バイオモニタリング 1 1 - - - - - - - - - - - - - - - - - -

統合_0573
A. Guilbert, M. Rolland, I. Pin, C. Thomsen, A. K. 
Sakhi, A. Sabaredzovic, R. Slama, K. Guichardet 
and C. Philippat

2021

Associations between a mixture of 
phenols and phthalates and child 
behaviour in a French mother-child 
cohort with repeated assessment of 
exposure

BACKGROUND: Synthetic phenols and phthalates can interfere with biological pathways involved in brain development. Despite the high within-subject temporal variability of urinary concentrations observed for their 
metabolites, studies investigating effects of phenols and phthalates on child behaviour often relied on a limited number of spot biospecimens to assess exposure. Besides, the majority did not consider mixture effects. 
OBJECTIVES: To study the combined effect of prenatal exposure to synthetic phenols and phthalates on child behaviour using repeated exposure measurements. METHODS: We assessed concentrations of 12 phenols, 13 
phthalate and 2 non-phthalate plasticizer metabolites in within-subject pools of multiple urine samples (median = 21 samples per individual pool) collected at two distinct time points during pregnancy in 416 mother-child 
pairs from the French SEPAGES cohort. Child behaviour was evaluated at two years using the Child Behaviour Checklist 1.5-5 (CBCL). Associations between a mixture of biomarkers of exposure and externalizing and 
internalizing behaviour scores were studied using adjusted Weighted Quantile Sum (WQS) regressions with a repeated holdout validation (100 repetitions). RESULTS: The positive WQS indexes were associated with both 
the externalizing and internalizing behaviour scores in the whole population, indicating greater risk of behavioural problems. Stratification for child sex suggested stronger associations in girls than boys. On average, girls 
externalizing and internalizing scores increased by 3.67 points (95% CI: 1.24, 6.10) and 2.47 points (95 %CI: 0.60, 4.33) respectively, for an increase of one tertile in the WQS index, compared with 1.70 points (95 %CI: -
0.42, 3.81) and 1.17 points (95 %CI: -0.50, 2.84) in boys. Main contributors for the associations observed in girls were bisphenol A (weight of 18%), triclosan (17%) and monoethyl phthalate (MEP, 15%) for the externalizing 
score and MEP (19%), mono-benzyl phthalate (MBzP, 19%) and mono-n-butyl phthalate (MnBP, 16%) for the internalizing score. DISCUSSION: Our results suggest adverse associations between in utero exposure to a 
mixture of phenols and phthalates and child behaviour, mainly in girls. Public health consequences may be substantial due to the widespread exposure of the population to these compounds.

Environ Int. 2021 
Nov:156:106697.

10.1016/j.envint.2021.106697 34147998 ヒト 発達神経 - - - - - - コホート研究 1 1 - - - 1 1 1 - - - - - - - - - - - -

統合_0574 L. Gu, Z. Wang, Y. Pan, H. Wang, L. Sun, L. Liu, 
W. J. Zhong and W. B. Zhang 2023

Associations between mixed urinary 
phenols and parabens metabolites 
and bone mineral density: Four 
statistical models

Phenols and parabens widely exist in personal care and consumer products and have been proved to be endocrine disrupting chemicals that could disturb bone metabolism. The current studies focusing on the 
associations between phenols and parabens with bone mineral density (BMD) drew contradictory conclusions. Considering the bias might be due to not considering the effects of mixed exposure, we conducted the first 
cross-sectional study to investigate the associations of both single and mixed metabolites of phenols and parabens with BMD in three populations by setting up four models: generalized linear regression model (GLM), 
weighted quantile sum (WQS) regression model, quantile g-computation (qgcomp) model and Bayesian kernel machine regression (BKMR) model, based on the US National Health and Nutrition Examination Survey 
(NHANES) database. We found that the association between the mixtures and total femur BMD in men was significantly negative. Bisphenol A (BPA) was shown to play the most important role in this negative association 
in the BKMR model, and this negative association was also confirmed in the GLM model with β coefficient (95% CI) being -0.02 (-0.04, -0.01). The relationships between the mixtures and femoral neck and trochanter 
BMD in postmenopausal women were significantly positive. Benzophenone-3 (BP-3) played the most significant role in the positive association with trochanter BMD, as confirmed by the WQS, qgcomp and BKMR models, 
and this positive association was also verified by the GLM model with β coefficient (95% CI) being 0.01 (0.00, 0.02). In conclusion, the association between the mixed phenols and parabens and BMD was negative in men 
while was positive in postmenopausal women, which was gender-specific. This study might provide new ideas for the prevention and treatment of osteoporosis and the control of personal care and consumer products 
containing phenols and parabens in the future.

Chemosphere Vol.311 
Issue Pt 2 Pages 
137065

10.1016/j.chemosphere.2022.1370
65

36334755 ヒト - - - - - - - 横断研究 1 1 - - - - - - - - - - - - - - - - - -

統合_0575 M. N. Grohs, J. E. Reynolds, J. Liu, J. W. Martin, 
T. Pollock, C. Lebel and D. Dewey 2019

Prenatal maternal and childhood 
bisphenol a exposure and brain 
structure and behavior of young 
children

BACKGROUND: Bisphenol A (BPA) is commonly used in the manufacture of plastics and epoxy resins. In North America, over 90% of the population has detectable levels of urinary BPA. Human epidemiological studies 
have reported adverse behavioral outcomes with BPA exposure in children, however, corresponding effects on children's brain structure have not yet been investigated. The current study examined the association between 
prenatal maternal and childhood BPA exposure and white matter microstructure in children aged 2 to 5 years, and investigated whether brain structure mediated the association between BPA exposure and child behavior. 
METHODS: Participants were 98 mother-child pairs who were recruited between January 2009 and December 2012. Total BPA concentrations in spot urine samples obtained from mothers in the second trimester of 
pregnancy and from children at 3-4 years of age were analyzed. Children participated in a diffusion magnetic resonance imaging (MRI) scan at age 2-5 years (3.7 ± 0.8 years). Associations between prenatal maternal and 
childhood BPA and children's fractional anisotropy and mean diffusivity of 10 isolated white matter tracts were investigated, controlling for urinary creatinine, child sex, and age at the time of MRI. Post-hoc analyses 
examined if alterations in white matter mediated the relationship of BPA and children's scores on the Child Behavior Checklist (CBCL). RESULTS: Prenatal maternal urinary BPA was significantly associated with child 
mean diffusivity in the splenium and right inferior longitudinal fasciculus. Splenium diffusivity mediated the relationship between maternal prenatal BPA levels and children's internalizing behavior (indirect effect: β = 
0.213, CI [0.0167, 0.564]). No significant associations were found between childhood BPA and white matter microstructure. CONCLUSIONS: This study provides preliminary evidence for the neural correlates of BPA 
exposure in humans. Our findings suggest that prenatal maternal exposure to BPA may lead to alterations in white matter microstructure in preschool aged children, and that such alterations mediate the relationship 
between early life exposure to BPA and internalizing problems.

Environ Health. 2019 
Oct 15;18(1):85.

10.1186/s12940-019-0528-9 31615514 ヒト 発達神経 - - - - - - コホート研究 1 1 - - - 1 1 1 - - - - - - - - - - - -

統合_0576 V. Gounden, M. Zain Warasally, T. Magwai, R. 
Naidoo and A. Chuturgoon 2019

A pilot study: Bisphenol-A and 
Bisphenol-A glucuronide levels in 
mother and child pairs in a South 
African population

Exposure to Bisphenol A (BPA) during early development particularly in- utero has been linked to a wide range of pathology. The aim of this study was to determine serum levels of BPA and its naturally occurring 
metabolite BPA-glucuronide (BPA-g) in South African mother-child pairs. METHOD: Third-trimester serum maternal samples and matching cord blood samples were analysed for BPA and BPA-g using LC-MS/MS. 
RESULTS: Ninety maternal and child pairs were analysed. BPA was detectable in more than 25% of maternal and cord blood samples. Spearman correlation demonstrated significant positive correlation between maternal 
and child BPA and BPA-g levels with correlation coefficients of 0.892 and 0.744, respectively. A significant positive association between cord BPA levels and child birth-weight (p = 0.02) as well as with maternal BMI 
(p = 0.04) was noted. CONCLUSION: This is the first study to describe the presence of detectable BPA levels using LC-MS/MS methodology in a South African population.

Reprod Toxicol. 2019 
Oct:89:93-99.

10.1016/j.reprotox.2019.07.008 31302198 ヒト ⽣殖発⽣ - - - - - - パイロット研究 1 1 - - - 1 1 1 - - - - - - - - - - - -

統合_0577 V. Gounden, M. Z. Warasally, T. Magwai, R. 
Naidoo and A. Chuturgoon 2021

A pilot study: Relationship between 
Bisphenol A, Bisphenol A 
glucuronide and sex steroid 
hormone levels in cord blood in A 
South African population

Exposure to Bisphenol A (BPA) during early development particularly in- utero has been linked to a wide range of pathology. The aim of this study was to examine the relationship of BPA and its naturally occurring 
metabolite BPA-glucuronide (BPA-g) with sex steroid hormone levels in South African mother-child pairs. Third-trimester serum maternal samples and matching cord blood samples were analyzed for BPA, BPA-g and nine 
sex steroid hormones using liquid chromatography tandem mass spectrometry (LC-MS/MS). Sixty maternal and child pairs were analyzed. Rank correlation demonstrated a significant positive relationship between cord 
blood estradiol and cord blood BPA (p = 0.002) and maternal BPA levels (p = 0.02) respectively. Cord blood testosterone from male infants showed a negative Spearman's correlation (r=-0.5, p = 0.02) with maternal BPA-g. 
There was no statistical difference in total testosterone levels in cord blood from male and female infants. The findings of the current study indicate a significant relationship between some key sex steroid hormones 
namely testosterone, dihydrotestosterone and estradiol and fetal exposure BPA.

Reprod Toxicol. 2021 
Mar:100:83-89.

10.1016/j.reprotox.2021.01.004 33453334 ヒト 性ホルモン - - - - - - 横断研究 1 1 - - - 1 1 1 - - - - - - - - - - - -

統合_0578 V. Gounden, R. N. Naidoo and A. Chuturgoon 2024

A pilot study: relationship between 
Bisphenol A, Bisphenol-glucuronide 
and total 25 hydroxy vitamin D in 
maternal-child pairs in a South 
African population

INTRODUCTION: Exposure to Bisphenol A (BPA) during early development particularly in-utero has been linked to a wide range of pathology. Over the last two decades the importance of vitamin D in maternal and child 
health has been highlighted. The aim of this pilot study was to examine the relationship of BPA and its naturally occurring metabolite BPA-glucuronide (BPA-g) with 25-hydoxy vitamin D (25OHD) levels in South African 
mother-child pairs. METHODS: Third-trimester serum maternal samples and matching cord blood samples were analyzed for BPA and BPA-g using liquid chromatography tandem mass spectrometry (LC-MS/MS) and 
25OHD3 and 25OHD2 using high performance liquid chromatography. A total of 58 maternal and child pairs were analyzed. RESULTS: More than fifty percent of maternal-child pairs were noted to be vitamin D deficient or 
insufficient using the Endocrine Society Practice guidelines cut-off of 50 nmol/L. Spearman rank correlation and Kruskal Wallis analysis did not show statistically significant relationship between cord 25OHD (total) and 
maternal and cord BPA-g concentrations. Analysis of covariance after controlling for confounders showed a significant relationship between cord BPA-g levels and cord 25OHD levels (p=0.03) as well as between 
maternal BPA-g levels (p=0.04) and cord total 25OHD levels (p=0.04). DISCUSSION: The findings of the current study indicate a possible relationship with BPA/BPA-g and fetal/early infant Vitamin D levels that needs to 
be further investigated in this population.

Front Endocrinol 
(Lausanne). 2024 Nov 
28:15:1108969

10.3389/fendo.2024.1108969 39669493 ヒト その他(ビタミンDレベル) - - - - - - 横断研究 1 1 - - - 1 1 1 - - - - - - - - - - - -

統合_0579 P. González-Palacios, V. Ramírez, C. 
Monteagudo, A. Zafra-Gómez and A. Rivas 2025

Bisphenol A exposure and 
behavioral outcomes in children: A 
systematic review and meta-analysis 
of evidence limited to the BASC 
assessment tool

BACKGROUND: The growing concern about exposure to endocrine disrupting chemicals (EDCs), and their effects on human health, especially the possible neurobehavioral effects in children, makes a review of the 
scientific evidence on the subject important. The study conducts a systematic review and applies meta-analysis to determine whether there is a relationship between bisphenol exposure and behavioral development in 
children, as measured by the Behavioral Assessment System for Children (BASC). METHODS: In June and July 2024, Scopus, Web of Science, and Medline with PubMed were the databases used to search for studies 
within the scope of this study. A total of 562 articles were found, of which 59 were analyzed; finally, 13 studies met the inclusion criteria for systematic review and 7 for the meta-analysis. The scales measured in the 
different studies have been aggression, attention, hyperactivity, depression, anxiety and somatization; behavioral indices (behavioral symptom index, externalizing and internalizing behaviors) were also analyzed. RESULTS: 
Most of the studies found no significant associations and no consistency in the results obtained. The heterogeneity in the design of the studies made it impossible to generate conclusive results in the application of 
meta-analysis. DISCUSSION: There is a sex-based differentiation in the behavioral effects associated with bisphenol exposure, as bisphenols affect boys and girls differently, potentially through mechanisms involving 
estrogen receptors, among other biological pathways. CONCLUSIONS: Our study highlights the need to improve and homogenize the design and results of epidemiological studies to extract data effectively. More results 
are needed to be able to draw conclusions.

Neurosci Biobehav Rev. 
2025 Sep:176:106274.

10.1016/j.neubiorev.2025.106274 40614948 ヒト 発達神経(メタアナリシス) - - - - - - メタアナリシス 1 1 - - - 1 1 1 - - - - - - - - - - - -

統合_0580 N. González, M. Marquès, S. C. Cunha, J. O. 
Fernandes, J. L. Domingo and M. Nadal 2020

Biomonitoring of co-exposure to 
bisphenols by consumers of canned 
foodstuffs

For non-occupationally exposed adults, dietary intake is the main route of exposure to bisphenols (BPs), with canned foodstuffs playing a key role. This study was aimed at biomonitoring bisphenol A (BPA) and 5 more BP 
analogues (BPB, BPE, BPF, BPAF and BPZ) in spot urine and blood samples of a cohort of adults, who followed a diet based on a high consumption of canned food. To the best of our knowledge, this is the first study 
aimed at assessing the co-exposure of BP analogues in food and biological samples after a two-day duplicate diet study. The estimated total dietary exposure was 0.37 and 0.045 µg/kg body weight/day, for the canned-
diet and control groups, respectively. BPA was the compound with the highest concentration in urine in comparison with the values of the remaining BP analogues. A high detection rate of BPA was noted in urine for both 
groups, 96% for the canned-diet group and 90% for the control group, while in blood it could be only quantified in 6% of the samples. The identification of other analogues was hardly related to diet, so it could be the result 
of other potential exposure sources, such as personal care products (PCPs) or air inhalation. After 2 days, the excretion of BPA was considerably higher in the canned-diet group subjects than those in the control group 
(7.02 vs. 1.89 µg/day), confirming that diet and canned foodstuffs are the main route of exposure to BPA. Anyhow, the temporary tolerable daily intake (t-TDI) established by the EFSA was not exceeded, even by those 
consumers with a diet rich in canned food. Moreover, spot urine samples provided accurate information about exposure and excretion of BPA, being the 4 h, instead of 24 h, the optimal sampling interval, when the 
collection of spot urine samples is not possible.

Environ Int Vol.140 
Pages 105760

10.1016/j.envint.2020.105760 32371307 ヒト - - - - - - - バイオモニタリング 1 1 - - - - - - - - - - - - - - - - - -

統合_0581
N. González, S. C. Cunha, C. Monteiro, J. O. 
Fernandes, M. Marquès, J. L. Domingo and M. 
Nadal

2019

Quantification of eight bisphenol 
analogues in blood and urine 
samples of workers in a hazardous 
waste incinerator

Bisphenol A (BPA) has been widely used in the manufacture of polycarbonate plastic and epoxy resins. In recent years, producers have started replacing BPA by other chemical analogues, such as bisphenol -S (BPS) and -
F (BPF), all of them under the label "BPA-free". However, despite bisphenol (BP) analogues have a very similar structure, their endocrine-disrupting properties could differ from those of BPA. Unfortunately, information 
regarding human exposure to BP analogues is very limited, not only as single substances, but also as chemical mixtures. The aim of this study was to determine the levels of 8 BP analogues (A, S, F, B, AF, Z, E, and AP) in 
biological samples from a controlled cohort of workers in a hazardous waste incinerator (HWI) located in Constantí (Catalonia, Spain). Firstly, a chemical method to analyze a mixture of those 8 analogues in total blood 
and urine was optimized, being samples quantified by means of gas chromatography coupled to mass spectrometry (GC-MS). Furthermore, a biomonitoring study was performed by collecting samples of total blood and 
urine of 29 people working in the HWI. Among the 8 BP analogues assessed, BPA presented the highest levels in both biological samples, with mean total (free + conjugated) BPA concentrations of 0.58 and 0.86 μg/L in 
blood and urine, respectively. Free vs. total BPA levels presented a mean percentage of 79% in blood and 19% in urine. Beyond BPA, traces of BPB were also found in a single sample of blood. Furthermore, none of the 
remaining BP analogues was detected in blood or urine. Despite BPA has been regulated, it is still very present in the environment, being human exposure to this chemical still an issue of concern for the public health.

Environ Res Vol.176 
Pages 108576

10.1016/j.envres.2019.108576 31299620 ヒト - - - - - - - バイオモニタリング 1 1 - - - - - - - - - - - - - - - - - -

統合_0582 S. Gonkowski, M. Tzatzarakis, E. Dermitzaki, K. 
Makowska and J. Wojtkiewicz 2022

Hair Sample Analysis of Residents 
from Olsztyn, Northeastern Poland, 
to Evaluate Levels of Bisphenol S 
and Bisphenol A: A Pilot Study

BACKGROUND Bisphenol A (BPA) and its analogue bisphenol S (BPS), widely utilized in numerous fields of industry, may seep into the environment and into human organisms. Hitherto, BPA was regarded as the bisphenol 
to which people were exposed to the greatest extent. As endocrine disruptors, bisphenols have negative effects on human health. Therefore, defining the levels of human exposure to these compounds is a key issue in 
toxicology. Hair analysis has been increasingly used for biomonitoring of bisphenols in humans, but information about the coexistence of BPA and BPS in human hair is extremely scarce. The present study aimed to analyze 
hair samples from 25 individuals from Olsztyn, northeastern Poland, to evaluate the levels of these 2 industrial pollutants. MATERIAL AND METHODS The method used in the research was liquid chromatography with a 
mass spectrometry technique. RESULTS BPA was found in 72% of samples analyzed and its concentration levels fluctuated from 3.6 to 52.9 ng/g (median 17.7 ng/g). The BPS concentration levels were higher - from 13.4 
to 1054.9 ng/g (median 98.7 ng/g). We also found that gender, age, and the presence of artificial hair color (hair dye) did not affect the BPA and BPS levels in the hair. CONCLUSIONS This study has shown that hair 
samples may be used to measure the levels of bisphenols, and that exposure to BPS may be greater than that to BPA in this area. The investigation also revealed that hair analysis is a useful approach for the biomonitoring 
of BPA and BPS levels in human organisms.
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2025

Prenatal exposure to mixtures of 
phthalates and bisphenol A and 
eczema risk: findings in atopic and 
non-atopic children from the LiNA 
birth cohort

BACKGROUND: We investigated whether maternal exposure to phthalate and bisphenol A (BPA) mixtures is associated with eczema in children, as most studies have only addressed single chemical exposures. 
METHODS: Nine phthalate metabolites and BPA were quantified in urine at gestational weeks 34-36 (n = 540) and total, inhalant, and food allergen-specific immunoglobulin (Ig)E levels (sx1, and fx5) were measured in 
serum from 4-year-old children of the LiNA cohort (n = 219). The association of prenatal exposure to phthalates and BPA, both single and mixed, with eczema and IgE was assessed in children stratified by atopy status. 
Three independent statistical models adjusted for covariates were used: logistic regression -also in the sex-stratified analysis-, weighted quantile sum (WQS) regression, and Bayesian kernel machine regression 
(BKMR). Moreover, an in silico toxicogenomic analysis was conducted to explore putative underlying mechanisms. RESULTS: The adjusted logistic regression showed that monobenzyl phthalate (MBzP; OR = 2.64, 95 % 
CI: 1.29-6.4) and the sum of di-2-ethylhexyl phthalate metabolites (2.09, 1.1-4.32) were significantly associated with eczema exclusively in atopic boys. The BKMR suggested a positive trend between chemical exposure 
and IgE values in the atopic subgroup. In the WQS model, the mixture' positive effect on eczema among atopic children was significant (1.90, 1.80-2.01) with MBzP (65.9 %), monoethyl phthalate (13.3 %), and BPA (10.9 %) 
being the main contributors, which jointly modulate antibody-mediated immunity and inflammation gene pathways in the toxicogenomic profiling. CONCLUSIONS: Maternal exposure to mixtures of phthalates and BPA 
differentially impacts eczema risk among atopy-stratified children. The in silico chemical-gene interaction analysis in atopic children identified genes involved in immune cell activation and Ig production. Compared to non-
atopic children, individual phthalates were significantly associated with eczema in atopic boys, suggesting that chemicals may have a larger effect size in predisposed populations.
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E. G. Ford, V. A. Stallings, W. J. Rogan, D. M. 
Umbach, D. D. Baird and D. P. Sandler

2024

Environmental phenol exposures in 
6- to 12-week-old infants: The 
Infant Feeding and Early 
Development (IFED) study

BACKGROUND: Exposure to phenols, endocrine-disrupting chemicals used in personal care and consumer products, is widespread. Data on infant exposures are limited despite heightened sensitivity to endocrine 
disruption during this developmental period. We aimed to describe distributions and predictors of urinary phenol concentrations among U.S. infants ages 6-12 weeks. METHODS: The Infant Feeding and Early Development 
(IFED) study is a prospective cohort study of healthy term infants enrolled during 2010-2013 in the Philadelphia region. We measured concentrations of seven phenols in 352 urine samples collected during the 6- or 8- 
and/or 12-week study visits from 199 infants. We used linear mixed models to estimate associations of maternal, sociodemographic, infant, and sample characteristics with natural-log transformed, creatinine-
standardized phenol concentrations and present results as mean percent change from the reference level. RESULTS: Median concentrations (μg/L) were 311 for methylparaben, 10.3 for propylparaben, 3.6 for 
benzophenone-3, 2.1 for triclosan, 1.0 for 2,5-dichlorophenol, 0.7 for BPA, and 0.3 for 2,4-dichlorophenol. Geometric mean methylparaben concentrations were approximately 10 times higher than published estimates for 
U.S. children ages 3-5 and 6-11 years, while propylparaben concentrations were 3-4 times higher. Infants of Black mothers had higher concentrations of BPA (83%), methylparaben (121%), propylparaben (218%), and 2,5-
dichorophenol (287%) and lower concentrations of benzophenone-3 (-77%) and triclosan (-53%) than infants of White mothers. Triclosan concentrations were higher in breastfed infants (176%) and lower in infants whose 
mothers had a high school education or less (-62%). Phenol concentrations were generally higher in summer samples. CONCLUSIONS: Widespread exposure to select environmental phenols among this cohort of healthy 
U.S. infants, including much higher paraben concentrations compared to those reported for U.S. children, supports the importance of expanding population-based biomonitoring programs to infants and toddlers. Future 
investigation of exposure sources is warranted to identify opportunities to minimize exposures during these sensitive periods of development.
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Reproducibility of the Blood and 
Urine Exposome: A Systematic 
Literature Review and Meta-
Analysis

Endogenous and exogenous metabolite concentrations may be susceptible to variation over time. This variability can lead to misclassification of exposure levels and in turn to biased results. To assess the reproducibility 
of metabolites, the intraclass correlation coefficient (ICC) is computed. A literature search in three databases from 2000 to May 2021 was conducted to identify studies reporting ICCs for blood and urine metabolites. This 
review includes 192 studies, of which 31 studies are included in the meta-analyses. The ICCs of 359 single metabolites are reported, and the ICCs of 10 metabolites were meta-analyzed. The reproducibility of the single 
metabolites ranges from poor to excellent and is highly compound-dependent. The reproducibility of bisphenol A (BPA), mono-ethyl phthalate (MEP), mono-n-butyl phthalate (MnBP), mono-2-ethylhexyl phthalate (MEHP), 
mono(2-ethyl-5-hydroxyhexyl) phthalate (MEHHP), mono-benzyl phthalate (MBzP), mono-(2-ethyl-5-oxohexyl) phthalate (MEOHP), methylparaben, and propylparaben is poor to moderate (ICC median: 0.32; range: 0.15-
0.49), and for 25-hydroxyvitamin D [25(OH)D], it is excellent (ICC: 0.95; 95% CI, 0.90-0.99). Pharmacokinetics, mainly the half-life of elimination and exposure patterns, can explain reproducibility. This review describes the 
reproducibility of the blood and urine exposome, provides a vast dataset of ICC estimates, and hence constitutes a valuable resource for future reproducibility and clinical epidemiologic studies.

Cancer Epidemiol 
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2025

Using mixture and exposome 
methods to assess the associations 
and interactions of chemical 
biomarkers with semen parameters

BACKGROUND: Although epidemiologic studies have found associations between several chemical biomarkers and semen parameters, only a few studies have evaluated their combined effects and interactions. 
METHODS: We included 420 men aged 18-55 years who participated in the Environment and Reproductive Health (EARTH) study between 2005 and 2019 at the Massachusetts General Hospital Fertility Center. Four 
mixture/exposome models, including exposome-wide association studies (ExWAS), Deletion/Substitution/Addition algorithm (DSA), Bayesian Kernel Machine Regression (BKMR), and the non-linear interaction model 
(NLinteraction), were used to evaluate associations between 24 chemical biomarkers (urinary bisphenol A, four parabens, triclosan, 17 phthalate metabolites, and hair mercury [Hg]) and semen parameters (sperm count, 
concentration, morphology, motility, and semen volume). RESULTS: Overall, Hg was positively, and triclosan was negatively significantly associated with all semen outcomes except semen volume across multiple models. 
In BKMR, when increasing the mixture from the 10th to 90th percentile, the chemical mixture was negatively associated with percent normal sperm morphology (-1.42 %, 95 % Credibility Interval [CRI] -12.36; 9.52), motility 
(-0.10 %, 95 % CRI -1.78; 1.58), and volume (-0.26 mL, 95 % CRI -0.79; 0.28), and positively associated with sperm count (0.21 mill, 95 % CRI -0.23; 0.65) and concentration (0.33 mill/mL, 95 % CRI -0.14; 0.80). We 
detected one interaction between urinary triclosan and butylparaben in relation to normal sperm morphology using NLinteraction. CONCLUSION: Among 24 biomarkers tested, Hg and triclosan showed consistent 
associations with semen parameters while other biomarkers were less consistent depending on the model used. Similar research studies should be encouraged to use multiple models to incorporate interaction 
assessment and assess the robustness of results.
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2023

Mixtures of urinary concentrations of 
phenols and phthalate biomarkers in 
relation to the ovarian reserve 
among women attending a fertility 
clinic

Although prior studies have found associations of the ovarian reserve with urinary concentrations of some individual phenols and phthalate metabolites, little is known about the potential associations of these chemicals 
as a mixture with the ovarian reserve. We investigated whether mixtures of four urinary phenols (bisphenol A, butylparaben, methylparaben, propylparaben) and eight metabolites of five phthalate diesters including di(2-
ethylhexyl) phthalate were associated with markers of the ovarian reserve among 271 women attending a fertility center who enrolled in the Environment and Reproductive Health study (2004-2017). The analysis was 
restricted to one outcome per study participant using the earliest outcome after the last exposure assessment. Ovarian reserve markers included lower antral follicle count (AFC) defined as AFC < 7, circulating serum 
levels of day 3 follicle stimulating hormone (FSH) assessed by immunoassays, and diminished ovarian reserve (DOR) defined as either AFC < 7, FSH > 10 UI/L or primary infertility diagnosis of DOR. We applied Bayesian 
Kernel Machine Regression (BKMR) and quantile g-computation to estimate the joint associations and assess the interactions between chemical exposure biomarkers on the markers of the ovarian reserve while 
adjusting for confounders. Among all 271 women, 738 urine samples were collected. In quantile g-computation models, a quartile increase in the exposure biomarkers mixture was not significantly associated with lower 
AFC (OR = 1.10, 95 % CI = 0.52, 2.30), day 3 FSH levels (Beta = 0.30, 95 % CI = -0.32, 0.93) or DOR (OR = 1.02, 95 % CI = 0.52, 2.05). Similarly, BKMR did not show any evidence of associations between the mixture and 
any of the studied outcomes, or interactions between chemicals. Despite the lack of associations, these results need to be explored among women in other study cohorts.
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S. D. Geiger, X. Xun, C. Zhang, A. Chandran, K. 
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2025
Environmental phenol mixture 
during pregnancy and child sleep 
quality in the ECHO cohort

INTRODUCTION: Poor sleep quality in childhood can predict sleep quality throughout the lifecourse and other health outcomes. Endocrine-disrupting chemicals can affect adults' sleep quality, and prenatal phenol 
exposure impacts fetal development. OBJECTIVE: To assess associations between prenatal phenol concentrations and child sleep outcomes. METHODS: We used data from the National Institutes of Health-funded 
Environmental influences on Child Health Outcomes (ECHO) Cohort (n = 1,198) that were collected from 2008 to 2019 at several sites across the United States. The present analysis was conducted in 2023-2024. Using 
single-pollutant and mixture models, we examined associations between prenatal phenol concentrations and three key child sleep quality outcomes: sleep problems, disturbance, and impairment. Child sleep outcomes 
were assessed using the Child Behavior Checklist (CBCL) and the Patient-Reported Outcomes Measurement Information System (PROMIS) Sleep Disturbance and Sleep-Related Impairment scales. Unadjusted and 
multivariable-adjusted models were examined, with stratified models and interaction terms used to examine interactions with child sex. RESULTS: Of the eight phenols assessed, higher prenatal methylparaben 
concentrations were associated with lower child sleep-related impairment scores (β = -4.79, 95% CI: -9.45 to -0.14). Sex modified the associations for benzophenone-3 and PROMIS sleep disturbance T-scores, where 
the association was stronger among boys (tertile 3 vs. 1, β = 3.20; 95% CI: 0.27-6.14; p = 0.033) and did not persist among girls. Bisphenol A was associated with sleep-related impairment among boys (tertile 2 vs. 1, β = 
-5.69; 95% CI: 0.55-10.82; p = 0.031). Phenol mixtures were not associated with sleep outcomes overall or by sex. CONCLUSION: The findings suggest that phenol exposure during pregnancy may be associated with child 
sleep quality and that child sex modifies this association.
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Sex-specific associations between 
urinary bisphenols concentrations 
during pregnancy and problematic 
child behaviors at age 2 years

Effects of prenatal bisphenol A (BPA) exposure on child behavior are mixed with some reports suggesting increased problematic behaviors in girls (e.g., aggression and emotional reactivity) and in boys (i.e., externalizing 
behaviors), while other reports suggest decreased problematic behaviors in girls. Little is known about the potential impact of pregnancy bisphenol S (BPS) exposure on child behavior. In a prospective cohort study (n = 
68), five maternal spot urine samples collected across pregnancy were pooled and analyzed for BPA and BPS. Child behavior at 2 years was assessed using the Child Behavior Checklist (CBCL). Linear regression models 
were used to assess associations between bisphenols concentrations and both composite and syndrome CBCL scales. Exposure x child sex interactions were included in addition to their main effects and sex-stratified 
analyses were conducted. Models were adjusted for maternal age, number of siblings, and child age at CBCL intake. Mean maternal age was 29.7 years. Most women were White (88%), had an annual household income ≥
$50,000 (66%), and at least a college degree (81%). Median concentrations were 1.3 ng/mL (range 0.4-7.2) for BPA and 0.3 ng/mL (range 0.1-3.5) for BPS. Sex modified the relationship between BPA and scores on several 
syndrome scales-anxious-depressed, aggressive, and sleep problems-where the association was consistently inverse in males in lower BPA concentrations, and positive (more reported behavior problems) among girls in 
the higher BPA group. Higher BPS was associated with more problematic internalizing behaviors among girls but not boys, and sex modified the relationship between BPS and emotionally reactive behaviors (P(interaction) 
= 0.128), with sex-specific estimates revealing more emotionally reactive behaviors among girls (expβ = 3.92 95% CI 1.16, 13.27; P = 0.028) but not boys. Findings were mixed overall, but one notable finding was that 
BPS, a replacement for BPA, was associated with increased problematic behaviors. There is a need for replication of findings due to our small sample size.
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2023
Prenatal bisphenol A and S 
exposure and atopic disease 
phenotypes at age 6

BACKGROUND: Atopic disease may be influenced by prenatal and early life exposure to endocrine disrupting chemicals, including bisphenols, but results from epidemiological studies have been mixed. This study aimed to 
extend the epidemiological literature, hypothesizing that children with higher prenatal bisphenol exposure are more likely to have childhood atopic disease. METHODS: Urinary bisphenol A (BPA) and S (BPS) 
concentrations were measured in each trimester from 501 pregnant women in a multi-center, prospective pregnancy cohort. Ever asthma, current asthma, wheeze, and food allergy) were assessed at age six via 
standardized ISAAC questionnaire. We constructed generalized estimating equations to examine BPA and BPS exposure jointly at each trimester for each atopy phenotype. BPA was modeled as a log-transformed 
continuous variable, whereas BPS was modeled as detected versus not detected. We also modeled pregnancy-averaged BPA values and a categorical indicator for number of detectable BPS values over pregnancy (0-3) in 
logistic regression models. RESULTS: First trimester BPA was associated with inverse odds of food allergy among the entire study sample (OR = 0.78, 95% CI = 0.64-0.95, p = 0.01) and females only (OR = 0.69, 95% CI =
 0.52-0.90, p = 0.006). The inverse relationship persisted in pregnancy-averaged models of BPA among females (OR = 0.56, 95% CI = 0.35-0.90, p = 0.006). Second trimester BPA was associated with greater odds of food 
allergy in the entire sample (OR = 1.27, 95% CI = 1.02-1.58, p = 0.03) and among males only (OR = 1.48, 95% CI = 1.02-2.14, p = 0.04). Odds of current asthma increased among males in the pregnancy-averaged BPS 
models (OR = 1.65, 95% CI = 1.01-2.69, p = 0.045). CONCLUSION: We saw opposite effects of BPA on food allergy that were trimester- and sex-specific. These divergent associations warrant further investigation. There 
is some evidence to suggest that prenatal BPS is associated with asthma among males, but further research is required in cohorts with a greater proportion of prenatal urine samples with detectable BPS to validate these 
results.
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Human-Biomonitoring derived 
exposure and Daily Intakes of 
Bisphenol A and their associations 
with neurodevelopmental outcomes 
among children of the Polish Mother 
and Child Cohort Study

BACKGROUND: Bisphenol A (BPA) is an industrial chemical mostly used in the manufacture of plastics, resins and thermal paper. Several studies have reported adverse health effects with BPA exposures, namely 
metabolic disorders and altered neurodevelopment in children, among others. The aim of this study was to explore BPA exposure, its socio-demographic and life-style related determinants, and its association with 
neurodevelopmental outcomes in early school age children from Poland. METHODS: A total of 250 urine samples of 7 year-old children from the Polish Mother and Child Cohort Study (REPRO_PL) were analyzed for BPA 
concentrations using high performance liquid chromatography with online sample clean-up coupled to tandem mass spectrometry (online-SPE-LC-MS/MS). Socio-demographic and lifestyle-related data was collected by 
questionnaires or additional biomarker measurements. Emotional and behavioral symptoms in children were assessed using mother-reported Strengths and Difficulties Questionnaire (SDQ). Cognitive and psychomotor 
development was evaluated by Polish adaptation of the Intelligence and Development Scales (IDS) performed by trained psychologists. RESULTS: Urinary BPA concentrations and back-calculated daily intakes (medians of 
1.8 μg/l and 46.3 ng/kg bw/day, respectively) were similar to other European studies. Urinary cotinine levels and body mass index, together with maternal educational level and socio-economic status, were the main 
determinants of BPA levels in Polish children. After adjusting for confounding factors, BPA has been found to be positively associated with emotional symptoms (β: 0.14, 95% CI: 0.022; 0.27). Cognitive and psychomotor 
development were not found to be related to BPA levels. CONCLUSIONS: This study represents the first report of BPA levels and their determinants in school age children in Poland. The exposure level was found to be 
related to child emotional condition, which can have long-term consequences including social functioning and scholastic achievements. Further monitoring of this population in terms of overall chemical exposure is 
required.
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Phthalate and bisphenol a 
exposures during pregnancy: 
Findings from the National 
Children's Study

Maternal exposure to phthalates and bisphenol A (BPA) during pregnancy can result in many adverse offspring health outcomes. Exposure to phthalates and BPA can vary depending on consumption of certain foods, some 
of which may vary by race/ethnicity. This study relates urine phthalate and BPA concentrations to sociodemographic and diet data. Concentrations of bisphenol A (BPA) and 11 phthalate metabolites were measured from 
spot urine at the third trimester visit of a sample of 485 pregnant women from the National Children's Study Vanguard Study Pilot data from seven U.S. cities. At the same time, food frequency questionnaires (FFQ) using 
the Diet*Calc software were obtained from 313 (65%) participants to assess dietary behavior. Overall, phthalate metabolites were highest among Hispanic women, particularly mBP, miBP, and mECPP, and these 
disparities were not explained by diet. Participants who did not attend college had higher concentrations of mBP, mBzP, mEP, and miBP, and lower mCOP. These disparities were also not explained by diet. The causes for 
these disparities should be further studied to reduce potential negative health outcomes associated with phthalate exposure for children of Hispanic or non-college educated women.
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Associations of Bisphenols Exposure 
and Hyperuricemia Based on Human 
Investigation and Animal 
Experiments

Hyperuricemia is characterized by elevated blood uric acid (UA) levels, which can lead to certain diseases. Epidemiological studies have explored the association between environmental contaminant exposure and 
hyperuricemia. However, few studies have investigated the role of chemical exposure in the development of hyperuricemia. Here, we sought to investigate the effects of bisphenol exposure on the occurrence of 
hyperuricemia. Fifteen bisphenol chemicals (BPs) were detected in human serum and urine samples collected from an area with a high incidence of hyperuricemia in China. Serum UA levels positively correlated with 
urinary bisphenol S (BPS), urinary bisphenol P (BPP), and serum bisphenol F (BPF). The effects of these three chemicals on UA levels in mice were explored at various exposure concentrations. An increase in serum UA 
levels was observed in BPS- and BPP-exposed mice. The results showed that BPS exposure increased serum UA levels by damaging the structure of the kidneys, whereas BPP exposure increased serum UA levels by 
disturbing purine metabolism in the liver. Moreover, BPF did not induce an increase in serum UA levels owing to the inhibition of guanine conversion to UA. In summary, we provide evidence of the mechanisms whereby 
exposure to three BPs disturbs UA homeostasis. These findings provide new insights into the risks of exposure to bisphenol chemicals.
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Estimation of lactating mothers' daily 
intakes of bisphenol A using breast 
milk

Breast milk is a unique biological sample that reflects the exposure levels of both lactating mothers and infants. The exposure levels of BPA due to breast milk consumption for infants can be estimated easily, but the 
method to estimate the total daily intake (TDI) of lactating mothers from breast milk has not yet been established. In this study, BPA concentrations were detected in breast milk samples from 149 lactating mothers from 
Hunan, China. The median concentration of BPA in breast milk was 0.053 μg/L with a range of 0.001-2.535 μg/L, and a temporal decline trend was found for BPA concentrations in breast milk (p < 0.05). The median 
intake of BPA via breast milk was 26.8 ng/kg bw/day for 0-3-month-old infants and 7.0 ng/kg bw/day for 4-12-month-old infants. Based on the predicted concentrations of BPA in urine and blood via the conversion 
coefficients from breast milk, the TDIs of lactating mothers were estimated. The TDIs estimated from the simulated urine concentration were 84.0 ± 175.2 ng/kg bw/day for 0-3-month-old infants' mothers and 36.9 ± 
80.8 ng/kg bw/day for 4-12-month-old infants' mothers. The dietary daily intakes estimated from the simulated blood concentration were 579.6 ± 370.8 ng/kg bw/day for 0-3-month-old infants' mothers and 280.1 ± 
195.2 ng/kg bw/day for 4-12-month-old infants' mothers. When assuming the dietary daily intakes in Hunan of the fifth total diet study (TDS) as the "true" total dietary intake of our population, the contribution of diet was 
estimated to be 63.7%, which suggested that non-dietary BPA exposure may be underestimated.

Environ Pollut Vol.286 
Pages 117545
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統合_0595
C. Gao, N. Sun, J. Xie, J. Li, L. Tao, L. Guo, L. 
Shi, X. He, X. Shen, H. Wang, P. Yang, A. Covaci 
and Y. Huang

2024

Co-exposure to 55 endocrine-
disrupting chemicals linking 
diminished sperm quality: Mixture 
effect, and the role of seminal 
plasma docosapentaenoic acid

Isolated effects of single endocrine-disrupting chemicals (EDCs) on male reproductive health have been studied extensively, but their mixture effect remains unelucidated. Previous research has suggested that consuming 
diet enriched in omega-3 polyunsaturated fatty acids (PUFA) might be beneficial for reproductive health, whether omega-3 PUFA could moderate the effect of EDCs mixture on semen quality remains to be explored. In this 
study of 155 male recruited from a reproductive health center in China, we used targeted-exposomics to simultaneously measure 55 EDCs in the urine for exposure burden. Regression analyses were restricted to highly 
detected EDCs (≥55%, n = 34), and those with consistently elevated risk were further screened and brought into mixture effect models (Bisphenol A, ethyl paraben, methyl paraben [MeP], benzophenone-1 [BP1], 
benzophenone-3, mono(3-carboxypropyl) phthalate [MCPP]). Bayesian Kernel Machine Regression (BKMR) and quantile-based g-computation (QGC) models demonstrated that co-exposure to top-ranked EDCs was 
related to reduced sperm total (β = -0.18, 95%CI: -0.29 - -0.07, P = 0.002) and progressive motility (β = -0.27, 95%CI: -0.43 - -0.10, P = 0.002), but not to lower semen volume. BP1, MeP and MCPP were identified as the 
main effect driver for deteriorated sperm motion parameters using mixture model analyses. Seminal plasma fatty acid profiling showed that high omega-3 PUFA status, notably elevated docosapentaenoic acid (DPA, 
C22:5n-3) status, moderated the association between MCPP and sperm motion parameters (total motility: β = 0.26, 95%CI: 0.01 - -0.51, P(interaction) = 0.047; progressive motility: β = 0.64, 95%CI: 0.23 - 1.05, 
P(interaction) = 0.003). Co-exposure to a range of EDCs is mainly associated with deteriorated sperm quality, but to a lesser extent on sperm quantity, high seminal plasma DPA status might be protective against the 
effect. Our work emphasizes the importance of exposomic approach to assess chemical exposures and highlighted a new possible intervention target for mitigating the potential adverse effect of EDCs on semen quality.

Environ Int Vol.185 
Pages 108571
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統合_0596 C. Gao, H. He, W. Qiu, Y. Zheng, Y. Chen, S. Hu 
and X. Zhao 2021

Oxidative Stress, Endocrine 
Disturbance, and Immune 
Interference in Humans Showed 
Relationships to Serum Bisphenol 
Concentrations in a Dense Industrial 
Area

Bisphenol A (BPA) analogues, used in a range of products due to health concerns regarding BPA, have emerged as ubiquitous environmental contaminants worldwide. This study aims to evaluate the levels of nine 
bisphenols (BPs) and eight biomarkers (malondialdehyde, MDA; 8-hydroxy-2'-deoxyguanosine, 8-OHdG; estradiol, E2; follicle-stimulating hormone, FSH; luteinizing hormone, LH; complement compound 3, C3; 
immunoglobulin M, IgM and c-reaction protein, CRP) in human serum (n = 353) to explore their potential relationships. The detection rates (DRs) of eight BPs in serum samples taken from people working in a dense 
industrial area of Shenzhen (Guangdong Province, China) were over 72% except for bisphenol B (BPB) (DR = 27.5%). The mean concentrations of BPA, bisphenol P (BPP), BPB, bisphenol F (BPF), bisphenol FL (BPFL), 
4,4'-dihydroxy-benzophenone (DHBP), bisphenol AF (BPAF), 4,4'-thiodiphenol (TDP) and bisphenol S (BPS) were 42.062, 2.083, 0.765, 0.578, 0.423, 0.402, 0.191, 0.120, and 0.071 ng/mL, respectively. BPA and BPFL were 
significantly correlated with the level of oxidative stress indices MDA and 8-OHdG; BPAF, BPB, and DHBP were strongly correlated with the level of endocrine disturbance indices E2, FSH, and LH; and BPF, DHBP, and 
BPAF were apparently related to the level of immune interference indices C3 and IgM. This study also suggests multiple impacts (oxidative stress, endocrine disturbance, and immune interference) mediated by BPs 
contaminants in vivo. To our knowledge, this is the first study to report the correlations among these nine serum BPs and oxidative stress and endocrine and immune system indices in human serum samples collected 
from dense industrial areas.

Environ Sci Technol 
Vol.55 Issue 3 Pages 
1953-1963
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統合_0597 P. Gangadaran, B. Bharti, S. V. Attri, V. S. Malik 
and A. Patial 2024

Biomonitoring Study of Urinary 
Bisphenol A Levels and Impact of 
Bottle-Feeding Practices Among 
Infants and Children From Northern 
India

OBJECTIVES: To compare the urinary bisphenol A (BPA) levels in bottle-fed and never bottle-fed infants and under-five children and to determine the impact of bottle-feeding practices and sociodemographic factors on 
urinary BPA levels. METHODS: A community-based cross-sectional study was carried out on children aged between 2 to 60 months attending the Anganwadi centres in Chandigarh. RESULTS: Urine samples were 
collected from 184 children, out of which 94.56% (n = 174) children had detectable urinary BPA levels. The mean (SD) BPA level was 2.74 (2.60) ng/ml and BPA was detected in 93.9% of 'ever' bottle-fed children (n = 
93/99) and 95.3% of 'never' bottle-fed children (n = 81/85) (P = 0.69). On multivariate regression analysis, there were no significant predictors for high (≥ 75th percentile) urinary BPA levels. Still, the odds of urinary BPA 
levels ≥75th percentile showed higher trend for significance among children from middle/higher socioeconomic background in reference to lower socioeconomic stratum (adjusted OR 7.02; 95% CI 1.24, 133.25; P = 0.07) 
and among children whose feeding bottles were brushed once or twice daily in reference to group with no daily brushing (adjusted OR 3.92, 95% CI 0.95, 20.56; P = 0.07). CONCLUSIONS: Although feeding with plastic 
bottle did not emerge as a statistically significant risk factor for BPA exposure, yet detection of BPA levels among majority of study children signals urgent need for unmasking exposure to other sources given the potential 
long-term toxicity of BPA among infants and young children.

Indian Pediatr Vol.61 
Issue 7 Pages 649-655
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統合_0598

Y. Gálvez-Ontiveros, I. Moscoso-Ruiz, V. Almazá
n Fernández de Bobadilla, C. Monteagudo, R. 
Giménez-Martínez, L. Rodrigo, A. Zafra-Gómez 
and A. Rivas

2023
Levels of Bisphenol A and its 
analogs in nails, saliva, and urine of 
children: a case control study

INTRODUCTION: A growing number of studies link the increase in overweight/obesity worldwide to exposure to certain environmental chemical pollutants that display obesogenic activity (obesogens). Since exposure to 
obesogens during the first stages of life has been shown to have a more intense and pronounced effect at lower doses, it is imperative to study their possible effects in childhood. The objective here was to study the 
association of Bisphenol A (BPA) and 11 BPA analogs in children, using three biological matrices (nails, saliva and urine), and overweight and obesity (n = 160). METHODS: In this case-control study, 59 overweight/obese 
children and 101 controls were included. The measuring of Bisphenols in the matrices was carried out by ultra-high performance liquid chromatography coupled with triple quadrupole tandem mass spectrometry (UHPLC-
MS/MS). Logistic regression was used to study the association between overweight/obesity and Bisphenol exposure. RESULTS: The results suggested that BPF in nails is associated with overweight/ obesity in children 
(OR:4.87; p = 0.020). In saliva, however, the highest detected concentrations of BPAF presented an inverse association (OR: 0.06; p = 0.010) with overweight/obesity. No associations of statistical significance were 
detected between exposure to BPA or its other analogs and overweight/obesity in any of the biological matrices.

Front Nutr. 2023 Aug 
14:10:1226820.

10.3389/fnut.2023.1226820 37645630 ヒト 代謝 - - - - - - 症例対照研究 1 1 - - - 1 1 1 - - - - - - - - - - - -

統合_0599

Y. Gálvez-Ontiveros, C. Monteagudo, M. Giles-
Mancilla, J. J. Muros, V. Almazán, M. A. Martí
nez-Burgos, C. Samaniego-Sánchez, I. Salcedo-
Bellido, A. Rivas and A. Zafra-Gómez

2024
Dietary bisphenols exposure as an 
influencing factor of body mass 
index

BACKGROUND: Over the past three decades, there has been a significant increase in the prevalence and incidence of overweight and obesity worldwide. The obesogen hypothesis suggests that certain external agents 
may affect pathways related to fat accumulation and energy balance by stimulating fat cell differentiation and proliferation. Previous research has indicated that exposure to bisphenol A (BPA) and some of its analogues 
may influence fat accumulation by promoting the transformation of preadipocytes into adipocytes. This study aimed to assess the possible contribution of dietary bisphenol exposure to the odds of developing overweight 
and obesity in a sample of Spanish children according to sex. METHODS: Dietary and anthropometric data were collected from 179 controls and 124 cases schoolchildren aged 3-12 years. Dietary exposure to BPA and 
bisphenol S (BPS) was assessed using a food consumption frequency questionnaire. Logistic regression models were used to assess the influence of dietary exposure to bisphenols on overweight and obesity stratified by 
sex. RESULTS: For females, cases had significantly higher exposure to BPA from meat and eggs compared to controls (median = 319.55, interquartile range (IQR) = 176.39-381.01 vs 231.79 (IQR) = 162.11-350.19, p-value 
= 0.046). Diet quality was higher for controls (6.21 (2.14) vs 4.80 (2.24) p < 0.001) among males independently of a high or low exposure to bisphenols. However, higher diet quality was observed for female controls with an 
high exposure of total bisphenols (6.79 (2.04) vs 5.33 (2.02) p = 0.031). Females exposed to high levels of BPA from meat and eggs had higher likelihood of being overweight and obese (adjusted Odds Ratio = 2.70, 95% 
confidence interval = 1.00 - 7.32). However, no consistent associations were found in males. CONCLUSIONS: High BPA levels from meat and eggs were positively associated with overweight and obesity in females. The 
dietary intake of BPA in the schoolchildren in the present study was much higher than the acceptable daily intake established by EFSA for the last year.

Environ Health. 2024 
Oct 29;23(1):93.

10.1186/s12940-024-01134-7 39472930 ヒト 代謝 - - - - - - 症例対照研究 1 1 - - - 1 1 1 - - - - - - - - - - - -

統合_0600
P. Gajjar, Y. Liu, N. Li, J. P. Buckley, A. Chen, B. 
P. Lanphear, H. J. Kalkwarf, K. M. Cecil, K. 
Yolton and J. M. Braun

2022

Associations of mid-childhood 
bisphenol A and bisphenol S 
exposure with mid-childhood and 
adolescent obesity

BACKGROUND: Bisphenol A (BPA) is a suspected obesogen that has been associated with adiposity in children. Bisphenol S (BPS), a structural analog of BPA, is used as a BPA substitute and may have similar health 
effects as BPA. However, few studies have examined whether BPS is associated with childhood adiposity. METHODS: We quantified urinary BPA and BPS concentrations in 212 children age 8 years from the HOME Study, 
a prospective pregnancy and birth cohort study that enrolled pregnant women in Cincinnati, Ohio (2003-2006). We assessed children's adiposity by bioelectric impedance at age 8 years (n = 212), and by anthropometry and 
dual-energy X-ray absorptiometry at age 12 years (n = 181). We measured serum adipocytokine concentrations at age 12 years (n = 155). Using multivariable linear regression, we estimated covariate-adjusted 
associations of BPA and BPS with adiposity measures at ages 8 and 12 years and adipocytokine concentrations at age 12 years. RESULTS: Each 10-fold increase in urinary BPA concentrations were inversely associated 
with percent body fat at age 8 years [β = -1.2, 95% confidence interval (CI) = -3.4, 1.0] and 12 years (β = -1.6, 95% CI = -4.0, 0.9). In contrast, urinary BPS concentrations were positively associated with percent body 
fat at age 8 years (β = 1.1, 95% CI = -0.6, 2.7), but not at 12 years (β = 0.1, 95% CI = -1.7, 1.8). Urinary BPA and BPS concentrations were not associated with serum adiponectin or leptin concentrations. 
CONCLUSIONS: We did not observe evidence that urinary BPA or BPS concentrations during childhood were associated with greater child adiposity at ages 8 and 12 years in this cohort.

Environ Epidemiol. 2021 
Dec 20;6(1):e187.
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統合_0601 Z. Fu, H. Jin, W. Mao, S. Yin, L. Xu and Z. Hu 2024
Conjugated metabolites of bisphenol 
A and bisphenol S in indoor dust, 
outdoor dust, and human urine

Bisphenol A (BPA) and bisphenol S (BPS) have been widely spread in the global environment. However, for conjugated BPA and BPS metabolites, limited studies have investigated their occurrence in environmental 
matrices. We collected paired indoor and outdoor dust (n = 97), as well as human urine (n = 153) samples, from residential houses in Quzhou, China, and measured these samples for 8 conjugated BPA and BPS 
metabolites. Three BPA metabolites were found in collected indoor and outdoor dust, with BPA sulfate (mean 0.75 and 1.3 ng/g, respectively) and BPA glucuronide (0.13 and 0.26 ng/g) being more abundant. BPA 
conjugates accounted for a mean of 42 and 56% of total BPA (sum of conjugated BPA and BPA metabolites) in indoor and outdoor dust, respectively. BPS sulfate (mean 0.29 and 0.82 ng/g, respectively) had consistently 
higher concentrations than BPS glucuronide (0.13 and 0.27 ng/g) in indoor and outdoor samples. BPS conjugates contributed a mean 32% and 45% of total BPS (sum of BPS and BPS metabolites) in indoor and outdoor 
dust, respectively. Moreover, conjugated BPA and BPS metabolites in indoor or outdoor dust were not significantly correlated with those in urine from residents. Overall, this study first demonstrates the wide presence of 
conjugated BPA and BPS metabolites, besides BPA and BPS, in indoor and outdoor dust. These data are important for elucidating the sources of conjugated BPA and BPS metabolites in the human body.

Chemosphere Vol.362 
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統合_0602 X. Fu, J. Xu, R. Zhang and J. Yu 2020

The association between 
environmental endocrine disruptors 
and cardiovascular diseases: A 
systematic review and meta-analysis

BACKGROUND: Except for known cardiovascular risk factors, long-term exposure to environmental endocrine disruptors (EEDs) - a class of exogenous chemicals, or a mixture of chemicals, that can interfere with any 
aspect of hormone action - has been shown to increase the risk of cardiovascular diseases (CVDs), which are still controversial. OBJECTIVE: To conduct a comprehensive systematic review and meta-analysis to 
estimate the association between EEDs, including nonylphenol (NP), bisphenol A (BPA), polychlorinated biphenyl (PCB), organo-chlorine pesticide (OCP) and phthalate (PAE) exposure and CVD risk. METHODS: The 
heterogeneity between different studies was qualitatively and quantitatively evaluated using Q test and I(2) statistical magnitude, respectively. Subgroup analysis was performed using chemical homologs - a previously 
unused grouping method - to extract data and perform meta-analysis to assess their exposure to CVD. RESULTS: Twenty-nine literatures were enrolled with a total sample size of 88891. The results indicated that 
exposure to PCB138 and PCB153 were the risk factors for CVD morbidity (odds ratio (OR) = 1.35, 95% confidence interval (CI): 1.10-1.66; OR = 1.35, 95% CI: 1.13-1.62). Exposure to organo-chlorine pesticide (OCP) (OR =
 1.12, 95% CI: 1.00-1.24), as well as with phthalate (PAE) (OR = 1.11, 95% CI: 1.06-1.17) and BPA (OR = 1.19, 95% CI: 1.03-1.37) were positively associated with CVD risk, respectively. BPA exposure concentration had no 
correlation with total cholesterol (TC), or low-density lipoprotein (LDL), but exhibited a correlation with gender, waist circumference (WC), high-density lipoprotein (HDL), age, and body mass index (BMI) (standardized 
mean difference (SMD)) = 1.51; 95% CI: =(1.01-2.25); SMD = 0.16; 95% CI: (0.08-0.23); SMD = -0.19; 95% CI: (-0.27-0.12); SMD = -0.78; 95% CI: (-1.42-0.14); SMD = 0.08; 95% CI: (0.00-0.16). CONCLUSIONS: EED 
exposure is a risk factor for CVD. Long-term exposure to EEDs can influence cardiovascular health in humans. A possible synergistic effect may exist between the homologs. The mechanism of which needs to be further 
explored and demonstrated by additional prospective cohort studies, results of in vitro and in vivo analyses, as well as indices affecting CVD.

Environ Res. 2020 
Aug:187:109464.
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統合_0603 X. Fu, J. He, D. Zheng, X. Yang, P. Wang, F. Tuo, 
L. Wang, S. Li, J. Xu and J. Yu 2022

Association of endocrine disrupting 
chemicals levels in serum, 
environmental risk factors, and 
hepatic function among 5- to 14-
year-old children

Endocrine-disrupting chemicals (EDCs) might increase the risk of childhood diseases by disrupting hormone-mediated processes that are critical for growth and development during childhood, however, the association 
among the exposure level of EDCs such as Nonylphenol (NP), Bisphenol A (BPA), Dimethyl phthalate (DMP) in children and environmental risk factors, as well as hepatic function has not been elaborated. This study aimed 
to discuss this interesting relationship among NP, BPA, DMP concentrations in serum, environmental risk factors, hepatic function of 5- to 14-year-old children in industrial zone, residential zone and suburb in northern 
district of Guizhou Province, China. In Zunyi city, 1006 children participated in cross-sectional health assessments from July to August 2018, and their parents completed identical questionnaires on the environmental risk 
factors of EDCs exposure to mothers and children. Serum NP, BPA and DMP concentrations were measured by high performance liquid chromatography (HPLC). Serum alanine aminotransferase (ALT), aspartate 
aminotransferase (AST), AST/ALT, total bilirubin (TBIL), direct bilirubin (DBIL) and indirect bilirubin (IBIL) were detected with automatic biochemical analyzer. The median concentrations of serum NP, BPA, and DMP in 
the participants were 45.85 ng/mL, 26.31 ng/mL and 31.62 ng/mL, respectively, which were higher than the environmental concentration limits of the U.S. National Environmental Protection Agency (EPA). Hair gels used 
during pregnancy, types of domestic drinking water, nail polish and cosmetics used by children were significantly positive correlated with serum NP concentration (P < 0.05). Gender, feeding pattern, plastic water cup 
used during pregnancy, hair spray and perfume use for children, duration of children birth, materials for baby bottle or cup and ways to plastic products were significantly positively correlated with serum BPA 
concentration (P < 0.05). Gender, perms used during pregnancy, hair spray and perfume use for children, using plastic lunch box during pregnancy, duration of children birth, exposure to pesticides, parents' occupations 
were significantly positively correlated with serum DMP concentrations (P < 0.05). Serum NP (β = 0.296, P = 0.036) and DMP (β = 0.316, P = 0.026) concentrations and TBIL level were significantly positively correlated. 
Serum NP concentration and the levels of IBIL (β = 0.382, P = 0.006) are significantly positively correlated. Cosmetics used during pregnancy significantly increased AST level (β = 2.641, P = 0.021). There was a positive 
correlation between the frequency of hair spray and perfume use for children and the AST (β = 4.241, P = 0.022). NP, BPA and DMP, which were commonly detected in the serum of children aged 5-14 years old in Zunyi 
City, Northern Guizhou Province, China, were closely related to the environmental risk factors of exposure environment during pregnancy, infancy and school age. Exposure to NP, BPA and DMP would have negative 
effects on hepatic function, and these effects showed differences in gender and geographical location. Notably,The relationships were more evident in girls than in boys.

Toxicology. 2022 Jan 
15:465:153011.
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統合_0604 J. Fu, Y. Yao, Z. Huang, Z. Guo, X. Chen, X. 
Tang, Y. Ge, Q. Xiao, Y. Sha and S. Lu 2024

Sex-Specific and Trimester-Specific 
Associations of Prenatal Exposure to 
Bisphenols, Parabens, and Triclosan 
with Neonatal Birth Size and 
Gestational Age

Bisphenols, parabens, and triclosan (TCS) are common endocrine disrupters used in various consumer products. These chemicals have been shown to cross the placental barrier and affect intrauterine development of 
fetuses. In this study, we quantified serum levels of six bisphenols, five parabens, and TCS in 483 pregnant women from southern China. Quantile-based g-computation showed that combined exposure to bisphenols, 
parabens, and TCS was significantly (p < 0.05) and negatively associated with birth weight (β = -39.9, 95% CI: -73.8, -6.1), birth length (β = -0.19, 95% CI: -0.34, -0.04), head circumference (β = -0.13, 95% CI: -0.24, -
0.02), and thoracic circumference (β = -0.16, 95% CI: -0.29, -0.04). An inverse correlation was also identified between mixture exposure and gestational age (β = -0.12, 95% CI: -0.24, -0.01). Bisphenol A (BPA), bisphenol 
Z (BPZ), bisphenol AP (BPAP), propylparaben (PrP), and TCS served as the dominant contributors to the overall effect. In subgroup analyses, male newborns were more susceptible to mixture exposure than females, 
whereas the exposure-outcome link was prominent among pregnant women in the first and second trimesters. More evidence is warranted to elucidate the impacts of exposure to mixtures on birth outcomes, as well as 
the underlying mechanisms.

Environ Sci Technol. 
2024 Aug 
6;58(31):13687-13696.
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統合_0605
C. Freire, F. Vela-Soria, A. Beneito, M. J. Lopez-
Espinosa, J. Ibarluzea, F. B. Barreto, M. Casas, 
M. Vrijheid, G. Fernandez-Tardon, I. Riaño-
Galan and M. F. Fernandez

2020

Association of placental 
concentrations of phenolic 
endocrine disrupting chemicals with 
cognitive functioning in preschool 
children from the Environment and 
Childhood (INMA) Project

Developmental exposure to bisphenol A (BPA) and other phenolic endocrine disrupting chemicals (EDCs) may affect child neurodevelopment, but data on the effects of prenatal exposure to phenols on cognitive function 
remain sparse. Our aim was to examine the association of placental concentrations of several phenolic EDCs, including BPA, parabens (PBs), and benzophenones (BzPs), with cognitive development in preschool children 
from the Environment and Childhood (INMA) Project in Spain. Concentrations of BPA, four PBs (methylparaben [MePB], ethylparaben [EtPB], propylparaben [PrPB], and butylparaben [BuPB]), and six BzPs (BzP-1, BzP-2, 
BzP-3, BzP-6, BzP-8, and 4-hydroxybenzophenone [4-OH-BzP]) were measured in 490 placenta samples randomly selected from five INMA cohorts collected between 2000 and 2008. Neuropsychological assessment of 
cognitive and motor function was performed with the McCarthy Scales of Children's Abilities (MSCA) at the age of 4-5 years. Associations were assessed in a sub-sample of 191 mother-child pairs using linear and 
logistic regression models adjusted for confounding factors. PB compounds were detected in more than 71% of placentas, BPA in 62%, 4-OH-BzP in 50%, and the remaining BzPs in <9% of the samples. Because of the 
low detection frequency of BzP compounds, only 4-OH-BzP was included in the exposure-outcome analyses. After adjustment for confounders, BPA was associated with greater odds of scoring lower (below the 20th 
percentile) in the verbal (third vs. first exposure tertile: odds ratio [OR] = 2.78, 95% confidence interval [CI] = 1.00; 5.81, p-trend = 0.05) and gross motor (detected vs. undetected: OR = 1.75, 95%CI = 1.06; 9.29) areas, 
and these associations were only significant for boys. Regarding PB compounds, PrPB was associated with lower scores in memory (detected vs. undetected: β = -4.96, 95%CI = -9.54; -0.31), span memory (OR = 2.50, 
95%CI = 0.95; 6.92 and 2.71, 95%CI = 0.97; 6.64, respectively for second and third tertiles, p-trend = 0.03), and motor function (β = -5.15, 95%CI = -9.26; -0.01 for third vs. first exposure tertile, p-trend = 0.04). EtPB and 
total PBs concentrations in the second tertile were also associated with poorer visual function of posterior cortex and worse quantitative performance, respectively, but linear trends were not statistically significant. The 
associations of BPA and PrPB with poorer verbal, memory, and motor skills are novel observations that warrant further attention. Larger prospective studies are required to confirm whether prenatal exposure to BPA and 
other phenolic EDCs is associated with impaired cognitive development.
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2024

Association of prenatal exposure to 
phthalates and synthetic phenols 
with pubertal development in three 
European cohorts

BACKGROUND: There is limited epidemiological evidence on the association of prenatal exposure to phthalates and synthetic phenols with altered pubertal timing. OBJECTIVE: To examine the association of prenatal 
exposure to phthalates, bisphenol A (BPA), parabens, benzophenone 3 (BP-3), and triclosan (TCS) with pubertal development in girls and boys from three European cohorts. METHODS: Urinary metabolites of six different 
phthalate diesters (DEP, DiBP, DnBP, BBzP, DEHP, and DiNP), BPA, methyl- (MePB), ethyl- (EtPB), propyl- (PrPB), and butyl-paraben (BuPB), BP-3, and TCS were quantified in one or two (1st and 3rd trimester) urine 
samples collected during pregnancy (1999-2008) from mothers in three birth cohorts: INMA (Spain), EDEN (France), and MoBa (Norway). Pubertal development of their children was assessed at a single visit at age 7-12 
years (579 girls, 644 boys) using the parent-reported Pubertal Development Scale (PDS). Mixed-effect Poisson and g-computation and Bayesian Kernel Machine Regression (BKMR) were employed to examine 
associations of individual and combined prenatal chemical exposure, respectively, with the probability of overall pubertal onset, adrenarche, and gonadarche (stage 2+) in girls and boys. Effect modification by child body 
mass index (BMI) was also assessed. RESULTS: Maternal concentrations of the molar sum of DEHP and of DiNP metabolites were associated with a slightly higher probability of having started puberty in boys (relative 
risk, RR [95% CI] = 1.13 [0.98-1.30] and 1.20 [1.06-1.34], respectively, for a two-fold increase in concentrations), with a stronger association for DiNP in boys with overweight or obesity. In contrast, BPA, BuPB, EtPB, and 
PrPB were associated with a lower probability of pubertal onset, adrenarche, and/or gonadarche in all boys (e.g. overall puberty, BPA: RR [95% CI] = 0.93 [0.85-1.01] and BuPB: 0.95 [0.90-1.00], respectively), and the 
association with BPA was stronger in boys with underweight/normal weight. In girls, MEHP and BPA were associated with delayed gonadarche in those with underweight/normal weight (RR [95% CI] = 0.86 [0.77-0.95] 
and 0.90 [0.84-0.97], respectively). Most of these associations were trimester specific. However, the chemical mixture was not associated with any pubertal outcome in boys or girls. CONCLUSIONS: Prenatal exposure to 
certain phthalates and synthetic phenols such as BPA may impact the pubertal development of boys, and weight status may modify this effect. BPA may also alter the pubertal development of girls.
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統合_0607
H. Frederiksen, O. Nielsen, H. M. Koch, N. E. 
Skakkebaek, A. Juul, N. Jørgensen and A. M. 
Andersson

2020

Changes in urinary excretion of 
phthalates, phthalate substitutes, 
bisphenols and other 
polychlorinated and phenolic 
substances in young Danish men; 
2009-2017

During the past two decades human exposure to bisphenol A (BPA) and phthalates such as di-iso-butyl phthalate (DiBP), di-n-butyl phthalate (DnBP), butylbenzyl phthalate (BBzP) and di-(2-ethyl-hexyl) phthalate (DEHP) 
has received substantial interest due to widespread population exposures and potential endocrine disrupting effects. Therefore, these chemicals have gradually been restricted and phased out through legislation. 
However, humans are still exposed to a wide range of other less studied phthalates, phthalate substitutes and BPA analogues as well as other polychlorinated and phenolic substances. In this study, we investigated 
human exposure to these chemicals over the past decade. Three hundred urine samples collected in 2009, 2013 and 2017 (100 samples each year) from young Danish men of the general population, participating in a large 
on-going cross-sectional study, were selected for the present time trend study. The urinary concentration of metabolites of 15 phthalates, di-2-ethylhexyl terephthalate (DEHTP) and di-iso-nonyl-cyclohexane-1,2-
dicarboxylate (DINCH), seven bisphenols including BPA, bisphenol S (BPS) and bisphenol F (BPF), as well as triclosan, triclocarban, benzophenone-3, three chlorophenols and two phenylphenols were analyzed by two new 
sensitive LC-MS/MS methods developed and validated for the present study. A significant decrease in urinary concentrations over time was observed for the majority of the chemicals. Median concentrations of BPA and 
the metabolites of DiBP, DnBP, BBzP and DEHP were more than halved from 2009 to 2017. Similar decreases were observed for triclosan and the chloro- and phenylphenols. In contrast, metabolites of the two phthalate 
substitutes DEHTP and DINCH increased more than 20 and 2 times, respectively. The potential BPA substitutes; BPS and BPF also increased, but only slightly. Despite these new exposure patterns, the exposure to the 
old well-known chemicals, such as DiBP, DnBP, BBzP, DEHP and BPA was still higher in 2017 compared to the exposure level of the new substitutes such as DEHTP, DINCH, BPS and BPF. A significant decrease in 
internal exposure to most of the common phthalates and BPA over the past decade was observed, reflecting market changes and regulatory measures implemented in EU. Despite increasing exposures to some of the 
known phthalate substitutes and BPA analogues, the total amount of each measured chemical group (original and substitute analytes combined) was lower in the more recently collected samples. This indicates only 
partial direct substitution or substitution by chemicals not covered in this approach, or a general decline in the exposure to these chemical/product groups over the last decade.
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B. Fischer, A. S. Busch, C. P. Hagen, A. Juul and 
A. M. Andersson

2022

Benzophenones, bisphenols and 
other polychlorinated/phenolic 
substances in Danish infants and 
their parents - including longitudinal 
assessments before and after 
introduction to mixed diet

BACKGROUND: Humans are widely exposed to chemicals with known or suspected endocrine disrupting effects. Among those are several benzophenones, bisphenols and other phenols commonly used in consumer 
products. OBJECTIVES: To provide human biomonitoring data from young families including infants and their parents as well as longitudinal data of infants exclusively breastfed versus on mixed diet. METHOD: Twenty-
two benzophenones, bisphenols and other phenols, were measured in urine sample sets collected from more than 100 infants and their parents (the TRIO study) and in paired samples from 61 infants when exclusively 
breastfed and after introduction of mixed diet (the FOOD study). RESULTS: Twelve out of 22 substances were detectable in more than half of the urine samples from infants, mothers or fathers. Large variation in excreted 
levels of almost all the substances were observed. The TRIO study showed that infants had comparable or even significantly higher daily urinary excretion (DUE) of benzophenone, 4-hydroxy-benzophenone, bisphenol A, 
bisphenol S, triclosan and 2-phenylphenol than their parents. In the FOOD study, exclusively breastfed infants had higher or similar DUE of triclosan and benzophenones compared to when they received mixed diet. Urinary 
levels of triclosan and the benzophenones, BP-1 and BP-3 were significantly correlated between all trio members, indicating exposure from the same sources at home. For triclosan, BP-1 and BP-3, the within family 
variation was lower than between families in the TRIO study. Many substances were positively correlated both within infants and parents, indicating that some families were exposed to several of these substances 
concurrently. CONCLUSION: Participants in this study excreted relatively low chemical levels, however, simultaneous exposure to several chemicals with endocrine disrupting abilities is of concern due to the dose-
additive effects of these substances in combination with other chemicals.
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J. J. Sauer, A. F. Bos and S. A. Berghuis

2023

Urinary concentrations of bisphenols 
and parabens and their association 
with attention, hyperactivity and 
impulsivity at adolescence

BACKGROUND: Neurobehavioural disorder diagnoses have been increasing over the last decades, leading to heightened interest in the aetiological factors involved. Endocrine disrupting chemicals, such as parabens and 
bisphenols, have been suggested as one of those factors. It is unknown whether exposure during adolescence may affect neurobehavioural development. OBJECTIVE: To determine whether urinary concentrations of 
parabens and bisphenols are associated with attention and concentration in adolescents, in general and sex-specific. METHODS: We invited 188 adolescents (13-15 years old) for the follow-up birth cohort-study. 
Concentrations of five parabens and three bisphenols (BPA; BPF; BPS) were measured in morning urine after overnight fasting, using a validated LC-MS/MS method. Attention and concentration were assessed at the 
clinic with subtests of the Test of Everyday Attention in Children and the Dutch Attention Deficit Hyperactivity Disorder questionnaire (AVL), the latter being filled in by parents. Linear regression analyses were 
performed, adjusting for urine creatinine concentrations and potential confounding factors. RESULTS: 101 (54%) adolescents participated (46 girls; 55 boys). Urinary paraben concentrations were higher in girls than in 
boys. Methylparaben was positively associated with attention in girls (p ≤ .05; B= -2.836; 95%CI= -5.175;-.497), ethylparaben negatively with hyperactivity (p ≤ .05; B= -1.864; 95%CI= -3.587;-.141). Butylparaben was 
associated with more optimal scores on parent reported attention. Propylparaben was negatively associated with scores on sustained auditory attention in girls (p ≤ .10; B=.444; 95%CI= -.009;.896). Bisphenol 
concentrations were not associated with scores on attention and concentration after adjusting for confounders. CONCLUSION: In 13-15-year-old Dutch adolescents, urinary concentrations of methylparaben and 
ethylparaben were associated with better attention and less hyperactivity, whereas a trend toward significance was found between higher urinary propylparaben concentrations and poorer attention. Bisphenol 
concentrations were not associated with attention and concentration after adjusting for confounders.
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統合_0610 M. S. Forde, S. Côté, E. A. Laouan Sidi, É. 
Gaudreau and P. Ayotte 2022

Evaluation of Bisphenol A in 
Pregnant Women from 10 Caribbean 
Countries

Bisphenol A (BPA), a phenolic chemical incorporated into many plastic products, has been found to act as an endocrine disruptor that potentially is linked to adverse neurodevelopmental outcomes. Prenatal BPA 
concentration levels were assessed in 10 English-speaking Caribbean countries by randomly selecting 15 maternal urine samples from approximately 50 pregnant women samples collected in each island and then 
comparing the findings with comparable data from Canada and the U.S. BPA was detected in all samples ranging from a low geometric mean of 1.46 μg/L (St. Lucia) to a high of 4.88 μg/L (St. Kitts & Nevis). All of the 
Caribbean islands sampled had geometric mean concentration levels that were higher than those recorded in two Canadian biomonitoring surveys (1.26 μg/L and 0.80 μg/L) and the U.S. NHANES survey (1.39 μg/L). 
This first biomonitoring survey of BPA concentration levels in maternal urine samples taken from Caribbean countries clearly points to the need for Caribbean governments and public health officials to first engage in 
legislative and regulatory efforts to ban or minimize the importation and use of BPA products used the Caribbean and, second, to continue to conduct biomonitoring surveys so as to ensure that these laws and regulations 
are indeed leading to a decrease of BPA concentrations in Caribbean populations.
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D. Sly, E. B. Thorstensen, D. A. Doherty, J. A. 
Keelan and R. J. Hart

2023

Longitudinal effects of prenatal 
exposure to plastic-derived 
chemicals and their metabolites on 
asthma and lung function from 
childhood into adulthood

BACKGROUND AND OBJECTIVE: Environmental exposure to phthalates and bisphenol A (BPA), chemicals used in the production of plastics, may increase risk for asthma and allergies. However, little is known about the 
long-term effects of early life exposure to these compounds. We investigated if prenatal exposure to these compounds was associated with asthma, allergy and lung function outcomes from early childhood into adulthood 
in a cohort study. METHODS: Maternal serum samples collected from 846 pregnant women in the Raine Study were assayed for BPA and phthalate metabolites. The children of these women were followed up at 5, 13 and 
22 years where spirometry and respiratory questionnaires were conducted to determine asthma and allergy status. Lung function trajectories were derived from longitudinal spirometry measurements. Multinomial logistic 
regression and weighted quantile sum regression was used to test associations of individual and chemical mixtures with asthma phenotypes and lung function trajectories. RESULTS: Effects of prenatal BPA and 
phthalates on asthma phenotypes were seen in male offspring, where BPA was associated with increased risk for persistent asthma, while mono-iso-butyl phthalate and mono-iso-decyl phthalate was associated with 
increased risk for adult asthma. Prenatal BPA had no effect on lung function trajectories, but prenatal phthalate exposure was associated with improved lung function. CONCLUSION: Prenatal BPA exposure was 
associated with increased likelihood of persistent asthma in males, while prenatal phthalate exposure was associated with increased likelihood of adult asthma in males. Results suggest that prenatal exposure to 
prenatal BPA and phthalates affect asthma risk, particularly in males, however lung function was not adversely affected.
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統合_0612 M. I. Fonseca, M. Lorigo and E. Cairrao 2023
Evaluation of the bisphenol A-
induced vascular toxicity on human 
umbilical artery

Bisphenol A (BPA) is one of the most widely used synthetic compound in the manufacture of polycarbonate plastics and epoxy resins. Worryingly, BPA is an endocrine disrupting chemical (EDC) with an estrogenic, 
androgenic, or anti-androgenic activities. However, the vascular implications of BPA exposome in pregnancy is unclear. In this sense, the present work proposed to understand how BPA exposure impair the vasculature of 
the pregnant women. To elucidate this, ex vivo studies were performed using human umbilical arteries to explore the acute and chronic effects of BPA. The mode of action of BPA was also explored by analysing the 
activity (by ex vivo studies) and expression (in vitro studies) analysis of Ca(2+) and K(+)-channels and soluble guanyl cyclase. Moreover, in silico docking simulations were performed to unveil the modes of interactions of 
BPA with the proteins involved in these signalling pathways. Our study showed that the exposure to BPA may modify the vasorelaxant response of HUA, interfering with NO/sGC/cGMP/PKG pathway by modulation of sGC 
and activation of BKCa channels. Moreover, our findings suggest that BPA can modulate the HUA reactivity, increasing the L-type Ca(2+) Channels (LTCC) activity, a common vascular response observed in hypertensive 
disorders of pregnancy.

Environ Res. 2023 Jun 
1:226:115628.
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統合_0613 J. Flieger, T. Śniegocki, J. Dolar-Szczasny, W. Zał
uska and R. Rejdak 2022

The First Evidence on the 
Occurrence of Bisphenol Analogues 
in the Aqueous Humor of Patients 
Undergoing Cataract Surgery

Human exposure to BPs is inevitable mostly due to contaminated food. In this preliminary study, for the first time, the presence of bisphenols (BPs) in aqueous humor (AH) collected from 44 patients undergoing cataract 
surgery was investigated. The measurements were performed using a sensitive ultra-high performance liquid chromatography-tandem mass spectrometry (UHPLC−MS/MS). Chromatographic separation was achieved 
using a reverse-phase column and a gradient elution mode. Multiple reaction monitoring (MRM) was used. The method was validated for bisphenol A (BPA) and bisphenol F (BPF). The limits of quantification (LOQs) of 
both investigated analytes were 0.25 ng mL−1. The method was linear in the range of 0.25−20.0 ng mL−1 with correlation coefficients (R2) higher than 0.98. Recovery of analytes was in the range of 99.9 to 104.3% and 
intra-assay and inter-assay precision expressed by relative standard deviations (RSD%) were less than 5%. BPA was detected in 12 AH samples with mean concentrations of 1.41 ng mL−1. BPF was not detected at all. 
Furthermore, two structural isomers termed BPA-1, and BPA-2 were identified, for the first time, in 40.9% of the AH samples, with almost twice higher mean concentrations of 2.15 ng mL−1, and 2.25 ng mL−1, 
respectively. The total content of BPs were higher in patients with coexisting ocular pathologies such as glaucoma, age-related macular degeneration (AMD), and diabetes in comparison to cataracts alone. However, the 
difference between these groups did not reach statistical significance (p > 0.05). Performed investigations indicate the need for further research on a larger population with the aim of knowing the consequences of BPsʼ 
accumulation in AH for visual function.
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統合_0614 M. Fisher, T. E. Arbuckle, S. MacPherson, J. M. 
Braun, M. Feeley and É. Gaudreau 2019

Phthalate and BPA Exposure in 
Women and Newborns through 
Personal Care Product Use and 
Food Packaging

Phthalates and bisphenol A (BPA) are used in some personal care products (PCPs) and containers for food processing and packaging. The Plastics and Personal-Care Product use in Pregnancy (P4) Study (2009-10) 
explored the association between PCP use during pregnancy and the postpartum period among 80 pregnant women and 55 infants and BPA and phthalate concentrations in multiple maternal and infant urine specimens 
collected throughout the study (n = 1260 samples). The type, frequency, and timing of PCP and food packaging use 24 h before and during the urine collection period was collected at 5 time points for the mother using 
prospective diaries. Infant urine was collected up to 2 times before 3 months of age, and mothers answered questions about infant feeding and PCP use on their baby. In mothers, monoethyl phthalate (MEP) metabolite 
concentrations were significantly higher when women reported using makeup or body lotion in the last 24 h. MEP concentrations were consistently higher when the usage occurred within 0-6 h before the urine sample 
collection for almost all of the PCP categories. Infant lotion or baby powder application in the previous 24 h was associated with higher phthalate metabolite concentrations in infants. Total BPA metabolite concentrations 
were lower in exclusively breastfed infants compared to those who were exclusively formula fed or breastfed with supplementation. Given that PCPs tend to undergo frequent formulation changes, which could impact the 
relative importance of a certain product type as a source of exposure, continued research of this type is warranted.
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Acerini

2020

Maternal serum concentrations of 
bisphenol A and propyl paraben in 
early pregnancy are associated with 
male infant genital development

STUDY QUESTION: Are maternal serum phthalate metabolite, phenol and paraben concentrations measured at 10-17 weeks of gestation associated with male infant genital developmental outcomes, specifically 
cryptorchidism, anogenital distance (AGD), penile length and testicular descent distance, at birth and postnatally? SUMMARY ANSWER: Maternal serum bisphenol A (BPA) concentration at 10-17 weeks of gestation was 
positively associated with congenital or postnatally acquired cryptorchidism, and n-propyl paraben (n-PrP) concentration was associated with shorter AGD from birth to 24 months of age. WHAT IS KNOWN ALREADY: 
Male reproductive disorders are increasing in prevalence, which may reflect environmental influences on foetal testicular development. Animal studies have implicated phthalates, BPA and parabens, to which humans are 
ubiquitously exposed. However, epidemiological studies have generated conflicting results and have often been limited by small sample size and/or measurement of chemical exposures outside the most relevant 
developmental window. STUDY DESIGN, SIZE, DURATION: Case-control study of cryptorchidism nested within a prospective cohort study (Cambridge Baby Growth Study), with recruitment of pregnant women at 10-17 
postmenstrual weeks of gestation from a single UK maternity unit between 2001 and 2009 and 24 months of infant follow-up. Of 2229 recruited women, 1640 continued with the infancy study after delivery, of whom 330 
mothers of 334 male infants (30 with congenital cryptorchidism, 25 with postnatally acquired cryptorchidism and 279 unmatched controls) were included in the present analysis. PARTICIPANTS/MATERIALS, SETTING, 
METHODS: Maternal blood was collected at enrolment, and serum levels of 16 phthalate metabolites, 9 phenols (including BPA) and 6 parabens were measured using liquid chromatography/tandem mass spectrometry. 
Logistic regression was used to model the association of cryptorchidism with serum chemical concentrations, adjusting for putative confounders. Additionally, offspring AGD, penile length and testicular descent distance 
were assessed at 0, 3, 12, 18 and 24 months of age, and age-specific Z scores were calculated. Associations between serum chemical levels and these outcomes were tested using linear mixed models. MAIN RESULTS 
AND THE ROLE OF CHANCE: Maternal serum BPA concentration was associated with offspring all-type cryptorchidism both when considered as a continuous exposure (adjusted odds ratio per log10 μg/l: 2.90, 95% CI 
1.31-6.43, P =  0.009) and as quartiles (phet =  0.002). Detection of n-PrP in maternal serum was associated with shorter AGD (by 0.242 standard deviations, 95% CI 0.051-0.433, P =  0.01) from birth to 24 months of age; 
this reduction was independent of body size and other putative confounders. We did not find any consistent associations with offspring outcomes for the other phenols, parabens, and phthalate metabolites measured. 
LIMITATIONS, REASONS FOR CAUTION: We cannot discount confounding by other demographic factors or endocrine-disrupting chemicals. There may have been misclassification of chemical exposure due to use of 
single serum measurements. The cohort was not fully representative of pregnant women in the UK, particularly in terms of smoking prevalence and maternal ethnicity. WIDER IMPLICATIONS OF THE FINDINGS: Our 
observational findings support experimental evidence that intrauterine exposure to BPA and n-PrP during early gestation may adversely affect male reproductive development. More evidence is required before specific 
public health recommendations can be made. STUDY FUNDING/COMPETING INTEREST(S): This work was supported by a European Union Framework V programme, the World Cancer Research Fund International, the 
Medical Research Council (UK), Newlife the Charity for Disabled Children, the Mothercare Group Foundation, Mead Johnson Nutrition and the National Institute for Health Research Cambridge Comprehensive Biomedical 
Research Centre. Visiting Fellowship (J.M.): Regional Programme 'Jiménez de la Espada' for Research Mobility, Cooperation and Internationalization, Seneca Foundation-Science and Technology Agency for the Region of 
Murcia (No. 20136/EE/17). K.O. is supported by the Medical Research Council (UK) (Unit Programme number: MC_UU_12015/2). The authors declare no conflict of interest.

Hum Reprod. 2020 Apr 
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統合_0616
A. Federico, M. Dallio, A. G. Gravina, N. Diano, S. 
Errico, M. Masarone, M. Romeo, C. Tuccillo, P. 
Stiuso, F. Morisco, M. Persico and C. Loguercio

2020

The Bisphenol A Induced Oxidative 
Stress in Non-Alcoholic Fatty Liver 
Disease Male Patients: A Clinical 
Strategy to Antagonize the 
Progression of the Disease

The Bisphenol A Induced Oxidative Stress in Non-Alcoholic Fatty Liver Disease Male Patients: A Clinical Strategy to Antagonize the Progression of the Disease:Introduction: Bisphenol A (BPA) exposure has been 
correlated to non-alcoholic fatty liver disease (NAFLD) development and progression. We investigated, in a clinical model, the effects of the administration of 303 mg of silybin phospholipids complex, 10 g of vitamin D, 
and 15 mg of vitamin E (RealSIL, 100D, IBI-Lorenzini, Aprilia, Italy) in male NAFLD patients exposed to BPA on metabolic, hormonal, and oxidative stress-related parameters. METHODS: We enrolled 32 male patients with 
histologic diagnosis of NAFLD and treated them with Realsil 100D twice a day for six months. We performed at baseline clinical, biochemical, and food consumption assessments as well as the evaluation of physical 
exercise, thiobarbituric acid reactive substances (TBARS), plasmatic and urinary BPA and estrogen levels. The results obtained were compared with those of healthy control subjects and, in the NAFLD group, between 
baseline and the end of treatment. RESULTS: A direct proportionality between TBARS levels and BPA exposure was shown (p < 0.0001). The therapy determined a reduction of TBARS levels (p = 0.011), an improvement of 
alanine aminotransferase, aspartate aminotransferase, insulinemia, homeostatic model assessment insulin resistance, C reactive protein, tumor necrosis factor alpha (p < 0.05), an increase of conjugated BPA urine 
amount, and a reduction of its free form (p < 0.0001; p = 0.0002). Moreover, the therapy caused an increase of plasmatic levels of the native form of estrogens (p = 0.03). CONCLUSIONS: We highlighted the potential role 
of BPA in estrogen oxidation and oxidative stress in NAFLD patients. The use of Realsil 100D could contribute to fast BPA detoxification and to improve cellular antioxidant power, defending the integrity of biological 
estrogen-dependent pathways.

Int J Environ Res Public 
Health 2020 Vol. 17 
Issue 10

10.3390/ijerph17103369 32408667 ヒト - - - - - - - 横断研究 1 1 - - - - - - - - - - - - - - - - - -

統合_0617 S. Faure, N. Noisel, K. Werry, S. Karthikeyan, L. 
L. Aylward and A. St-Amand 2020

Evaluation of human biomonitoring 
data in a health risk based context: 
An updated analysis of population 
level data from the Canadian Health 
Measures Survey

In order to characterize exposure of the Canadian population to environmental chemicals, a human biomonitoring component has been included in the Canadian Health Measures Survey (CHMS). This nationally-
representative survey, launched in 2007 by the Government of Canada, has measured over 250 chemicals in approximately 30,000 Canadians during the last decade. The capacity to interpret these data at the population 
level in a health risk context is gradually improving with the development of biomonitoring screening values, such as biomonitoring equivalents (BE) and human biomonitoring (HBM) values. This study evaluates recent 
population level biomonitoring data from the CHMS in a health risk context using biomonitoring screening values. Nationally representative biomonitoring data for fluoride, selenium, molybdenum, arsenic, silver, thallium, 
cyfluthrin, 2,4-dichlorophenoxyacetic acid (2,4-D), 3-phenoxybenzoic acid (3-PBA), chlorpyrifos, deltamethrin, bisphenol A, triclosan, acrylamide, cadmium, perfluorooctane sulfonate (PFOS), perfluorooctanoic acid 
(PFOA), bromoform, chloroform, benzene, toluene, xylene, ethylbenzene, styrene and tetrachloroethylene were screened as part as this study. For non-cancer endpoints, hazard quotients (HQs) were calculated as the ratio 
of population level concentrations of a specific chemical at the geometric mean and 95th percentile to the corresponding biomonitoring screening value. Cancer risks were calculated at the 5th, 25th, 50th, 75th and 95th 
percentiles of the population concentration using BEs based on a risk specific dose. Most of the chemicals analyzed had HQs below 1 suggesting that levels of exposure to these chemicals are not a concern at the 
population level. However, HQs exceeded 1 in smokers for cadmium, acrylamide and benzene, as well as in the general population for inorganic arsenic, PFOS and PFOA, 3-PBA and fluoride. Furthermore, cancer risks for 
inorganic arsenic, acrylamide, and benzene at most population percentiles of exposure were elevated (>10(-5)). Specifically, for inorganic arsenic in the general population, the HQ was 3.13 at the 95th percentile 
concentration and the cancer risk was 3.4 × 10(-4) at the 50th percentile of population concentrations. These results suggest that the levels of exposure in the Canadian population to some of the environmental 
chemicals assessed might be of concern. The results of this screening exercise support the findings of previous risk assessments and ongoing efforts to reduce risks from exposure to chemicals evaluated as part of this 
study. Although paucity of biomonitoring screening values for several environmental contaminants may be a limitation to this approach, our assessment contributes to the prioritization of a number of chemicals measured 
as part of CHMS for follow-up activities such as more detailed characterization of exposure sources.

Int J Hyg Environ Health 
Vol.223 Issue 1 Pages 
267-280

10.1016/j.ijheh.2019.07.009 31523017 ヒト - - - - - - - バイオモニタリング 1 1 - - - - - - - - - - - - - - - - - -

統合_0618 M. Farahani, M. Rezaei-Tavirani, A. Zali and M. 
Zamanian-Azodi 2022

Systematic Analysis of Protein-
Protein and Gene-Environment 
Interactions to Decipher the 
Cognitive Mechanisms of Autism 
Spectrum Disorder

Autism spectrum disorder (ASD), a heterogeneous neurodevelopmental disorder resulting from both genetic and environmental risk factors, is manifested by deficits in cognitive function. Elucidating the cognitive 
disorder-relevant biological mechanisms may open up promising therapeutic approaches. In this work, we mined ASD cognitive phenotype proteins to construct and analyze protein-protein and gene-environment 
interaction networks. Incorporating the protein-protein interaction (PPI), human cognition proteins, and connections of autism-cognition proteins enabled us to generate an autism-cognition network (ACN). With the 
topological analysis of ACN, important proteins, highly clustered modules, and 3-node motifs were identified. Moreover, the impact of environmental exposures in cognitive impairment was investigated through chemicals 
that target the cognition-related proteins. Functional enrichment analysis of the ACN-associated modules and chemical targets revealed biological processes involved in the cognitive deficits of ASD. Among the 17 
identified hub-bottlenecks in the ACN, PSD-95 was recognized as an important protein through analyzing the module and motif interactions. PSD-95 and its interacting partners constructed a cognitive-specific module. 
This hub-bottleneck interacted with the 89 cognition-related 3-node motifs. The identification of gene-environment interactions indicated that most of the cognitive-related proteins interact with bisphenol A (BPA) and 
valproic acid (VPA). Moreover, we detected significant expression changes of 56 cognitive-specific genes using four ASD microarray datasets in the GEO database, including GSE28521, GSE26415, GSE18123 and 
GSE29691. Our outcomes suggest future endeavors for dissecting the PSD-95 function in ASD and evaluating the various environmental conditions to discover possible mechanisms of the different levels of cognitive 
impairment.

Cell Mol Neurobiol 
Vol.42 Issue 4 Pages 
1091-1103

10.1007/s10571-020-00998-w 33165687 ヒト - - - - - - - 遺伝⼦発現解析 1 1 - - - - - - - - - - - - - - - - - -

統合_0619
M. Fandiño-Del-Rio, E. C. Matsui, A. M. Calafat, 
R. Koehl, J. C. Botelho, H. Woo, M. Boyle, N. N. 
Hansel, M. McCormack and L. Quirós-Alcalá

2024

Recent use of consumer and 
personal care products and 
exposures to select endocrine 
disrupting chemicals among urban 
children with asthma

BACKGROUND: Emerging studies suggest that endocrine disrupting chemicals (EDCs) in personal care and other consumer products are linked with various adverse health effects, including respiratory and reproductive 
effects. Despite Black persons using more personal care products than other demographic groups and having a high asthma burden, little is known regarding their consumer product use patterns and associated EDC 
exposures. OBJECTIVE: To examine the association between recent exposure to select EDCs with specific consumer products and behaviors in a cohort of 110 predominantly Black children with asthma, ages 8-17 years, 
living in Baltimore City, Maryland. METHODS: We quantified concentrations of bisphenol A (BPA), bisphenol S (BPS), bisphenol F, two dichlorophenols, four parabens, triclosan, benzophenone-3, and triclocarban in spot 
urine samples. Questionnaires were used to capture recent (last 24-h) consumer product use and behaviors. Associations between EDCs and consumer product uses/behaviors were assessed using multivariable linear 
regression, adjusting for age, gender, race/ethnicity, and caregiver income level. Effect estimates were expressed as geometric mean ratios of biomarker concentrations of product-users vs non-users. RESULTS: 
Increased concentrations to select EDCs were associated with recent use of air freshener (ratios; BPA: 1.9, 95%CI 1.4-2; BPS 1.7, 95%CI 1-2.97; propyl paraben: 3.0, 95%CI 1.6-5.6), scented candles (methyl paraben: 2.6, 
95%CI 1.1-6.1), and scented carpet powder (2,5-dichlorophenol: 2.8, 95%CI 1.2-6.3). Additionally, consuming canned food was associated with some increased biomarker concentrations (ratios: BPA: 1.7, 95%CI 1.2-2.4; 
BPS: 2.1, 95% CI: 1.2-3.6). SIGNIFICANCE: These findings add to the body of evidence suggesting that recent use of select consumer products in Black children contributes to exposure of chemicals of concern and could 
potentially inform exposure mitigation interventions. Findings have broad potential health implications for pediatric populations and Black children who may face exposure and health disparities. IMPACT: Little is known 
about how children's personal care product use and consumer behaviors affect their exposures to endocrine disrupting chemicals (EDCs). This is particularly true for Black children who often experience a disparate 
exposure burden to many EDCs. This is a significant knowledge gap among children that are uniquely vulnerable to EDCs as they undergo critical windows of growth and development. Our findings show associations 
between consumer products and EDC exposures in predominantly Black children in low-income settings. Identifying EDC exposure determinants has broad health implications as many of these chemicals have been 
associated with adverse health risks.

J Expo Sci Environ 
Epidemiol Vol.34 Issue 4 
Pages 637-646

10.1038/s41370-024-00693-8 38890543 ヒト - - - - - - - バイオモニタリング 1 1 - - - - - - - - - - - - - - - - - -

統合_0620 D. Fan, M. Liang, M. Guo, W. Gu, J. Gu, M. Liu, 
L. Shi and G. Ji 2022

Exposure of preschool-aged children 
to highly-concerned bisphenol 
analogues in Nanjing, East China

Bisphenol analogues (BPs) have already attracted wide concern owing to the environmental and health risks they pose. The exposure pathways and health risk of preschool-aged children to BPs, however, are still poorly 
understood. In this study, we choose population survey with 184 preschool-age children from a suburb of Nanjing, eastern China, further reveal the internal and external exposures concentrations, distribution profiles, 
potential sources and eventually assess health risk of preschool-age children to eight kinds of BPs. The results verify that the 95th percentile (P95) concentrations of Ʃ(8)BPs ranged from 0.27 to 41.6 ng/mL, with a 
median concentration of 7.83 ng/mL in the urine samples. BPA, and BPF were the predominant BPs in urine, accounting for 67.3%, and 18.0% of Ʃ(8)BPs. The urine-based estimated daily intake (EDI) of Ʃ(8)BPs was 187 
ng/kg body weight/day. Similarly, BPA, and BPF were the main BPs in the environmental exposure sources, accounting for 80.8%, and 11.7% of the total BPs. Moreover, the total external exposure dose of Ʃ(8)BPs via the 
environmental sources was 68.1 ng/kg body weight/day, including BPA (56 ng/kg body weight/day), BPF (7.68 ng/kg body weight/day) and BPB (2.62 ng/kg body weight/day). The oral intake of drinking water and food 
(vegetables and rice) was the main exposure pathways of BPs in preschool-age children. Furthermore, the hazard quotient (HQ) of BPs have been evaluated and the results show no occurrence of high risk. Additionally, 
the urine-based EDI was significantly higher than the total external exposure dose, suggesting the existence of other pathways of BP exposure to be further explored. To the best of our knowledge, this is the first study to 
conduct both an internal and external exposure assessment of BPs.

Ecotoxicol Environ Saf 
Vol.234 Pages 113397

10.1016/j.ecoenv.2022.113397 35286960 ヒト - - - - - - - バイオモニタリング 1 1 - - - - - - - - - - - - - - - - - -

統合_0621 L. Escrivá, A. Hanberg, J. Zilliacus and A. 
Beronius 2019

Assessment of the endocrine 
disrupting properties of Bisphenol 
AF according to the EU criteria and 
ECHA/EFSA guidance

Endocrine disruptors (EDs) are exogenous compounds that interfere with the hormone system, affecting human health and environment. Specific legislative obligations have been introduced in the European Union (EU) to 
gradually eliminate EDs in water, industrial chemicals and pesticides. However, identification of EDs is the first and essential step towards regulation and appropriate risk management. Scientific criteria and guidance for 
ED assessment have recently been established for pesticides in the EU. In this project, the ED properties of the non-pesticide chemical Bisphenol AF (BPAF), analogue and potential substitute of Bisphenol A were 
evaluated by the application of the EU criteria and guidance in the frame of human health risk assessment. A data dossier was built by a systematic literature review (WOS, Scopus, Pubmed, Embase), title/abstract 
screening (RAYYAN) and full-text examination. All relevant information was extracted and systematically reported, and reliability and relevance of data were assessed (SciRAP). Data were synthesised into lines of 
evidence for (i) endocrine activity, (ii) adversity and (iii) general toxicity, and weight of evidence evaluation was applied. The initial analysis of the evidence showed potential endocrine adverse effects and endocrine 
activity, meeting the ED criteria and leading the assessment to the mode of action (MoA) analysis. The biological plausibility of the link between the adverse effects and the endocrine activity was investigated based on 
current scientific knowledge. Empirical support for dose-response and temporal concordance was evaluated, and the key events were assessed in terms of essentiality, consistency, analogy and specificity. Finally, an 
overall conclusion of the ED properties of BPAF was drawn. The EU criteria and guidance for EDs assessment were successfully applied to BPAF demonstrating its endocrine activity and adversity based on weight of 
evidence methodology and MoA analysis. The Fellow greatly increased her knowledge and hands-on experience on ED assessment in the EU regulatory context contributing to implement transparency and structure in 
health risk assessment.

Efsa j Vol.17 Issue 
Suppl 2 Pages e170914

10.2903/j.efsa.2019.e170914 32626472 ヒト - - - - - - - システマティックレビュー 1 1 - - - - - - - - - - - - - - - - - -
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統合_0622 L. Ermini, A. M. Nuzzo, F. Ietta, R. Romagnoli, L. 
Moretti, B. Masturzo, L. Paulesu and A. Rolfo 2021

Placental Glucose Transporters and 
Response to Bisphenol A in 
Pregnancies from of Normal and 
Overweight Mothers

Bisphenol A (BPA) is a synthetic phenol extensively used in the manufacture of polycarbonate plastics and epoxy resins and a component of liquid and food storages. Among health disorders potentially attributed to BPA, 
the effects on metabolism have been especially studied. BPA represents a hazard in prenatal life because of its presence in tissues and fluids during pregnancy. Our recent study in rats fed with BPA showed a placental 
increase in glucose type 1 transporter (GLUT-1), suggesting a higher uptake of glucose. However, the role of BPA on GLUT transporters in pregnant women with metabolic dysfunction has not yet been investigated. In 
this study, placental tissue from 26 overweight (OW) women and 32 age-matched normal weight (NW) pregnant women were examined for expression of GLUT1 and GLUT4. Placental explants from OW and NW mothers 
were exposed to BPA 1 nM and 1 μM and tested for GLUTs expression. The data showed a different response of placental explants to BPA in GLUT1 expression with an increase in NW mothers and a decrease in OW 
ones. GLUT4 expression was lower in the explants from OW than NW mothers, while no difference was showed between OW and NW in placental biopsies for any of the transporters.

Int J Mol Sci Vol.22 
Issue 12

10.3390/ijms22126625 34205666 ヒト - - - - - - - 遺伝⼦発現解析 1 1 - - - - - - - - - - - - - - - - - -

統合_0623 İ. Erdal, Y. Yıldız, S. S. Yalçın, A. Yirün, G. 
Demirel and P. Erkekoğlu 2024

Evaluation of Exposure to Bisphenol 
A, Bisphenol F, and Phthalates in 
Patients with Phenylketonuria and 
Its Differences According to Dietary 
Status

BACKGROUND: Phenylketonuria (PKU) is the most common amino acid metabolism disorder. Patients with blood phenylalanine (Phe) levels of ≥6 mg/dL require treatment, and the most definitive treatment is the Phe-
restricted diet. Bisphenols and phthalates are widely used endocrine-disrupting chemicals (EDCs) found in personal care products, baby bottles, and food packaging. METHODS: In this study, we evaluated the possible 
routes of exposure to these EDCs in patients diagnosed with PKU (n = 105, 2-6 years of age) and determined the relationship between the plasma levels of bisphenol A (BPA), bisphenol F (BPF), di-butyl phthalate (DBP), 
di-(2-ethylhexyl) phthalate (DEHP), mono-(2ethylhexyl) phthalate (MEHP), and dietary regimens. Participant characteristics and exposure routes were evaluated according to their dietary treatment status. RESULTS: 
Thirty-four of these patients were on a Phe-restricted diet, while the remaining 71 had no dietary restrictions. DBP and DEHP levels were higher in those using plastic tablecloths (p = 0.049 and p = 0.04, respectively). In 
addition, plasma DBP levels were higher in those who used bottled water (p = 0.01). Being under 4 years of age, using plastic food containers, and using plastic shower curtains were characteristics associated with 
higher MEHP levels (p = 0.027, p = 0.019, and p = 0.014, respectively). After adjustment for baseline characteristics (Model 1), the odds of having a plasma BPA level in the upper tertile were 3.34 times higher in the free-
diet group (95% CI = 1.09-10.25). When we additionally adjusted for plastic exposure (Model 2), the odds ratio was found to be 18.64 (95% CI = 2.09-166.42) for BPA. In the free-diet group, the probability of having plasma 
DEHP levels in the upper tertile was increased by a relative risk of 3.01 (p = 0.039, 95% CI = 1.06-8.60). CONCLUSION: Our results indicate that exposure to bisphenols and phthalates varies with dietary treatment. The 
difference in sources of exposure to EDCs between the diet and non-diet groups indicates that diet plays an important role in EDC exposure.

Nutrients. 2024 Sep 
23;16(18):3213.

10.3390/nu16183213 39339813 ヒト 代謝 - - - - - - 横断研究 1 1 - - - 1 1 1 - - - - - - - - - - - -

統合_0624

G. England-Mason, S. M. Merrill, J. Liu, J. W. 
Martin, A. M. MacDonald, D. W. Kinniburgh, N. 
Gladish, J. L. MacIsaac, G. F. Giesbrecht, N. 
Letourneau, M. S. Kobor and D. Dewey

2024

Sex-Specific Associations between 
Prenatal Exposure to Bisphenols 
and Phthalates and Infant 
Epigenetic Age Acceleration

We examined whether prenatal exposure to two classes of endocrine-disrupting chemicals (EDCs) was associated with infant epigenetic age acceleration (EAA), a DNA methylation biomarker of aging. Participants 
included 224 maternal-infant pairs from a Canadian pregnancy cohort study. Two bisphenols and 12 phthalate metabolites were measured in maternal second trimester urines. Buccal epithelial cell cheek swabs were 
collected from 3 month old infants and DNA methylation was profiled using the Infinium MethylationEPIC BeadChip. The Pediatric-Buccal-Epigenetic tool was used to estimate EAA. Sex-stratified robust regressions 
examined individual chemical associations with EAA, and Bayesian kernel machine regression (BKMR) examined chemical mixture effects. Adjusted robust models showed that in female infants, prenatal exposure to total 
bisphenol A (BPA) was positively associated with EAA (B = 0.72, 95% CI: 0.21, 1.24), and multiple phthalate metabolites were inversely associated with EAA (Bs from -0.36 to -0.66, 95% CIs from -1.28 to -0.02). BKMR 
showed that prenatal BPA was the most important chemical in the mixture and was positively associated with EAA in both sexes. No overall chemical mixture effects or male-specific associations were noted. These 
findings indicate that prenatal EDC exposures are associated with sex-specific deviations in biological aging, which may have lasting implications for child health and development.

Epigenomes. 2024 Aug 
10;8(3):31.

10.3390/epigenomes8030031 39189257 ヒト 遺伝毒性 - - - - - - コホート研究 1 1 - - - 1 1 1 - - - - - - - - - - - -

統合_0625

G. England-Mason, S. M. Merrill, N. Gladish, S. 
R. Moore, G. F. Giesbrecht, N. Letourneau, J. L. 
MacIsaac, A. M. MacDonald, D. W. Kinniburgh, 
A. L. Ponsonby, R. Saffery, J. W. Martin, M. S. 
Kobor and D. Dewey

2022

Prenatal exposure to phthalates and 
peripheral blood and buccal 
epithelial DNA methylation in 
infants: An epigenome-wide 
association study

BACKGROUND: Prenatal exposure to phthalates has been associated with adverse health and neurodevelopmental outcomes. DNA methylation (DNAm) alterations may be a mechanism underlying these effects, but prior 
investigations of prenatal exposure to phthalates and neonatal DNAm profiles are limited to placental tissue and umbilical cord blood. OBJECTIVE: Conduct an epigenome-wide association study (EWAS) of the 
associations between prenatal exposure to phthalates and DNAm in two accessible infant tissues, venous buffy coat blood and buccal epithelial cells (BECs). METHODS: Participants included 152 maternal-infant pairs 
from the Alberta Pregnancy Outcomes and Nutrition (APrON) study. Maternal second trimester urine samples were analyzed for nine phthalate metabolites. Blood (n = 74) or BECs (n = 78) were collected from 3-month-
old infants and profiled for DNAm using the Infinium HumanMethylation450 (450K) BeadChip. Robust linear regressions were used to investigate the associations between high (HMWPs) and low molecular weight 
phthalates (LMWPs) and change in methylation levels at variable Cytosine-phosphate-Guanine (CpG) sites in infant tissues, as well as the sensitivity of associations to potential confounders. RESULTS: One candidate 
CpG in gene RNF39 reported by a previous study examining prenatal exposure to phthalates and cord blood DNAm was replicated. The EWAS identified 12 high-confidence CpGs in blood and another 12 in BECs 
associated with HMWPs and/or LMWPs. Prenatal exposure to bisphenol A (BPA) associated with two of the CpGs associated with HMWPs in BECs. DISCUSSION: Prenatal exposure to phthalates was associated with 
DNAm variation at CpGs annotated to genes associated with endocrine hormone activity (i.e., SLCO4A1, TPO), immune pathways and DNA damage (i.e., RASGEF1B, KAZN, HLA-A, MYO18A, DIP2C, C1or109), and 
neurodevelopment (i.e., AMPH, NOTCH3, DNAJC5). Future studies that characterize the stability of these associations in larger samples, multiple cohorts, across tissues, and investigate the potential associations 
between these biomarkers and relevant health and neurodevelopmental outcomes are needed.

Environ Int. 2022 
May:163:107183.

10.1016/j.envint.2022.107183 35325772 ヒト 発達神経 - - - - - - コホート研究 1 1 - - - 1 1 1 - - - - - - - - - - - -

統合_0626 G. England-Mason, J. Liu, J. W. Martin, G. F. 
Giesbrecht, N. Letourneau and D. Dewey 2021

Postnatal BPA is associated with 
increasing executive function 
difficulties in preschool children

BACKGROUND: Early bisphenol exposure may have consequences for executive function development, but less is known about potential sex effects. We hypothesized that early bisphenol A (BPA) and bisphenol S (BPS) 
exposures would be associated with sex-dependent changes in preschool executive function. METHODS: A subsample of the Alberta Pregnancy Outcomes and Nutrition (APrON) cohort (n = 312) provided maternal second 
trimester (prenatal) and 3-month postpartum (postnatal) urine samples, from which BPA and BPS concentrations were quantified. When children were age 2 and 4, mothers completed the Behavior Rating Inventory of 
Executive Function-Preschool Version (BRIEF-P). Changes in standardized T scores on the BRIEF-P indexes of inhibitory self-control, flexibility, and emergent metacognition were investigated. RESULTS: Adjusted 
multivariate regression analyses showed that child sex modified the associations between maternal postnatal BPA and changes in executive function. Higher maternal postnatal BPA concentrations predicted increasing 
difficulties from age 2 to 4 in the domains of inhibitory self-control and emergent metacognition in female, but not male children. The other bisphenol concentrations were not associated with changes in executive 
function. CONCLUSION: Due to the ubiquity of BPA exposure among breastfeeding women, these findings justify further investigation on the effects of postnatal bisphenol exposure on child cognitive development. 
IMPACT: Higher concentrations of maternal BPA at 3-month postpartum were associated with increasing difficulties in inhibitory self-control and emergent metacognition from age 2 to 4 in girls, but not boys. Prenatal 
BPA and prenatal/postnatal BPS were not significant predictors of changes in executive function in boys and girls. The current study extends previous research to show that maternal postnatal BPA could also impact child 
executive function. Due to the ubiquity of BPA exposure among breastfeeding women, the current findings suggest that additional precautions may be needed to protect infants' neurodevelopment from indirect exposure to 
BPA.

Pediatr Res. 2021 
Feb;89(3):686-693.

10.1038/s41390-020-0922-6 32408341 ヒト 発達神経 - - - - - - コホート研究 1 1 - - - 1 1 1 - - - - - - - - - - - -

統合_0627 R. Elzein, E. Chouery, F. Abdel-Sater, R. Bacho 
and F. Ayoub 2021

Molar-incisor hypomineralisation in 
Lebanon: association with prenatal, 
natal and postnatal factors

BACKGROUND: Molar-incisor hypomineralisation is an enamel developmental defect highly prevalent in Lebanon. Literature suggests that perinatal conditions and childhood illnesses might be potential aetiological 
factors for this affection. AIMS: This case-control study aimed to investigate the association of MIH with prenatal, natal and postnatal factors amongst 7-9 years Lebanese children and to end up with recommendations 
to overcome its occurrence. METHODS: Self-administered, structured questionnaire including potential etiological factors was distributed to 659 MIH and non-MIH children's parents. The analysis of data was carried out 
using Statistical Package for Social Sciences Computer Software (SPSS 21.0, Inc., Chicago, IL, USA). For Statistical analysis, Pearson's chi-square, Fischer's exact test and multivariate regression model were used. A p 
value of less than 0.05 was considered statistically significant. RESULTS: Children whose mothers had consumed food and drinks canned during pregnancy had 2.9 (CI: 1.367 to 6.187) times more likely to have MIH. 
Those who had history of taking antibiotics had 2.15 (CI: 1.186 to 3.909) times higher odds of MIH than those who did not have while those who had fever episodes during the early childhood years were 2.057 (CI: 1.149 to 
3.683) times more likely to develop MIH. CONCLUSION: During early childhood, careful handling of high fever, greater public awareness regarding misuse of antibiotics and education about bisphenol A and how to avoid it 
during pregnancy and breastfeeding are recommended to decrease the occurrence of MIH.

Eur Arch Paediatr Dent. 
2021 Apr;22(2):283-290.

10.1007/s40368-020-00555-5 32889651 ヒト その他(エナメル質形成) - - - - - - 症例対照研究 1 1 - - - 1 1 1 - - - - - - - - - - - -

統合_0628
B. Elsiwi, S. Bayen, Z. H. Chi, C. G. Goodyer, B. 
F. Hales, B. Robaire, R. Bornman, M. Obida, E. E. 
M. Moodie and J. Chevrier

2025

Breast milk bisphenol 
concentrations in Canada and South 
Africa and associations with body 
size among South African infants

OBJECTIVE: Infants may be exposed to bisphenols (BP) via breastfeeding. These chemicals are known endocrine disruptors and may interfere with infant growth. However, their presence in breast milk and their 
associations with infant size remain unexplored in South Africa, where infants may be especially vulnerable to toxic effects. METHODS: We measured BPA, BPS, and BPAF in breast milk samples obtained 4-8 weeks 
postpartum from mothers residing in rural (Vhembe district; n = 193) and urban (Pretoria; n = 189) areas of South Africa and compared them to samples from Montreal, Canada (n = 206). Infant length and head 
circumference were measured in South Africa, with z-scores computed based on World Health Organization (WHO) growth charts. Random forest plots were used to identify top-ranked BP predictors, and linear marginal 
structural models were used to estimate associations between BP concentrations and infant size. RESULTS: BP concentrations were highest in Vhembe relative to Pretoria; in Montreal, only BPS was detected. 
Microwaving food in plastic containers and maternal diet were important determinants of exposure. In the combined South African sites, total BPAF detection was associated with greater infant length (β = 0.38 SD, 95 % 
CI: 0.09, 0.68) and head circumference (β = 0.52 SD, 95 % CI: 0.23, 0.81). Associations were strongest in Pretoria. In contrast, a tenfold increase in total BPA concentration was associated with a 0.20 SD decrease in 
head circumference (95 % CI: -0.39, -0.01) in Vhembe. CONCLUSION: Findings point to high BP exposure in rural Africa and suggest that exposure to BPA and BPAF may be related to altered growth among South African 
infants.

Environ Res. 2025 Nov 
15;285(Pt 4):122452.

10.1016/j.envres.2025.122452 40716594 ヒト ⽣殖発⽣ - - - - - - コホート研究 1 1 - - - 1 1 1 - 1 - - - - - - - - - -

統合_0629 B. A. A. El-Degwi, M. E. Awad, W. Laimon, S. A. 
Askar, D. A. W. El-Morsi and D. A. M. Ahmed 2024

The potential Association of 
Bisphenol A exposure and type 1 
diabetes mellitus among Dakahlia 
Governorate's children sample, 
Egypt

BACKGROUND: Bisphenol A (BPA) is an endocrine disrupter affecting glucose homeostasis. OBJECTIVES: This study aimed to investigate BPA's relationship with Type 1 Diabetes Mellitus (T1DM) in Dakahlia 
Governorate's children, in Egypt. SUBJECTS MATERIALS AND METHODS: The study had two parts: clinical and experimental. Clinical Study was conducted on 200 children, equally divided into control and T1DM groups. 
They underwent: demographic data, height, weight, body mass index, glycosylated HbA1C, random blood glucose, and urinary BPA measurements. Experimental Study was conducted on 60 adult albino rats. Rats were 
randomly divided into three equal groups: control group: received 0.5 mL of pure olive oil, group 1: received 20 mg/kg/day BPA, and group 2: received 100 mg/kg/day BPA orally for 6 weeks. Fasting and two hours 
postprandial glucose levels were measured at the beginning and end of the study. Histopathological examination and imaging study of the pancreas were done. RESULTS: In clinical study: HbA1C and random blood 
glucose levels in diabetic children showed a significant increase compared to control. Children in control group showed controlled HbA1C, while the T1DM group showed 86% with poor diabetic control. There was a 
significant increase in BPA level in the T1DM group compared to the control. Rats that received BPA showed a marked increase in fasting and two hours postprandial glucose levels, histopathological changes in the 
pancreas with more changes determined in the high dose group, and a significant decrease in the islets of Langerhans diameters with group 2 more affected. CONCLUSION: So, BPA exposure could be considered a risk 
factor for T1DM in children.

Toxicol Res (Camb). 
2024 Jun 
20;13(3):tfae093.

10.1093/toxres/tfae093 38912005 ヒト、動物 代謝 1 1 1 1 0 20, 100 mg/kg/⽇ 症例対照研究 1 1 - - - 1 1 1 - - - - - - - - - - - -

統合_0630

H. El Ouazzani, S. Fortin, N. Venisse, A. Dupuis, 
S. Rouillon, G. Cambien, A. S. Gourgues, P. 
Pierre-Eugène, S. Rabouan, V. Migeot and M. 
Albouy-Llaty

2021

Perinatal Environmental Health 
Education Intervention to Reduce 
Exposure to Endocrine Disruptors: 
The PREVED Project

Environmental health promotion interventions may reduce endocrine disruptor (ED) exposure. The PREVED (PREgnancy, preVention, Endocrine Disruptors) project was developed to improve knowledge, to enhance risk 
perception, and to change exposure behavior. Our objective was to present the phases of the PREVED project using the RE-AIM method. PREVED intervention consisted of three workshops during pregnancy. Reach, 
adoption, and implementation phases were assessed with qualitative studies. Efficacy study consisted of a three-arm randomized controlled trial (RCT) on 268 pregnant women: (i) control group (leaflet), (ii) intervention 
group in neutral location, (iii) intervention group in contextualized location. The main outcome was the percentage evolution of participants who reported consuming canned food. Secondary outcomes were evolution of 
psycho-social scores, evolution of ED presence in urine, and ED presence in colostrum. The intervention adoption was centered on upper-privileged women, but implementation assessment showed that key features 
(highly practical intervention) seemed to be carried out and had initiated some behavior changes. A total of 268 pregnant women participated in the intervention and 230 in a randomized controlled trial (control group: 86 
and intervention groups: 172). We found no significant differences in consumption of canned food and in percentage of women having a decrease of bisphenol A or parabens in urine, but we found a significant increase in 
the evolution of risk perception score and overall psychosocial score in intervention groups (respectively: +15.73 control versus +21.03 intervention, p = 0.003 and +12.39 versus +16.20, p = 0.02). We found a significant 
difference in percentage of women with butylparaben detection between control group and intervention groups (13% versus 3%, p = 0.03). PREVED intervention is the first intervention research dedicated to perinatal 
environmental health education in France. By sharing know-how/experience in a positive non-alarmist approach, it improved risk perception, which is key to behavior change, aiming to reduce perinatal ED exposure. 
Including women in precarious situations remains a major issue.

Int J Environ Res Public 
Health. 2021 Dec 
22;19(1):70.

10.3390/ijerph19010070 35010328 ヒト その他(リスク認知) - - - - - - 介⼊研究 1 1 - - - 1 1 1 - - - - - - - - - - - -

統合_0631 M. Ekici, N. Çakır Biçer, A. Yirün, G. Demirel and 
P. Erkekoğlu 2024

Evaluation of Exposure to Bisphenol 
Analogs through Canned and 
Ready-to-Eat Meal Consumption 
and Their Possible Effects on Blood 
Pressure and Heart Rate

Bisphenols are endocrine-disrupting chemicals used in plastics and resins for food packaging. This study aimed to evaluate the exposure to bisphenol A (BPA), bisphenol S (BPS), and bisphenol F (BPF) associated with 
the consumption of fresh, canned, and ready-to-eat meals and determine the effects of bisphenols on blood pressure and heart rate. Forty-eight healthy young adults were recruited for this study, and they were divided 
into the following three groups: fresh, canned, and ready-to-eat meal groups. Urine samples were collected 2, 4, and 6 h after meal consumption, and blood pressure and heart rate were measured. The consumption of 
ready-to-eat meals significantly increased urine BPA concentrations compared with canned and fresh meal consumption. No significant difference in BPS and BPF concentrations was observed between the groups. The 
consumption of ready-to-eat meals was associated with a significant increase in systolic blood pressure and pulse pressure and a marked decrease in diastolic blood pressure and heart rate. No significant differences 
were noted in blood pressure and heart rate with canned and fresh meal consumption. It can be concluded that total BPA concentration in consumed ready-to-eat meals is high. High BPA intake causes increase in urinary 
BPA concentrations, which may, in turn, lead to changes in some cardiovascular parameters.

Nutrients. 2024 Jul 
15;16(14):2275.

10.3390/nu16142275 39064718 ヒト ⼼⾎管 - - - - - - 介⼊研究 1 1 - - - 1 1 1 - - - - - - - - - - - -

統合_0632 F. Eker, A. Gungunes, S. Durmaz, U. Kisa and Z. 
R. Celik 2021

Nonfunctional adrenal 
incidentalomas may be related to 
bisphenol-A

PURPOSE: Bisphenol-A (BPA) is an endocrine-disrupting chemical that may affect the hormones and their receptors. The aim of this study is to determine whether BPA has an effect on the development of nonfunctional 
adrenal incidentaloma (NFAI). METHODS: Fifty patients who were admitted to endocrinology outpatient clinics and diagnosed as NFAI were included in the study. Fifty healthy people without adrenal mass and adrenal 
pathology in the upper abdominal computerized tomography or magnetic resonance imaging were also included as control group. Age, gender and body mass index of the study groups were similar. The serum samples for 
BPA were stored at -80 °C in refrigerator until working in the lab. Serum BPA levels were measured using ELISA technique. RESULTS: Mean serum BPA level was 7.06 ± 3.96 ng/ml in NFAI patients and 4.79 ± 3.01 
ng/ml in control group. Serum BPA level was significantly higher in NFAI group than control group (p = 0.001). Serum BPA levels were also found to be significantly higher in women with NFAI than in men with NFAI (p = 
0.019). CONCLUSIONS: The mechanisms of NFAI development have not been clarified yet. Increased BPA exposure with developed industrialization may play a role in NFAI formation. For the reduction of BPA exposure, 
the use of plastic prepacked products, plastic containers, and safety measures are essential for public health.

Endocrine Vol.71 Issue 
2 Pages 459-466

10.1007/s12020-020-02502-2 32965630 ヒト - - - - - - - 横断研究 1 1 - - - - - - - - - - - - - - - - - -

統合_0633

A. Eisner, Y. Gao, F. Collier, K. Drummond, S. 
Thomson, D. Burgner, P. Vuillermin, M. L. Tang, 
J. Mueller, C. Symeonides, R. Saffery and A. L. 
Ponsonby

2022
Cord blood immune profile: 
Associations with higher prenatal 
plastic chemical levels

Prenatal exposure to plastic chemicals has been associated with alterations to early-life immune function in children. However, previous studies have generally been small and focused on limited repertoires of immune 
indices. In a large population-based pre-birth cohort (n = 1074), third-trimester measurements of eight phthalate metabolites and three analogues of bisphenols were used to estimate prenatal exposure to phthalate and 
bisphenol compounds. In cord blood, immune cell populations were measured by flow cytometry and an extensive panel of cytokines and chemokines were measured by multiplex immunoassay. We used these cord blood 
analytes to estimate "early life" immune profiles. The full study sample comprises data from 774 infants with prenatal plastic metabolite measurements and any cord blood immune data. Multiple linear regression analysis 
was used to evaluate whether prenatal phthalate and bisphenol exposure was prospectively associated with cord blood immune cell populations and cytokine and chemokine levels. Generally, inverse associations were 
observed between prenatal phthalate exposure and cord blood immune indices. Higher exposure to di-n-butyl phthalate was associated with lower cord blood levels of platelet-derived growth factor (PDGF) and interferon 
gamma-induced protein 10 (IP-10); higher exposure to the sum of dibutyl phthalates was associated with lower cord blood levels of IP-10; and higher exposure to benzyl butyl phthalate was associated with lower cord 
blood levels of interleukin 1 beta (IL-1β). There was less evidence of associations between bisphenols and cord blood immune indices. These results extend previous work examining prenatal plastic chemical exposure 
and early-life immune development and highlight the importance of further examination of potential associations with health-related outcomes.

Environ Pollut. 2022 
Dec 15:315:120332.

10.1016/j.envpol.2022.120332 36195195 ヒト 免疫 - - - - - - コホート研究 1 1 - - - 1 1 1 - 1 - - - - - - - - - -

統合_0634
S. M. Eick, Y. Tan, K. R. Taibl, P. Barry Ryan, D. 
B. Barr, A. Hüls, J. A. Eatman, P. Panuwet, P. E. 
D'Souza, V. Yakimavets, G. E. Lee, P. A. 
Brennan, E. J. Corwin, A. L. Dunlop and D. Liang

2024

Prenatal exposure to persistent and 
non-persistent chemical mixtures 
and associations with adverse birth 
outcomes in the Atlanta African 
American Maternal-Child Cohort

BACKGROUND: African Americans (AAs) experience higher rates of preterm birth and fetal growth restriction relative to other pregnant populations. Differential in utero exposure to environmental chemicals may partially 
explain these health disparities, as AAs are disproportionately exposed to environmental hazards. OBJECTIVE: We examined the individual and mixture effects of non-persistent chemicals and persistent organic pollutants 
(POPs) on gestational age at birth and birthweight for gestational age z-scores within a prospective cohort of pregnant AAs. METHODS: First-trimester serum and urine samples obtained from participants within the 
Atlanta African American Maternal-Child cohort were analyzed for 43 environmental chemicals, including per-and polyfluoroalkyl substances (PFAS), polybrominated diphenyl ethers (PBDEs), organochlorine pesticides, 
pyrethroid insecticides, phthalates, bisphenol A, nicotine, and the primary metabolite of delta-9-tetrahydrocannabinol. Linear regression was used to estimate individual associations between chemicals and gestational 
age and birthweight z-scores (N ranging from 107 to 523). Mixture associations were estimated using quantile g-computation, principal component (PC) analyses, and hierarchical Bayesian kernel machine regression 
among complete cases (N = 86). RESULTS: Using quantile g-computation, increasing all chemical exposures by one quantile was modestly associated with a reduction in gestational age (mean change per quartile 
increase = -0.47, 95% CI = -1.56, 0.61) and birthweight z-scores (mean change per quartile increase = -0.49, 95% CI = -1.14, 0.15). All PCs were associated with a reduction in birthweight z-scores; associations were 
greatest in magnitude for the two PCs reflecting exposure to combined tobacco, insecticides, PBDEs, and phthalates. In single pollutant models, we observed inconsistent and largely non-significant associations. 
SIGNIFANCE: We conducted multiple targeted exposure assessment methods to quantify levels of environmental chemicals and leveraged mixture methods to quantify their joint effects on gestational age and birthweight 
z-scores. Our findings suggest that prenatal exposure to multiple classes of persistent and non-persistent chemicals is associated with reduced gestational age and birthweight z-scores in AAs. IMPACT: African 
Americans (AAs) experience higher rates of preterm birth and fetal growth restriction relative to other pregnant populations. Differential in utero exposure to environmental chemicals may partially explain these health 
disparities, as AAs are disproportionately exposed to environmental hazards. In the present study, we analyzed serum and urine samples for levels of 43 environmental chemicals. We used quantile g-computation, principal 
component analysis, and BKMR to assess associations between chemical exposure mixtures and adverse birth outcomes. Our findings suggest that prenatal exposure to multiple classes of chemicals is associated with 
reduced birthweight z-scores, a proxy for fetal growth, in AAs.

J Expo Sci Environ 
Epidemiol. 2024 
Jul;34(4):570-580.

10.1038/s41370-023-00530-4 36841843 ヒト ⽣殖発⽣ - - - - - - コホート研究 1 1 - - - 1 1 1 - 1 - - - - - - - - - -
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統合_0635 C. Eberle and S. Stichling 2022

Environmental health influences in 
pregnancy and risk of gestational 
diabetes mellitus: a systematic 
review

BACKGROUND: Gestational diabetes mellitus (GDM) is one of the most common pregnancy complications globally. Environmental risk factors may lead to increased glucose levels and GDM, which in turn may affect not 
only the health of the mother but assuming hypotheses of "fetal programming", also the health of the offspring. In addition to traditional GDM risk factors, the evidence is growing that environmental influences might 
affect the development of GDM. We conducted a systematic review analyzing the association between several environmental health risk factors in pregnancy, including climate factors, chemicals and metals, and GDM. 
METHODS: We performed a systematic literature search in Medline (PubMed), EMBASE, CINAHL, Cochrane Library and Web of Science Core Collection databases for research articles published until March 2021. 
Epidemiological human and animal model studies that examined GDM as an outcome and / or glycemic outcomes and at least one environmental risk factor for GDM were included. RESULTS: Of n = 91 studies, we 
classified n = 28 air pollution, n = 18 persistent organic pollutants (POP), n = 11 arsenic, n = 9 phthalate n = 8 bisphenol A (BPA), n = 8 seasonality, n = 6 cadmium and n = 5 ambient temperature studies. In total, we 
identified two animal model studies. Whilst we found clear evidence for an association between GDM and air pollution, ambient temperature, season, cadmium, arsenic, POPs and phthalates, the findings regarding 
phenols were rather inconsistent. There were clear associations between adverse glycemic outcomes and air pollution, ambient temperature, season, POPs, phenols, and phthalates. Findings regarding cadmium and 
arsenic were heterogeneous (n = 2 publications in each case). CONCLUSIONS: Environmental risk factors are important to consider in the management and prevention of GDM. In view of mechanisms of fetal 
programming, the environmental risk factors investigated may impair the health of mother and offspring in the short and long term. Further research is needed.

BMC Public Health 
Vol.22 Issue 1 Pages 
1572

10.1186/s12889-022-13965-5 35982427 ヒト - - - - - - - システマティックレビュー 1 1 - - - - - - - - - - - - - - - - - -

統合_0636

J. A. Eatman, A. L. Dunlop, D. B. Barr, E. J. 
Corwin, C. C. Hill, P. A. Brennan, P. B. Ryan, P. 
Panuwet, K. R. Taibl, Y. Tan, D. Liang and S. M. 
Eick

2023

Exposure to phthalate metabolites, 
bisphenol A, and psychosocial stress 
mixtures and pregnancy outcomes in 
the Atlanta African American 
maternal-child cohort

BACKGROUND: Consumer products are common sources of exposure for phthalates and bisphenol A (BPA), which disrupt the endocrine system. Psychosocial stressors have been shown to amplify the toxic effects of 
endocrine disruptors but, information is limited among African Americans (AAs), who experience the highest rates of adverse pregnancy outcomes and are often exposed to the highest levels of chemical and non-chemical 
stressors. We examined the association between an exposure mixture of phthalate metabolites, BPA, and psychosocial stressors with gestational age at delivery and birthweight for gestational age z-scores in pregnant 
AA women. STUDY DESIGN: Participants were enrolled in the Atlanta African American Maternal-Child Cohort (N = 247). Concentrations of eight phthalate metabolites and BPA were measured in urine samples collected 
at up to two timepoints during pregnancy (8-14 weeks gestation and 20-32 weeks gestation) and were averaged. Psychosocial stressors were measured using self-reported, validated questionnaires that assessed 
experiences of discrimination, gendered racial stress, depression, and anxiety. Linear regression was used to estimate individual associations between stress exposures (chemical and psychosocial) and birth outcomes. 
We leveraged quantile g-computation was used to examine joint effects of chemical and stress exposures on gestational age at delivery (in weeks) and birthweight for gestational age z-scores. RESULTS: A simultaneous 
increase in all phthalate metabolites and BPA was associated with a moderate reduction in birthweight z-scores (mean change per quartile increase = -0.22, 95% CI = -0.45, 0.0). The association between our exposure 
mixture and birthweight z-scores became stronger when including psychosocial stressors as additional exposures (mean change per quantile increase = -0.35, 95% CI = -0.61, -0.08). Overall, we found null associations 
between exposure to chemical and non-chemical stressors with gestational age at delivery. CONCLUSIONS: In a prospective cohort of AA mother-newborn dyads, we observed that increased prenatal exposure to 
phthalates, BPA, and psychosocial stressors were associated with adverse pregnancy outcomes.

Environ Res. 2023 Sep 
15:233:116464.

10.1016/j.envres.2023.116464 37343758 ヒト ⽣殖発⽣ - - - - - - コホート研究 1 1 - - - 1 1 1 - 1 - - - - - - - - - -

統合_0637 L. Dunder, M. H. Lejonklou, P. M. Lind and L. 
Lind 2019

Urinary bisphenol A and serum 
lipids: a meta-analysis of six 
NHANES examination cycles (2003-
2014)

BACKGROUND: Mounting evidence from both experimental and epidemiological studies suggest that exposure to the endocrine disruptor bisphenol A (BPA) has a role in metabolic disorders. The aim of the present study 
was to assess whether urinary BPA concentrations were associated with dyslipidaemia in children (≤17 years old) and adults (≥18 years old) by performing a meta-analysis of data from six cycles (2003-2014) in the 
National Health and Nutrition Examination Survey (NHANES). METHODS: We conducted a meta-analysis of data from 4604 children and 10 989 adult participants who were part of a substudy of urinary BPA measurements 
from six NHANES cycles from 2003 to 2014. Linear regression models conducted in each cycle were used to perform a meta-analysis to investigate associations between urinary BPA and serum levels of low-density 
lipoprotein cholesterol (LDL-C), high-density lipoprotein cholesterol (HDL-C), total cholesterol (TC), triglycerides (TG) and apolipoprotein B (ApoB). RESULTS: The meta-analysis did not disclose any significant 
associations between urinary BPA concentrations and LDL-C, HDL-C, TC, TG and ApoB in children. In adults, the meta-analysis revealed negative regression coefficients for all five lipid variables. However, no 
associations were significant following Bonferroni correction for multiple tests. CONCLUSIONS: In the present meta-analysis of cross-sectional data from NHANES, no associations were found between urinary BPA and 
the five different lipid variables when investigated in both children and adults. However, considering the cross-sectional nature of the present study, results should be clarified in carefully designed longitudinal cohort 
studies with repeated BPA measurements.

J Epidemiol Community 
Health. 2019 
Nov;73(11):1012-1019.

10.1136/jech-2019-212555 31551308 ヒト 代謝(メタアナリシス) - - - - - - メタアナリシス 1 1 - - - 1 1 1 - - - - - - - - - - - -

統合_0638

R. Dugandzic, N. Konstantelos, Y. Yu, E. 
Lavigne, S. Srugo, J. J. Lang, K. Larsen, T. 
Pollock, P. Villeneuve, E. M. Thomson, M. 
MacPherson, R. Dales and S. Cakmak

2024

Associations between paediatric 
obesity, chemical mixtures and 
environmental factors, in a national 
cross-sectional study of Canadian 
children

BACKGROUND: Whilst single chemical exposures are suspected to be obesogenic, the combined role of chemical mixtures in paediatric obesity is not well understood. OBJECTIVES: We aimed to evaluate the potential 
associations between chemical mixtures and obesity in a population-based sample of Canadian children. METHODS: We ascertained biomonitoring and health data for children aged 3-11 from the cross-sectional 
Canadian Health Measures Survey from 2007 to 2019. Several chemicals of interest were measured in blood or urine and paediatric obesity was defined based on measured anthropometrics. Using quantile-based G 
computational analysis, we quantified the effects of three chemical mixtures selected a priori. Models were adjusted for sociodemographic and environmental factors identified through a directed acyclic graph. Results 
are presented through adjusted relative risks (RR) with 95% confidence intervals (95% CI). RESULTS: We included 9147 children. Of these, 24.1% were overweight or obese. Exposure to the mixture of bisphenol A, 
acrylamide, glycidamide, metals, parabens and arsenic increased the risk of childhood overweight or obesity by 45% (95% CI 1.09, 1.93), obesity by 109% (95% CI 1.27, 3.42) and central obesity by 82% (95% CI 1.30, 2.56). 
CONCLUSIONS: Our findings support the role of early childhood chemical exposures in paediatric obesity and the potential combined effects of chemicals.

Pediatr Obes Vol.19 
Issue 8 Pages e13117

10.1111/ijpo.13117 38872449 ヒト - - - - - - - 横断研究 1 1 - - - - - - - - - - - - - - - - - -

統合_0639 H. Duc Nguyen, H. Oh and M. S. Kim 2022

Association between exposure to 
chemical mixtures in relation to 
serum total IgE among adults 19-86 
years old

There is a scarcity of studies on the effects of mixed chemicals on total IgE. We aim to assess whether there is a link between chemical mixtures (blood and urine of 26 chemicals including lead, mercury, cadmium, t,t-
muconic acid, benzylmercapturic acid , 1-hydroxypyrene, 2-naphthol, 2-hydroxyfluorene, 1-hydroxyphenanthrene, mono-(2-ethyl-5-hydroxyhexyl) phthalate, mono-(2-ethyl-5-oxohexyl) phthalate, mono-n-butyl phthalate, 
mono-benzyl phthalate, mono-(2-ethyl-5-carboxypentyl) phthalate, mono-carboxyoctyl phthalate, mono-carboxy-isononly phthalate, mono (3-carboxypropyl) phthalate, bisphenol A, bisphenol F, bisphenol S, triclosan, 
methylparaben, ethylparaben, propylparaben, 3-phenoxybenzoic acid, and cotinine), and total IgE in 3,642 Korean adults aged ≥ 19. The effects of mixed chemical exposure on total IgE were identified using linear 
regression models, weighted quantile sum (WQS) regression, quantile g-computation (qgcomp), and Bayesian kernel machine regression (BKMR). The most relevant factors linked with IgE, according to the linear 
regression models, were blood or urine mercury and urine bisphenol A levels, with significant trends detected for these chemical tertiles (p < 0.01). The WQS index was significantly linked with ln2-transformed levels of 
serum total IgE (β = 0.30, 95 %CI 0.25-0.32). The qgcomp index also found a significant link between chemicals and ln2-transformed levels of serum total IgE (β = 0.52, 95 %CI 0.21-0.82), and elevated serum total IgE 
levels (OR = 2.55, 95 %CI 1.14-5.71). In BKMR analysis, the overall effect of the mixture was significantly associated with ln2-transformed levels of serum total IgE. The cutoff levels for exposure levels related to serum 
total IgE levels/elevated serum total IgE levels were reported. We discovered that whole-body exposure to 26 chemicals was associated with serum total IgE levels after assessing the findings of these four models. More 
research is needed in the future to gain a better understanding of the impact of mixed chemical exposure on allergic disorders and how to minimize chemical exposure, especially for people under the age of 18.

Int Immunopharmacol 
Vol.102 Pages 108428
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統合_0640 P. Dubey, S. Y. Reddy, C. Thangavel, G. Hardy 
and A. K. Dwivedi 2025

Association of exposure to 
nonpersistent endocrine disruptors 
with sex hormones and metabolic 
health in US females

Endocrine disruptive chemicals (EDCs) are considered as the potential attributes for the increasing trend in obesity and metabolic syndrome (MS) through disruption of sex hormones, particularly in women. We evaluated 
the association of understudied EDC compounds with total testosterone (TT), sex hormone-binding globulin (SHBG), obesity, and MS. A population-based cross-sectional study was conducted using the National Health 
and Nutrition Examination Survey datasets collected during the years 2013-2016. Women of age ≥15 years with urinary measurements of nonpersistent EDCs, including bisphenol, triclosan, triclocarban, dichlorophenol, 
and paraben compounds were included in this study. Data were analyzed using the modified Poisson models to estimate the adjusted relative risk (RR) and 95% confidence interval (CI). The associations were also 
validated by considering TT and SHBG concentrations as the outcomes. The study included 1974 women with 11% high TT, 10.5% low SHBG, 40% obesity, and 46.2% MS. A medium to high exposure to bisphenol-A (RR = 
1.64; 95% CI: 1.14, 2.35, p = 0.009), bisphenol-F (RR = 1.83; 95% CI: 1.35, 2.49, p < 0.001), bisphenol-S (RR = 1.83; 95% CI: 1.35, 2.49, p = 0.041) and 2, 4- dichlorophenol (RR = 1.61; 95% CI: 1.06, 2.45, p = 0.026) were 
associated with low SHBG but not with high TT. In addition, high exposure to triclosan was also inversely associated with SHBG concentrations (regression coefficient = -0.09; 95% CI: -0.15, -0.02, p = 0.013). However, 
these EDCs were found to be associated with SHBG, obesity, and MS according to menopausal status. High exposure to certain nonpersistent EDCs was associated with low SHBG, obesity, and MS according to 
menopausal status.

J Investig Med Vol.73 
Issue 2 Pages 193-205
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統合_0641
C. Dubeau, A. Aker, É. Caron-Beaudoin, P. 
Ayotte, C. Blanchette, N. G. McHugh and M. 
Lemire

2023

Perfluoroalkyl acid and bisphenol-A 
exposure via food sources in four 
First Nation communities in Quebec, 
Canada

OBJECTIVE: To document perfluoroalkyl acids (PFAA) and bisphenol-A (BPA) exposure in four First Nation communities in northern Quebec compared with the Canadian Health Measures Survey (CHMS Cycle 5 2016-
2017) and examine the associations between dietary consumption and chemical exposure. DESIGN: We used cross-sectional data from the JES-YEH! project conducted in collaboration with four First Nation communities 
in 2015. A FFQ collected information on diet, and PFAA and BPA were measured in biological samples. We used generalised linear models to test the associations between food intake and chemical biomarkers. SETTING: 
Northern Quebec. PARTICIPANTS: Youth aged 3-19 years (n 198). RESULTS: Mean perfluorononanoic acid (PFNA) levels were significantly higher in JES-YEH! than CHMS, and BPA levels were higher among those aged 
12-19 years compared with CHMS. Dairy products were associated with PFNA among Anishinabe and Innu participants (geometric mean ratio 95 % CI: 1·53 (95 % CI 1·03, 2·29) and 1·52 (95 % CI 1·05, 2·20), respectively). 
PFNA was also associated with ultra-processed foods (1·57 (95 % CI 1·07, 2·31)) among Anishinabe, and with wild fish and berries (1·44 (95 % CI 1·07, 1·94); 1·75 (95 % CI 1·30, 2·36)) among Innu. BPA was associated 
with cheese (1·72 (95 % CI 1·19, 2·50)) and milk (1·53 (95 % CI 1·02, 2·29)) among Anishinabe, and with desserts (1·71 (95 % CI 1·07, 2·74)), processed meats (1·55 (95 % CI 1·00, 2·38)), wild fish (1·64 (95 % CI 1·07, 2·49)) 
and wild berries (2·06 (95 % CI 1·37, 3·10)) among Innu. CONCLUSIONS: These results highlight the importance of better documenting food-processing and packaging methods, particularly for dairy products, and their 
contribution to endocrine disruptors exposures as well as to promote minimally processed and unpackaged foods to provide healthier food environments for youth in Indigenous communities and beyond.

Public Health Nutr 
Vol.26 Issue 1 Pages 
106-121
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統合_0642 X. Duan, M. Liang, B. Wei, J. Gu, Q. Zhao, G. Ji, 
S. Jin and H. Chen 2025

Internal Bisphenol Analogue 
Exposure in an Elderly Chinese 
Population: Knowledge from Dietary 
Exposure

Due to its endocrine-disrupting effects and neurotoxicity, Bisphenol A (BPA) has been banned from some products and some countries; therefore, alternatives are increasingly being used. Studies have been performed to 
evaluate internal Bisphenol analogue (BP) exposure in children, adolescents and adults; however, little information on elderly age groups is available. In this study, a cohort of 161 senior residents aged 60-70 years, from a 
coastal residential district in Jiangsu Province of China, was selected, and blood samples were collected from these individuals to evaluate internal BP exposure. The serum concentrations of eleven BPs (BPA, BPB, BPC, 
BPE, BPF, BPS, BPZ, BPP, BPAF, BPAP and TBBPA) were quantitatively determined by HPLC-MS/MS. In parallel, demographic and dietary surveys were conducted, and the potential association between BP levels and 
dietary habits was analyzed. Noteworthily, the detection rate of 10 BPs in serum samples exceeded 78%. Of all the BPs, BPA displayed the highest level, followed by BPAF, BPB, and BPS. Interestingly, the levels of most 
types of BPs in males were higher than those in females, and individuals above 65 years of age exhibited significantly higher BPA levels. Dietary analysis indicated a significant correlation between meat consumption and 
BP levels, implying that this is an important source of BP exposure. The current study uncovers previously unknown aspects of BPs exposure, characterized by high internal BP levels in the elderly, and risk factors such as 
gender and meat consumption. This offers valuable insights for preventing region-specific BP exposure in the elderly.

Toxics Vol.13 Issue 4 10.3390/toxics13040259 40278575 ヒト - - - - - - - バイオモニタリング 1 1 - - - - - - - - - - - - - - - - - -

統合_0643 S. Duan, Y. Wu, J. Zhu, X. Wang, Y. Zhang, C. 
Gu and Y. Fang 2024

Development of interpretable 
machine learning models associated 
with environmental chemicals to 
predict all-cause and specific-cause 
mortality：A longitudinal study 
based on NHANES

Limited information is available on potential predictive value of environmental chemicals for mortality. Our study aimed to investigate the associations between 43 of 8 classes representative environmental chemicals in 
serum/urine and mortality, and further develop the interpretable machine learning models associated with environmental chemicals to predict mortality. A total of 1602 participants were included from the National Health 
and Nutrition Examination Survey (NHANES). During 154,646 person-months of follow-up, 127 deaths occurred. We found that machine learning showed promise in predicting mortality. CoxPH was selected as the optimal 
model for predicting all-cause mortality with time-dependent AUROC of 0.953 (95%CI: 0.951-0.955). Coxnet was the best model for predicting cardiovascular disease (CVD) and cancer mortality with time-dependent 
AUROCs of 0.935 (95%CI: 0.933-0.936) and 0.850 (95%CI: 0.844-0.857). Based on clinical variables, adding environmental chemicals could enhance the predictive ability of cancer mortality (P < 0.05). Some environmental 
chemicals contributed more to the models than traditional clinical variables. Combined the results of association and prediction models by interpretable machine learning analyses, we found urinary methyl paraben (MP) 
and urinary 2-napthol (2-NAP) were negatively associated with all-cause mortality, while serum cadmium (Cd) was positively associated with all-cause mortality. Urinary bisphenol A (BPA) was positively associated with 
CVD mortality.

Ecotoxicol Environ Saf. 
2024 Jan 
15:270:115864.
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統合_0644
P. Dualde, O. Pardo, F. Corpas-Burgos, J. 
Kuligowski, M. Gormaz, M. Vento, A. Pastor and 
V. Yusà

2019
Biomonitoring of bisphenols A, F, S 
in human milk and probabilistic risk 
assessment for breastfed infants

The present study addresses the presence of bisphenols A (BPA) and its analogs bisphenol F (BPF) and S (BPS) in milk of 120 mothers living in Valencia (Spain) and participating in the BETTERMILK project (year 2015). 
We also studied the factors that could influence the BPA levels and estimated the exposure and the risk for breast fed infants. The frequency of detection of total (conjugated + unconjugated) and unconjugated-BPA were 
83% and 77%, with a geometric mean of 0.29 ng/mL and 0.15 ng/mL, respectively. The frequency of detection was much lower for total-BPF (22%) and total-BPS (1.1%). The place of residence of the mother and the use 
of personal care products showed significant association with BPA concentrations. The estimated daily intake of total-BPA for breastfed infants amounted to a geometric mean of 0.04 μg/kg bw and a 95th percentile of 
1.0 μg/kg bw, below the tolerable daily intake of 4 μg/kg bw-day established by EFSA. To our knowledge, this is the largest biomonitoring study of bisphenols in human milk in Europe.

Sci Total Environ 
Vol.668 Pages 797-805
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統合_0645

P. Dualde, N. León, Y. Sanchis, F. Corpas-
Burgos, S. F. Fernández, C. S. Hernández, G. 
Saez, E. Pérez-Zafra, A. Mora-Herranz, O. Pardo, 
C. Coscollà, A. López, V. Yusà and F. On Behalf 
Of The Bioval Task

2021

Biomonitoring of Phthalates, 
Bisphenols and Parabens in 
Children: Exposure, Predictors and 
Risk Assessment

Exposure to emerging contaminants, such as phthalates, bisphenols and parabens in children has been associated with possible neurodevelopment and endocrine alterations. In the present study, the biomonitoring of 
biomarkers in children (5-12 years old) from the Valencia Region (Spain) have been implemented using urines from the BIOVAL program. More than 75% of the children studied (n = 562) were internally exposed (>LOQ) to 
bisphenols and parabens, and the whole population assessed (n = 557) were exposed to at least one phthalate. The geometric means (GM) of the concentrations of bisphenol A, methyl paraben and propyl paraben were 
0.9, 1.4 and 0.39 ng/mL, respectively. Regarding phthalates, monoethyl phthalate GM was 55.0 ng/mL and diethyl hexyl phthalate (as the sum of five metabolites) GM was 60.6 ng/mL. Despite the studied population being 
widely exposed, the detection frequencies and concentrations were in general lower than in previous studies involving children in Spain and in other countries in recent years. Furthermore, the risk assessment study 
concluded that the internal exposure to phthalates, bisphenols and parabens is lower than the guidance values established, and, therefore, a health risk derived from the exposure to these compounds in the studied 
population is not expected.

Int J Environ Res Public 
Health Vol.18 Issue 17
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統合_0646
L. J. Dou, Q. F. Zhang, H. H. Bao, W. K. Wu, J. 
Sheng, S. Q. Yan, Y. Y. Xu, C. L. Gu, K. Huang, 
H. Cao, P. Y. Su, F. B. Tao and J. H. Hao

2020

[A birth cohort study of the 
association between prenatal serum 
bisphenol A concentration and 
infant neurobehavior development]

Objective: To explore the association between maternal bisphenol A (BPA) exposure during pregnancy and neurobehavioral development in infant. Methods: Participants were from the Ma'anshan Birth Cohort, which was 
established from October 2008 to October 2010 based on four municipal medical and health institutions in Ma'anshan. High-performance liquid chromatography-tandem mass spectrometry was applied for the 
determination of serum BPA concentration in 1 783 pregnant women sampled at their first filing, and during 2.97 to 28.1 months age of the infants. Neurobehavioral development were assessed by 0-6-year-old pediatric 
examination table of neuropsychological development. Generalized linear model was used to analyze the association between serum BPA levels during pregnancy and infants' neurobehavioral development. Results: A total 
of 931 mother-child pairs had complete data on serum BPA detection during pregnancy and assessment of infants' neurobehavioral development status. The age of pregnant women at their first filing was (26.67±3.45) 
years old, and the M (P(25),P(75)) of serum BPA concentration (ng/ml) was 0.23 (0.11, 0.52), with a detection rate of 84.1% (783/931). The age of infants was (13.18±5.46) months, and 53.5% (498) were boys. The 
developmental quotient scores of large motor, fine motor, adaptive ability, language ability and social behaviors of infants were (97.88±16.32), (97.16±15.35), (99.64±15.47), (95.3±16.04) and (98.95±14.76) points, 
respectively. Generalized linear model showed that after adjusting for factors such as delivery mode, feeding mode, family per capita monthly income, preterm delivery, gender, maternal age, residence, pre-pregnancy body 
mass index and residence time, serum BPA level in pregnancy was negatively associated with infant's development of social behavior [β (95%CI):-2.42 (-4.71, -0.12)]. The post-stratification analysis by infant age 
revealed that the serum BPA level in pregnancy was only negatively associated with the development of language and social behavior developmental quotient scores in infants between the ages of 12 and 18 months, with 
β (95%CI) about -6.66 (-13.06, -0.25) and -7.401 (-12.97, -1.83), respectively. Conclusion: BPA exposure during pregnancy affects language and social behavior development in infants, and the detection window is 
between 12 and 18 months old of the infant.

Zhonghua Yu Fang Yi 
Xue Za Zhi. 2020 Jun 
6;54(6):644-650.
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統合_0647 J. M. Dos Santos, T. Kennedy, J. Zhu, A. McPike, 
M. Ray, J. Demirci and J. Dechant 2025

Sex-Specific Adverse Association of 
Endocrine Disrupting Chemicals on 
Peak Anaerobic Power and Skeletal 
Muscle Mass of Active Young Adults

dos Santos, JM, Kennedy, T, Zhu, J, McPike, A, Ray, M, Demirci, J, and Dechant, J. Sex-specific adverse association of endocrine disrupting chemicals on peak anaerobic power and skeletal muscle mass of active young 
adults. J Strength Cond Res XX(X): 000-000, 2025-Endocrine disrupting chemicals, such as bisphenol A (BPA) and bisphenol S (BPS), and polycyclic aromatic hydrocarbons (PAHs) are a broad class of industrial 
compounds that induce adverse physiologic outcomes dependent on biologic sex. These chemicals stimulate oxidative stress and impair pathways involved in anaerobic and aerobic energy generation, key drivers of 
athletic performance. This study aims to analyze the association of BPA, BPS, 2-naphthol (a marker of PAH), and oxidative stress with peak anaerobic power (PAP) and anthropometric characteristics. Peak anaerobic 
power was assessed in active men and women (n = 54, age 20 ± 1.4, body mass index 25.4 ± 3.8 kg·m-2) using a vertical jump test. Fasting levels of urinary BPA, BPS, 2-naphthol, oxidative stress, blood glucose, and 
muscle mass were assessed by ELISA, capillary sample analysis, and body composition analyzer, respectively. Peak anaerobic power was negatively associated with BPA and positively with percentage of skeletal muscle 
and oxidative stress (p < 0.05). Multivariate regression, moderated by nonmodifiable variables associated with PAP such as sex, height, and age, indicated that only BPA was a predictor of PAP (β = -0.186, p = 0.021). 
Relationships of variables were assessed in each sex, and PAP was negatively associated with levels of BPA and 2-naphthol in woman. Multivariate regression confirmed that those variables are predictors of PAP (p < 
0.01). Results support the idea of a sex-specific physiologic impact of BPA and 2-naphthol on PAP, independently of levels of oxidative stress and percentage of muscle. Controlling BPA and 2-naphthol exposure could be 
a potential strategy to improve PAP in female athletes.

J Strength Cond Res 10.1519/jsc.0000000000005223 40853207 ヒト - - - - - - - 横断研究 1 1 - - - - - - - - - - - - - - - - - -
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統合_0648 Z. Dong, L. He, J. Wu, C. Xie, S. Geng, J. Wu, C. 
Zhong and X. Li 2025

Bisphenol A-induced cancer-
associated adipocytes promotes 
breast carcinogenesis via 
CXCL12/AKT signaling

Bisphenol A (BPA), a commonly used plastic additive, is believed to cause obesity. As an environmental endocrine disruptor, BPA is closely associated with the onset and progression of BC. However, the molecular 
mechanisms underlying the promotion of breast cancer by BPA remain unclear. As obesity is a significant risk factor for breast cancer, this study aimed at exploring whether BPA facilitates the progression of breast 
cancer by inducing obesity. Using the National Health and Nutrition Examination Survey data, a positive correlation was observed between BPA exposure and the risk of sex-specific cancers among US adults with body 
mass index ≥30, suggesting that obesity may be influenced by urinary BPA. 3T3-L1 cells differentiated into mature adipocytes following treatment with 10(-8) M BPA, and subsequent treatment with 4T1-conditioned 
medium acquired properties associated with cancer-associated adipocytes (CAAs). Network pharmacology suggested that CXCL12 may serve as a key target gene in breast cancer progression. Follow-up PCR analysis 
revealed high CXCL12 expression in BPA-induced CAAs. Overexpression of CXCL12 promoted epithelial-mesenchymal transition (EMT) and 4T1 cell migration by activating the AKT pathway. In vivo, BPA-induced CAAs 
accelerated tumor growth compared to a controls xenografted with only 4T1 cells. In tissues from the BPA-CAAs group, the expression of CXCL12, markers associated with CAAs, phosphorylated AKT, N-cadherin, and 
vimentin was markedly elevated, whereas the expression of E-cadherin was reduced. In conclusion, BPA may induce adipose cells to differentiate into CAA-like cells and subsequently advance breast cancer EMT through 
the CXCL12/AKT pathway.

Mol Cell Endocrinol 
Vol.599 Pages 112473
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統合_0649 R. E. Dodson, R. W. Setzer, J. D. Spengler, J. G. 
Brody, R. A. Rudel and J. G. Cedeño Laurent 2022

Influence of living in the same home 
on biomonitored levels of consumer 
product chemicals

BACKGROUND: Individuals living in the same home may share exposures from direct contact with sources or indirectly through contamination of the home environment. OBJECTIVE: We investigated the influence of 
sharing a home on urine levels of ten phenolic chemicals present in some consumer products. METHODS: We used data from Silent Spring Institute's Detox Me Action Kit (DMAK), a crowdsourced biomonitoring program 
in the US. Of the 726 DMAK participants, 185 lived in the same home with one or more other DMAK participants (n = 137 pairs, up to six participants in a home). The concentration distributions included values below the 
detection limit so we used statistical methods that account for left-censored data, including non-parametric correlation estimation and hierarchical Bayesian regression models. RESULTS: Concentrations were 
significantly positively correlated between pair-members sharing a home for nine of the ten chemicals. Concentrations of 2,5-dichlorophenol were the most strongly correlated between pair-members (tau = 0.46), followed 
by benzophenone-3 (tau = 0.31) and bisphenol A (tau = 0.21). The relative contribution of personal product use reported product use of other household members (up to 5 others), and the residual contribution from a shared 
household, including exposures not asked about, varied by chemical. Paraben concentrations were largely influenced by personal behaviors whereas dichlorophenol and bisphenol concentrations were largely influenced by 
shared home exposures not related to reported behaviors. SIGNIFICANCE: Measuring the influence of personal and household practices on biomonitoring exposures helps pinpoint major sources of exposure and highlights 
chemical-specific intervention strategies to reduce them.

J Expo Sci Environ 
Epidemiol Vol.32 Issue 6 
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統合_0650
R. E. Dodson, K. E. Boronow, H. Susmann, J. O. 
Udesky, K. M. Rodgers, D. Weller, M. Woudneh, 
J. G. Brody and R. A. Rudel

2020

Consumer behavior and exposure to 
parabens, bisphenols, triclosan, 
dichlorophenols, and 
benzophenone-3: Results from a 
crowdsourced biomonitoring study

Nearly all Americans have detectable concentrations of endocrine disrupting chemicals from consumer products in their bodies, and expert panels recommend reducing exposures. To inform exposure reduction, we 
investigated whether consumers who are trying to avoid certain chemicals in consumer products have lower exposures than those who are not. We also aimed to make exposure biomonitoring more widely available. We 
enrolled 726 participants in a crowdsourced biomonitoring study. We targeted phenolic compounds-specifically parabens, bisphenol A (BPA) and analogs bisphenol F (BPF) and bisphenol S (BPS), the UV filter 
benzophenone-3, the anti-microbial triclosan, 2,4-dichlorophenol, and 2,5-dichlorophenol-and collected survey data on consumer products, cleaning habits, and efforts to avoid related chemicals. We investigated 
associations between 68 self-reported exposure behaviors and urine concentrations of ten chemicals, and evaluated whether associations were modified by intention to avoid exposures. A large majority (87%) of 
participants reported taking steps to limit exposure to specific chemicals, and, overall, participants achieved lower concentrations than the general U.S. population for parabens, BPA, triclosan, and benzophenone-3 but 
not BPF and BPS. Participants who reported avoiding all four ingredient groups-parabens, triclosan, bisphenols, and fragrances-were twice as likely as others to be in the lowest quartile of cumulative exposure. Avoiding 
certain products and reading ingredient labels to avoid chemicals was most effective for parabens, triclosan, and benzophenone-3. Avoiding BPA was not effective for reducing bisphenol exposures. Avoiding certain 
chemicals in products was generally associated with reduced exposure for chemicals listed on labels. Greater ingredient transparency will help consumers who read labels to reduce their exposure to a wider range of 
potentially harmful chemicals. In order to more equitably address public health, labeling policies should be complemented by regulations that exclude harmful chemicals from consumer products.

Int J Hyg Environ Health 
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統合_0651 J. Ding, Y. Liu, Y. Li, Y. Huang, S. Li, F. Wang, D. 
Chen, B. Lu and N. Lin 2024

Insights into the accumulation and 
hepatobiliary transport of bisphenols 
(BPs) in liver and bile

Bisphenols (BPs) are widely distributed in daily life as typical endocrine disruptors. In this study, we examined the distribution of bisphenol A (BPA) and BPA alternatives in liver (n = 149) and bile (n = 102) tissues from 
the patients with liver cancer, and calculated the hepatobiliary transport efficiency of BPs (T(B-L)). Seven BPs were detected in both liver (median: 0.859 ng/g; range: 0.0200-26.7 ng/g) and bile (median: 0.307 ng/mL; 
range: 0.0200-26.7 ng/mL), and BPA was the predominant in both liver (mean: 1.89 ng/g) and bile (mean: 1.65 ng/mL). The T(B-L) of BPs was reported for the first time and found to be negatively correlated with the 
molecular weight and Log K(ow) of BPs. Furthermore, BPA and ∑BPs in liver showed a significant negative correlation with age, and a significant difference was found in BPs in liver and bile in hepatocellular carcinoma 
patients with different genders (p < 0.05). For liver function indicators, levels of BPs showed significant positive correlation with γ-glutamyl transferase (GGT) and alanine aminotransferase (ALT), especially BPBP 
levels in bile. This suggests that BPs may have some correlation with hepatocellular carcinoma. This is the first report on distribution characteristics of BPs in the liver and bile of hepatocellular carcinoma patients, and is 
the first study to report the hepatobiliary transport efficiency of BPs. The results should contribute to the understanding of BPs accumulation in the liver and bile and further relationship with hepatocellular carcinoma.
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Phenol biomarker concentrations in 
human ovarian follicular fluid and 
the associations with in-vitro 
fertilization outcomes

BACKGROUND: Phenols are a family of short-lived endocrine disrupting chemicals found in a wide range of products and have drawn significant attention because of widespread human exposure and their potential 
adverse effects on reproductive health. Phenols have been widely detected in several human bodily fluids, particularly in urine and blood. However, there is limited data on phenols in human ovarian follicular fluid (FF). In 
addition, studies suggest associations between exposure to bisphenols and measures of infertility in humans. Nevertheless, the association of FF concentrations of bisphenols and female fertility has not been 
investigated. OBJECTIVES: To quantify phenols in human ovarian FF, investigate correlations of phenol concentrations between FF and urine, evaluate trends over time, and explore any associations between FF 
concentrations of phenols and in-vitro fertilization (IVF) outcomes. METHODS: This analysis includes 143 women who enrolled in the Environment and Reproductive Health (EARTH) Study and underwent one IVF cycle 
between 2009 and 2015, with available, FF, urine and reproductive outcome data. FF concentrations of 2,4-dichloro-phenol (2,4DCP), 2,5-dichloro-phenol (2,5DCP), methyl-paraben (MPB), ethyl-paraben (EPB), propyl-
paraben (PPB), butyl-paraben (BPB), bisphenol A (BPA), bisphenol S (BPS), bisphenol F (BPF), benzophenone-3 (BP3), triclosan (TCS) and triclorocarban (TCC) were quantified by isotope dilution tandem mass 
spectrometry. Generalized linear models were used to explore the associations between FF concentrations of bisphenols (in tertiles or dichotomized) and IVF outcomes, adjusting for confounders. RESULTS: Detection 
rates varied from high (79-95 %) for MPB, PPB and BPS, to moderate (44-65 %) for BPA, BP3 and TCS, to low (1-34 %) for 2,4DCP, 2,5DCP, EPB, BPB, BPF, TCC. Correlations between FF and urine were strong for BP3 (r 
= 0.86), moderate for MPB (r = 0.64) and PBP (r = 0.63), and weak for BPS (r = 0.21) and BPA (r = 0.12). FF BPA concentrations significantly decreased over time, whereas FF BPS concentrations increased. Most of the 
examined FF phenol biomarker concentrations were not related to early IVF outcomes (endometrial thickness, total and mature (MII) oocyte yield, fertilization rates). However, significant associations between PPB and 
endometrial thickness, and between BP3 and MII oocyte yield were noted, without these findings translating in any effects observed on pregnancy outcomes (implantation, clinical pregnancy and live birth). 
CONCLUSIONS: We observed that most phenols were detected in FF and there were some correlations with urinary concentrations. We confirmed in FF that phenols such as BPA may be declining, while exposure to new 
replacements such as BPS are increasing. However, no overall associations were observed for the examined FF phenol biomarker concentrations with early IVF outcomes and pregnancy outcomes. Further research is 
needed to examine the potential associations of these phenols in FF, especially the newer ones that are on the rise.
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Campiglia, C. La Rocca, R. M. Cerbo and R. De 
Giuseppe

2021

Lifestyle Habits and Exposure to 
BPA and Phthalates in Women of 
Childbearing Age from Northern 
Italy: A Pilot Study

Background: Endocrine-disrupting chemicals (EDCs) are compounds that interfere with aspects of hormonal signaling. Considerable attention has been paid to their biological effects especially in women of childbearing 
age or during pregnancy as EDCs have been reported to cross the placenta becoming concentrated in the fetus' circulation. Lifestyle habits, daily consumption of packaged foods and use of healthcare/cosmetic products 
are associated with increased EDCs levels. This cross-sectional research examined the EDCs levels and the lifestyle determinants of EDC exposure in a cohort of reproductive-age women from Northern Italy. Methods: 
Forty-five women (median age: 36, IQR: 30-38) were evaluated for urinary bisphenol A (BPA) and phthalates levels and also studied for EDCs' major determinants of daily exposure; food frequency/dietary, physical activity, 
smoking habits and weight status. Results: Although 100% of women seemed to have been exposed to common sources of EDCs, they reported a healthy lifestyle. The multivariable model described a positive and 
significant association between consumption of sauces/dressings in plastic containers and monoethyl phthalate exposure (p = 0.037). Conclusions: Since reproductive age encompasses a critical window for future 
health and functioning of the "mothers-to-be" and their children, future studies on prenatal dietary BPA and phthalate exposure and the role of consumer product choices in reducing such exposure are recommended.
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Xhilari and C. Faggio

2023
Screening of phthalate and non-
phthalate plasticizers and 
bisphenols in Sicilian women's blood

The plastic accumulation and its degradation into microplastics is an environmental issue not only for their ubiquity, but also for the release of intrinsic chemicals, such as phthalates (PAEs), non-phthalate plasticizers 
(NPPs), and bisphenols (BPs), which may reach body organs and tissues, and act as endocrine disruptors. Monitoring plastic additives in biological matrices, such as blood, may help in deriving relationships between 
human exposure and health outcomes. In this work, the profile of PAEs, NPPs and BPs was determined in Sicilian women's blood with different ages (20-60 years) and interpreted by chemometrics. PAEs (DiBP and 
DEPH), NPPs (DEHT and DEHA), BPA and BPS were at higher frequencies and greater levels in women's blood and varied in relation to age. According to statistical analysis, younger females' blood had higher contents of 
plasticizers than older women, probably due to a more frequent use of higher quantities of plastic products in daily life.
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統合_0655 S. Dhar, A. Das and P. Bhattacharjee 2025

A population-based study to 
understand the association between 
Bisphenol-A (BPA) and Polycystic 
Ovarian Syndrome (PCOS): 
correlating with anthropometric 
parameters and clinical features

Bisphenol-A (BPA) is one of the most ubiquitous EDCs, possessing a variety of health risks starting from metabolic disorders to cancer. Due to the estrogen-mimicking phenomenon, BPA was associated with female 
reproductive disorders like polycystic ovarian syndrome (PCOS). This study aims to investigate the possible epigenetic mechanisms behind BPA-mediated PCOS manifestation among young women from West Bengal, 
India. A cross-sectional study was conducted in Kolkata Metropolitan City, West Bengal, India. Upon voluntary participation, 40 women were selected for pathological screening, anthropometric measurements. Followed 
by this, BPA exposure was measured in serum as well as saliva using ELISA-based technique and subsequently Global DNA methylation status (%5-mC), HAT and HDAc activity were quantified. The mean concentration 
of BPA in serum (8.636 + 0.489 vs. 6.38 + 1.087) and saliva (8.865 + 0.939 vs. 6.686 + 1.524) were significantly (p 0.0001) high among PCOS group. In addition, serum BPA was positively correlated with total fat 
percentage (r = 0.318), visceral fat percentage (r = 0.365), testosterone level (r = 0.432) and HDAc activity (r = 0.414) while inversely correlated with resting metabolism (r = -0.004), prolactin level (r = -0.335) and 5-mC 
percentage (r = -0.431). Also, body weight, waist circumference, hip circumference, total fat (%), visceral fat (%), BMI, LH, testosterone, LH: FSH and HAT activity was significantly high (p 0.0001) whereas 5-mC (%) and 
prolactin level was significantly (p 0.05) low among PCOS women. Results suggest a potential role of BPA in the alteration of epigenetic mechanisms, which lead to alterations in gene expression levels and eventually 
cause obesity and hormonal imbalance. Therefore, we hypothesise that BPA may lead to PCOS among women.
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2025
An Analysis of the Role of Bisphenol 
A in Breast and Reproductive-
System Cancers

Background/Objectives: Bisphenol A (BPA) is an organic compound used in producing polycarbonates and epoxy resins found in products such as food containers, disposable bottles, CDs, and DVDs. Its structure 
resembles that of endogenous estrogen, which classifies BPA as an endocrine-disrupting chemical (EDC). BPA has been associated with various health abnormalities, including cancer and reproductive system cancer. In 
this study, we examine the association between BPA exposure, BPA levels in blood serum, and the occurrence of breast cancer and reproductive system cancer. Methods: A total of 84 females were included in this cross-
sectional study. All participants completed a questionnaire assessing BPA exposure and underwent a blood test to measure BPA levels in serum. Results: Analysis of the lifestyle questionnaire revealed behavioral 
differences potentially associated with BPA exposure. A statistically significant difference was observed for responses to Question 13, related to food preparation methods, while responses to Questions 5, 6, and 17 
showed trends approaching statistical significance in cancer groups. Serum BPA concentrations were significantly higher in patients with reproductive system cancer compared to the control group (p = 0.045), while a 
non-significant trend was observed between breast cancer patients and patients with reproductive system cancer (p = 0.0884). Conclusions: In summary, our study demonstrated significantly elevated serum BPA levels in 
patients with reproductive system cancer compared to controls. These results suggest the hypothesis that higher exposure to BPA may influence or be associated with the development of estrogen-dependent cancers 
such as breast and endometrial cancer. However, due to the cross-sectional design of the study, causality cannot be established, and further longitudinal studies are warranted.
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統合_0657
A. Derakhshan, H. Shu, R. P. Peeters, A. 
Kortenkamp, C. H. Lindh, B. Demeneix, C. G. 
Bornehag and T. I. M. Korevaar

2019
Association of urinary bisphenols 
and triclosan with thyroid function 
during early pregnancy

BACKGROUND: Bisphenols and triclosan are considered as potential thyroid disruptors. While mild alterations in maternal thyroid function can result in adverse pregnancy and child developmental outcomes, there is still 
uncertainty whether bisphenols or triclosan can interfere with thyroid function during pregnancy. OBJECTIVES: We aimed to investigate the association of urinary bisphenol A (BPA), bisphenol S (BPS), bisphenol F (BPF) 
and triclosan with early pregnancy thyroid function. METHODS: This study was embedded in the Swedish Environmental Longitudinal, Mother and child, Asthma and allergy study (SELMA), a population-based prospective 
pregnancy cohort. In total, 1996 participants were included in the current study. Maternal urinary concentrations of three bisphenols and triclosan, collected at median (95% range) 10 (6-14) weeks of pregnancy as well as 
serum concentrations of thyroid stimulating hormone (TSH), free thyroxine (FT4), free triiodothyronine (FT3), total thyroxine (TT4), and total triiodothyronine (TT3) were measured. RESULTS: Higher BPA levels were 
associated with lower TT4 concentrations (non-monotonic, P = 0.03), a lower FT4/FT3 ratio (β [SE] -0.02 [0.01], P = 0.03) and a lower TT4/TT3 ratio (β [SE] -0.73 [0.27], P = 0.008). Higher BPF levels were associated 
with a higher FT3 (β [SE] 0.01 [0.007], P = 0.04). There were no associations between other bisphenols or triclosan and absolute TSH, (F)T4 or (F)T3 concentrations. The association of BPA with thyroid function differed 
with gestational age. The negative association of BPA with FT4/FT3 and TT4/TT3 ratios was only apparent in early but not late gestation (P for interaction: 0.003, 0.008, respectively). CONCLUSION: These human data 
during pregnancy substantiate experimental findings suggesting that BPA could potentially affect thyroid function and deiodinase activities in early gestation.
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2023

Association of endocrine disrupting 
chemicals exposure with human 
chorionic gonadotropin 
concentrations in pregnancy

BACKGROUND: Human chorionic gonadotropin (hCG) is produced by the placenta and plays an essential role in the maintenance of pregnancy. Endocrine disrupting chemicals (EDCs) have the potential to interfere with 
functions related to the production and secretion of hCG; however associations between exposure to EDCs and hCG concentrations in humans remain to be elucidated. OBJECTIVES: To investigate the association of 
urinary, serum and plasma concentrations of EDCs during pregnancy with serum hCG concentrations. METHODS: We utilized data form the Swedish Environmental Longitudinal, Mother and child, Asthma and allergy 
(SELMA) study. We investigated the association of 26 EDCs measured in early pregnancy urine or blood with serum hCG concentrations using multi-variable adjusted linear regression models per EDC and Weighted 
Quantile Sum (WQS) regression with repeated holdout validation for the EDCs mixture. RESULTS: In 2,039 included women, higher exposure to bisphenol A was associated with lower hCG (beta [95% CI]: -0.06 [-0.11 to -
0.002]) while higher triclosan exposure was associated with a higher hCG (0.02 [0.003 to 0.04]). Higher exposure to several phthalates, including mono-ethyl and mono-butyl phthalates (MEP and MBP) as well as 
metabolites of di-2-ethylhexyl phthalate (DEHP) was associated with a lower hCG (beta [95% CI] for sum of DEHP metabolites: -0.13 [-0.19 to -0.07]). Likewise, higher exposure to several polychlorinated biphenyls 
(PCBs) was associated with a lower hCG. In the WQS regression, each quartile increase in the EDCs mixture was associated with -0.27 lower hCG (95% CI: -0.34 to -0.19). DISCUSSION: Higher exposure to several 
EDCs during pregnancy was associated with a lower hCG; and despite the small effect sizes, still indicating that the exposure may negatively affect production or secretion of hCG by the placenta. Our results provide the 
impetus for future experimental studies to investigate the placenta as a target organ for adverse effects of EDCs.
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Association of urinary bisphenols 
during pregnancy with maternal, 
cord blood and childhood thyroid 
function

BACKGROUND: Most pregnant women are exposed to bisphenols, a group of chemicals that can interfere with various components of the thyroid system. OBJECTIVES: To investigate the association of maternal urinary 
bisphenol concentrations during pregnancy with maternal, newborn and early childhood thyroid function. METHODS: This study was embedded in Generation R, a prospective, population-based birth cohort (Rotterdam, the 
Netherlands). Maternal urine samples were analyzed for eight bisphenols at early (<18), mid (18-25) and late (>25 weeks) pregnancy. Maternal serum thyroid stimulating hormone (TSH), free thyroxine (FT4) and total 
thyroxine (TT4) were measured in early pregnancy and child TSH and FT4 were measured in cord blood and childhood. RESULTS: The final study population comprised 1,267 mothers, 853 newborns and 882 children. Of 
the eight bisphenols measured, only bisphenol A (BPA) was detected in >50% of samples at all three time-points and bisphenol S (BPS) at the first time-point. There was no association of BPA or the bisphenol molar sum 
with maternal thyroid function. Higher BPS concentrations were associated with a higher maternal TT4 (β [95% CI] per 1 (natural-log) unit increase: 0.97 [0.03 to 1.91]) but there was no association with TSH or FT4. 
Furthermore, higher BPS was associated with an attenuation of the association between maternal FT4 and TSH (P(interaction) = 0.001). There was no association of early or mid-pregnancy BPA or early pregnancy BPS 
with cord blood or childhood TSH and FT4. A higher late pregnancy maternal BPA exposure was associated with a higher TSH in female newborns (P(interaction) = 0.06) and a higher FT4 during childhood in males 
(P(interaction) = 0.08). DISCUSSION: Our findings show that exposure to bisphenols may interfere with the thyroid system during pregnancy. Furthermore, the potential developmental toxicity of exposure to bisphenols 
during pregnancy could affect the thyroid system in the offspring in a sex-specific manner.
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2024

Urinary Bisphenol A and Bis(2-
Ethylhexyl) Phthalate Metabolite 
Concentrations in Children with 
Obesity: A Case-Control Study

INTRODUCTION: Obesity is a worldwide public health problem. Experimental animal and in vitro studies suggest that the exposure to BPA and phthalates are associated to a higher risk of obesity. OBJECTIVE: The 
objective of the study was to determine urinary excretion of bisphenol A and phthalates in obese and normal weight children. METHODS: A case-control study was conducted in 122 children. Sixty-six obese children, 36 
girls (mean age 8.41 ± 1.27 years), and 30 boys (mean age 8.51 ± 1.33 years) and 56 normal weight children, 27 girls (mean age 7.64 ± 1.49 years), and 29 boys (mean age 7.77 ± 1.56 years) were studied. Urinary BPA 
and bis(2-ethylhexyl) phthalate (DEHP) metabolites (MEHP, MEHHP, and MEOHP) were measured, respectively, by gas chromatography and high-performance liquid chromatography. Individual determinants of exposure 
were evaluated through "ad hoc" questionnaires. RESULTS: BPA and DEHP metabolites were detectable in obese and normal weight children. Obese girls showed significantly higher BPA concentrations in comparison 
with normal weight girls (means 10.77, 95% CI = 7.02-16.53 vs. 5.50, 95% CI = 3.93-7.71 μg/g creatinine, respectively, p &lt; 0.02). The first step of DEHP metabolic rate was significantly higher in obese girls compared 
with controls (p &lt; 0.05). DEHP metabolites correlated significantly with leptin concentrations in obese girls (p &lt; 0.03). A higher risk of obesity was found in children with BPA levels above the median values with the 
habit to eat food packaged (OR = 11.09, 95% CI = 1.28-95.78). CONCLUSIONS: These findings show that a higher exposure to BPA is associated with the risk of obesity in girls. Further studies are needed to unveil the 
cause-effect relationship.
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統合_0661 Z. Deng, S. Wang, H. Song, R. Liu and Y. Lv 2025

Bisphenol a monitoring by 
commercial pregnancy test strips 
transformed by DNA walking 
machine

Frequently occurred food contamination issues bring about a tremendous global demand for point-of-care testing (POCT) devices. Pregnancy test strip (PTS) retains the highest POCT market share and a low cost of 
$0.10 per test, but challenged by limited analytical sensitivity and non-autonomous signal transduction for drink contaminant monitoring. Herein, we developed a DNA walking machine-assisted commercial PTS method 
for on-site bisphenol A (BPA) analysis. DNAzyme was operated as the efficient autonomous catalytic walker chain to drive the DNA machine for the amplified signal output of BPA in drink samples. A detection limit of 16.8
 pg/mL was obtained. The POCT strategy constructed in this work has the characteristics of low cost, convenient operation and high analytical sensitivity, represents an attractive option for biosensing and on-site drink 
safety monitoring.
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統合_0662 Y. Deng, H. He, H. Wan, N. Shen, J. Li, S. Zhang, 
Q. Zeng, J. Chang, Q. Lu, R. Zhong and X. Miao 2021

Bisphenol A exposure, interaction 
with genetic variants and colorectal 
cancer via mediating oxidative stress 
biomarkers

Bisphenol A (BPA) may induce oxidative stress as well as the toxicity of colon cancer cells. We hypothesized that BPA exposure and interactions with genetic variants might be associated with colorectal cancer (CRC) 
risk, and the association might be partly mediated by oxidative stress. We measured urinary BPA and three oxidative stress markers [8-iso-prostaglandinF(2α) (8-isoPGF(2α)), 8-hydroxydeoxyguanosine (8-OHdG) and 4-
hydroxy-2-nonenal-mercapturic acid (HNE-MA)] in 275 new CRC cases and 538 healthy controls. A set of 25 genetic variations in 12 candidate DNA repair genes and 5 metabolic enzyme genes were genotyped by 
Sequenom MassARRAY approach. In multivariable logistic regression, significant positive associations of CRC risk with BPA, 8-OHdG and HNE-MA were observed. Additionally, 8-OHdG, HNE-MA and 8-isoPGF(2α) 
were significantly positively associated with BPA (P < 0.05). The mediation analysis showed BPA-associated HNE-MA significantly mediated 11.81% of the effect of BPA on CRC risk. Moreover, BPA was found to interact 
with ERCC5 rs17655 and rs2296147 (both P(multiplicative) < 0.05) to increase CRC risk. In brief, our results suggested BPA was associated with CRC risk and the positive association of BPA with CRC risk might be 
partly mediated by the oxidative stress HNE-MA. BPA might interact with ERCC5 rs17655 and rs2296147 to increase CRC risk.
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Are human exposure assessment 
the same for non-persistent organic 
chemicals? -from the lens of urinary 
variability and predictability

Assessment of human exposure to mixtures of non-persistent chemicals from food matrices and consumer products requires accurate characterization and estimation of their preceding exposure levels, and assessment 
sampling approaches for these varying chemicals remain disputable. Here, we used high-throughput targeted method to quantify urinary concentrations of 59 most common non-persistent chemicals (6 parabens, 14 
bisphenols, 1 triclosan, 7 benzophenones, 2 dichlorophenols, 13 phthalate metabolites and 16 antioxidants) in 158 consecutive spot samples from 11 participants over three consecutive days, 33 samples of which were 
first morning voids (FMVs). We found 49 chemicals with detection frequencies over 70 % in all urine samples. Principal component analyses showed greater inter-person variations than each person's inter-day variations. 
Intraclass correlation coefficient (ICC) to assess the reproducibility of targeted chemicals demonstrated that regardless of sampling approaches, dichlorophenols, most parabens, benzophenones and triclosan showed 
moderate to high reproducibility (0.445 < ICC < 0.969), with relatively high predictive power of FMVs for 24-h collections. Notably, most phthalates, bisphenols and antioxidants showed low ICC values. Together, our work 
demonstrates that FMV samples may be adequate for assessing human exposure to parabens, benzophenones, triclosan and dichlorophenols, whereas multiple consecutive urine collections may be advantageous for 
evaluating exposure to most phthalates, bisphenols and antioxidants.
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Bisphenol-A and pentachlorophenol 
sodium levels in patients with 
rosacea

BACKGROUND/ OBJECTIVES: Rosacea is a common chronic inflammatory skin disorder. Endocrinedisrupting chemicals (EDC) are toxic substances, that may gain entry through the skin and subsequently interfere with 
hormonal and immune functions. Bisphenol A (BPA) and pentachlorophenol sodium (PCS) are two of these EDCs, incriminated in the pathogenesis of certain inflammatory skin disorders. We aimed to test the hypothesis 
that exposure to BPA and PCS might be involved in the pathogenesis of rosacea. METHODS: This prospective cross-sectional study involved 34 patients with rosacea (18F/16 M; mean age 48.5 ± 11 years) and 34 age 
and sex-matched healthy controls (20 F/14 M; mean age 48.2 ± 10.2 years). Main anthropometric measures, fasting plasma glucose (FPG), insulin, HOMA-IR, lipids, C-reactive protein (CRP), BPA, and PCS levels were 
quantified and recorded. RESULTS: Serum CRP (9.6 ± 3.4 vs. 3.7 ± 1.6 mg/L, respectively, p0.05 for all). Serum BPA levels were 55.8 ± 14.4 and 51.9 ± 19.2 ng/mL, and PCS levels were 63.3 ± 45.9 ng/mL and 68.6 ± 40.8
 ng/mL for patients and healthy controls, respectively. There was no significant difference in BPA and PCS levels between the two groups (p > 0.05 for both). No significant association was found among HOMAIR, CRP, 
BPA, and PCS levels (p > 0.05 for all). CONCLUSIONS: Although the present study fails to provide presumptive evidence for the role of BPA and PCS in rosacea, the question as to other EDCs might be involved in its 
etiopathogenesis remains. This hypothesis requires confirmation in large-scale future prospective trials.
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統合_0665 J. Delepierre, S. Fosse-Edorh, C. Fillol and C. 
Piffaretti 2023

Relation of urinary bisphenol 
concentration and diabetes or 
prediabetes in French adults: A 
cross-sectional study

BACKGROUND: International research has recently shown an association between exposure to bisphenol A (BPA) and the risk of diabetes, although limited results are available for exposure to bisphenol S (BPS) and 
bisphenol F (BPF). The aim of this study was to examine the relationships between impregnation with BPA, BPS, and BPF and the prevalence of diabetes or prediabetes in the French adult population. METHODS: Based 
on the Esteban cross-sectional study, 852 adults aged 18 to 74 years living in France were included. To assess the link between urinary concentration of BPA, BPS and BPF and a state of dysglycemia (diabetes or 
prediabetes), logistic regression multivariable models were performed and adjusted for known risk factors for diabetes and urine creatinine concentration. RESULTS: The percentage of included individuals with diabetes 
or prediabetes was 17.8% (95% CI = [15.3-20.4]). Urinary BPA concentration was significantly higher in people with diabetes or prediabetes, independent of the known risk factors for diabetes (OR for an increase of 0.1 
units in log-transformed concentration of BPA (μg/L) = 1.12; 95%CI = [1.05-1.19], p < 0.001). However, we did not find any significant independent association between urinary BPS and BPF levels and the prevalence of 
diabetes or prediabetes. CONCLUSIONS: In this sample, considering the diabetes risk factors, diabetes or prediabetes was positively associated with higher urinary BPA concentration but not with urinary BPS and BPF 
concentrations. However, analysis of prospective longitudinal studies are still necessary to demonstrate a causal link between bisphenol exposure and the risk of diabetes or prediabetes.
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Belsito, J. F. Fowler, Jr., M. D. Pratt, K. A. Zug, H. 
I. Maibach, V. A. DeLeo, J. I. Silverberg, A. R. 
Atwater, M. J. Reeder and D. L. Holness

2022

Occupational contact dermatitis: 
Retrospective analysis of North 
American Contact Dermatitis Group 
Data, 2001 to 2016

BACKGROUND: Patch testing is an important diagnostic tool for suspected allergic contact dermatitis (ACD) in occupational settings. OBJECTIVE: Provide an overview of occupational skin disease (OSD) and an analysis 
of occupational ACD in North American patients undergoing patch testing between 2001and 2016. METHODS: Patients with OSD were analyzed for frequency of allergic reactions to a screening series of allergens, 
occupational relevance, location of skin disease, and exposure sources. Demographic, occupation, and industry information were recorded. RESULTS: Of 38,614 patients evaluated, 4471 (11.6%) had OSD, of whom 3150 
(70.5%) had ACD. The most common occupationally related allergens included rubber accelerators, preservatives, and bisphenol A epoxy resin. Hands (75.8%), arms (30.0%), and face (15.9%) were common sites of 
dermatitis. The occupations most affected were service workers and machine operators. LIMITATIONS: Our cohort may not reflect the general working population. CONCLUSION: This study identified common 
occupational allergens, exposure sources, and occupations/industries at risk. This information may help the clinician evaluate and manage patients with occupational contact dermatitis.
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統合_0667 D. Degirmencioglu Gok, F. Tuygar Okutucu, N. 
Ozturk and H. A. Ceyhun 2024

Association of bisphenol A with 
cognitive functions and functionality 
in adult attention deficit 
hyperactivity disorder

BACKGROUND: Bisphenol A (BPA) has been linked to attention-deficit/hyperactivity disorder (ADHD) symptoms, but the effects on cognitive functions and functionality in adult ADHD have not been investigated. We 
investigated the associations between serum BPA with cognitive functions and functionality in adult ADHD patients. METHODS: The levels of BPA were measured in 45 adult ADHD patients and 45 well-matched healty 
controls. The relationship between plastic exposure and BPA was also evaluated. Stroop test and Wisconsin Card Sorting Test were applied for neurocognitive evaluation and participants were compared in basic cognitive 
functions including planning, organization, abstraction, problem solving, strategy development, set shifting, cognitive flexibility, variants of attention, information processing speed, the ability to change perceptual setup 
and response under interference. Sheehan disability scale was applied for functionality. The association of BPA with test scores was analyzed statistically. RESULTS: Serum BPA levels in adult ADHD patients were found 
to be significantly higher than in healthy controls. There was no relationship between plastic exposure and BPA levels. BPA levels showed a significant effect on functionality in terms of work field. There were significant 
differences between the groups in terms of cognitive functions. However, no significant correlation was found between BPA levels and cognitive functions. CONCLUSIONS: BPA is associated with ADHD and affects 
functionality in the field of work, but larger-scale further studies are needed for its effect on cognitive functions.
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Moraes and F. B. Filippin-Monteiro 2023

Human body burden of bisphenol A: 
a case study of lactating mothers in 
Florianopolis, Brazil

Exclusive breast milk is the diet recommended by the World Health Organization (WHO) until 6 months of age. However, breastfeeding has the potential of transferring certain toxic chemicals from the mother to the infant. 
Bisphenol A (BPA) is a synthetic chemical used as a monomer in polycarbonate plastics and epoxy resins. Information on BPA concentration in the breast milk of lactating mothers is very limited; thus, this study aimed to 
determine the concentration of BPA in the colostrum of 64 post-partum women at a university-affiliated tertiary hospital in South Brazil. The results showed that all the breast milk samples contained a high concentration 
of BPA with a median value of 34.18 ng/mL. Furthermore, the concentration of BPA in mothers was influenced by the consumption of foods packaged in plastic packaging, especially when the plastic is heated (p = 
0.0182). The total daily intake of BPA in breastfed infants was 19.5 µg/kg/day and 28.5 µg/kg/day was recorded at the 95th percentile of body weight per day, which is higher than the maximum daily intake estimated by 
the European Authority of Food Safety. These data showed a high concentration of BPA in the breastmilk of the lactating mothers which might be through the use of plastic containers as food/drink packages. This is of 
public health importance as the high concentration of BPA in their breast milk can be an indicator of potentially serious health problems in these mothers and much more in the babies breastfed with BPA-contaminated 
breast milk.
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O. S. Davis, O. L. M. Scandlan, R. Sabry, M. 
Ghaffarzadeh, T. G. Hannam, A. Lagunov and L. 
A. Favetta

2024

High seminal BPA in IVF patients 
correlates with lower sperm count 
and up-regulated miR-21 and miR-
130a

Bisphenol A (BPA) is a widespread industrial chemical, used as the key monomer of polycarbonate plastics and epoxy resins. BPA has been detected in human seminal fluid and has been correlated with changes in sperm 
parameters, crucial in determining male fertility. In this study, semen samples were collected from 100 patients aged 29-47 years undergoing fertility assessment between 2021 and 2023 and analyzed according to WHO 
guidelines. BPA levels in the seminal plasma were then measured through an enzyme-linked immunosorbent assay (ELISA) and compared to sperm quality metrics. The relative mRNA/miRNA expression of key genes 
associated to male reproduction, including androgen receptor, miR-34c, miR-21, miR-130a, was then quantified and compared between groups with high or low BPA content. Our results revealed that BPA levels were 
increased with age and were negatively correlated with sperm counts (p<0.05). The negative correlation remained significant when patients were age-matched. No other relationships between seminal BPA and motility, 
morphology or DNA fragmentation levels were observed. qPCR analysis showed that androgen receptor mRNA expression was significantly greater in sperm with high seminal BPA (p<0.05). Moreover, we found that the 
expression of miR-21 and miR-130a was also upregulated in the higher BPA group (p<0.05). These results display a relationship between BPA content in the semen and male fertility parameters, and provide insights into 
the molecular mechanisms through which BPA may be affecting male reproductive capability. Ultimately, this research can potentially drive changes to guidelines and exposure limits for BPA exposure.
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Y. Dai, J. Ding, Z. Wang, B. Zhang, Q. Guo, J. 
Guo, X. Qi, X. Chang, C. Wu, J. Zhang and Z. 
Zhou

2025

Biomonitoring, dietary predictors, 
drinking water ingestion of 33 
endocrine disrupting chemicals in 
primary school children in China, 
towards an exposome approach

Exposure to multiple endocrine-disrupting chemicals (EDCs) may have some adverse impacts on child health; yet, little data is available on the body burdens, co-exposure patterns, health risks, and possible sources of a 
broad range of EDCs in school-age children. A total of 33 chemicals including 3 non-specific pyrethroid pesticide metabolites, 2 specific organophosphorus pesticide metabolites, 5 chlorophenols, 4 phenols, 5 parabens 
and 14 toxic and essential elements were quantified in urine. A 24-hour dietary recall survey was conducted to collect dietary information, and seven food categories were classified accordingly. Multivariable linear 
regression models were applied to estimate associations of dietary information and drinking water types with urinary EDC concentrations. A total of 31 chemicals were detected in more than 50 % of urinary samples. The 
number of 10 (2.44 %), 32 (7.80 %), 4 (0.98 %), 20 (4.88 %), and 3 (0.73 %) children who experienced exposure levels of over 75th percentiles was found, for pesticides, phenols, parabens, selected toxic elements and these 
chemical mixtures, respectively. The consumption of dairy products was positively associated with urinary 2,4,6-trichlorophenol concentrations. Meat and meat products and vegetable consumption predicted higher 
urinary concentrations of methyl- and ethyl-paraben, respectively. Cereal intakes were positively associated with urinary cadmium, arsenic and cobalt levels, and the consumption of aquatic products was in relation to 
increases of urinary lead and cadmium concentrations. Children who mainly drank filtered water had lower urinary concentrations of chlorpyrifos metabolite and bisphenol A, while those with bottled water as the main 
drinking water source had higher 2,4-dichlorophenol concentrations and lower selenium levels in urine, compared to those who mainly drank tap water. Our findings suggested that children in this area were widely 
exposed to multiple classes of EDCs, and diet and drinking water were potential exposure sources of the analyzed chemicals.
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S. C. D'Cruz, C. Hao, M. Labussiere, V. 
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Smagulova

2022

Genome-wide distribution of histone 
trimethylation reveals a global 
impact of bisphenol A on telomeric 
binding proteins and histone 
acetyltransferase factors: a pilot 
study with human and in vitro data

OBJECTIVE: To assess the genetic and epigenetic effects promoted by Bisphenol A (BPA) exposure in adolescent males from the Spanish INMA-Granada birth cohort, and in human cells. METHODS: DNA methylation was 
analysed using MEDIP. Repeat number variation in genomic DNA was evaluated, along with the analysis of H3K4me3 by using chromatin immunoprecipitation followed by high-throughput sequencing (ChIP-seq). Analyses 
were performed with material extracted from whole blood of the adolescents, complemented by in vitro assessments of human (HeLa) cells exposed to 10 nM BPA, specifically, immunofluorescence evaluation of protein 
levels, gene expression analysis and ChIP‒qPCR analysis. RESULTS: Adolescents in the high urinary BPA levels group presented a higher level of Satellite A (SATA) repetitive region copy numbers compared to those in the 
low BPA group and a tendency towards increase in telomere length. We also observed decreased DNA methylation at the promoters of the imprinted genes H19, KCNQ1, and IGF2; at LINE1 retroelements; and at the 
ARID2, EGFR and ESRRA and TERT genes. Genome-wide sequencing revealed increased H3K4me3 occupancy at the promoters of genes encoding histone acetyltransferases, telomeric DNA binding factors and DNA 
repair genes. Results were supported in HeLa cells exposed to 10 nM BPA in vitro. In accordance with the data obtained in blood samples, we observed higher H3K4me3 occupancy and lower DNA methylation at some 
specific targets in HeLa cells. In exposed cells, changes in the expression of genes encoding DNA repair factors (ATM, ARID2, TRP53) were observed, and increased expression of several genes encoding telomeric DNA 
binding factors (SMG7, TERT, TEN1, UPF1, ZBTB48) were also found. Furthermore, an increase in ESR1/ERa was observed in the nuclei of HeLa cells along with increased binding of ESR1 to KAT5, KMT2E and TERF2IP 
promoters and decreased ESR1 binding at the RARA promoter. The DNA damage marker p53/TP53 was also increased. CONCLUSION: In this pilot study, genome-wide analysis of histone trimethylation in adolescent 
males exposed to BPA revealed a global impact on the expression of genes encoding telomeric binding proteins and histone acetyltransferase factors with similar results in HeLa cells. Nevertheless, larger studies should 
confirm our findings.
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E. Czubacka, B. Wielgomas, A. Klimowska, M. 
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and J. Jurewicz

2021
Urinary Bisphenol A Concentrations 
and Parameters of Ovarian Reserve 
among Women from a Fertility Clinic

BACKGROUND: Human exposure to environmentally widespread endocrine disruptors, especially bisphenol A (BPA), has been suggested to affect reproductive health. Animal studies indicate that BPA may play a role in 
the process of reproduction and impact on maturing oocytes, meiotic cell division or fertilization rate. Nevertheless, data regarding the effects of exposure to BPA on women's ovarian function are still limited. Therefore, 
the aim of the current study is to assess the effects of environmental exposure to BPA on ovarian reserve. METHODS: The study participants consisted of 511 women in reproductive age (25-39 years) who attended an 
infertility clinic for diagnosis, due to the couples' infertility. BPA urinary concentrations were assessed by the validated gas chromatography ion-trap mass spectrometry method. The ovarian reserve was assessed using 
ovarian reserve parameters: Hormones concentrations: E2 (estradiol), FSH (follicle stimulating hormone), AMH (anti-Müllerian hormone), and AFC (antral follicle count). RESULTS: In the present study, the negative 
association between BPA urinary concentrations and AMH (p = 0.02) and AFC (p = 0.03) levels was found. Exposure to BPA was not related to other examined parameters of ovarian reserve (FSH, E2). CONCLUSIONS: 
Our results suggest that BPA exposure may affect women ovarian reserve parameters and reduce ovarian reserve. As this is one of the first studies of its kind, the findings need confirmation in a further investigation.
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Associations between urinary level 
of bisphenol A, phthalates, 8-iso-
prostaglandin-F2α, and emotional 
and behavioral problems among 
Chinese adolescents

BACKGROUND: Emotional and behavioral problems (EBPs) of adolescents is a worldwide public health problem. Bisphenol A (BPA) and phthalate (PAEs) are prevalent and potentially toxic to human health. Therefore, this 
study aimed to investigate the associations between urinary level of BPA, PAEs, 8-iso-prostaglandin-F2α (8-iso-PGF2α), and EBPs. METHODS: A total of 865 Chinese adolescents were included in this study and EBPs 
was assessed using the Strengths and Difficulties Questionnaire (SDQ). Urinary concentrations of BPA and seven PAEs metabolites in adolescents were determined by high performance liquid chromatography-tandem 
mass spectrometry. Urinary 8-iso-PGF2α concentration was detected by enzyme-linked immunosorbent assay (ELISA). Spearman rank correlation analysis, multivariate logistic regression analysis, restricted cubic 
spline functions were used to explore the relationship between the levels of BPA, PAEs, 8-iso-PGF2α and EBPs. RESULTS: BPA and PAEs metabolites were positively associated with EBPs in Chinese adolescents. And 
the 8-iso-PGF2α was significantly non-linearly correlated with emotional symptoms, conduct problems, peer problems and total difficulties. Furthermore, 8-iso-PGF2α may partially mediate the association between 
BPA and PAEs exposure and EBPs. LIMITATIONS: This study was a cross-sectional study, the cause-effect relationship between BPA, PAEs exposure and EBPs could not be determined. A single spot urine sample for 
BPA and PAEs exposure characterization maybe could not represent their long-term exposure level. CONCLUSIONS: High exposure of BPA and PAEs are associated with EBPs, which may be partly mediated by oxidative 
stress among adolescents. The results of this study could provide certain ideas for subsequent related research.
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F. P. Cui, P. Yang, C. Liu, P. P. Chen, Y. L. Deng, 
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Zeng

2021

Urinary bisphenol A and its 
alternatives among pregnant 
women: Predictors and risk 
assessment

BACKGROUND: Exposure to bisphenol A (BPA) has been associated with various adverse health outcomes. Recently, an increasing concern on its alternatives such as bisphenol S (BPS) and bisphenol F (BPF) has been 
aroused due to the restriction use of BPA. Few studies have identified predictors of exposure to BPA alternatives and assessed their health risks. OBJECTIVE: The aim of this study was to identify predictors of BPA and 
its alternatives and to assess their health risks among pregnant women. METHODS: We detected first morning urinary concentrations of BPA and its alternatives (BPS and BPF) among 1097 pregnant women from an 
established Chinese cohort. A questionnaire was conducted to obtain demographic characteristics, dietary habits, and lifestyles. We examined the predictors of creatinine-adjusted urinary BPA and its alternatives 
concentrations using multivariable linear regression. Risk assessment of exposure to BPA and its alternatives was calculated based on the estimated of daily intake (EDI). RESULTS: Geometric means of creatinine-
adjusted urinary BPA, BPF, and BPS were 0.92, 0.12, and 0.08 μg/g creatinine, respectively. Pregnant women from Wuhan had lower concentrations of BPA, BPF, and ∑BPs (sum of BPA, BPF, and BPS) than those from 
Xiaogan. Intake of fried food was related to higher concentrations of BPA, and intake of pickled food was associated with higher concentrations of BPF and ∑BPs. The maximum EDI values for exposure to BPA, BPF, BPS, 
and ∑BPs ranged from 5.6428 to 13.3356 nmol/kg body weight/day, which were below the tolerable daily intake (TDI) for BPA defined by the European Food Safety Authority (EFSA) (18 nmol/kg body weight/day). The 
maximum hazard index (HI) value was 0.7409. CONCLUSION: Several predictors identified in this study may inform public recommendations to reduce exposure to BPA and its alternatives.
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Co-exposure to multiple endocrine-
disrupting chemicals and oxidative 
stress: Epidemiological evidence of 
nonmonotonic dose response curves

This study aimed to investigate the effect of multiple exposure to eight classes (parabens, bisphenols, glycidyl ethers, antimicrobials, benzophenones, phthalates, tri and dichlorophenols) of endocrine disrupting chemicals 
(EDCs) on oxidative stress levels of 8-hydroxy-2'-deoxyguanosine (8-OHdG). A cross-sectional study was conducted with 300 healthy Brazilian children and adolescents. Urinary levels of 65 EDCs, creatinine and 8-OHdG 
were analyzed by Liquid Chromatography-Tandem Mass Spectrometry. Elastic net was used to estimate the associations between the levels of EDCs and 8-OHdG. The optimal hyperparameters were estimated using ten-
fold cross-validation. Bayesian Kernel machine regression (BKMR) was used to investigate potential interactions and 8-OHdG level response as a function of the co-exposure to EDCs. The elastic net analysis showed 
that 2,4-DCP (0.149; CI 95 %:-0.033, 0.335, p = 0.02) and BPA (0.21; CI 95 %: 0.08; 0.356, p < 0.005) were associated with urinary levels of 8-OHdG. The BKMR model indicated a positive nonlinear and nonmonotonic 
relationship between EDCs mixture and 8-OHdG with an inverted U-shaped dose-response curve. This study suggests the first epidemiological evidence of a complex, nonmonotonic relationship between urinary levels of 
EDCs and 8-OHdG. However, the lack of established reference ranges for 8-OHdG limited a deeper discussion of our findings' clinical significance. Therefore, further studies should focus on validating our results across 
diverse populations, particularly those affected by oxidative stress-related diseases, and investigate potential mechanisms for supporting this association.
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2023

Maternal urinary bisphenols and 
phthalates in relation to estimated 
fetal weight across mid to late 
pregnancy

BACKGROUND: Bisphenols and phthalates are high production volume chemicals used as additives in a variety of plastic consumer products leading to near ubiquitous human exposure. These chemicals have established 
endocrine disrupting properties and have been linked to a range of adverse reproductive and developmental outcomes. Here, we investigated exposure in relation to fetal growth. METHODS: Participants included 855 
mother-fetal pairs enrolled in the population-based New York University Children's Health and Environment Study (NYU CHES). Bisphenols and phthalates were measured in maternal urine collected repeatedly during 
pregnancy. Analyses included 15 phthalate metabolites and 2 bisphenols that were detected in 50 % of participants or more. Fetal biometry data were extracted from electronic ultrasonography records and estimated fetal 
weight (EFW) was predicted for all fetuses at 20, 30, and 36 weeks gestation. We used quantile regression adjusted for covariates to model exposure-outcome relations across percentiles of fetal weight at each 
gestational timepoint. We examined sex differences using stratified models. RESULTS: Few statistically significant associations were observed across chemicals, gestational time periods, percentiles, and sexes. 
However, within gestational timepoints, we found that among females, the molar sums of the phthalates DiNP and DnOP were generally associated with decreases in EFW among smaller babies and increases in EFW 
among larger babies. Among males, the opposite trend was observed. However, confidence intervals were generally wide at the tails of the distribution. CONCLUSION: In this sample, exposure to bisphenols and 
phthalates was associated with small sex-specific shifts in fetal growth; however, few associations were observed at the median of fetal weight and confidence intervals in the tails were wide. Findings were strongest 
for DiNP and DnOP, which are increasingly used as replacements for DEHP, supporting the need for future research on these contaminants.
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統合_0677 S. A. Costa, M. Severo, C. Lopes and D. Torres 2024
Association between bisphenol A 
exposure and cardiometabolic 
outcomes: A longitudinal approach

Increased cardiometabolic risk is associated with abnormalities in blood biomarkers profile and adiposity measurements. Some substances found in the food matrix and the environment, called endocrine-disrupting 
chemicals, may impair cardiometabolic health in the early and later stages of life. Bisphenol A (BPA) is a food contaminant that migrates from food contact materials and may act as an endocrine disruptor, negatively 
affecting human health. The present work aims to longitudinally assess the association between BPA exposure and cardiometabolic outcomes, considering data from Portuguese population-based birth cohort Generation 
XXI. Blood insulin (0.06stdβ; 95 %CI:0.03,0.09) and insulin resistance (0.05stdβ; 95 %CI:0.02,0.08) presented a significant longitudinal association with BPA daily exposure after adjustment for important variables and 
energy. The same findings were observed for fat mass (0.03stdβ; 95 %CI 0.01,0.06) and waist circumference (0.06stdβ; 95 %CI:0.04,0.08). For z-BMI, a significant cross-sectional (0.03stdβ; 95 %CI:0.01,0.04) and 
longitudinal (0.02stdβ; 95 %CI:0.00,0.04) association was found. This was the first study assessing the association between BPA exposure and health outcomes from childhood to adolescence. We found an association 
between BPA exposure and increased blood insulin level, insulin resistance, fat mass percentage, waist circumference and z-BMI. Our results point to the need to reduce exposure to BPA in the early stages of life.
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統合_0678
S. A. Costa, M. Severo, D. Correia, C. Carvalho, V. 
Magalhães, S. Vilela, S. Cunha, S. Casal, C. 
Lopes and D. Torres

2023
Methodological approaches for the 
assessment of bisphenol A exposure

Bisphenol A (BPA) is an endocrine disruptor used in food contact materials, by the application of polycarbonate plastics and epoxy resins. The main objective of this study is to compare the estimate of daily BPA exposure 
at 13 years of age and in the adult Portuguese population, using different methodological approaches, and assess the associations between this exposure and sociodemographic characteristics. METHODOLOGY: Cross-
sectional data of 13-years follow-up from a population-based birth cohort Generation XXI (GXXI) (n = 2804) and from the National Food, Nutrition and Physical Activity Survey (IAN-AF 2015-2016) (n = 3845, ≥18 years old) 
was used. Dietary information was collected through three food diaries for adolescents and two non-consecutive 24-hour-recalls for adults. To estimate the daily exposure to BPA, three methodological approaches were 
used. "Food groups attribution" merged the food consumption data with the concentration of BPA in food groups. "Regression tree model" and "random forest" combined food consumption information with urinary BPA, 
measured in a subsample of 24-hour urine (in adolescents n = 216, and in adults n = 82), both used to predict BPA exposure in the remaining sample. The fit-index of the methodologies was assessed through the root 
mean square error (RMSE), mean absolute error (MAE) and Spearman correlation coefficient (ρ). Associations between BPA exposure and sociodemographic variables were tested by linear regression models, adjusted 
for sex, age groups (in adults) and educational level. Tolerable Daily Intake (TDI) of 0.2 ng/kg body weight (bw), recently proposed by the European Food Safety Authority (EFSA), was used for the risk characterization of 
BPA exposure. RESULTS: The "random forest" was found as the best methodology to estimate the daily BPA exposure (adolescents: RMSE = 0.989, MAE = 0.727, ρ = 0.168; adults: RMSE = 0.193, MAE = 0.147, ρ = 
0.250). The median dietary BPA exposure, calculated by "food groups attribution", was 79.1 and 46.1 ng/kg bw/day for adolescents and adults, respectively, while "random forest" estimated a BPA exposure of 26.7 and 38.0
 ng/kg bw/day. 99.9% of the Portuguese population presented a daily exposure above TDI. Male adolescents, females and higher educated adults, were those more exposed to BPA. CONCLUSIONS: The estimated daily 
BPA exposure strongly depends on the methodological approach. Food groups attribution may overestimate the exposure while the random forest appears to be a better methodological approach to estimate BPA exposure. 
Nevertheless, for all methods, the Portuguese population presented an unsafe BPA exposure by largely exceeding the safe levels proposed by EFSA.
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統合_0679

S. M. Colorado-Yohar, A. C. Castillo-González, J. 
Sánchez-Meca, M. Rubio-Aparicio, D. Sánchez-
Rodríguez, E. Salamanca-Fernández, E. 
Ardanaz, P. Amiano, M. F. Fernández, J. 
Mendiola, F. Navarro-Mateu and M. D. 
Chirlaque

2021

Concentrations of bisphenol-A in 
adults from the general population: 
A systematic review and meta-
analysis

BACKGROUND: Human bisphenol-A (BPA) exposure has been linked to adverse health effects even at low doses, which may be of potential public health concern. OBJECTIVE: To summarize BPA concentrations in general 
human population and their variability according to sex, geographic area, and analytical method. METHODS: Systematic review and meta-analysis of studies reporting BPA concentrations in adult human populations. 
Separate meta-analyses of median values were carried out for BPA in serum, creatinine-adjusted urinary BPA, and unadjusted urinary BPA concentrations using a random-effects model. Cochran's Q-statistic, I(2) index, 
95% prediction intervals (PIs), between-studies standard deviation (τ), and forest plots were applied to verify study heterogeneity. Sensitivity and subgroup analyses and weighted ANOVAs and meta-regressions were 
conducted. Funnel plots and Egger's tests were used to examine publication bias. RESULTS: Fifteen studies were included in the meta-analysis, totaling 28,353 participants. BPA was detected in over 90% of participants. 
The pooled creatinine-adjusted urinary BPA concentration was 1.76 μg/g (95% PI: 0.79-2.73), with individual estimates ranging between 1.20 and 2.41. The pooled estimate for unadjusted urinary BPA was 1.91 μg/l (95% 
PI: 0-3.97), ranging between 0.81 and 3.50, while the pooled estimate for serum BPA was 1.75 μg/l (95% PI: 0-10.58), ranging between 0.34 and 3.76. No differences were found by sex, geographic area or analytical 
technique. Larger sample sizes were associated with lower BPA concentrations. There was large heterogeneity across studies, whereas data for urinary BPA levels suggested a publication bias affecting research in low 
exposed populations. CONCLUSION: This first meta-analysis of human BPA concentrations highlights a widespread population exposure to BPA. Although there was high heterogeneity across studies, the expected range 
of estimated human BPA concentrations suggests that potential health risks are unlikely. Further studies are warranted to better characterize the epidemiology of human BPA exposure, accounting for ethnic, geographic, 
individual and environmental variability.
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統合_0680 İ. Çok, T. İkidağ Ö, D. Battal and A. Aktaş 2020

Assessment of Bisphenol A Levels in 
Preschool Children: Results of a 
Human Biomonitoring Study in 
Ankara, Turkey

OBJECTIVE: There is general concern regarding environmental chemical exposure and the impact it may have on human health. This is particularly important for vulnerable populations such as infants and children during 
critical periods of development. Bisphenol A (BPA) is an endocrine disrupting chemical used worldwide over the last 30 years in many consumer products. Evidence points to widespread human exposure to BPA. The aim 
of this study was to evaluate the exposure of Turkish preschool children to BPA. METHODS: This study was conducted as a preliminary investigation of BPA in urine, collected from 3-6 year old children living in Ankara. 
After spot urine samples were taken from preschool children, free BPA, β-D-glucuronide and total BPA were determined using high-performance liquid chromatography tandem mass spectrometry and adjusted by 
creatinine concentration. RESULTS: Preschool children from Ankara (n=125; males n=70, females n=55; mean age: 4.50±1.26) were recruited. BPA was detected in 76.8% of children from Ankara city, with urinary 
concentrations ranging from < limit of quantification to 18.36 μg/g creatinine. Total BPA levels were not statistically different between boys (1.26 μg/g creatinine) and girls (2.24 μg/g creatinine) (p>0.05). 
CONCLUSION: This study is an important contribution to the limited information about childhood exposure to BPA. The estimated daily BPA intake in this study is substantially lower than the European Food Safety 
Authority derived tolerable daily intake of 4 μg/kg BW/day.
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統合_0681 J. Claessens, C. Pirard and C. Charlier 2022

Determination of contamination 
levels for multiple endocrine 
disruptors in hair from a non-
occupationally exposed population 
living in Liege (Belgium)

Today, the interest in hair as alternative matrix for human biomonitoring of environmental pollutants has increased, but available data on chemical levels in hair remain scarce. In this study, the measurement of 2 
bisphenols (A and S), 3 parabens (methyl-, ethyl- and propylparabens) and 8 perfluroralkyl compounds (PFCs) namely perfluoroctanesulfonate (PFOS), perfluorohexanesulfonate (PFHxS), perfluorooctanoic acid (PFOA), 
perfluorononanoic acid (PFNA), perfluorodecanoic acid (PFDA), perfluroroheptanoic acid (PFHpA), perfluoropentanoic acid (PFPeA) and perfluorohexanoic acid (PFHxA) was carried out, using a thoroughly validated 
UPLC-MS/MS method, in the hair from 114 adults living in Liege (Belgium) and surrounding areas. The most frequently quantified compounds in the population were: bisphenol S (97.4%, median = 31.9 pg·mg(-1)), 
methylparaben (94.7%, median = 28.9 pg·mg(-1)), bisphenol A (93.9%, median = 46.6 pg·mg(-1)), ethylparaben (66.7%, median = 5.2 pg·mg(-1)), propylparaben (54.8%, median = 16.4 pg·mg(-1)) and PFOA (46.4%, median <
 0.2 pg·mg(-1)). The other PFCs were detected only in few samples although current exposure of the Belgian population to PFCs was previously demonstrated using blood analyses. Nonparametric statistical analyses 
were performed to evaluate the influence of gender, hair treatments and hair length, but no significant difference was observed. Only age was positively correlated with the propylparaben contamination. Although blood 
seems to remain more suitable for PFCs exposure assessment, the results of this study suggest that hair can be an appropriate matrix for biomonitoring of organic pollutants such as parabens or bisphenols.
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統合_0682 E. Cinkilli Aktağ, S. S. Yalçin, A. Yіrün, A. Balci 
Özyurt and P. Erkekoğlu 2025

Unveiling connections: bisphenol A 
and vitamin D dynamics in breast 
milk among healthy lactating 
mothers

Bisphenol A (BPA) has negative impact on human health. This study aims to explore the association between the levels of BPA and 25(OH) vitamin D in breastmilk. BPA exposure and vitamin D sources were recorded on 
the study form. Breastmilk 25(OH) vitamin D was measured by the competitive enzyme-linked immunosorbent assay method, and BPA was analyzed by fluorescence detector high pressure liquid chromatography 
technique. Multiple logistic regression analysis were performed for association. Among 70 lactating mothers, the median 25(OH) vitamin D level was 12.6 ng/mL. In 92.9% of breastmilk samples, detectable levels of BPA 
were found, with a median BPA concentration of 2.56 ng/mL. However, both univariate and multivariate analyses failed to reveal any association between breastmilk BPA and 25(OH) vitamin D levels. This lack of 
association in healthy lactating mothers, highlighting the need for further research to comprehensively understand the intricate dynamics of these factors.
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統合_0683
E. Cinkilli Aktağ, S. S. Yalçin, A. Balci Özyurt, S. 
B. Erdemli Köse, S. Yalçin, D. A. Çakir and P. 
Erkekoğlu

2025

Associations of maternal behaviours 
and environmental exposures with 
melamine and bisphenol analogs in 
breast milk: a cross-sectional study

This study investigated the relationship between maternal behaviours, environmental exposures, and the levels of melamine and bisphenols (BPs), including bisphenol F (BPF), bisphenol A-F (BPAF), and bisphenol S 
(BPS), in breast milk. Mothers provided information on cosmetic use, food packaging, and dietary habits, while breast milk samples were analyzed using high-performance liquid chromatography. BPAF, BPS, and BPF were 
detected in 32.3%, 33.8%, and 20% of samples, respectively, while melamine was present in all samples (mean: 32.3 ± 16.7 ng/mL). Seven samples (10.8%) contained all three BPs, while 49.2% had none. Higher BPAF and 
BPF levels were observed in breast milk from mothers aged 30-34. Makeup use was associated with elevated BPAF levels (p = 0.013), while sunscreen use was correlated with increased BPF (p = 0.040) and melamine (p 
= 0.010) levels. Storing oil in plastic containers was linked to higher BPS levels. These findings suggest that maternal exposure to personal care products and food packaging materials significantly influences BPs and 
melamine levels in breast milk. The results highlight the importance of considering both behavioural and environmental factors when assessing chemical exposure during breastfeeding. Further research is needed to 
understand the long-term effects of these exposures on infant health.
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統合_0684 S. Çiftçi, S. S. Yalçın and G. Samur 2021

Bisphenol A Exposure in Exclusively 
Breastfed Infants and Lactating 
Women: An Observational Cross-
sectional Study

OBJECTIVE: Bisphenol A (BPA) is a known endocrine disruptor and free BPA will interact with estrogen. BPA is also fat soluble and will therefore contaminate breast milk. The European Food Safety Authority has set a 
limit for temporary tolerable daily intake of 4 μg/kg body weight/day in breastfeeding infants. The aim of this study was to measure human milk BPA concentrations in Turkish women and thus exclusively breastfed 
infantsʼ exposure to BPA. METHODS: Healthy, postnatal, exclusively breastfeeding women were recruited and breast milk samples were collected. Free BPA concentration was analyzed in the milk samples using 
competitive enzyme-linked immunosorbent assay. Participantsʼ demographic characteristics and nutritional habits were investigated through face-to-face interviews using a detailed questionnaire. RESULTS: Eighty 
women participated. Median milk free BPA level was 0.63 μg/L. There was no statistically significant association between maternal body mass index, birth type, parity, infant birth week, infant birth weight, and human 
milk BPA concentration. Nevertheless, there was a significant association between human milk BPA level and consumption of fast-food and carbonated drinks (p=0.022 and p=0.018, respectively). Exclusively breastfed 
infantsʼ mean BPA exposure was 0.0099±0.0079 μg/kg bw/day. There was a moderate negative significant correlation between infant BPA exposure and infant current body weight (r=0.327, p=0.003). CONCLUSION: 
BPA exposure in exclusively breastfed infants was within accepted limits and the current dietary exposure level of infants in this cohort was safe.
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統合_0685 S. Çiftçi, S. S. Yalçın and G. Samur 2021
Comparison of daily bisphenol A 
intake based on dietary and urinary 
levels in breastfeeding women

Bisphenol A (BPA) is an artificial chemical, and one of the significant external routes of daily BPA exposure is diet. Dietary BPA exposure can be calculated by urinary BPA concentration and dietary recall data. This cross-
sectional study investigates exclusively breastfeeding women's BPA exposure by urinary total BPA concentration and nutritional records, including the 24 h Dietary Recall (HDR) and Food Frequency Questionnaire (FFQ). 
In this study, we included exclusively breastfeeding, healthy women volunteers (n = 80; 18-40 years), collected spot-morning urine samples and conducted a comprehensive face-to-face survey. Moreover, the women's 
urine BPA concentration was adjusted according to their urine creatinine concentrations. We assessed dietary BPA intake with the 24HDR and FFQ. Estimated daily BPA exposure according to urinary output volume and 
urinary creatinine concentration median values were 0.0507 and 0.06 μg/kg bw/day, respectively. Moreover, dietary BPA daily intake was found to be 0.17 and 0.95 μg/kg bw/day according to 24HDR data and FFQ data. 
The milk and dairy product group's and soft drinks group's contributions to the daily intake of BPA were 55.9 % and 25.92 %, respectively. The hazard ratio for BPA exposure was within limits according to references, 
including US EPA, Health Canada, and EFSA. This study indicates that BPA exposure, based on both total urinary BPA concentration and dietary recall data, was within the recommended daily intake level (4 μg/kg 
bw/day). However, further studies are required to understand the influence of seasonal, multicentre, and socioeconomic differences on BPA exposure.
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統合_0686 P. L. Chu, C. Y. Lin, F. C. Sung and T. C. Su 2021

Apoptotic microparticles mediate the 
association between bisphenol A 
and subclinical atherosclerosis in a 
young population: A population-
based study

Bisphenol A (BPA) exposure is associated with atherosclerotic cardiovascular diseases. The interactions between BPA, extracellular microparticles (MPs), and atherosclerosis are unknown. A total of 103,756 young 
students participated in the mass urine-screening program in Taiwan between 1992 and 2000 were analyzed. After exclusion, 886 subjects were recruited to test the relationships between serum level of BPA, endothelial 
and platelet MPs as well as subclinical atherosclerosis represented by carotid artery intima-media thickness (CIMT). We found that an increment of one unit of log-BPA could lead to significant association between 
thicker CIMT and concentrations of endothelial microparticles and platelet microparticles in the cohort (odds ratio (OR) 1.23, P < 0.001). CD31 + /CD42a- (> 50%, OR 1.229, P = 0.001) and CD31 + /CD42a+ (≦ 50%, OR 
1.262, P = 0.017 and > 50%, OR 1.212, P = 0.006) were significantly associated with thicker CIMT in the presence of elevated BPA. When considering the interactions between CD31 + /CD42a- and CD31 + /CD42a+ , we 
observed increased OR as CD31 + /CD42a- was greater than 50% (CD31 +/CD42a- > 50% and CD31 +/CD42a+ ≦ 50%, OR 1.356, P = 0.029; CD31 +/CD42a- > 50% and CD31 +/CD42a+ > 50%, OR 1.204, P = 0.014). 
Our study identified a higher risk of thicker CIMT associated with altered MPs in the presence of elevated BPA levels. BPA exposure is associated with endothelial dysfunction and subclinical atherosclerosis in a young 
population.
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統合_0687

A. G. Christiansen, O. Carstensen, M. 
Sommerlund, P. A. Clausen, J. H. Bønløkke, V. 
Schlünssen, M. Isaksson, S. A. J. Schmidt and 
H. A. Kolstad

2022
Prevalence of skin sensitization and 
dermatitis among epoxy-exposed 
workers in the wind turbine industry

BACKGROUND: A high prevalence of skin sensitization and dermatitis has been reported among workers exposed to epoxy components. OBJECTIVES: To estimate the risk of skin sensitization and dermatitis among 
workers exposed to epoxy components during production of wind turbine blades while using comprehensive safety measures. METHODS: A cross-sectional study of 180 highly epoxy-exposed production workers and 41 
nonexposed office workers was conducted at two wind turbine blade factories in Denmark. Participants underwent a skin examination, were tested with a tailored patch test panel including epoxy-containing products 
used at the factories, and answered a questionnaire. RESULTS: Sixteen production workers (8·9%) were sensitized to an epoxy component compared with none of the office workers. Skin sensitization was more frequent 
within the first year of exposed employment. Strong selection bias by atopic status was indicated. Among nonatopic workers, the prevalence of dermatitis was higher among production workers (16·4%) than among office 
workers [6·5%, odds ratio (OR) 2·3, 95% confidence interval (CI) 0·6-9·1] and higher among the sensitized workers (43·8%) than the nonsensitized workers (14·6%, OR 4·5, 95% CI 1·6-12·7). Resins based on diglycidyl ether 
of bisphenol A and F were the most frequent sensitizers. One of the four workers sensitized to epoxy components used at the factories did not react to the epoxy resin of the TRUE test(®) panel. CONCLUSIONS: Despite 
comprehensive skin protection, sensitization and dermatitis are prevalent among highly epoxy-exposed workers in the wind turbine industry in Denmark. Our findings document the need for intensified preventive efforts 
and emphasize the importance of tailored patch testing. What is already known about this topic? Epoxy components are well-known sensitizers of the skin. A high prevalence of skin sensitization and dermatitis has been 
reported among workers exposed to epoxy components. Comprehensive protective equipment is recommended when working with epoxy components. What does this study add? Despite comprehensive skin protection, 
skin sensitization and dermatitis are prevalent among epoxy-exposed workers. We found that 40% of workers sensitized to epoxy products had dermatitis. Only 75% of the sensitized workers were detected by the epoxy 
resin of the TRUE test(®) , which emphasizes the importance of tailored testing.
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統合_0688 E. U. Chowdhury, H. Banu, M. S. Morshed, I. A. 
Jahan, S. Kharel and M. A. Hasanat 2025

Raised Bisphenol A has a Significant 
Association with Adverse 
Reproductive Manifestations Rather 
than Biochemical or Hormonal 
Aberrations in Women with 
Polycystic Ovary Syndrome

BACKGROUND: Bisphenol A (BPA) is a widely used industrial element. Recently it is suspected that BPA may disrupt the endocrine system to influence the manifestations of polycystic ovary syndrome (PCOS). 
OBJECTIVE: This study aimed to assess serum BPA level and its association with manifestations of PCOS in women. METHODOLOGY: This cross-sectional study included 40 young adults with PCOS and 38 age-
matched control women [23.0 (20.0, 29.0) vs. 25.0 (21.0, 29.0), years, median (IQR), p = 0.406]. After a thorough clinical examination, fasting blood was collected in the follicular phase of the menstrual cycle to measure 
glucose, lipids, insulin, luteinizing hormone, folliclestimulating hormone, total testosterone, sex hormone binding globulin, dehydroepiandrosterone sulfate, and BPA. Glucose was measured by glucose oxidase, lipids by 
glycerol phosphate dehydrogenase-peroxidase, all hormones including SHBG by chemiluminescent immunoassay and BPA by sandwiched enzyme-linked immunosorbent assay. Insulin resistance was measured using 
homeostasis model assessment of insulin resistance. RESULT: Women with PCOS had significantly higher BPA levels (ng/mL) than the control group [27.30 (25.60, 33.40) vs. 24.0 (15.58, 28.70), median (IQR), p = 0.001]. 
Using the 75(th) percentile value of the control group, 15 (37.5%) women with PCOS had high BPA levels. Those with high BPA levels had a significantly higher frequency of menstrual regulation / abortion among women 
with PCOS [53.8% vs. 0%, p= 0.005]. Women with PCOS with a history of menstrual regulation / abortion [36.7 ± 4.9 vs. 28.5 ± 6.4, mean ± SD, p = 0.004] and subfertility [34.3 ± 6.8 vs. 28.5 ± 6.4, mean ± SD, p = 
0.031] had higher levels of BPA than those without the histories. Serum BPA had no significant association or correlation with any androgenic and metabolic manifestations. CONCLUSION: Raised BPA level may be 
associated with adverse reproductive features in PCOS.
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統合_0689
W. C. Chou, J. W. Gaynor, E. M. Graham, B. 
Klepczynski, T. Walker, E. S. Coker, R. F. 
Ittenbach and Z. Lin

2025

A Machine Learning-Based 
Clustering Analysis to Explore 
Bisphenol A and Phthalate Exposure 
from Medical Devices in Infants with 
Congenital Heart Defects

BACKGROUND: Plastic-containing medical devices are commonly used in critical care units and other patient care settings. Patients are often exposed to xenobiotic agents that are leached out from plastic-containing 
medical devices, including bisphenol A (BPA) and phthalates. Given the potential health implications, there is an urgent need for a comprehensive understanding of this exposure. OBJECTIVES: This multi-institutional 
study aimed to determine the time-dependent concentrations and analyze the exposure patterns of bisphenol A (BPA) and phthalate metabolites in urine obtained from infants with congenital heart defects (CHD) 
undergoing cardiac surgery during the perioperative period. METHODS: We collected daily urine samples from infants with CHD undergoing cardiac surgery during the perioperative period (from birth to 21 d) and measured 
BPA, di(2-ethylhexyl)phthalate (DEHP) metabolites (MEHP, MEHHP, MEOHP, MECPP), and non-DEHP phthalate metabolites (MBP, MBzP, MMP, MEP, MCPP) using ultra-high-performance liquid chromatography-
tandem mass spectrometry. Machine learning-based cluster analysis was utilized to analyze these time-dependent data. RESULTS: Utilizing a machine learning-based clustering approach, six distinct clustering groups 
were identified among infants exhibiting similar time-series toxicokinetic exposure patterns. These distinct clustering groups correlated with the utilization of extracorporeal membrane oxygenation (ECMO) and 
cardiopulmonary bypass (CPB), as well as the intensity of medical care. Notably, clustering groups associated with ECMO use demonstrated elevated levels of urinary BPA and DEHP metabolites compared to those 
without ECMO use, a trend not observed with non-DEHP metabolites. Moreover, peak concentrations in toxicokinetic profiles were associated with intensity of medical care. DISCUSSION: Our findings suggest that 
dynamic changes of urinary BPA and DEHP metabolites corresponded to the type and number of medical devices used in infants. Further studies are needed to investigate the potential toxicological risks of infants with 
CHD undergoing cardiac surgery exposed to these chemicals in medical devices. https://doi.org/10.1289/EHP15034.
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統合_0690
Y. J. Choi, Y. A. Lee, Y. C. Hong, J. Cho, K. S. 
Lee, C. H. Shin, B. N. Kim, J. I. Kim, S. J. Park, H. 
Bisgaard, K. Bønnelykke and Y. H. Lim

2020

Effect of prenatal bisphenol A 
exposure on early childhood body 
mass index through epigenetic 
influence on the insulin-like growth 
factor 2 receptor (IGF2R) gene

OBJECTIVES: Epigenetic mechanisms have been suggested to play a role in the link between in utero exposure to bisphenol A (BPA) and pediatric obesity; however, there is little evidence regarding this mechanism in 
humans. We obtained data on obesity-associated CpG sites from a previous epigenome-wide association study, and then examined whether methylation at those CpG sites was influenced by prenatal BPA exposure. We 
then evaluated the relationship between CpG methylation status and body mass index (BMI) in a prospective children's cohort at ages 2, 4, 6, and 8 years. METHODS: Methylation profiles of 59 children were longitudinally 
analyzed at ages 2 and 6 years using the Infinium Human Methylation BeadChip. A total of 594 CpG sites known to be BMI or obesity-associated sites were tested for an association with prenatal BPA levels, categorized 
into low and high exposure groups based on the 80th percentile of maternal BPA levels (2.68 μg/g creatinine), followed by an analysis of the association between DNA methylation and BMI from ages 2-8. RESULTS: 
There was a significant increase in the methylation levels of cg19196862 (IGF2R) in the high BPA group at age 2 years (p = 0.00030, false discovery rate corrected p < 0.10) but not at age 6. With one standard deviation 
increase of methylation at cg19196862 (IGF2R) at age 2 years, the linear mixed model analysis revealed that BMI during ages 2-8 years significantly increased by 0.49 (95% confidence interval; 0.08, 0.90) in girls, but not in 
boys. The indirect effect of prenatal BPA exposure on early childhood BMI through methylation at cg19196862 (IGF2R) at age 2 years was marginally significant. CONCLUSIONS: Prenatal exposure to BPA may influence 
differential methylation of IGF2R at age 2. This result indicates that a possible sensitive period of DNA methylation occurs earlier during development, which may affect BMI until later childhood in a sex-specific manner.
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統合_0691 Y. Choi, S. J. Lee, J. Jeon, K. J. Jung and S. H. Jee 2019

Inverse associations of bisphenol A 
and phthalate metabolites with 
serum bilirubin levels in Korean 
population

Bisphenol A (BPA) and phthalates are endocrine disruptors that can induce oxidative stress. Serum bilirubin has antioxidant properties and may serve as a biomarker of oxidative stress. The objective of this study was to 
explore the relationship of BPA and phthalates with serum bilirubin levels in a Korean population. Urinary concentrations of BPA and six phthalate [mono-n-butyl phthalate (MnBP), mono-iso-butyl phthalate (MiBP), mono-
(2-ethyl-5-oxohexyl) phthalate (MEOHP), mono-(2-ethyl-5- hydroxyhexyl) phthalate (MEHHP), mono-(2-ethyl-5-carboxypentyl) phthalate (MECPP), and mono-benzyl phthalate (MBzP)] were measured in 709 participants. 
Serum concentrations of BPA and three phthalate metabolites [MnBP, MiBP, and mono-(2-ethylhexyl) phthalate (MEHP)] were measured in 752 participants. After excluding missing variables, associations between above 
chemicals and serum bilirubin levels were analyzed using multivariate linear regression with age, sex, BMI, GGT, GOT, GPT, and alcohol intake adjustment. Participants were further stratified by sex. Among the urinary 
chemicals, BPA and four phthalate metabolites (MnBP, MEOHP, MEHHP and MECPP) were inversely associated with serum bilirubin levels (BPA: β = - 0.071, P < 0.0001; MnBP: β = - 0.055, P = 0.025; MEOHP: β = - 
0.101, P < 0.0001; MEHHP: β = - 0.106, P < 0.0001; MECPP: β = - 0.052, P = 0.003). In a case of serum chemicals, only MiBP showed significantly positive association (β = 0.036, P = 0.016). After stratification by sex, 
the associations of urinary BPA remained both in male and female, of which urinary phthalates disappeared in female. The association of serum MiBP was disappeared after stratification. Urinary BPA and phthalate 
metabolites were inversely associated with serum bilirubin levels, whereas serum MiBP showed positive association with bilirubin. These results could provide clues for understanding the mechanisms of endocrine 
disruptor from oxidative stress to excretion from our body.

Environ Sci Pollut Res 
Int Vol.26 Issue 26 
Pages 26685-26695

10.1007/s11356-019-05205-y 31292880 ヒト - - - - - - - 横断研究 1 1 - - - - - - - - - - - - - - - - - -

統合_0692
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Park

2020

Thyroxine-binding globulin, 
peripheral deiodinase activity, and 
thyroid autoantibody status in 
association of phthalates and 
phenolic compounds with thyroid 
hormones in adult population

Exposure to consumer chemicals such as phthalates and phenolic compounds has been associated with thyroid hormone disruption in humans. However, information related to factors that may influence such 
associations, e.g., transport and activation of the hormones, and autoimmunity status, is limited. In the present study, we employed a subpopulation of adults (n = 1,254) who participated in the Korean National 
Environmental Health Survey (KoNEHS) 2015-2017, and associated urinary concentrations of major phthalate metabolites, bisphenol A (BPA), and parabens, with thyroid hormone-related measures, including free and total 
T3 and T4, TSH, thyroxine-binding globulin (TBG), calculated peripheral deiodinase (DIO) activity, and thyroid autoantibodies of thyroperoxidase (TPO) and thyroglobulin (Tg). Phthalate metabolites were negatively 
associated with total T4 and free T3, and positively associated with total T3. These observations could be explained by TBG levels and calculated peripheral DIO activity that were positively associated with phthalates 
exposure. In contrast, BPA was positively associated with total T4 and negatively associated with total T3, without any changes in TBG concentration. Serum TPO and Tg antibodies were not associated with urinary 
phthalate metabolites and BPA. However, thyroid autoantibody status appeared to modulate the association of some phthalates with thyroid hormones. For parabens, little to negligible association was observed. The 
results of our observation show potential underlying mechanisms of phthalates-induced thyroid hormone disruption, and suggests the importance of consideration of thyroid autoimmunity status in association studies for 
thyroid disrupting chemicals.
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統合_0693 J. Y. Choi, J. Lee, D. A. Huh and K. W. Moon 2022

Urinary bisphenol concentrations 
and its association with metabolic 
disorders in the US and Korean 
populations

Bisphenol A (BPA) is a representative endocrine disrupting compound used in a vast array of consumer products, and are being frequently substituted by its analogues, bisphenol S (BPS) and bisphenol F (BPF). We aimed 
to examine the association between urinary bisphenol levels with obesity and lipid profiles in the general population to comprehensively evaluate its potential of metabolic disturbance. A representative sample of 1046 US 
adults from the National Health and Nutrition Examination Survey (2013-2016) and 3268 Korean adults from the Korean National Environmental Health Survey (2015-2017) was analyzed. We examined the exposure levels 
of bisphenols and determined their associations with obesity, high-density lipoprotein cholesterol (HDL-C) and triglyceride (TG) levels, and hypercholesterolemia prevalence through multiple linear, and binary/ordinal 
logistic regression models. In both populations, high BPA levels (lowest tertile vs. 2nd, 3rd tertiles) showed corresponding associations with lipid profile and obesity. BPA levels were associated with decreased HDL-C 
levels (Q3: β = -0.053, p = 0.08 (US); Q2: β = -0.030, p-0.03), increased TG levels (Q3: β = 0.121, p = 0.029 (US); Q3: β = 0.089, p = 0.021, and higher odds for obesity (Q3: OR = 1.58, 95% CI: 1.06, 2.35 (US); Q3: OR = 
1.41, 95% CI: 1.11, 1.78). Higher BPS levels were positively associated with obesity status, especially in US men (Q2: OR = 1.84, 95% CI: 1.15, 2.96) and Korean women (Q3: OR = 1.27, 95% CI: 0.99, 1.64). A significant 
decrease in HDL-C (Q3: β = -0.088, p = 0.01) and elevated odds for obesity at higher BPF levels (Q3: OR = 1.60, 95% CI: 1.00, 2.56) was observed in US women. The findings of our study indicate that BPA and its 
analogues, BPS and BPF, are associated with lipid metabolism disorders in addition to obesity in adults. Given the increase in exposure to BPA alternatives, continuous biomonitoring, and further investigation of their 
health effects through prospective cohort studies are warranted.
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統合_0694 J. W. Choi, H. Jang, J. R. Kuiper, D. H. Bennett, 
R. J. Schmidt and H. M. Shin 2025

Gestational exposures to mixtures of 
multiple chemical classes and 
autism spectrum disorder in the 
MARBLES study

BACKGROUND: Previous epidemiologic studies on gestational chemical exposures and autism spectrum disorder (ASD) often lack analysis of chemical mixtures or are limited to investigating certain chemical classes. 
OBJECTIVE: We examined the impact of multi-class chemical mixtures on ASD risk, using data from the MARBLES (Markers of Autism Risks in Babies-Learning Early Signs) cohort. METHODS: Children were clinically 
assessed at age 3 and classified as ASD, typical development (TD), or non-TD with other neurodevelopmental concerns. In blood or urine from 105 pregnant mothers, we quantified 42 biomarkers across 5 chemical 
classes: per- and polyfluoroalkyl substances (PFAS), parabens, phenols, phthalates, and organophosphate esters (OPEs). We only analyzed 30 biomarkers detected in >50 % of the sample. After identifying clusters with 
similar chemical profiles via hierarchical clustering, we applied linear discriminant analysis (LDA) to compute LDA exposure summary scores. In covariate-adjusted models, we used LDA scores to assess co-adjusted, 
multipollutant associations (relative risk [RR]) with ASD or non-TD, via quasi-Poisson regression. We further examined overall mixture effect and chemical interactions with Bayesian kernel machine regression. 
RESULTS: We identified four distinct clusters: PFAS (Cluster 1), OPEs (Cluster 2), parabens and triclosan (Cluster 3), and phthalates and bisphenol A (Cluster 4). Relative to TD, LDA scores for each cluster were 
associated with increased risk of ASD (RR [95 % CI]: 1.14 [1.03, 1.25], 1.12 [1.01, 1.24], 1.17 [1.07, 1.29], 1.17 [1.07, 1.28] for Cluster 1-4, respectively), whereas clusters 2 and 4 were associated with non-TD (1.07 [1.01, 
1.14] and 1.12 [1.05, 1.19], respectively). Cumulative exposure across the four clusters was linked to increased risk of both ASD and non-TD. Potential interactions within and between clusters were observed. 
CONCLUSION: This study shows that considering multiple chemical classes resulted in stronger associations with ASD and non-TD risk, compared to when investigated separately in our previous studies.
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統合_0695 J. E. Choi, E. J. Choi, S. Lee, B. Park, H. A. Lee, Y. 
S. Hong, E. Ha, H. S. Kim and H. Park 2025

Relationship of urinary bisphenol A 
in childhood on thyroid hormone 
function in adolescents: a cohort 
study

BACKGROUND: Bisphenol A (BPA) is a type of endocrine-disrupting chemical utilized in the production of plastics like epoxy resins and polycarbonate polymers. BPA exhibits weak estrogenic and potent anti-androgenic 
effects, and prior research has linked it to disturbances in thyroid function. This study aims to assess the potential association between early childhood exposure to urinary bisphenol A and thyroid hormone levels in 
pubertal children from Korea. METHODS: Participants were drawn from the Ewha Birth and Growth Cohort Study, encompassing individuals who visited Ewha Women's Mokdong Hospital between 2001 and 2005. The 
concentration of urinary BPA was repeatedly measured for each subject at ages 3-5 years and 7-9 years. Serum levels of free triiothyronine (T3), free thyroxine (T4), and thyroid-stimulating hormone (TSH) were measured 
at ages 10-12 years in a subgroup of 128 out of 164 subjects who had undergone repeated BPA concentration measurements. We utilized the SAS program to analyze possible links between childhood exposure to BPA and 
thyroid hormone function in adolescence. Additionally, we explored how exposure to BPA during two specific periods influenced changes in thyroid hormone levels. RESULTS: The study observed that urinary BPA levels at 
ages 3-5 years were not notably linked to thyroid hormone levels in adolescents aged 10-12 years. However, BPA levels at ages 7-9 years were significantly associated with free T3 levels in girls aged 10-12 years. 
Conversely, exposure to BPA did not result in significant differences in thyroid hormone levels among boys. The study did not find statistically significant connections between levels of urinary BPA and the other thyroid 
hormones, specifically TSH and free T4. There was a significant decrease in the concentration of free T3 in girls with higher BPA concentrations. CONCLUSIONS: BPA exposure in childhood affects thyroid function in 
adolescent girls. This relationship may contribute to an increased prevalence of thyroid disorders in adolescents due to environmental influences.
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Prenatal and childhood exposure to 
endocrine-disrupting chemicals and 
early thelarche in 8-year-old girls: A 
prospective study using Bayesian 
kernel regression

BACKGROUND: Studies on the combined effects of persistent and non-persistent endocrine-disrupting chemicals (EDCs) on puberty are insufficient. To date, no studies have analyzed breast development at age 8 years, 
a key criterion for determining precocious puberty. We investigated the relationship between prenatal or childhood exposure to EDC mixtures and early thelarche, defined as breast development before age 8 years in girls. 
METHODS: This prospective study included 211 girls with data on prenatal and 8-year-old exposure of cadmium (Cd), lead, mercury, bisphenol-A (BPA), 3-phenoxybenzoic acid, and three phthalate metabolites from the 
Environment and Development of Children cohort. Prenatal exposure was assessed through samples from pregnant women at 14-27th weeks of gestation. Tanner staging was assessed by a pediatric endocrinologist. The 
relationship between single and mixed chemical exposures and outcomes was assessed using logistic regression, generalized additive models (GAM), and Bayesian kernel machine regression (BKMR) models. RESULTS: 
Early thelarche was observed in 42 (19.9%) girls at age 8 years. In the logistic regression models, the risk of early thelarche increased with increased exposure to Cd in their mothers (adjusted odds ratio [aOR] per 
interquartile range [IQR] = 1.80, 95% confidence interval [CI] 1.23-2.65) but decreased with prenatal BPA exposure (aOR per IQR = 0.57, 95% CI 0.35-0.92). None of the 8-year-old chemical exposures was associated with 
early thelarche. In the GAM, early thelarche was positively correlated with prenatal Cd and inversely associated with prenatal BPA exposure (p = 0.004 for Cd and p = 0.036 for BPA). In the BKMR models, an increase in 
log-transformed prenatal Cd concentrations from the 25th to 75th percentile was associated with an increase in the estimated probability of early thelarche at age 8 years (risk difference: 0.46 [95% credible interval: 0.04-
0.88]) when other chemicals were set at their median values. CONCLUSIONS: Considering the combined effects of persistent and non-persistent chemical mixtures, maternal Cd exposure during the second trimester may 
be associated with early thelarche in 8-year-old girls.
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Plastic-related endocrine disrupting 
chemicals significantly related to the 
increased risk of estrogen-
dependent diseases in women

OBJECTIVE: To evaluate the association between exposure to plastic-related endocrine-disrupting chemicals (EDCs), specifically Bisphenol A (BPA), Phthalates, Cadmium, and Lead, and the risk of estrogen-dependent 
diseases (EDDs) such as polycystic ovary syndrome (PCOS), endometriosis, or endometrial cancer by conducting a meta-analysis of relevant studies. METHODS: PubMed, Web of Science, and Cochrane Library 
databases were used for literature retrieval of articles published until the 21st of April 2023. Literature that evaluated the association between BPA, phthalates, cadmium, and/or lead exposure and the risk of PCOS, 
endometriosis, or endometrial cancer development or exacerbation were included in our analysis. STATA/MP 17.0 was used for all statistical analyses. RESULTS: Overall, 22 articles were included in our meta-analysis 
with a total of 83,641 subjects all of whom were females aged between 18 and 83 years old. The overall effect size of each study was as follows: endometriosis risk in relation to BPA exposure ES 1.82 (95% CI; 1.50, 
2.20). BPA and PCOS risk ES 1.61 (95% CI; 1.39, 1.85). Phthalate metabolites and endometriosis risk; MBP ES 1.07 (95% CI; 0.86, 1.33), MEP ES 1.05 (95% CI; 0.87, 1.28), MEHP ES 1.15 (95% CI; 0.67, 1.98), MBzP ES 0.97 
(95% CI; 0.63, 1.49), MEOHP ES 1.87 (95% CI; 1.21, 2.87), and MEHHP ES 1.98 (95% CI; 1.32, 2.98). Cadmium exposure and endometrial cancer risk ES 1.14 (95% CI; 0.92, 1.41). Cadmium exposure and the risk of 
endometriosis ES 2.54 (95% CI; 1.71, 3.77). Lead exposure and the risk of endometriosis ES 1.74 (95% CI; 1.13, 2.69). CONCLUSION: Increased serum, urinary, or dietary concentration of MBzP and MEHP in women is 
significantly associated with endometriosis risk. Increased cadmium concentration is associated with endometrial cancer risk.
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統合_0698 S. V. Chigrinets and G. V. Bryuhin 2019
[Risk of pathoosophermia in men 
with joint exposure to endocrine 
disruptors]

The purpose of the study is to assess the risk of pathozoospermia with the combined effect of bisphenol A, triclosan and 4-nonylphenol. MATERIALS AND METHODS: 84 samples of sperm were studied in men with 
normo-and patozoospermia. In seminal fluid, the concentrations of bisphenol A, triclosan and 4-nonylphenol were simultaneously determined by gas chromatography with mass spectrometry (GC-MS). The spermiological 
study was carried out according to the WHO recommendations (2010) taking into account the assessment of the number of spermatozoa, their motility and morphology, as well as sperm damage. The results were 
subjected to statistical processing using the Mann-Whitney U-test and the multiple logistic regression method. Results were considered statistically significant at p<0.05. RESULTS: Bisphenol A was found in 100% of 
the ejaculate samples with a median concentration of 0.150 ng/ml. Triclosan and 4-nonylphenol were detected in 84.3% and 98.1% of ejaculate samples with a median concentration of 0.11 ng/ml. and 0.16 ng/ml, 
respectively. The comparison groups were statistically significantly distinguished by the concentrations of bisphenol A and triclosan (p<0.001; p=0.018), respectively, as well as the DNA index of spermatozoa 
fragmentation (p=0.002). Bisphenol A, by increasing the concentration in seminal fluid by 0,1 ng/ml, increased the chance of developing pathosospermia by 24.9 times. The effect of triclosan and 4-nonylphenol on 
pathosospermia was not statistically significant. In a multiple logistic regression equation describing the joint effect of EDs on patozoospermia, as well as the ratio of the chances of its occurrence with a change in the 
concentration of one of the endocrine disruptors per unit while fixing the other variables, the coefficients of triclosan and 4-nonylphenol on the patozoospermia were also not statistically significant. In addition, the 
confidence interval for the odds ratio included one. CONCLUSION: The development of pathozoospermia is primarily associated with the effect of bisphenolA in seminal fluid in men. It should be assumed that there is no 
synergistic effect of endocrine disruptors on patozoospermia.
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Suspect screening of bisphenol A 
(BPA) structural analogues and 
functional alternatives in human 
milk from Canada and South Africa

BACKGROUND: Plastic-related contaminants, such as bisphenols, can enter the maternal body and be transferred to breast milk. While common bisphenols such as bisphenol A, S, F and AF have been detected in 
previous studies, there is limited knowledge about the occurrence of other structurally similar compounds in human milk with potential endocrine-disrupting properties. OBJECTIVE: In this study, we investigated structural 
analogues and functional alternatives of bisphenol A (BPA) in 594 human milk samples collected from Canada (Montreal) and South Africa (Vhembe and Pretoria) using LC-Q-TOF-MS through suspect screening. 
METHODS: Suspect screening was performed using data collected from the milk samples using a customized database library (204 compounds). A retrospective semi-quantitative approach was then applied to estimate 
the levels of TGSA, D-8 and D-90 in human milk. RESULTS: This work revealed the presence of eleven compounds, including four compounds commonly used in thermal labels, four ultraviolet filters, and three synthetic 
antioxidants or metabolites. Retrospective semi-quantification of D-8, D-90 and TGSA revealed levels of up to 1.24, 1.98, and 0.72 ng/mL in milk, respectively. IMPACT STATEMENT: Several structural analogues and 
functional alternatives of bisphenol A were identified in human milk through non-targeted screening. Two other phenolic compounds (Irganox 1010 and BHT-COOH) were identified in human milk for the first time. This 
study highlights the importance of novel strategies in human milk biomonitoring to identify emerging contaminants to which breastfeeding infants are exposed.
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適格性評価はタイトル及び要旨の情報に基づ
き可能な範囲で実施。明らかに適格性基準不
適合と判断されるもの以外を信頼性評価へ進
め、信頼性評価段階で原著に基づき精査。
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統合_0700
Z. H. Chi, L. Liu, J. Zheng, L. Tian, J. Chevrier, R. 
Bornman, M. Obida, C. G. Goodyer, B. F. Hales 
and S. Bayen

2024

Biomonitoring of bisphenol A (BPA) 
and bisphenol analogues in human 
milk from South Africa and Canada 
using a modified QuEChERS 
extraction method

A sensitive modified QuEChERS extraction method was developed to assess the levels of free and conjugated bisphenols (BPs) in human milk collected between 2018 and 2019 from two regions of South Africa (the 
Limpopo Province Vhembe district, n = 194; Pretoria, n = 193) and Canada (Montreal, n = 207). Total BPA (free and conjugated) and BPS were the predominant bisphenols detected in samples from Vhembe and Pretoria, 
whereas total BPS was the predominant bisphenol detected in Montreal samples. The levels of total BPA in samples from Vhembe and Pretoria ranged between < MDL-18.61 and <MDL-19.38 ng/mL, with medians of 
1.03 ng/mL and 0.69 ng/mL and detection frequencies of 73% and 68%, respectively. The speciation analysis of BPA revealed a predominantly conjugated form in South African samples. In contrast, total BPA was 
detected in only one milk sample from Montreal. Total BPS levels were lower than BPA in South Africa, with detection frequencies of 57% and 21% in Vhembe and Pretoria, respectively. In contrast, total BPS was the 
major BP detected (42%) in Montreal (up to 4.42 ng/mL). BPAF was found exclusively in South Africa, with detection frequencies for total BPAF of 40% and 9% in Vhembe (<MDL-12.41 ng/mL) and Pretoria (<MDL-0.11 
ng/mL), respectively. To our knowledge, this is one of the first studies to detect bisphenols in human milk from data-scarce countries such as South Africa and to highlight the notable disparities in the types and levels of 
bisphenols detected across two distinct countries (Canada and South Africa).
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統合_0701 Z. Chen, J. He and W. Shi 2022

Association between urinary 
environmental phenols and the 
prevalence of cardiovascular 
diseases in US adults

Environmental phenols, as endocrine disruptors, are used widely in personal care and consumer products. However, few studies have examined the association between phenol exposure, including bisphenol A (BPA), 
benzophenone-3 (BP-3), and triclosan, and the prevalence of cardiovascular diseases (CVD). This cross-sectional study utilized data from the National Health and Nutrition Examination Survey (2003-2012). Urinary BPA, 
BP-3, and triclosan were measured with liquid chromatography-tandem mass spectrometry (HPLC-MS/MS). The CVD was defined as a composite of 5 self-reported cardiovascular outcomes, including congestive heart 
failure, coronary heart disease, angina pectoris, heart attack or stroke. Multivariable logistic regression models were used to examine the association between phenols and the prevalence of CVD. A total of 8164 
participants were enrolled, and 740 (9.1%) were diagnosed of CVD. The average levels of BPA, BP-3, and triclosan concentrations were 3.38, 202.63, and 99.27 ng/mL respectively. Per 1-unit increasement in log-
transformed urinary BPA was associated with increased risk of CVD after adjusting all covariates (odds ratio [OR] 1.09, 95% confidence interval [CI] 1.01 to 1.18, P < 0.05). Compared with the lowest quartile (< 0.9), the 
multivariable-adjusted OR was 1.30 (1.03 to 1.65, P < 0.05) in the highest quartile (> 3.8). Restricted spline models confirmed that the association between BPA and the risk of CVD was non-linear (P = 0.045). Only BPA 
was associated with the risk of CVD, following a J-curve shaped relationship.
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統合_0702

Y. M. Chen, Z. Y. Liu, S. Chen, X. T. Lu, Z. H. 
Huang, M. Wusiman, B. X. Huang, Q. Y. Lan, T. 
Wu, R. Z. Huang, S. Y. Huang, L. L. Lv, Y. Y. Jian 
and H. L. Zhu

2023

Mitigating the impact of bisphenol A 
exposure on mortality: Is diet the 
key? A cohort study based on 
NHANES

Bisphenol A (BPA) is a widespread environmental pollutant linked to detrimental effects on human health and reduced life expectancy following chronic exposure. This prospective cohort study aimed to examine the 
association between BPA exposure and mortality in American adults and to explore the potential mitigating effects of dietary quality on BPA-related mortality. This study utilized data from 8761 American adults in the 
2003-2016 National Health and Nutrition Examination Survey (NHANES). Urinary BPA levels were employed to assess BPA exposure, and dietary quality was evaluated using the Healthy Eating Index-2015 (HEI-2015). All-
cause, cardiovascular disease (CVD), and cancer mortality statuses were determined until December 31, 2019, resulting in a cumulative follow-up of 80,564 person-years. The results showed that the highest tertile of 
urinary BPA levels corresponded to a 36% increase in all-cause mortality and a 62% increase in CVD mortality compared to the lowest tertile. In contrast, the highest tertile of HEI-2015 scores was associated with a 29% 
reduction in all-cause mortality relative to the lowest tertile. Although no significant interaction was found between HEI-2015 scores and urinary BPA levels concerning mortality, the association between HEI-2015 scores 
and both all-cause and CVD mortality was statistically significant at low urinary BPA levels. Continuous monitoring of BPA exposure is crucial for evaluating its long-term adverse health effects. Improving dietary quality 
can lower all-cause mortality and decrease the risk of all-cause and CVD mortality at low BPA exposure levels. However, due to the limited protective effect of dietary quality against BPA exposure, minimizing BPA 
exposure remains a vital goal.

Ecotoxicol Environ Saf. 
2023 Nov 
15:267:115629.

10.1016/j.ecoenv.2023.115629 37890258 ヒト その他(死亡率) - - - - - - コホート研究 1 1 - - - 1 1 1 - - - - - - - - - - - -

統合_0703 Y. Chen, Z. Zhang, G. He, H. Liang, X. Song, J. 
Xi, S. Wen, W. Yuan, Z. Wang and M. Miao 2024

Associations of prenatal exposure to 
bisphenols with infant 
anthropometry: A prospective cohort 
study

BACKGROUND: Bisphenols (BPs) have been shown to exhibit developmental toxicities. Epidemiological evidence on prenatal BPs exposure and infant growth primarily confined scopes to specific BPs and birth outcomes, 
with few studies focusing on infant growth and reporting inconsistent findings. The joint effect of prenatal exposure to BPs mixture on infant growth was rarely studied. OBJECTIVE: This study examined associations of 
prenatal exposure to individual bisphenol A (BPA) and its analogues (bisphenol F [BPF], bisphenol S [BPS], bisphenol AF [BPAF], and tetrachlorobisphenol A [TCBPA]) and their mixture with infant growth. METHODS: 
Urinary concentrations of BPs in pregnant women were quantified. Weight, body mass index, skinfold thickness, and circumference measurements of infants were collected at birth, 6 and 12 months of age, rapid growth 
and overweight were further defined. Multiple linear regression models and Bayesian kernel machine regression models (BKMR) were used to analyze associations of exposure to individual BPs and BPs mixture with 
infants' anthropometric measurements, and to identify the important components among mixture. The risks for rapid growth and overweight of each BP were determined using modified Poisson regression models. 
RESULTS: A general profile of higher prenatal BPs exposure (mainly BPA, BPF, and BPS) associated with higher anthropometric measurements and higher risks of overweight during infancy was found. We also observed 
higher risks of rapid growth in infants following prenatal BPs exposure, with risk ratios ranging from 1.46 to 1.91. The joint effect of BPs mixture and single effect of each BP from the BKMR models were consistent with 
findings from the linear regression models, further suggesting that associations in girls were generally driven by BPA, BPF, or BPS, while in boys mainly by BPF. CONCLUSION: Prenatal exposure to BPs and their mixture 
could increase anthropometric measurements of offspring during infancy, with implications of altered growth trajectory in future.
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統合_0704 Y. Chen, C. Xu, Y. Huang, Z. Liu, J. Zou and H. 
Zhu 2024

The Adverse Impact of Bisphenol A 
Exposure on Optimal Cardiovascular 
Health as Measured by Life's 
Essential 8 in U.S. Adults: Evidence 
from NHANES 2005 to 2016

Background/Objectives: Cardiovascular diseases are the primary cause of global morbidity and mortality, with cardiovascular health (CVH) remaining well below the ideal level and showing minimal improvement in the 
U.S. population over recent years. Bisphenol A (BPA), a pervasive environmental contaminant, has emerged as a potential contributor to adverse cardiovascular outcomes. This cross-sectional study delves into the impact 
of BPA exposure on achieving optimal CVH, as assessed by the Life's Essential 8 metric, among U.S. adults. Methods: Analyzing data from 6635 participants in the National Health and Nutrition Examination Survey 
(NHANES) collected between 2005 and 2016, BPA exposure was quantified through urinary BPA levels, while optimal CVH was defined using the American Heart Association's Life's Essential 8 criteria, scoring between 
80 and 100. Multivariable logistic regression and propensity score matching were employed to evaluate the association between BPA exposure and CVH. Results: This study reveals that individuals in the highest tertile of 
urinary BPA levels were 27% less likely to attain optimal CVH compared with those in the lowest tertile (OR, 0.73; 95% CI: 0.59-0.92). This negative association persisted across diverse demographics, including age, sex, 
and race, mirrored in the link between urinary BPA levels and health factor scores. Conclusions: The findings underscore the potential benefits of reducing BPA exposure in enhancing the prevalence of optimal CVH and 
mitigating the burden of cardiovascular disease. Given the widespread use of BPA, ongoing monitoring of BPA's impact on CVH is essential. Further studies are necessary to elucidate the long-term and causative 
connections between BPA and CVH. These insights contribute to understanding the complex interplay between environmental factors and CVH outcomes, informing targeted interventions to mitigate cardiovascular 
disease risk within the population.
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統合_0705 Y. Chen, H. Xiao, A. Namat, J. Liu, F. Ruan, S. 
Xu, R. Li and W. Xia 2022

Association between trimester-
specific exposure to thirteen 
endocrine disrupting chemicals and 
preterm birth: Comparison of three 
statistical models

BACKGROUND: Growing evidence indicated that maternal exposure to some endocrine disrupting chemicals (EDCs) may increase the risk of preterm birth (PTB). However, few studies have evaluated the joint effect of 
EDCs on PTB. OBJECTIVES: This study aimed to evaluate the associations of maternal EDCs mixture in the 1st, 2nd, and 3rd trimesters during pregnancy with PTB, and identify the vital components that mainly contribute 
to PTB. METHODS: This study included 847 pregnant women that provided urine samples for all three trimesters. Urinary concentrations of thirteen EDC metabolites (four phthalates, two parabens, three phenols, and 
four benzotriazoles and benzothiazoles) were examined. Logistic regression model, quantile g-computation and Bayesian kernel machine regression (BKMR) models were applied to study the association. RESULTS: 
Logistic regression model suggested that only bisphenol A (BPA) in the 1st trimester significantly increased the OR of PTB after adjusting for BPA exposure in the 2nd and 3rd trimesters. Quantile g-computation model 
identified that urinary EDCs mixture in the 1st trimester were positively associated with PTB [OR (95 % CI): 1.98 (1.10, 3.58)], and the most heavily weighted component for PTB was BPA (26 %), followed by mono-
2ethylhexyl phthalate (MEHP) (22 %). BKMR model determined a significant association between EDCs mixture in the 1st trimester and PTB when all EDC concentrations were at or above their 55th percentile compared 
with the median. The BKMR model found that BPA and MEHP were associated with an increase in the estimated probability of PTB, when the other EDCs were held to their 50th and 75th percentiles, respectively, in the 
1st trimester. CONCLUSIONS: The results of mixture analysis models indicated that exposure to higher EDCs mixture in the 1st trimester may increase the risk of PTB. BPA was considered as the most contributing 
factor for PTB among the detected EDCs.

Sci Total Environ. 2022 
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統合_0706 Y. Chen, J. Wu, R. Li, W. Kang, A. Zhao, Y. Yin, 
S. Tong, J. Yuan and S. Li 2023

Individual and joint association of 
phenols, parabens, and phthalates 
with childhood lung function: 
Exploring the mediating role of 
peripheral immune responses

The functioning of the respiratory system can be interfered with by exposure to mixtures of environmental chemicals, however, the evidence is still ambiguous. We evaluated the association of exposure to mixtures of 14 
chemicals, including 2 phenols, 2 parabens, and 10 phthalates, with four major lung function metrics. Based on data from the National Health and Nutrition Examination Survey 2007-2012, this analysis was conducted 
among 1462 children aged 6-19 years. Linear regression, Bayesian kernel machine regression, quantile-based g-computation regression, and a generalized additive model were performed to estimate the associations. 
Mediation analyses were performed to investigate plausible biological pathways mediated by immune cells. Our results indicated that the phenols, parabens, and phthalates mixture was negatively related to lung function 
parameters. And BPA and PP were identified as important contributors to negative associations with FEV(1), FVC, and PEF, with non-linear relationships observed between BPA and those outcomes. The most influential 
factor for a probable FEF(25-75 %) decline was MCNP. BPA, and MCNP had an interaction effect on FEF(25-75 %). The association of PP with FVC and FEV(1) has been postulated to be mediated by neutrophils and 
monocytes. The findings offer insights into the associations of chemical mixtures with respiratory health and the possible driving mechanism, which would be of significance in adding novel evidence of the role of 
peripheral immune responses, as well as calling for remediation actions to be prioritized during childhood.
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統合_0707 Y. Chen, M. Miao, Z. Wang, H. Ji, Y. Zhou, H. 
Liang, G. He and W. Yuan 2023

Prenatal bisphenol exposure and 
intelligence quotient in children at 
six years of age: A prospective 
cohort study

The effects of prenatal bisphenol A (BPA) exposure on children's cognitive development have been reported; however, relevant evidence on BPA analogues was limited, with rare evidence of the joint effect of their mixture. 
Among 424 mother-offspring pairs from the Shanghai-Minhang Birth Cohort Study, maternal urinary concentrations of five bisphenols (BPs) were quantified, and children's cognitive function was assessed by the Wechsler 
Intelligence Scale at six years of age. We assessed the associations of prenatal exposure to individual BPs with children's intelligence quotient (IQ) and analyzed the joint effect of BPs mixture by the Quantile g-
computation model (QGC) and Bayesian kernel machine regression model (BKMR). QGC models showed that higher maternal urinary BPs mixture concentrations were associated with lower scores among boys in a non-
linear way; however, no association was observed in girls. For individual effects, BPA and BPF were associated with decreased IQ scores in boys and were identified as important contributors to the joint effect of BPs 
mixture. However, associations of BPA with increased IQ scores in girls, and TCBPA with increased IQ scores in both sexes were observed. Our findings suggested prenatal exposure to BPs mixture may affect children's 
cognitive function in a sex-specific pattern and provided evidence of the neurotoxicity of BPA and BPF.
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統合_0708 X. Chen, S. Zhong, M. Zhang, W. Zhong, S. Bai, 
Y. Zhao, C. Li, S. Lu and W. Li 2021

Urinary parabens, bisphenol A and 
triclosan in primiparas from 
Shenzhen, China: Implications for 
exposure and health risks

The usage of parabens, bisphenol A and triclosan in diverse consumer products is in widespread. Nevertheless, there are limited data concerning exposure to these chemicals in human being, especially in primiparas. 
Biomonitoring of chemicals in primiparas is useful for the estimation of chemical exposure risks for both primiparas and their offspring. This study aims to investigate urinary levels of parabens, bisphenol A and triclosan 
of 84 primiparas from Shenzhen, China and to evaluate their potential health risks. Methyl, ethyl, and n-propyl parabens bisphenol A and triclosan exhibited high detection rates (DRs) (> 97%) in urine samples, suggesting 
that primiparas are exposed to them widely. The median concentrations of methyl, ethyl, and n-propyl parabens, bispenol A and triclosan in urine were 2.14, 4.10, 0.46, 1.30 and 3.00 µg/L, respectively. Ethyl paraben was 
the predominant paraben accounting for nearly half of Σ(3)parabens (The sum concentrations of methyl, ethyl, n-propyl parabens). Positive associations with significance (p < 0.05) were found between the usage of 
plastic containers and urinary concentrations of ethyl paraben or BPA, indicating plastic containers might be an important factor influencing primipara exposure to these two chemicals. Urinary concentrations of methyl 
paraben were positively associated (p < 0.05) with the time of computer use by participant, suggesting that indoor dust might constitute an important source of parabens. The estimated daily intakes of parabens, 
bisphenol A and triclosan contrasted with the acceptable daily intakes in a comparatively low level. The hazard quotients (HQs) of these chemicals were all less than 1, suggesting no health risks for primiparas from 
South China. SUPPLEMENTARY INFORMATION: The online version contains supplementary material available at 10.1007/s40201-020-00599-1.
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統合_0709
W. J. Chen, C. Robledo, E. M. Davis, J. R. 
Goodman, C. Xu, J. Hwang, A. E. Janitz, T. 
Garwe, A. M. Calafat and J. D. Peck

2022

Assessing urinary phenol and 
paraben mixtures in pregnant 
women with and without gestational 
diabetes mellitus: A case-control 
study

Prior studies have identified the associations between environmental phenol and paraben exposures and increased risk of gestational diabetes mellitus (GDM), but no study addressed these exposures as mixtures. As 
methods have emerged to better assess exposures to multiple chemicals, our study aimed to apply Bayesian kernel machine regression (BKMR) to evaluate the association between phenol and paraben mixtures and GDM. 
This study included 64 GDM cases and 237 obstetric patient controls from the University of Oklahoma Medical Center. Mid-pregnancy spot urine samples were collected to quantify concentrations of bisphenol A (BPA), 
benzophenone-3, triclosan, 2,4-dichlorophenol, 2,5-dichlorophenol, butylparaben, methylparaben, and propylparaben. Multivariable logistic regression was used to evaluate the associations between individual chemical 
biomarkers and GDM while controlling for confounding. We used probit implementation of BKMR with hierarchical variable selection to estimate the mean difference in GDM probability for each component of the phenol 
and paraben mixtures while controlling for the correlation among the chemical biomarkers. When analyzing individual chemicals using logistic regression, benzophenone-3 was positively associated with GDM [adjusted 
odds ratio (aOR) per interquartile range (IQR) = 1.54, 95% confidence interval (CI) 1.15, 2.08], while BPA was negatively associated with GDM (aOR 0.61, 95% CI 0.37, 0.99). In probit-BKMR analysis, an increase in z-score 
transformed log urinary concentrations of benzophenone-3 from the 10th to 90th percentile was associated with an increase in the estimated difference in the probability of GDM (0.67, 95% Credible Interval 0.04, 1.30), 
holding other chemicals fixed at their medians. No associations were identified between other chemical biomarkers and GDM in the BKMR analyses. We observed that the association of BPA and GDM was attenuated 
when accounting for correlated phenols and parabens, suggesting the importance of addressing chemical mixtures in perinatal environmental exposure studies. Additional prospective investigations will increase the 
understanding of the relationship between benzophenone-3 exposure and GDM development.

Environ Res. 2022 
Nov;214(Pt 2):113897.
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統合_0710 S. Chen, Y. Tao, P. Wang, D. Li, R. Shen, G. Fu, 
T. Wei and W. Zhang 2023

Association of urinary bisphenol A 
with cardiovascular and all-cause 
mortality: National Health and 
Nutrition Examination Survey 
(NHANES) 2003-2016

Bisphenol A (BPA), one of the most widely consumed endocrine disrupting chemicals, has been found to be associated with a variety of diseases, especially cardiovascular diseases. However, few studies have 
investigated the association of BPA with long-term health outcomes. This study analyzed data from the National Health and Nutrition Examination Survey (NHANES) 2003-2016. The NHANES data were linked to mortality 
data (with a follow-up point of December 31, 2019). The urinary BPA concentration was estimated by adjusting for urinary creatinine (BPA/Cr, ng/mg). Complex sampling-weighted multivariate Cox proportional hazards 
models were used to compare the hazard ratios (HRs) of cardiovascular and all-cause mortality among participants with different urinary BPA concentrations. This study included 9243 adult participants. The median 
follow-up duration was 9.1 years. During this period, 1200 all-cause deaths occurred, of which 374 were cardiovascular deaths. Compared to the lowest BPA/Cr quartile group, the adjusted HRs of the highest BPA/Cr 
quartile group were 1.76 (95% CI, 1.23-2.52) for cardiovascular mortality and 1.21 (95% CI, 0.98-1.49) for all-cause mortality. In addition, there was a significant interaction between sex and BPA/Cr (P for interaction = 
0.044) for the risk of cardiovascular mortality. The adjusted HR for cardiovascular mortality in female participants was 2.80 (95% CI, 1.56-5.02), while that in male participants was only 1.34 (95% CI, 0.79-2.24). Higher 
urinary BPA is associated with an increased risk of cardiovascular mortality among US adults. The effect of BPA on cardiovascular mortality may be more pronounced in women than in men.
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統合_0711
Q. Chen, Q. Deng, Q. Liao, Y. Liu, Z. Zhang, D. 
Wu, Y. Lv, J. Qin, Q. Liu, S. Li, Z. Long, X. Xing, 
Q. Wang, X. Zeng, G. Dong, M. Hou and Y. Xiao

2024

8-OHdG mediates the association of 
co-exposure to fifty-five typical 
endocrine-disrupting chemicals with 
renal function: a cross-section 
investigation in Southern Chinese 
adults

Individual typical endocrine-disrupting chemicals (EDCs), including organophosphate triesters (OPEs), parabens, triclosan (TCS), bisphenols, benzophenones (BPs), phthalates (PAEs), and synthetic phenolic antioxidants 
(SPAs), are associated with renal dysfunction. However, the combined effects and underlying mechanisms of mixed EDC exposure on renal function remain unclear. Two hundred ninety-nine adult participants were 
enrolled in the cross-sectional survey conducted in Guangzhou, China. Urinary levels of 7 OPEs, 6 parabens, TCS, 14 bisphenols, 8 BPs, 15 PAEs, 4 SPAs, and 8-hydroxy-2'-deoxyguanosine (8-OHdG) were determined, and 
estimated glomerular filtration rate (eGFR) was served as the outcome index. We found elevated levels of diphenyl phosphate (DPP), bisphenol A (BPA), mono-(2-ethyl-5-hydroxyhexyl) phthalate (MEHHP), and mono-butyl 
phthalate (MBP) showed dose-responsive associations with eGFR decline, However, nonlinear associations were observed for bis(2-butoxyethyl) hydrogen phosphate (BBOEP), TCS, 4-hydroxybenzophenone (HBP), mono-
n-pentyl phthalate (MnPP), and mono-benzyl phthalate (MBzP). The quantile-based g-computation model demonstrated that a quartile increase in the EDC mixture corresponded to a 0.383-SD decrease (95% CI - 0.658 ~  -
 0.108, P = 0.007) in eGFR. Notably, BPA was identified as the primary contributor to this effect. Moreover, 8-OHdG mediated the eGFR decline associated with EDC mixtures with a mediation proportion of 25.49%. A sex-
modified effect was also observed (P = 0.004), indicating that exposure to the mixture of EDC was linked to more pronounced renal dysfunction in females. Our novel findings suggest that exposure to a typical mixture of 
EDCs is associated with renal dysfunction in the general adult population of Southern China. Furthermore, 8-OHdG may play a role in the pathogenesis of EDC mixture-related renal dysfunction.
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統合_0712

P. P. Chen, P. Yang, C. Liu, Y. L. Deng, Q. Luo, 
Y. Miao, M. Zhang, F. P. Cui, J. Y. Zeng, T. Shi, 
T. T. Lu, D. Chen, L. Q. Wang, C. P. Liu, M. Jiang 
and Q. Zeng

2022

Urinary concentrations of phenols, 
oxidative stress biomarkers and 
thyroid cancer: Exploring 
associations and mediation effects

Phenols have been shown to influence the cellular proliferation and function of thyroid in experimental models. However, few human studies have investigated the association between phenol exposure and thyroid cancer, 
and the underlying mechanisms are also poorly understood. We conducted a case-control study by age- and sex-matching 143 thyroid cancer and 224 controls to investigate the associations between phenol exposures 
and the risk of thyroid cancer, and further to explore the mediating role of oxidative stress. We found that elevated urinary triclosan (TCS), bisphenol A (BPA) and bisphenol S (BPS) levels were associated with increased 
risk of thyroid cancer (all P for trends < 0.05), and the adjusted odds ratios (ORs) comparing the extreme exposure groups were 3.52 (95% confidence interval (CI): 2.08, 5.95), 2.06 (95% CI: 1.06, 3.97) and 7.15 (95% CI: 
3.12, 16.40), respectively. Positive associations were also observed between urinary TCS, BPA and BPS and three oxidative stress biomarkers measured by 8-hydroxy-2'-deoxyguanosine (8-OHdG), 8-iso-prostaglandin F(2
α) (8-isoPGF(2α)) and 4-hydroxy-2-nonenal-mercapturic acid (HNE-MA), as well as between urinary 8-isoPGF(2α) and HNE-MA and the risk of thyroid cancer. Mediation analysis showed that urinary 8-isoPGF(2α) 
mediated 28.95%, 47.06% and 31.08% of the associations between TCS, BPA and BPS exposures and the risk of thyroid cancer, respectively (all P < 0.05). Our results suggest that exposure to TCS, BPA and BPS may be 
associated with increased risk of thyroid cancer and lipid peroxidation may be an intermediate mechanism. Further studies are warranted to confirm the findings.
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J. Yin, W. Q. Lu, G. L. Yi, G. Qiu and Q. Zeng

2022

Associations between urinary 
bisphenol A and its analogues and 
semen quality: A cross-sectional 
study among Chinese men from an 
infertility clinic

Human studies on association between bisphenol A (BPA) exposure and semen quality, mostly based on single urinary measurement, are inconsistent. There is limited human evidence on BPA analogues such as bisphenol 
F (BPF) and bisphenol S (BPS), and little is known on potential effects of bisphenol mixtures. We aimed to explore whether individual or mixtures of BPA, BPS and BPF assessed in repeated urinary measurements were 
associated with semen quality among 984 Chinese men from an infertility clinic. We found that higher BPA exposure was associated with increased odds ratios (ORs) of having below-reference sperm concentration, total 
sperm count, progressive motility and total motility (all P for trends < 0.05). Higher BPS exposure was associated with increased ORs of having below-reference progressive motility and total motility (both P for trends = 
0.02); the ORs comparing extreme quartiles were 1.62 (95% CI: 1.07, 2.43) and 1.57 (95% CI: 1.06, 2.33), respectively. Elevated risks for each outcome were also observed when bisphenol mixtures were at ≥ 55th 
percentiles. For semen quality parameters modeled as continuous outcomes, inverse associations with individual BPA and BPS and bisphenol mixtures were still estimated. Our results suggested that higher exposure to 
individual BPA and BPS and bisphenol mixtures were associated with impaired semen quality.

Environ Int Vol.161 
Pages 107132

10.1016/j.envint.2022.107132 35149449 ヒト - - - - - - - 横断研究 1 1 - - - - - - - - - - - - - - - - - -

統合_0714 M. Chen, Y. Yang, K. Baral, Y. Fu, Y. Meng, Y. 
Zhang, F. Sun and M. Zhao 2023

Relationship between bisphenol A 
and the cardiovascular disease 
metabolic risk factors in American 
adults: A population-based study

BACKGROUND: Bisphenol A (BPA) is widely used in personal care and consumer products. However, no study has reported a specific relationship between BPA concentrations and metabolic hazardous elements for 
cardiovascular diseases (CVDs). Consequently, in this study, we used six years of population-based NHANES data (2011-2016) to analyse the association between BPA concentrations and metabolic risk factors for 
CVDs. METHODS: A total of 1467 participants were enrolled in our project. The participants in the study were divided into quartiles based on BPA levels (Q1: ≤0.6 ng/ml, Q2: 0.7-1.2 ng/ml, Q3: 1.3-2.3 ng/ml, Q4: ≥2.4 
ng/ml). This study used multiple linear and multivariate logistic regression models to determine the association among BPA concentrations and CVD metabolic risk factors. RESULTS: When the concentration of BPA was 
in Q3, fasting glucose concentrations were decreased by 3.87 mg/dl, and 2-h glucose concentrations were decreased by 16.24 mg/dl. When the concentration of BPA was in Q4, fasting glucose concentrations were 
decreased by 12.15 mg/dl, and diastolic blood pressure was increased by 2.08 mmHg. At the same time, compared to participants in the first quartile (Q1), those from the fourth quartile (Q4) of BPA concentrations had 
21% higher odds of hypertension, 30% higher odds of obesity, 30.2% higher odds of central obesity, 4.5% higher odds of elevated HbA(1)c, 17% higher odds of elevated non-HDL cholesterol, and 60.8% higher odds of 
diabetes (compared to the lowest quartile, Q1). CONCLUSIONS: We found that higher concentrations of BPA were linked with a higher metabolic risk for CVDs. Further regulation of BPA may need to be considered for the 
prevention of CVDs in adults.

Chemosphere Vol.324 
Pages 138289

10.1016/j.chemosphere.2023.1382
89
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統合_0715 M. Chen, C. Lv, S. Zhang, L. A. Tse, X. Hong, X. 
Liu, Y. Ding, P. Xiao, Y. Tian and Y. Gao 2023

Bisphenol A substitutes and 
childhood obesity at 7 years: a 
cross-sectional study in Shandong, 
China

Bisphenol A (BPA) substitutes, such as bisphenol S (BPS) and bisphenol AF (BPAF), are increasingly used due to restrictions on BPA usage, a known endocrine disrupting chemical and putative obesogen. However, little 
is known about the obesogenic effects of exposure to BPA substitutes in children. A total of 426 children aged 7 years old originally recruited from Laizhou Wan Birth Cohort in Shandong, China, during 2010-2013 
participated in the 2019-2020 survey. Urinary BPA and its substitutes including BPS, BPAF, bisphenol B (BPB), bisphenol AP (BPAP), bisphenol Z (BPZ), and bisphenol P (BPP) were determined. Anthropometric measures 
including height, weight, waist circumference, and body fat percentage were assessed, and overweight/obesity was defined as BMI z-score ≥ 85th percentile. Linear and logistic regressions were used on continuous and 
binary obesity measures, respectively, and weighted quantile sum (WQS) regression was further used to estimate the mixture effects of exposure to diverse bisphenols, and sex-stratified analysis was performed. BPA 
substitutes were widely detected (> 75%) in children's urine samples. A positive association with obesity measures was consistently observed for urinary BPS and BPAF, i.e., BMI z-score, waist circumference, and 
overweight/obesity. Further analysis from the WQS regression model demonstrated a positive association between bisphenol mixtures and all measures of obesity, with BPAF contributing the greatest weighing to the 
observed associations. Sex difference might exist as the positive associations were only significant in boys. No significant association was found between obesity and BPA or other BPA substitutes. Our study adds to 
mounting evidence that BPA substitutes BPS and BPAF are linked to obesity in children, especially in boys. Further longitudinal studies with larger sample size with continued biomonitoring these chemicals and their 
obesogenic effects are necessary.

Environ Sci Pollut Res 
Int Vol.30 Issue 29 
Pages 73174-73184

10.1007/s11356-023-27578-x 37188933 ヒト - - - - - - - 横断研究 1 1 - - - - - - - - - - - - - - - - - -

統合_0716
J. J. Chen, C. F. Wu, S. S. Li, C. C. Chen, Y. H. 
Wang, C. J. Hsieh, S. L. Wang, M. L. Chen and 
M. T. Wu

2025

Association of multiple 
environmental toxicants with 
markers of early kidney injury in 
pregnant women: an exposome 
approach

Pregnant women are regularly exposed to a variety of environmental toxicants in daily life, posing a potential threat of kidney injury before presence of clinical manifestations. As there is a paucity of studies employing an 
exposome-based approach of kidney health in pregnant women, this study utilizes the above-mentioned strategy to identify the most significant environmental toxicants associated with early kidney injury in pregnant 
women in the cohort of TMICS (Taiwan Maternal and Infant Cohort Study). A total of 1,139 third-trimester pregnant women (weeks 29-40) were recruited between 2012 and 2015, and one-spot urine samples were 
successfully collected for study. Sixteen biomonitoring chemicals were measured in urine, including exposure measurements of melamine, 9 phthalate metabolites, nonylphenol (NP), bisphenol A (BPA), methylparaben 
(MP), ethylparaben (EP), propylparaben (PP), and butylparaben (BP), and outcome measurements of NAG (N-acetyl-β-d-glucosaminidase) and albumin-to-creatinine ratio (ACR). A two-tier strategy of statistical analyses 
was employed and data was randomly and evenly split to both training (n = 569) and validation (n = 570) sets. Using a weighted quantile sum (WQS) regression in the training set and subsequently a multivariate regression 
in the validation set, we found that NP was the most important chemical to link with early markers of kidney injury, both ACR and NAG. Our findings indicate that short-term exposure to NP is associated with markers of 
subclinical kidney injury in pregnant women in Taiwan. Further research is warranted to determine whether NP exposure is linked to clinically relevant kidney outcomes.

Environ Health Vol.24 
Issue 1 Pages 47

10.1186/s12940-025-01201-7 40635015 ヒト - - - - - - - 横断研究 1 1 - - - - - - - - - - - - - - - - - -

統合_0717 J. Chen, H. Zhu, Y. Chen, S. Pan, H. Liang, X. 
Song, Q. Wu, W. Yuan, M. Miao and Z. Wang 2024

The Role of Placental DNA 
Methylation at Reproduction-
Related Genes in Associations 
between Prenatal Bisphenol 
Analogues Exposure and the Digit 
Ratio in Children at Age 4: A Birth 
Cohort Study

Placental DNA methylation (DNAm) may be a potential mechanism underlying the effects of prenatal bisphenol analogues (BPs) exposure on reproductive health. Based on the Shanghai-Minhang Birth Cohort Study (S-
MBCS), this study investigated associations of placental DNAm at reproduction-related genes with prenatal BPs exposure and children's digit ratios at age 4 using multiple linear regression models, and mediation 
analysis was further used to examine the mediating role of placental DNAm in the associations between prenatal BPs exposure and digit ratios among 345 mother-child pairs. Prenatal exposure to bisphenol A (BPA) was 
associated with hypermethylation at Protocadherin 8 (PCDH8), RBMX Like 2 (RBMXL2), and Sperm Acrosome Associated 1 (SPACA1), while bisphenol F (BPF) exposure was associated with higher methylation levels of 
Fibroblast Growth Factor 13 (FGF13). Consistent patterns were found in associations between higher DNAm at the 4 genes and increased digit ratios. Further mediation analysis showed that about 15% of the effect of 
BPF exposure on increased digit ratios was mediated by placental FGF13 methylation. In conclusion, the altered placental DNAm status might be a mediator underlying the feminizing effect of prenatal BPs exposure.

Environ Sci Technol. 
2024 Jul 
2;58(26):11320-11330.
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統合_0718 J. Chen, M. Miao, X. Song, H. Ji, H. Lian, Y. 
Chen, W. Yuan and Z. Wang 2025

Tracing impacts of prenatal 
exposure to bisphenol analogues on 
child anogenital distance 
development: A birth-cohort study

Prenatal exposure to bisphenol analogues (BPs) is increasingly common and may affect children's reproductive development. However, human evidence is limited and inconsistent. Based on the Shanghai-Minhang Birth 
Cohort Study that enrolled participants in 2012 at Minhang Maternal and Child Health Hospital in Shanghai, China, we measured BPs in maternal urine samples collected during late pregnancy and children's anogenital 
distance (AGD: boys, AGD(AP) (anus-penis), AGD(AS) (anus-scrotum); girls, AGD(AC) (anus-clitoris), AGD(AF) (anus-fourchette)) from birth to 48 months as an indicator of reproductive development. A total of 545 
mother-child pairs were included. Boys with detected maternal bisphenol A (BPA), bisphenol F (BPF), bisphenol S (BPS) and bisphenol AF (BPAF) tended to have increased AGD(AP) at 6 months, while at 12 months, BPA, 
BPS, and BPAF were associated with a marginal decrease in AGD(AP). In girls, higher levels of BPA, BPF and BPS were associated with longer AGD at 48 months and higher risks of rapid AGD growth. Bayesian kernel 
machine regression models showed significant associations between BPs mixtures and AGD in both sexes, with BPF and BPS identified as major contributors. Our study revealed the lasting, sex-specific impacts of 
prenatal exposure to BPA and its alternatives on children's reproductive development.

J Hazard Mater. 2025 
Jun 15:490:137730.

10.1016/j.jhazmat.2025.137730 40022929 ヒト ⽣殖発⽣ - - - - - - コホート研究 1 1 - - - 1 1 1 - 1 - - - - - - - - - -

統合_0719 H. Chen, W. Zhang, X. Sun, Y. Zhou, J. Li, H. 
Zhao, W. Xia, S. Xu, Z. Cai and Y. Li 2024

Prenatal exposure to multiple 
environmental chemicals and birth 
size

BACKGROUND: Epidemiological studies addressing the combined effects of exposure to chemical mixtures at different stages of pregnancy on birth size are scarce. OBJECTIVE: To evaluate the association between 
prenatal exposure to chemical mixtures and birth size. METHODS: Our previous study repeatedly measured the urinary concentrations of 34 chemical substances among 743 pregnant women and identified three distinct 
clusters of exposed population and six dominant principal components of exposed chemicals in each trimester. In this study, we assessed the associations of these exposure profiles with birth weight, birth length, and 
ponderal index using multivariable linear regression. RESULTS: We found that compared with women in cluster 1 (lower urinary chemical concentrations), women in cluster 2 (higher urinary concentrations of metals, 
benzothiazole, benzotriazole, and some phenols), and women in cluster 3 (higher urinary concentrations of phthalates) were more likely to give birth to children with higher birth length [0.23 cm (95% CI: -0.03, 0.49); 0.29 
cm (95%CI: 0.03, 0.54), respectively]. This association was observed only in 1st trimester. In addition, prenatal exposure to PC3 (higher benzophenones loading) was associated with reduced birth length across pregnancy 
[-0.07 cm (95% CI: -0.18, 0.03) in 1st and 2nd trimester; -0.13 cm (95% CI: -0.24, -0.03) in 3rd trimester]. Exposure to PC6 (higher thallium and BPA loading in 2nd trimester) was associated with increased birth length 
[0.15 cm (95% CI: 0.05, 0.26)]. Compared with other outcomes, associations of both clusters and PCs with birth length were stronger, and these associations were more pronounced in boys. IMPACT STATEMENT: 
Exposure to multiple chemicals simultaneously, the actual exposure situation of pregnant women, was associated with birth size, indicating that chemical mixtures should be taken more seriously when studying the health 
effects of pollutants.

J Expo Sci Environ 
Epidemiol. 2024 
Jul;34(4):629-636.

10.1038/s41370-023-00568-4 37422589 ヒト ⽣殖発⽣ - - - - - - コホート研究 1 1 - - - 1 1 1 - 1 - - - - - - - - - -

統合_0720
C. Y. Chen, C. C. Lee, H. J. Hsu, I. W. Wu, Y. C. 
Chen, H. C. Pan, Y. T. Chen, C. K. Hsu and C. Y. 
Sun

2024

Long-term impacts of endocrine-
disrupting chemicals exposure on 
kidney function: A community-based 
cohort study

This study explores the extended renal effects of endocrine-disrupting chemicals (EDCs) exposure, a linkage already established with adverse health outcomes, notably chronic kidney disease. To delve deeper, the Chang 
Gung Community Research Center conducted a longitudinal study with 887 participants. Among them, 120 individuals were scrutinized based on EDC scores, analyzing 17 urinary EDCs and renal function. Findings 
revealed elevated mono-(2-ethylhexyl) phthalate (MEHP) and bisphenol A levels in higher EDC exposure cases. MEHP notably correlated with increased urinary albumin-to-creatinine ratio (UACR), predicting a > 15% 
decline in estimated glomerular filtration rate. Higher MEHP levels also hinted at declining renal function. UACR escalation linked significantly with specific EDCs: MEHP, methylparaben, nonylphenol, and 4-tert-
octylphenol. This research underscores enduring renal hazards tied to environmental EDC exposure, particularly MEHP, emphasizing the urgent call for robust preventive public health strategies.

Environ Toxicol 
Pharmacol. 2024 
Mar:106:104379.

10.1016/j.etap.2024.104379 38307303 ヒト 腎 - - - - - - コホート研究 1 1 - - - 1 1 1 - - - - - - - - - - - -

統合_0721
M. Charifson, E. Seok, Y. Wang, S. S. Mehta-
Lee, R. Gordon, M. Liu, L. Trasande and L. G. 
Kahn

2024

Evaluating associations of bisphenol 
and phthalate exposure with time to 
pregnancy and subfecundity in a 
New York City pregnancy cohort

It is important to understand the impact of consumer chemical exposure and fecundity, a couple's measure of probability of successful conception, given approximately 15% of couples experience infertility. Prior research 
has generally found null associations between bisphenol and phthalate exposure and fecundability, measured via time to pregnancy (TTP). However, this research has not been updated with current chemical exposures 
and have often lacked diversity in their study populations. We evaluated the associations between common bisphenol and phthalate chemical exposure groups and TTP as well as subfecundity (TTP>12 months) in the 
New York University Children's Health Study, a diverse pregnancy cohort from 2016 onward. Using first-trimester spot-urine samples to measure chemical exposure and self-reported TTP from first-trimester 
questionnaires, we observed a significant adverse association between total bisphenol exposure and certain phthalate groups on TTP and odds of subfecundity. Furthermore, in a mixtures analysis to explore the joint 
effects of the chemical groups on the outcomes, we found evidence of a potential interaction between total bisphenol exposure and low-molecular weight phthalates on TTP. Future research should continue to update our 
knowledge regarding the complex and potentially interacting effects of these chemicals on reproductive health.

Environ Pollut. 2024 
Sep 1:356:124281.
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and Y. N. Chuang

2023

The association of bisphenol A and 
paraben exposure with 
sensorineural hearing loss in 
children

Bisphenol A (BPA) and parabens (PBs) are chemicals that are extensively used in personal care products (PCPs). In early childhood development, hearing is critical to speech and language development, communication, 
and learning. In vitro and in vivo, BPA/PBs exhibited neurotoxicity through elevated levels of oxidative stress. BPA also has the potential to be an ototoxicant. Therefore, this study aimed to determine the association of 
exposure to BPA/PBs with sensorineural hearing loss in children. A cross-sectional study based on hearing tests was conducted. This study enrolled 320 children aged 6-12 years from elementary school. Urinary BPA and 
PB concentrations were analyzed by using liquid chromatography-tandem mass spectrometry (LC-MS/MS). Logistic regression models were employed to determine the association of BPA/PB exposure with sensorineural 
hearing loss. Children with sensorineural hearing loss had higher BPA concentrations than normal-hearing children (0.22 ng/ml vs. 0.10 ng/ml, p = 0.05). After adjustment for covariates, the risk of hearing loss at middle 
frequencies reached 1.83-fold (95% CI: 1.12-2.99) when BPA concentrations increased by 1 log10. The risk of slight hearing loss reached 2.24-fold (95% CI: 1.05-4.78) when children had a tenfold increase in ethyl paraben 
(EP) concentration. This study clarifies the role of exposure to BPA/PBs in hearing loss in children. Future research needs to be expanded to include cohort designs and nationwide studies to identify causality.

Environ Sci Pollut Res 
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C. Pan, C. W. Chang, Y. C. Chen and Y. L. Yu 2024

Relationships between bisphenol A 
and paraben exposure, oxidative 
stress, and the activity of outer hair 
cells in the cochlea in children with 
hearing loss

This study aimed to determine the associations of childhood exposure to bisphenol A (BPA) and parabens (PBs) with oxidative stress and the activity of outer hair cells (OHCs) in the cochlea of children with hearing loss 
(HL). A total of 641 children were enrolled in this cross-sectional study. Urinary concentrations of BPA and four PBs including methyl paraben (MP), ethyl paraben (EP), propyl paraben (PP), and butyl paraben (BP) were 
quantified by using liquid chromatography-tandem mass spectrometry (LC/MSMS). Four urinary biomarkers of oxidative stress, 8-hydroxy-2'-deoxyguanosine (8-OHdG), 8-nitroguanine (8-NO(2)Gua), 4-hydroxynonenal 
mercapturic acid (HNE-MA), and 8-isoprostaglandin F2α (8-iso-PGF(2α)), were measured using high-performance liquid chromatography-electrospray ionization mass spectrometry. Hearing tests were conducted by an 
audiologist in the audiometric test room, and the results were confirmed by an otolaryngologist. The activity of OHCs in the cochlea was measured by distortion product otoacoustic emissions (DPOAEs). The associations 
of BPA/PB exposure and oxidative stress with the activity of OHCs at different frequencies were evaluated in the multivariable linear regression models. There were 91 children with HL, for an incidence of approximately 
14.2 %. There was a significant negative association between the presence of EP (1.5 K Hz, 3 K Hz) or PP (2 K Hz) or 8-OHdG (1 K Hz, 1.5 K Hz, 2 K Hz) and the activity of OHCs in the left ear. Significant results were also 
observed for BPA (2 K Hz), MP (1 K Hz, 1.5 K Hz, 2 K Hz), EP (3 K Hz), and 8-OHdG (2 K Hz) in the right ear. This study revealed that exposure to BPA/PBs reduces the activity of OHCs, especially at middle frequencies, in 
children.

Ecotoxicol Environ Saf 
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2020

Urine Bisphenol A and Arsenic 
Levels in Residents of the Cheyenne 
River Sioux Tribe, South Dakota, 
with and without Diabetes

INTRODUCTION: Diabetes disproportionately affects American Indians/Alaskan Natives (AI/AN). Bisphenol A (BPA) and arsenic (As), environmental toxicants which may be associated with diabetes, have not been well 
studied in this population. Our objectives were to determine if urinary BPA and As are associated with diabetes among adults in the Cheyenne River Sioux Tribe (CRST), and to compare their urinary levels with the general 
US population. METHODS: We performed a case-control study among 276 volunteers. We matched our cases (persons with diabetes) and controls (persons without diabetes) using age. We collected questionnaire data 
and urine samples which were tested for BPA and speciated As analytes. We used paired t tests and McNemar's chi-square test to compare continuous and categorical variables, respectively, between cases and controls 
and linear regression to assess the association between self-reported exposures and BPA and As levels. We used conditional logistic regression to investigate the association between case status and BPA and As levels. 
BPA and As levels among participants were compared with those from the 2011-2012 National Health and Nutrition Examination Survey (NHANES). RESULTS: The average age of participants was 46 years. The majority 
identified as AI/AN race (97%) and 58% were female. The geometric means from CRST participant urine specimens were 1.83 ug/L for BPA and 3.89 ug/L for total As. BPA geometric means of CRST participants were 
higher than NHANES participants while total As geometric means were lower. BPA and As were not associated with case status. CONCLUSION: The results of this study are consistent with others that have reported no 
association between diabetes and exposure to BPA or As.

J Med Toxicol. 2020 
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統合_0725 A. Chandrakanth, S. Firdous, R. Vasantharekha, 
W. Santosh and B. Seetharaman 2024

Exploring the Effects of Endocrine-
Disrupting Chemicals and miRNA 
Expression in the Pathogenesis of 
Endometriosis by Unveiling the 
Pathways: a Systematic Review

Endometriosis, characterized by endometrial-like mucosal tissue outside the uterine cavity, is a reproductive disorder afflicting about 10% of women within the reproductive age. The pathogenesis of endometriosis has 
been attributed to factors like genetics, environmental particles, and hormones. A comprehensive review of studies from July 2010 to July 2023 across multiple databases was done to aid in a better understanding of the 
same. The investigation focused on studies delineating the correlation between endocrine disruptors, microRNAs, and endometriosis. To optimize the search scope, keywords and subject headings were used as search 
terms. Then, two authors rigorously assessed studies using criteria, selecting 27 studies from various databases. Notably, dioxins, organochlorine pesticides, and polychlorinated biphenyls exhibited a solid connection for 
endometriosis, while bisphenol A and phthalates yielded conflicting results. The heightened presence of bisphenol A, polychlorinated biphenyls, and phthalates was linked to altered gene expression, including genes like 
AKR1B10, AKR1C3, and FAM49B. MicroRNAs like miRNA-31, miRNA-144, and miRNA-145 emerged as vital factors in the onset of endometriosis and progression. Furthermore, elevated expression of miR-1304-3p, miR-
544, and miR-3684 and reduced expression of miR-3935 and miR-4427 exert substantial influence on signaling pathways like NF-κB, MAPK, and Wnt/β-catenin. Currently, literature shows an independent link between 
endocrine disruptor exposure and endometriosis and between microRNA dysregulation and endometriosis. However, research lacks the combination of all three factors. The review delves into the effects of endocrine 
disruptors and microRNAs on the pathogenesis of endometriosis to improve our understanding of the disorder and in finding therapies.
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統合_0726 A. L. Cathey, V. K. Nguyen, J. A. Colacino, T. J. 
Woodruff, P. Reynolds and M. T. Aung 2023

Exploratory profiles of phenols, 
parabens, and per- and poly-
fluoroalkyl substances among 
NHANES study participants in 
association with previous cancer 
diagnoses

BACKGROUND: Some hormonally active cancers have low survival rates, but a large proportion of their incidence remains unexplained. Endocrine disrupting chemicals may affect hormone pathways in the pathology of 
these cancers. OBJECTIVE: To evaluate cross-sectional associations between per- and polyfluoroalkyl substances (PFAS), phenols, and parabens and self-reported previous cancer diagnoses in the National Health and 
Nutrition Examination Survey (NHANES). METHODS: We extracted concentrations of 7 PFAS and 12 phenols/parabens and self-reported diagnoses of melanoma and cancers of the thyroid, breast, ovary, uterus, and 
prostate in men and women (≥20 years). Associations between previous cancer diagnoses and an interquartile range increase in exposure biomarkers were evaluated using logistic regression models adjusted for key 
covariates. We conceptualized race as social construct proxy of structural social factors and examined associations in non-Hispanic Black, Mexican American, and other Hispanic participants separately compared to 
White participants. RESULTS: Previous melanoma in women was associated with higher PFDE (OR:2.07, 95% CI: 1.25, 3.43), PFNA (OR:1.72, 95% CI: 1.09, 2.73), PFUA (OR:1.76, 95% CI: 1.07, 2.89), BP3 (OR: 1.81, 95% CI: 
1.10, 2.96), DCP25 (OR: 2.41, 95% CI: 1.22, 4.76), and DCP24 (OR: 1.85, 95% CI: 1.05, 3.26). Previous ovarian cancer was associated with higher DCP25 (OR: 2.80, 95% CI: 1.08, 7.27), BPA (OR: 1.93, 95% CI: 1.11, 3.35) and 
BP3 (OR: 1.76, 95% CI: 1.00, 3.09). Previous uterine cancer was associated with increased PFNA (OR: 1.55, 95% CI: 1.03, 2.34), while higher ethyl paraben was inversely associated (OR: 0.31, 95% CI: 0.12, 0.85). Various 
PFAS were associated with previous ovarian and uterine cancers in White women, while MPAH or BPF was associated with previous breast cancer among non-White women. IMPACT STATEMENT: Biomarkers across all 
exposure categories (phenols, parabens, and per- and poly- fluoroalkyl substances) were cross-sectionally associated with increased odds of previous melanoma diagnoses in women, and increased odds of previous 
ovarian cancer was associated with several phenols and parabens. Some associations differed by racial group, which is particularly impactful given the established racial disparities in distributions of exposure to these 
chemicals. This is the first epidemiological study to investigate exposure to phenols in relation to previous cancer diagnoses, and the first NHANES study to explore racial/ethnic disparities in associations between 
environmental phenol, paraben, and PFAS exposures and historical cancer diagnosis.

J Expo Sci Environ 
Epidemiol Vol.33 Issue 5 
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統合_0727

I. Castro, R. Arroyo, M. Aparicio, M. Martínez, J. 
Rovira, S. Ares, S. C. Cunha, S. Casal, J. Oliveira 
Fernandes, M. Schuhmacher, M. Nadal, J. M. 
Rodríguez and L. Fernández

2021

Dietary Habits and Relationship with 
the Presence of Main and Trace 
Elements, Bisphenol A, 
Tetrabromobisphenol A, and the 
Lipid, Microbiological and 
Immunological Profiles of Breast 
Milk

Breastfeeding is the best way to feed an infant, although it can also be a source of abiotic contaminants such as heavy metals or bisphenol A (BPA). The early life exposure to these compounds can lead to serious toxic 
effects in both the short and long-term. These substances can reach breast milk through the mother's habits, diet being one of the main routes of exposure. The aim of the present work was to analyse possible 
associations between the dietary habits of women and the content of major trace elements, BPA, fatty acids and lipids, and the microbiological and immunological profiles of human milk. Possible associations between 
major trace elements and BPA and the lipid, microbiological and immunological profiles were also analysed. The results of this study support that the microbiological composition of human milk is associated with the 
dietary habits of the women, and that the consumption of canned drinks is related to the presence of BPA in human milk. Furthermore, some relationships were found between the amount of major trace elements and the 
microbiological and immunological profile of the milk samples. Finally, the presence of BPA was associated with changes in the immunological profile of human milk.

Nutrients Vol.13 Issue 
12
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統合_0728
I. Castillero-Rosales, N. E. Alvarado-González, V. 
Núñez-Samudio, B. Suárez, N. Olea and L. M. 
Iribarne-Durán

2024

Exposure to bisphenols, parabens, 
and benzophenones in colostrum 
breast milk of Panamanian women: 
A pilot study from the PA-MAMI 
cohort

BACKGROUND: Breast milk is the optimal source of nutrition for infants but can also expose them to endocrine-disrupting chemicals (EDCs), among other environmental contaminants. AIM: To determine concentrations 
of non-persistent phenolic EDCs (three bisphenols, four parabens [PBs], and six benzophenones [BPs]), in colostrum samples from Panamanian mothers and to examine associated reproductive, sociodemographic, and 
life-style factors. METHODS: Dispersive liquid-liquid microextraction was used to measure concentrations of bisphenol A (BPA), bisphenol F (BPF), bisphenol S (BPS), methyl- (MeP), ethyl- (EtP), propyl- (n-PrP), and 
butyl-paraben (n-BuP), and benzophenones BP-1, BP-2, BP-3, BP-6, BP-8, and 4-hydroxy-BP in colostrum milk samples from 36 mothers. An ad hoc questionnaire was used to collect data on potential influentially 
variables, and multiple linear and logistic regression analyses were conducted. RESULTS: Two or more tested EDCs were detected in 36 colostrum samples (100 %), at least four in 14 samples (38.9 %), and at least six in 
4 samples (11.1 %). The most frequently detected compounds were BPA (91.7 %), BP-8 (63.9 %), MeP (47.2 %), and BPF (41.7 %). The median concentration was 3.45 ng/mL for BP-8 and 1.37 ng/mL for BPA. No 
concentrations of n-PrP, BP-1, BP-6, or 4-hydroxy-BP were detected. Associations were observed between phenolic EDC concentrations and maternal place of residence, consumption frequency of poultry, fish, fresh 
cheese, fruit, yogurt and chocolate, intake of nutritional supplements, and application of some personal care products. CONCLUSIONS: Bisphenols, parabens, and benzophenones were widely present in colostrum milk 
samples from Panamanian women. Preventive measures are needed to maximize the benefits of breastfeeding.

Sci Total Environ 
Vol.954 Pages 176677
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統合_0729

C. Castellini, M. Muselli, A. Parisi, M. Totaro, D. 
Tienforti, G. Cordeschi, M. Giorgio Baroni, M. 
Maccarrone, S. Necozione, S. Francavilla and A. 
Barbonetti

2022

Association between urinary 
bisphenol A concentrations and 
semen quality: A meta-analytic 
study

Although preclinical research has revealed disrupting effects on male reproductive functions of bisphenol A (BPA), as yet clinical studies have led to inconsistent results. The present meta-analysis aims to establish the 
existence and the extent of the association between BPA exposure and semen quality. A thorough search of PubMed, Scopus and Web of Science databases was carried out. Only studies reporting data from multivariable 
linear regression analyses (β-coefficients with 95% CI), assessing the association between urinary levels of BPA and standard semen parameters were included. Nine studies provided information about an overall 
sample of 2,399 men. Only the negative association between urinary BPA levels and sperm motility reached statistical significance (pooled β-coefficient = -0.82; 95% CI: -1.51 to -0.12, p = 0.02; P(for heterogeneity) = 
0.1, I(2) = 42.9%). Yet, such a significance was lost after data adjustment for publication bias, as well as at the sensitivity analysis, when each of the two studies that contributed most to the overall estimate was 
excluded. In conclusion, the overall estimates of data produced by clinical studies point to a clinically negligible, if any, association between urinary BPA concentrations and semen quality. Further studies in workers at 
high risk of occupational exposure are warranted to corroborate the herein revealed weak correlation with a worse sperm motility.

Biochem Pharmacol. 
2022 Mar:197:114896.
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統合_0730
J. E. Carroll, H. E. Guard, D. March, K. F. Arcaro, 
C. Huset, R. Balasubramanian, D. Kontos and S. 
R. Sturgeon

2025
Urinary Levels of Endocrine-
Disrupting Chemicals and Breast 
Density in Young Women

BACKGROUND: Endocrine-disrupting chemicals (EDC) found in many household and personal care products have hormonal properties and effects on the mammary gland. It is unclear whether urinary concentrations of 
EDCs are associated with higher percent breast density, a major risk factor of breast cancer. METHODS: We conducted a cross-sectional study of 97 college-aged women. We quantified individual levels of bisphenol A, 
bisphenol S, bisphenol F, triclosan, triclocarban, 3-benzophenone, seven phthalate metabolites, four parabens, and two other phenols in three 24-hour urine samples combined into a single pooled sample. Each woman 
had non-enhanced MRI to assess percent breast density. Associations between estimated concentrations of individual EDCs and percent breast density were analyzed using adjusted linear regression. RESULTS: There 
was no evidence of a statistically significant increase in mean percent breast density in the middle or highest tertile for any EDC measured. There was a suggestion that the mean percent breast density was elevated in 
individuals in the middle and highest tertile levels of ethyl paraben compared with those in the lowest tertile, with a relative increase in mean percent breast density of 16% (β = 1.16; 95% CI, 0.92-1.46) in tertile 2 and 
24% (β = 1.24; 95% CI, 0.99-1.57) in tertile 3, relative to tertile 1 (Ptrend = 0.07). Similar trends in percent breast density were observed for methylparaben, propylparaben, and butylparaben. CONCLUSIONS: Urinary 
levels of EDCs were not associated with percent breast density in college-aged women. IMPACT: The estimated effect of EDCs on the breast tissue of young women is unclear and warrants larger studies.

Cancer Epidemiol 
Biomarkers Prev Vol.34 
Issue 8 Pages 1306-
1313
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統合_0731

F. Carli, S. Tait, L. Busani, D. Ciociaro, V. Della 
Latta, A. P. Pala, A. Deodati, A. Raffaelli, F. 
Pratesi, R. Conte, F. Maranghi, R. Tassinari, E. 
Fabbrizi, G. Toffol, S. Cianfarani, C. La Rocca, A. 
Gastaldelli and G. Life Persuaded Project

2022

Exposure to Endocrine Disruptors 
(Di(2-Ethylhexyl)phthalate (DEHP) 
and Bisphenol A (BPA)) in Women 
from Different Residing Areas in 
Italy: Data from the LIFE 
PERSUADED Project

Phthalates and bisphenol A (BPA) are plasticizers used in many industrial products that can act as endocrine disruptors and lead to metabolic diseases. During the LIFE PERSUADED project, we measured the urinary 
concentrations of BPA and Di(2-ethylhexyl)phthalate (DEHP) metabolites in 900 Italian women representative of the Italian female adult population (living in the north, centre, and south of Italy in both rural and urban 
areas). The whole cohort was exposed to DEHP and BPA with measurable levels above limit of detection in more than 99% and 95% of the samples, respectively. The exposure patterns differed for the two chemicals in 
the three macro-areas with the highest urinary levels for DEHP in south compared to central and northern Italy and for BPA in northern compared to central and southern Italy. BPA levels were higher in women living in 
urban areas, whereas no difference between areas was observed for DEHP. The estimated daily intake of BPA was 0.11 μg/kg per day, about 36-fold below the current temporary tolerable daily intake of 4 μg/kg per day 
established by the EFSA in 2015. The analysis of cumulative exposure showed a positive correlation between DEHP and BPA. Further, the reduction of exposure to DEHP and BPA, through specific legislative measures, is 
necessary to limit the harmfulness of these substances.

Int J Mol Sci Vol.23 
Issue 24

10.3390/ijms232416012 36555656 ヒト - - - - - - - 横断研究 1 1 - - - - - - - - - - - - - - - - - -

統合_0732 F. Carli, D. Ciociaro and A. Gastaldelli 2022

Assessment of Exposure to Di-(2-
ethylhexyl) Phthalate (DEHP) 
Metabolites and Bisphenol A (BPA) 
and Its Importance for the 
Prevention of Cardiometabolic 
Diseases

Exposomics analyses have highlighted the importance of biomonitoring of human exposure to pollutants, even non-persistent, for the prevention of non-communicable diseases such as obesity, diabetes, non-alcoholic 
fatty liver disease, atherosclerosis, and cardiovascular diseases. Phthalates and bisphenol A (BPA) are endocrine disrupting chemicals (EDCs) widely used in industry and in a large range of daily life products that 
increase the risk of endocrine and cardiometabolic diseases especially if the exposure starts during childhood. Thus, biomonitoring of exposure to these compounds is important not only in adulthood but also in childhood. 
This was the goal of the LIFE-PERSUADED project that measured the exposure to phthalates (DEHP metabolites, MEHP, MEHHP, MEOHP) and BPA in Italian mother-children couples of different ages. In this paper we 
describe the method that was set up for the LIFE PERSUADED project and validated during the proficiency test (ICI/EQUAS) showing that accurate determination of urinary phthalates and BPA can be achieved starting 
from small sample size (0.5 mL) using two MS techniques applied in cascade on the same deconjugated matrix.

Metabolites Vol.12 
Issue 2
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統合_0733 L. Caporossi, P. Viganò, E. Paci, S. Capanna, A. 
Alteri, D. Pigini, G. Tranfo and B. Papaleo 2022

A Case-Control Study on the Effects 
of Plasticizers Exposure on Male 
Fertility

Male infertility is a serious concern for public health, and the possible role of exposure to plasticizers such as phthalates and bisphenol A in contributing to the condition is widely debated. We have herein enrolled 155 
infertility cases attending an infertility center and 211 controls (fathers of a spontaneously conceived newborn) to investigate this issue. The urinary levels of seven phthalates and BPA were analyzed through 
HPLC/MS/MS. All data were statistically elaborated considering information about clinical situation, life habits, occupational activity, and, for cases, semen parameters (volume, sperm concentration, total count of 
spermatozoa, and sperm motility). Results showed significantly higher urinary concentrations for all the phthalates in cases compared to controls, except for monoethylphthalate and BPA. In total, 90.07% of cases had 
sperm motility lower than the WHO reference value (2010), while 53.69%, 46.31%, and 16.56% had sperm total number, concentration, and volume, respectively, out of the reference range. Regarding the possible source of 
exposure, the use of scents seems to be a significant source of DEP (diethylphthalate). When considering occupational settings, industrial workers, dental technicians, artisans, and farmers using chemicals showed 
higher risk (OR = 2.766, 95% CI 1.236-6.185), particularly in relation to DnBP (di-n-butyl phthalate) and DEHP (di-ethyl-hexyl phthalate) exposure. No clear quantitative correlation between specific plasticizers and sperm 
parameters could be demonstrated but these findings call for future studies about the risks associated with exposure to their mixture.

Int J Environ Res Public 
Health. 2022 Dec 
23;20(1):235.
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L. Caporossi, P. Viganò, E. Paci, S. Capanna, A. 
Alteri, G. Campo, D. Pigini, M. De Rosa, G. 
Tranfo and B. Papaleo

2021

Female Reproductive Health and 
Exposure to Phthalates and 
Bisphenol A: A Cross Sectional 
Study

The xenoestrogenicity of some plasticisers (phthalates and bisphenol A) is documented in the literature and may pose a risk to female reproductive health. The aim of this study was to assess exposure to six phthalates. 
This was achieved by measuring their respective metabolites (mono-ethylphthalate (MEP); mono-n-butylphthalate (MnBP); mono-n-ottylphthalate (MnOP); and monobenzylphthalate (MBzP)), as well as the sum of two of 
the diethyl-hexyl phthalate metabolites-(∑DEHP) and bisphenol A (BPA) in a female population with infertility problems, and by conducting a correlation analysis between infertility factors, work activities, and lifestyle 
habits, in order to formulate a causal hypothesis. A cross-sectional epidemiological study was carried out and women under 43 years of age were recruited from an assisted reproduction technology (ART) center; the 
sample of 186 women was given a specific questionnaire and a spot urine sample was collected. Phthalate metabolites and urinary BPA were analyzed by HPLC/MS/MS. The results showed significantly higher mean 
values for MEP in women with recurrent pregnancy loss (RPL) (820.5 ± 1929.5 µg/g of creatinine) and idiopathic infertility (230.0 ± 794.2 µg/g of creatinine) than in women with other infertility factors (76.9 ± 171.8 µg/g 
of creatinine). Similarly, for MnOP levels, women with idiopathic infertility (2.95 ± 3.44 µg/g of creatinine) showed significantly higher values than women with the other infertility factors taken together (1.35 ± 2.05 µg/g 
of creatinine). Women with tubal factors of infertility, RPL, and endocrine dysfunctions show higher values of DEHP (p = 0.032). Considering occupations, women working in commerce showed more than twice as much 
urinary BPA levels (1.10 ± 0.48 µg/g of creatinine) compared to women working in other industries (0.45 ± 0.35 µg/g of creatinine). The presence of significantly higher values of certain phthalates, DEHP in particular, 
especially in women with RPL and idiopathic infertility, suggests a possible involvement of these compounds as competing factors in reproductive issues. The study of sources of exposure suggested that the working 
activity in trade, as a casher in particular, represents a major one for BPA (p = 0.015).
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Viganò and B. Papaleo

2020

Cross Sectional Study on Exposure 
to BPA and Phthalates and Semen 
Parameters in Men Attending a 
Fertility Center

Among the possible risk factors for male reproduction, exposure to phthalates and alkylphenols is widely documented. This study evaluated the possible association between chemical exposure and the quality of the 
seminal fluid of 105 subjects in a fertility clinic. The urinary levels of seven phthalate metabolites (monoethylphthalate, MEP; monobenzylphthalate, MBzP; mono n-butylphthalate, MnBP; mono-(2-ethylhexyl) phthalate, 
MEHP; mono(2-ethyl-5-hydroxyhexyl) phthalate, MEHHP; mono-n-octylphthalate, MnOP; mono-isononylphthalate, MiNP) and bisphenol A (BPA), were analysed by high performance liquid chromatography/tandem mass 
spectrometry HPLC/MS/MS. The regression analysis showed that the semen volume was positively associated with MnBP, MnOP and BPA levels while was negatively associated with MiNP levels. The sperm 
concentration had a significant inverse relationship with MEP levels. A negative association was found between the use of plastic containers for food storage (p = 0.037) and semen volume (3.06 vs. 2.30 mL as average 
values, never vs daily). A significant positive correlation emerged (p < 0.005) between the consumption of canned food and the levels of BPA (2.81 vs. 0.14 µg/g creat as average values, daily vs. never) and between the 
use of perfumes and levels of MEP (389.86 vs. 48.68 µg/g creat, as average values, daily vs. never). No further statistically significant associations were found, even considering the working activity. Some evidence 
emerged about the possible link between exposure and seminal fluid quality: further case/control or prospective studies will allow us to confirm this causality hypothesis.
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統合_0736 X. L. Cao, N. X. Xu, X. Y. Zhou and C. M. Xu 2022

Association of urinary bisphenol A 
concentrations with in vitro 
fertilisation outcomes: a systematic 
review and meta-analysis protocol

INTRODUCTION: Bisphenol A (BPA) is a common environmental endocrine disruptor. BPA has been reported to be associated with female infertility, which may not only affect natural pregnancy and natural fertility but 
also affect the outcomes of in vitro fertilisation (IVF). BPA exposure may help to partly explain the unsatisfactory IVF outcomes, but the relationship between the concentrations of BPA in urine and IVF outcomes remains 
controversial. Therefore, we will perform a meta-analysis to identify and review the relationship between urinary BPA concentrations and IVF outcomes. METHODS AND ANALYSIS: A comprehensive literature search will 
be performed in PubMed, Web of Science and the Cochrane central register of controlled trials for relevant articles using MeSH terms and related entry terms (up to 20 April 2022). The language will be restricted to 
English. Articles will be screened for inclusion in or exclusion from the study independently by two reviewers after removing the duplicates. The titles and abstracts followed by full-text screening will also be conducted 
independently by two reviewers. In addition, the references of the included literature will also be traced to supplement our search results and to obtain all relevant literature. The Newcastle-Ottawa Scale will be used to 
assess the methodological quality of the included studies using a star rating system ranging from 0 to 9 stars. Heterogeneity in estimates from different articles will be quantified, and publication bias will be investigated 
using funnel plots. Finally, a sensitivity analysis will also be conducted to estimate whether our results could have been markedly affected by a single included study. ETHICS AND DISSEMINATION: Ethical approval is not 
required for this protocol, as participants are not included. Findings will be disseminated through peer-reviewed publications and conference presentations.
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2024

Bisphenol A and chlorinated 
derivatives of bisphenol A 
assessment in end stage renal 
disease patients: Impact of dialysis 
therapy

Patients with end stage kidney disease treated by dialysis (ESKDD) process dialysis sessions to remove molecules usually excreted by kidneys. However, dialysis therapy could also contribute to endocrine disruptors 
(ED) burden. Indeed, materials like dialyzer filters, ultrapure dialysate and replacement fluid could exposed ESKDD patients to Bisphenol A (BPA) and chlorinated derivatives of BPA (ClxBPAs). Thus, our aim was to 
compare BPA and ClxBPAs exposure between ESKDD patients, patients with stage 5 chronic kidney disease (CKD5) not dialyzed and healthy volunteers. Then we describe the impact of a single dialysis session, 
according to dialysis modalities (hemodialysis therapy (HD) versus online hemodiafiltration therapy (HDF)) and materials used with pre-post BPA and ClxBPAs concentrations. The plasma levels of BPA and four ClxBPAs, 
were assessed for 64 ESKDD patients in pre and post dialysis samples (32 treated by HD and 32 treated by HDF) in 36 CKD5 patients and in 24 healthy volunteers. BPA plasma concentrations were 22.5 times higher for 
ESKDD patients in pre-dialysis samples versus healthy volunteers (2.208 ± 5.525 ng/mL versus 0.098 ± 0.169 ng/mL) (p < 0.001). BPA plasma concentrations were 16 times higher for CKD5 patients versus healthy 
volunteers, but it was not significant (1.606 ± 3.230 ng/mL versus 0.098 ± 0.169 ng/mL) (p > 0.05). BPA plasma concentrations for ESKDD patients in pre-dialysis samples were 1.4 times higher versus CKD5 patients 
(2.208 ± 5.525 ng/mL versus 1.606 ± 3.230 ng/mL) (p < 0.001). For healthy volunteers, ClxBPAs were never detected, or quantified while for CKD5 and ESKDD patients one ClxBPAs at least has been detected or 
quantified in 14 patients (38.8%) and 24 patients (37.5%), respectively. Dialysis therapy was inefficient to remove BPA either for HD (1.983 ± 6.042 ng/mL in pre-dialysis versus 3.675 ± 8.445 ng/mL in post-dialysis) or 
HDF (2.434 ± 5.042 ng/mL in pre-dialysis versus 7.462 ± 15.960 ng/mL in post dialysis) regarding pre-post BPA concentrations (p > 0.05). The same result was observed regarding ClxBPA analysis. Presence of 
polysulfone in dialyzer fibers overexposed ESKDD patients to BPA in pre-dialysis samples with 3.054 ± 6.770 for ESKDD patients treated with a polysulfone dialyzer versus 0.708 ± 0.638 (p = 0.040) for ESKDD patients 
treated without a polysulfone dialyzer and to BPA in post-dialysis samples with 6.629 ± 13.932 for ESKDD patients treated with a polysulfone dialyzer versus 3.982 ± 11.004 (p = 0.018) for ESKDD patients treated 
without a polysulfone dialyzer. This work is to our knowledge the first to investigate, the impact of a dialysis session and materials used on BPA and ClxBPAs plasma concentrations and to compare these concentrations 
to those found in CKD5 patients and in healthy volunteers.
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統合_0738 L. R. Camara, T. E. Arbuckle, H. Trottier and W. 
D. Fraser 2019

Associations between Maternal 
Exposure to Bisphenol A or Triclosan 
and Gestational Hypertension and 
Preeclampsia: The MIREC Study

BACKGROUND: Little is known about the association between bisphenol A (BPA) or triclosan (TCS) exposure and hypertension in pregnancy. OBJECTIVE: To investigate potential associations between maternal urinary 
concentrations of BPA or TCS and gestational hypertension (GH) and preeclampsia. STUDY DESIGN: Among 1,909 pregnant women participating in the maternal-infant research on environmental chemicals (MIREC) 
study, urinary concentrations of BPA and TCS were measured in the first trimester by liquid chromatography-tandem mass spectrometry using isotope dilution. Blood pressure was measured during each trimester. 
Multinomial regression was performed to estimate the adjusted odds ratio (aOR) and 95% confidence intervals (CI) for the associations between these phenols and GH and preeclampsia. RESULTS: BPA and TCS were 
not associated with GH or preeclampsia. However, in multiparous women, BPA (0.50-1.30 µg/L) was associated with decreased risk of GH (aOR =0.45; 95%CI: 0.21-0.98) while among nulliparous women, TCS was 
associated with an increased risk of GH (3.60-32.60 µg/L; aOR = 2.58; 95% CI: 1.09-6.13 and > 32.60 µg/L: aOR = 2.74; 95% CI: 1.15-6.51). CONCLUSION: BPA and TCS urinary concentrations were not associated with 
GH or preeclampsia; however, our results suggest an association between TCS and GH in nulliparous women. Additional studies are required to confirm our results.

Am J Perinatol Vol.36 
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統合_0739 W. Cai, Q. Yan, Y. Deng and Y. Guo 2025
The correlation of bisphenol A 
exposure on inflammatory cytokines 
in preschool children

OBJECTIVE: Based on current evidence suggesting that bisphenol A (BPA) may contribute to obesity through the modulation of inflammatory markers, this study aims to investigate the correlation between BPA exposure 
and cellular inflammatory factors in preschool children. METHODS: A total of 155 preschool children aged 4-6 years were included. Urine and blood samples were collected. BPA exposure was detected by liquid 
chromatography-tandem mass spectrometry through urine samples. The levels of six inflammatory cytokines (IL-2, IL-4, IL-6, IL-10, TNF-α, and IFN-γ) were determined by flow fluorescence technique. The correlation 
between urinary BPA exposure and cellular inflammatory factors was analyzed using Spearman's correlation and respectively stratified by gender and BMI. RESULTS: The detection rate of BPA in urine samples was 100
 %. The median urinary BPA concentration was 0.48 μg/L(IQR:0.25-1.02 μg/L), and the creatinine-adjusted BPA concentration was 0.94 μg/g(IQR:0.57-1.66 μg/g). BPA level was negatively correlated with IL-10 (r = -
0.172, P < 0.05). After stratification by gender, the negative association between BPA exposure and IL-10 was found in females (r = -0.257, P < 0.05), while no association was found in males. According to BMI 
stratification, BPA exposure in overweight/obese children was positively correlated with IL-6 (r = 0.354, P < 0.05). CONCLUSIONS: Our study demonstrated that BPA exposure in preschool children was correlated with a 
decrease in levels of IL-10, and this effect was significantly expressed in girls. In addition, BPA exposure in overweight/obese children was correlated with increased levels of IL-6. However, the mechanism between BPA 
and inflammatory factors remains to be further explored.
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統合_0740 S. Cai, X. Rao, J. Ye, Y. Ling, S. Mi, H. Chen, C. 
Fan and Y. Li 2020

Relationship between urinary 
bisphenol a levels and 
cardiovascular diseases in the U.S. 
adult population, 2003-2014

BACKGROUND: Emerging evidence has identified cardiovascular system as a potential target of Bisphenol A (BPA). Although a few studies have revealed the relationship between BPA and the risk of several 
cardiovascular diseases (CVD) outcomes and CVD risk factors, no published studies have investigated the link between urinary BPA and the risk of stroke. METHODS: Data were derived from the United States National 
Health and Nutrition Examination Surveys (NHANES), with a representative sample aged ≥20 years (n = 9139) from 2003 to 2014. We performed multivariable logistic regression model to estimate associations between 
quartiles and natural logarithm transformed urinary BPA concentrations and five specific CVD outcomes and total CVD. RESULTS: In quartile analysis, highest level of urinary BPA was associated with increased 
prevalence of myocardial infarction (MI) (OR = 1.73, 95% CI = 1.11-2.69) and stroke (OR = 1.61, 95% CI = 1.09-2.36), when compared with those at the lowest quartile. Per unit (μg/g creatinine) increment in ln-
transformed BPA concentration was shown to be significantly associated with 19%, 19%, 25%, 29%, 20%, and 16% increased odds ratios of prevalence of congestive heart failure, coronary heart disease (CHD), angina 
pectoris, MI, stroke and total CVD among total participants, respectively. Similar associations were found in males rather than in females. CONCLUSION: We provided the premier evidence of positive relationship 
between urinary BPA concentration and stroke in U.S. POPULATION: Urinary BPA levels were also positively correlated with congestive heart failure, CHD, angina pectoris, MI, as well as total CVD. These associations 
were more evident in males. Well-coordinated and prospective studies are warranted to gain the human effects of BPA on CVD.
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統合_0741 M. Büyükeren 2023
Comparison of urine bisphenol A 
levels in transient tachypnea of the 
newborn and healthy newborns

BACKGROUND: To investigate the relationship between neonatal urine bisphenol A (BPA) levels and the prevalence and prognosis of transient tachypnea of the newborn (TTN). METHODS: This prospective study was 
conducted between January and April 2020 in the Neonatal Intensive Care Unit (NICU) of Gaziantep Cengiz Gökçek Obstetrics and Pediatric Hospital. The study group consisted of patients diagnosed with TTN and the 
control group was made up of healthy neonates housed together with their mothers. Urine samples were collected from the neonates within the first 6 hours postnatally. RESULTS: Urine BPA levels and urine 
BPA/creatinine levels were statistically higher in the TTN group (P < 0.005). The receiver operating characteristic (ROC) curve analysis determined the cut-off value of urine BPA for TTN to be 1.18 µg/L (95% confidence 
interval [CI]: 0.667-0.889, sensitivity: 78.1%, and specificity: 51.5%) and the cut-off value of urine BPA/creatinine to be 2.65 µg/g (95% CI: 0.727-0.930, sensitivity: 84.4%, and specificity: 66.7%). Furthermore, the ROC 
analysis indicated that the cut-off value of BPA for neonates requiring invasive respiratory support was 15.64 µg/L (95% CI: 0.568-1.000, sensitivity: 83.3%, and specificity: 96.2%) and the cut-off value for BPA/creatinine 
was 19.10 µg/g (95% CI: 0.777-1.000, sensitivity: 83.3%, and specificity: 84.6%) among the TTN patients. CONCLUSIONS: BPA and BPA/creatinine values were higher in the urine of newborns diagnosed with TTN which 
is a fairly common cause of NICU hospitalization, in samples collected within the first 6 hours after birth, which may be a reflection of intrauterine factors.

Turk J Pediatr. 
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統合_0742
M. Buke Sahin, M. Cagan, A. Yirun, A. Balcı 
Ozyurt, S. B. Erdemli Kose, I. Iyigun, M. Celik, O. 
Ozyuncu, P. Erkekoglu and C. I. Yavuz

2024

Bisphenol derivatives in cord blood 
and association between thyroid 
hormones and potential exposure 
sources

Endocrine-disrupting environmental chemicals are a public health concern, particularly fetal exposure to Bisphenol derivatives. This study aimed to assess fetal exposure to Bisphenol derivatives (BPA, BPF, and BPS) by 
measuring their levels in cord blood and investigating their association with plastic material used in daily life as well as cord blood TSH and free L-thyroxine (fT(4)) levels. In this descriptive study, a questionnaire with a 
face-to-face interview was administered before birth, and cord blood samples were taken immediately after delivery. The mean levels of BPA, BPF, TSH, and fT(4) were measured as 10.69 ± 2.39 ng/ml, 3.80 ± 0.58 ng/ml; 
2.36 ± 0.23 µIU/ml, and 14.18 ± 0.53 pg/ml, respectively, in a total of 104 cord blood samples. All BPS levels remained below the detection limit. Linear regression analysis revealed a positive association between birth 
weight and cord blood BPA concentration (β = 0.26; p = 0.02). Further research on maternal exposure during the fetal and neonatal period is critical for public health.
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統合_0743 J. P. Buckley, H. Kim, E. Wong and C. M. 
Rebholz 2019

Ultra-processed food consumption 
and exposure to phthalates and 
bisphenols in the US National 
Health and Nutrition Examination 
Survey, 2013-2014

BACKGROUND: Ultra-processed food has low nutritional quality, is associated with development of chronic diseases, and may increase exposure to chemicals used in food packaging and production. OBJECTIVES: To 
assess associations of ultra-processed food consumption with exposure to phthalates and bisphenols, including newer replacements, in the general U.S. METHODS: Among 2212 National Health and Nutrition 
Examination Survey (NHANES) 2013-2014 participants (≥6 years), we classified items reported in a 24-h dietary recall according to the NOVA food processing classification system and calculated energy intake from 
ultra-processed food. Urinary concentrations of mono-benzyl (MBzP), mono-(3-carboxypropyl) (MCPP), mono-(carboxyisononyl) (MCNP), mono-(carboxyisoctyl) (MCOP), and four metabolites of di(2-ethylhexyl) (∑DEHP) 
phthalates and bisphenols A, F, and S were measured in spot urine samples. We estimated percent changes in natural log creatinine-standardized concentrations per 10% higher energy from ultra-processed food in 
covariate-adjusted multivariable linear regression models. We examined effect measure modification by age group, race/ethnicity, and poverty:income ratio and assessed associations with minimally processed food 
intake. RESULTS: In adjusted models, higher energy from ultra-processed food was associated with higher urinary concentrations of MCPP, MCNP, and MCOP but not MBzP, ∑DEHP, or bisphenols. Each 10% higher 
energy from ultra-processed food was associated with 8.0% (95% CI: 5.6%, 10.3%) higher urinary MCOP concentrations, with a stronger association among children than adolescents or adults. Ultra-processed 
sandwiches/hamburgers, French fries/other potato products, and ice cream/pops were associated with higher concentrations of multiple chemicals. Higher energy from minimally processed food was associated with 
lower concentrations of MCPP, MCNP, MCOP, and bisphenols A and F. DISCUSSION: Ultra-processed food consumption may increase exposure to currently used phthalates. Additional research is needed to determine 
whether minimally processed food diets or changes in food production practices can reduce phthalate and bisphenol exposures and related health effects, particularly among children who are more vulnerable to toxicants 
and tend to consume more ultra-processed food than adults.
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統合_0744

M. L. Brandi, F. Marini, S. Parri, S. Bandinelli, T. 
Iantomasi, F. Giusti, E. Talluri, G. Sini, F. 
Nannipieri, S. Battaglia, G. Tripepi, C. G. Egan 
and L. Ferrucci

2024

Association of vitamin D and 
bisphenol A levels with 
cardiovascular risk in an elderly 
Italian population: results from the 
InCHIANTI study

Few studies have evaluated the association between circulating levels of 25-hydroxyvitamin D (25(OH)D), 1,25-dihydroxyvitamin D (1,25(OH)(2)D), and the endocrine disruptor bisphenol A (BPA), with risk of 
cardiovascular (CV) disease in elderly individuals. This was a cross-sectional study in a subgroup of elderly people from the InCHIANTI Biobank in Italy. We examined the association between circulating serum vitamin D 
metabolites, 1,25(OH)(2)D, 25(OH)D, and the endocrine disrupting agent BPA, with an arbitrary CV risk score and the European Society of Cardiology-based 10-year CV risk (SCORE2/SCORE2-OP) using univariate and 
multiple regression. In 299 individuals, blood samples were tested for serum values of 25(OH)D, 1,25(OH)(2)D and urinary BPA levels. One hundred eighty individuals (60.2%) were deficient (< 20 ng/ml) in 25(OH)D. Levels 
of 25(OH)D and 1,25(OH)(2)D were negatively correlated with CV risk score (p < 0.0001 for both) as well as SCORE2/SCORE2-OP (p < 0.0001 for both) while BPA levels were positively correlated with both CV risk scores 
(p < 0.0001 for both). In a logistic regression model, male gender (odds ratio; OR: 2.1, 95% CI:1.1-3.8, p = 0.022), obesity (OR:2.8, 95% CI:1.2-6.5, p = 0.016) and BPA levels ≥ 110 ng/dl (OR:20.9, 95% CI:9.4-46.8, p < 0.0001) 
were associated with deficient levels of 25(OH)D. 1,25(OH)2D levels < 41 ng/dl and 25(OH)D levels < 20 ng/ml were associated with CV risk score ≥ 3 (OR: 4.16, 95% CI: 2.32-7.4, p < 0.0001 and OR: 1.86, 95% CI: 1.02-
3.39, p = 0.044) respectively and 1,25(OH)2D levels < 41 ng/dl were associated with SCORE2/SCORE2-OP of ≥ 20% (OR:2.98, 95% CI: 1.7-5.2, p = 0.0001). In this cross-sectional analysis, BPA exposure was associated 
with significantly reduced levels of vitamin D that in turn were significantly associated with increased CV risk.
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統合_0745
M. L. Brandi, S. Bandinelli, T. Iantomasi, F. 
Giusti, E. Talluri, G. Sini, F. Nannipieri, S. 
Battaglia, R. Giusti, C. G. Egan and L. Ferrucci

2022

Association between vitamin D and 
bisphenol A levels in an elderly 
Italian population: results from the 
InCHIANTI study

OBJECTIVE: This study aimed to evaluate the association between the endocrine-disrupting chemical, bisphenol A (BPA) on circulating levels of 25-hydroxy vitamin D (25(OD)D) and other vitamin D metabolites in an 
elderly population in Italy. METHODS: This was a retrospective analysis of the InCHIANTI Biobank in Italy. The association between vitamin D metabolites namely 1,25(OH)D, 25(OH)D, parathyroid hormone (PTH) and BPA 
levels were evaluated. Multiple regression models were used to examine the association between predictor variables with 1,25(OH)D or 25(OH)D levels. RESULTS: Samples from 299 individuals aged 72.8 ± 15.7 years 
were examined. Mean levels of BPA, 1,25(OH)D and 25(OH)D were 351.2 ± 511.6 ng/dL, 43.7 ± 16.9 pg/mL and 20.2 ± 12.1 ng/mL, respectively. One hundred eighty individuals (60.2%) were deficient (<20 ng/mL) in 
25(OH)D and this population also presented higher BPA levels (527.9 ± 1289.5 ng/dL vs 86.9 ± 116.8 ng/dL, P < 0.0001). Univariate analysis revealed that BPA levels were negatively correlated with both 1,25(OH)D (r= -
0.67, P < 0.0001) and 25(OH)D (r= -0.69, P < 0.0001). Multivariate regression revealed that PTH (β: -0.23, 95% CI: -0.34, -0.13, P < 0.0001) and BPA (β: -0.25, 95% CI: -0.3, -0.19, P < 0.0001) remained significantly 
associated with 25(OH)D levels while BPA was also associated with 1,25(OH)D levels (β: -0.19, 95% CI: -0.22, -0.15, P < 0.0001). Receiver operating characteristic curve analysis showed that a BPA concentration of 
>113 ng/dL was the best cut-off to predict individuals deficient in 25(OH)D (area under the curve: 0.87, 95% CI: 0.82-0.90, P < 0.0001). CONCLUSION: The strong negative association between BPA and vitamin D in this 
elderly population warrants further investigation, particularly since this population is already at greatest risk of hypovitaminosis and fracture.
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統合_0746
C. G. Bornehag, E. Engdahl, M. Unenge Hallerbä
ck, S. Wikström, C. Lindh, J. Rüegg, E. Tanner 
and C. Gennings

2021

Prenatal exposure to bisphenols and 
cognitive function in children at 7 
years of age in the Swedish SELMA 
study

BACKGROUND: Experimental evidence demonstrates that exposure to bisphenol A (BPA), and the recently introduced alternatives bisphenol S (BPS) and bisphenol F (BPF) alter normal neurodevelopment. More research 
is needed to evaluate the associations between exposure to individual BPA alternatives and neurodevelopmental outcomes in humans. OBJECTIVE: The present study aimed at examining the individual associations 
between prenatal BPA, BPS and BPF exposure and cognitive outcomes in children at age 7 years. METHOD: Women were enrolled in the Swedish Environmental Longitudinal Mother and Child, Asthma and Allergy 
(SELMA) study, at gestational median week 10.0, and their children were examined for cognitive function at 7 years of age (N = 803). Maternal urinary BPA, BPS, and BPF concentrations were measured at enrollment and 
childreńs cognitive function at the age of 7 years was measured using the Wechsler Intelligence Scale for Children IV (WISC-IV). RESULTS: All three bisphenols were detected in over 90% of the women, where BPA had 
the highest geometric mean concentrations (1.55 ng/mL), followed by BPF (0.16 ng/mL) and BPS (0.07 ng/mL). Prenatal BPF exposure was associated with decreased full scale IQ (β = -1.96, 95%CI; -3.12; -0.80), as 
well as with a decrease in all four sub scales covering verbal comprehension, perceptual reasoning, working memory and processing speed. This association corresponded to a 1.6-point lower IQ score for an inter-
quartile-range (IQR) change in prenatal BPF exposure (IQR = 0.054-0.350 ng/mL). In sex-stratified analyses, significant associations with full scale IQ were found for boys (β = -2.86, 95%CI; -4.54; -1.18), while the 
associations for girls did not reach significance (β = -1.38, 95%CI; -2.97; 0.22). No significant associations between BPA nor BPS and cognition were found. DISCUSSION: Prenatal exposure to BPF was significantly 
associated with childreńs cognitive function at 7 years. Since BPF is replacing BPA in numerous consumer products globally, this finding urgently call for further studies.
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統合_0747

M. M. Borghese, R. Huang, S. MacPherson, E. 
Gaudreau, S. Gagné, J. Ashley-Martin, M. 
Fisher, L. Booij, M. F. Bouchard and T. E. 
Arbuckle

2023

A descriptive analysis of first 
trimester urinary concentrations of 
14 bisphenol analogues in the 
MIREC Canadian pregnancy cohort

BACKGROUND: Concern over the health effects of BPA, particularly for the developing fetus, has led to an increasing use of bisphenol analogues in industrial and consumer products, which may be as hormonally active as 
BPA. Biomonitoring data for many bisphenol analogues, especially in pregnant populations, are limited. METHODS: We measured concentrations of 14 bisphenol analogues in 1(st) trimester urine samples (n = 1851) from 
the Maternal-Infant Research on Environmental Chemicals (MIREC) Canadian pregnancy cohort (2008-2011). We examined patterns of exposure according to sociodemographic and sampling characteristics as well as 
occupation and frequency of consumption of canned fish within the previous 3 months. RESULTS: BPA was detected in 89% of participants with a specific gravity standardized geometric mean concentration of 0.990 μ
g/L. Biphenol 4,4' (BP 4,4'), 4,4'-dihydroxydiphenyl ether (DHDPE), and bisphenol E (BPE) were detected in >97% of participants. Bisphenol F (BPF) and bisphenol S (BPS) were detected in >60% of participants. Specific 
gravity standardized geometric mean concentrations of these 5 compounds ranged from 0.024 to 0.564 μg/L. Nine bisphenol analogues were detected in <9% of participants. Concentrations of BP 4,4', DHDPE, and BPE 
were higher in younger women and those with higher pre-pregnancy BMI, lower household income, lower education, and among smokers. We found a similar pattern of differences in BPF for age, education, and smoking 
status while BPS similarly differed across categories of pre-pregnancy BMI. Participants who were unemployed or working in the service industry had higher molar sum of 7 bisphenol analogues than those working in 
healthcare, education, or an office setting. Canned fish consumption was not related to bisphenol analogue concentrations. CONCLUSION: BP 4,4', DHDPE, BPE, BPF, and BPS were highly detected in 1(st) trimester urine 
samples in this large pan-Canadian pregnancy cohort. This suggests widespread exposure to these analogues around 2008-2011 and warrants further investigation into associations with health outcomes.
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Squillacioti, T. Manetta, M. Bugiani, E. Migliore 
and P. Piccioni

2019
Bisphenol A, Tobacco Smoke, and 
Age as Predictors of Oxidative 
Stress in Children and Adolescents

OBJECTIVES: The purpose of this study was to investigate bisphenol A (BPA) and its role in the induction of oxidative stress and confirm the same for tobacco smoke. METHODS: A total of 223 young, healthy students (7-
19 years old) were recruited in Chivasso, Italy. A spot of urine of each subject was analyzed to quantify BPA, cotinine, and 15F2t-isoprostane. RESULTS: BPA showed a slight increase of concentration proportional with 
increasing age, even though the 11-14 years age group had slightly lower results, inducing a V-shape. The same trend was observed for 15F2t-isoprostane and cotinine. The result of piecewise linear robust regression 
shows a break point of the effect of BPA on 15F2t-isoprostane at 6 ng/mg CREA (p < 0.001). At higher levels, 15F2t-isoprostane shows an exponential increase by more than threefold for each one-log unit of BPA. An 
increase of oxidative stress due to BPA was observed, but only from 6 ng/mg of CREA up. Passive tobacco smoke is also able to induce an increase in oxidative stress. CONCLUSION: Prevention against BPA and passive 
tobacco smoke represents an important tool for promoting the highest health standard.
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P. A. Bommarito, S. M. Blaauwendraad, D. R. 
Stevens, M. A. van den Dries, S. Spaan, A. 
Pronk, H. Tiemeier, R. Gaillard, L. Trasande, V. 
V. W. Jaddoe and K. K. Ferguson

2024
Prenatal Exposure to Nonpersistent 
Chemicals and Fetal-to-childhood 
Growth Trajectories

INTRODUCTION: Prenatal exposure to nonpersistent chemicals, including organophosphate pesticides, phthalates, and bisphenols, is associated with altered fetal and childhood growth. Few studies have examined these 
associations using longitudinal growth trajectories or considering exposure to chemical mixtures. METHODS: Among 777 participants from the Generation R Study, we used growth mixture models to identify weight and 
body mass index trajectories using weight and height measures collected from the prenatal period to age 13. We measured exposure biomarkers for organophosphate pesticides, phthalates, and bisphenols in maternal 
urine at three timepoints during pregnancy. Multinomial logistic regression was used to estimate associations between averaged exposure biomarker concentrations and growth trajectories. We used quantile g-
computation to estimate joint associations with growth trajectories. RESULTS: Phthalic acid (OR = 1.4; 95% CI = 1.01, 1.9) and bisphenol A (OR = 1.5; 95% CI = 1.0, 2.2) were associated with higher odds of a growth 
trajectory characterized by smaller prenatal and larger childhood weight relative to a referent trajectory of larger prenatal and average childhood weight. Biomarkers of organophosphate pesticides, individually and jointly, 
were associated with lower odds of a growth trajectory characterized by average prenatal and lower childhood weight. CONCLUSIONS: Exposure to phthalates and bisphenol A was positively associated with a weight 
trajectory characterized by lower prenatal and higher childhood weight, while exposure to organophosphate pesticides was negatively associated with a trajectory of average prenatal and lower childhood weight. This 
study is consistent with the hypothesis that nonpersistent chemical exposures disrupt growth trajectories from the prenatal period through childhood.

Epidemiology. 2024 Nov 
1;35(6):874-884.
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統合_0750

M. S. Bloom, S. Upadhyaya, A. W. Nzegwu, J. R. 
Kuiper, J. P. Buckley, J. Aschner, D. Barr, E. S. 
Barrett, D. H. Bennett, D. Dabelea, A. L. Dunlop, 
A. Fuller, M. Karagas, D. Liang, J. Meeker, R. 
Miller, T. G. O'Connor, M. E. Romano, S. 
Sathyanarayana, A. P. Starling, A. Stroustrup 
and D. J. Watkins

2025

Racial and ethnic differences in 
prenatal exposure to environmental 
phenols and parabens in the ECHO 
Cohort

BACKGROUND: Research suggests racial/ethnic disparities in prenatal exposure to endocrine disrupting environmental phenols (EPs) in limited populations. However, no studies have investigated racial/ethnic disparities 
in prenatal EP exposure across the U.S. OBJECTIVES: To estimate demographic differences in prenatal urinary EPs among participants in the Environmental influences on Child Health Outcomes (ECHO) Cohort. 
METHODS: An analysis of 4006 pregnant ECHO participants was performed, with 7854 specimens collected from 1999-2020. Racial/ethnic identity was self-reported. Urinary levels of 2,4-dichlorophenol (2,4-DCP), 2,5-
dichlorophenol (2,5-DCP), benzophenone-3 (BP-3), bisphenols A (BPA), F (BPF), and S (BPS), and methyl- (MePb), ethyl- (EtPb), propyl- (PrPb), and butyl- (BuPb) parabens were measured at one or more time points 
during pregnancy. Effect estimates were adjusted for age, pre-pregnancy body mass index, educational level, gestational age and season at urine collection, and ECHO cohort. RESULTS: Participants were classified as 
Hispanic of any race (n = 1658), non-Hispanic White (n = 1478), non-Hispanic Black (n = 490), and non-Hispanic Other (n = 362), which included individuals of multiple races. Urinary 2,4-DCP and 2,5-DCP concentrations 
were 2- to 4-fold higher among Hispanic, non-Hispanic Black, and non-Hispanic Other participants relative to non-Hispanic White participants. MePb was ~2-fold higher among non-Hispanic Black (95% confidence 
interval (CI): 1.7-3.1) and non-Hispanic Other (95% CI: 1.5-2.8) participants. PrPb was similarly higher among non-Hispanic Black (95% CI: 1.7-3.7) and non-Hispanic Other (95% CI: 1.3-3.1) participants. EtPb was higher 
among non-Hispanic Black participants (3.1-fold; 95% CI 1.7-5.8). BP-3 was lower in Hispanic (0.7-fold; 95% CI: 0.5-0.9), non-Hispanic Black (0.4-fold; 95% CI: 0.3-0.5), and non-Hispanic Other (0.5-fold; 95% CI: 0.4-0.7) 
participants. Urinary BuPb, BPA, BPF, and BPS were similar across groups. IMPACT STATEMENT: This multisite, observational cohort study investigated whether there are racial and ethnic differences in prenatal 
exposure to endocrine disrupting environmental phenols and parabens. Among 4006 participants from multiple U.S. cohorts who provided urine specimens during pregnancy, those who self-reported a racial and ethnic 
identity other than non-Hispanic White had higher urinary concentrations of 2,4-dichlorophenol, 2,5-dichlorophenol, methyl paraben, ethyl paraben, and propyl paraben and lower urinary concentrations of benzophenone-3 
than those reporting as non-Hispanic White. These data show differences in prenatal concentrations of endocrine disrupting environmental phenols and parabens by racial and ethnic identity.

J Expo Sci Environ 
Epidemiol
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S. M. Blaauwendraad, E. Voerman, L. Trasande, 
K. Kannan, S. Santos, G. J. G. Ruijter, C. M. Sol, 
L. Marchioro, E. Shokry, B. Koletzko, V. W. V. 
Jaddoe and R. Gaillard

2021

Associations of maternal bisphenol 
urine concentrations during 
pregnancy with neonatal 
metabolomic profiles

BACKGROUND: Fetal exposure to bisphenols is associated with altered fetal growth, adverse birth outcomes and childhood cardio-metabolic risk factors. Metabolomics may serve as a tool to identify the mechanisms 
underlying these associations. We examined the associations of maternal bisphenol urinary concentrations in pregnancy with neonatal metabolite profiles from cord blood. METHODS: In a population-based prospective 
cohort study among 225 mother-child pairs, maternal urinary bisphenol A, S and F concentrations in first, second and third trimester were measured. LC-MS/MS was used to determine neonatal concentrations of amino 
acids, non-esterified fatty acids (NEFA), phospholipids (PL), and carnitines in cord blood. RESULTS: No associations of maternal total bisphenol concentrations with neonatal metabolite profiles were present. Higher 
maternal average BPA concentrations were associated with higher neonatal mono-unsaturated alkyl-lysophosphatidylcholine concentrations, whereas higher maternal average BPS was associated with lower neonatal 
overall and saturated alkyl-lysophosphatidylcholine (p-values < 0.05).Trimester-specific analyses showed that higher maternal BPA, BPS and BPF were associated with alterations in neonatal NEFA, diacyl-
phosphatidylcholines, acyl-alkyl-phosphatidylcholines, alkyl-lysophosphatidylcholine, sphingomyelines and acyl-carnitines, with the strongest effects for third trimester maternal bisphenol and neonatal diacyl-
phosphatidylcholine, sphingomyeline and acyl-carnitine metabolites (p-values < 0.05). Associations were not explained by maternal socio-demographic and lifestyle characteristics or birth characteristics. DISCUSSION: 
Higher maternal bisphenol A, F and S concentrations in pregnancy are associated with alterations in neonatal metabolite profile, mainly in NEFA, PL and carnitines concentrations. These findings provide novel insight into 
potential mechanisms underlying associations of maternal bisphenol exposure during pregnancy with adverse offspring outcomes but need to be replicated among larger, diverse populations.

Metabolomics. 2021 
Sep 13;17(9):84.
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統合_0752
S. M. Blaauwendraad, S. Shahin, C. Duh-Leong, 
M. Liu, K. Kannan, L. G. Kahn, V. W. V. Jaddoe, 
A. Ghassabian and L. Trasande

2024

Fetal bisphenol and phthalate 
exposure and early childhood 
growth in a New York City birth 
cohort

BACKGROUND: Exposure to endocrine-disrupting chemicals such as bisphenols and phthalates during pregnancy may disrupt fetal developmental programming and influence early-life growth. We hypothesized that 
prenatal bisphenol and phthalate exposure was associated with alterations in adiposity through 4 years. This associations might change over time. METHODS: Among 1091 mother-child pairs in a New York City birth 
cohort study, we measured maternal urinary concentrations of bisphenols and phthalates at three time points in pregnancy and child weight, height, and triceps and subscapular skinfold thickness at ages 1, 2, 3, and 4 
years. We used linear mixed models to assess associations of prenatal individual and grouped bisphenols and phthalates with overall and time-point-specific adiposity outcomes from birth to 4 years. RESULTS: We 
observed associations of higher maternal urinary second trimester total bisphenol and bisphenol A concentrations in pregnancy and overall child weight between birth and 4 years only (Beta 0.10 (95 % confidence interval 
0.04, 0.16) and 0.07 (0.02, 0.12) standard deviation score (SDS) change in weight per natural log increase in exposure), We reported an interaction of the exposures with time, and analysis showed associations of higher 
pregnancy-averaged mono-(2-carboxymethyl) phthalate with higher child weight at 3 years (0.14 (0.06, 0.22)), and of higher high-molecular-weight phthalate, di-2-ethylhexyl phthalate, mono-(2-ethyl-5-carboxypentyl) 
phthalate, mono-(2-carboxymethyl) phthalate, and mono-(2-ethylhexyl) phthalate with higher child weight at 4 years (0.16 (0.04, 0.28), 0.15 (0.03, 0.27), 0.19 (0.07, 0.31), 0.16 (0.07, 0.24), 0.11 (0.03, 0.19)). Higher 
pregnancy-averaged high-molecular-weight phthalate, di-2-ethylhexyl phthalate, mono-(2-ethyl-5-carboxypentyl) phthalate, mono-(2-ethyl-5-hydroxyhexyl) phthalate, and mono-2(ethyl-5-oxohexyl) phthalate 
concentrations were associated with higher child BMI at 4 years (0.20 (0.05, 0.35), 0.20 (0.05, 0.35), 0.22 (0.06, 0.37), 0.20 (0.05, 0.34), 0.20 (0.05, 0.34)). For skinfold thicknesses, we observed no associations. 
DISCUSSION: This study contributes to the evidence suggesting associations of prenatal exposure to bisphenols and high-molecular-weight phthalates on childhood weight and BMI.

Environ Int. 2024 
May:187:108726.
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統合_0753
S. M. Blaauwendraad, R. Gaillard, S. Santos, C. 
M. Sol, K. Kannan, L. Trasande and V. W. V. 
Jaddoe

2022

Maternal Phthalate and Bisphenol 
Urine Concentrations during 
Pregnancy and Early Markers of 
Arterial Health in Children

BACKGROUND: Fetal exposure to endocrine-disrupting chemicals such as phthalates and bisphenols might lead to fetal cardiovascular developmental adaptations and predispose individuals to cardiovascular disease in 
later life. OBJECTIVES: We examined the associations of maternal urinary bisphenol and phthalate concentrations in pregnancy with offspring carotid intima-media thickness and distensibility at the age of 10 y. 
METHODS: In a population-based, prospective cohort study of 935 mother-child pairs, we measured maternal urinary phthalate and bisphenol concentrations at each trimester. Later, we measured child carotid intima-
media thickness and distensibility in the children at age 10 y using ultrasound. RESULTS: Maternal urinary average or trimester-specific phthalate concentrations were not associated with child carotid intima-media 
thickness at age 10 y. Higher maternal average concentrations of total bisphenol, especially bisphenol A, were associated with a lower carotid intima-media thickness [differences - 0.15 standard deviation score and 95% 
confidence interval (CI): - 0.24, - 0.09 and - 0.13 (95% CI: - 0.22, - 0.04) per interquartile range (IQR) increase in maternal urinary total bisphenol and bisphenol A concentration]. Trimester-specific analysis showed that 
higher maternal third-trimester total bisphenol and bisphenol A concentrations were associated with lower child carotid intima-media thickness [differences - 0.13 (95% CI: - 0.22, - 0.04) and - 0.13 (95% CI: - 0.22, - 0.05) 
per IQR increase in maternal urinary bisphenol concentration]. Maternal urinary bisphenol or phthalate concentrations were not associated with child carotid distensibility. DISCUSSION: In this large prospective cohort, 
higher maternal urinary bisphenols concentrations were associated with smaller childhood carotid intima-media thickness. Further studies are needed to replicate this association and to identify potential underlying 
mechanisms. https://doi.org/10.1289/EHP10293.

Environ Health 
Perspect. 2022 
Apr;130(4):47007.
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統合_0754
S. M. Blaauwendraad, R. H. M. Dykgraaf, R. 
Gaillard, M. Liu, J. S. Laven, V. W. V. Jaddoe and 
L. Trasande

2024

Associations of bisphenol and 
phthalate exposure and anti-Mü
llerian hormone levels in women of 
reproductive age

BACKGROUND: In women, exposure to endocrine disrupting chemicals might accelerate the depletion of the ovarian reserve and might be associated with accelerative reproductive aging and fertility. We examined the 
longitudinal associations of exposure to bisphenols and phthalates with anti-Müllerian hormone concentrations. METHODS: Pregnant women of 18 years or older that resided in Rotterdam between 2002 and 2006 were 
eligible for participation in this longitudinal prospective cohort study. We measured urinary bisphenol and phthalate concentration at three time-points in pregnancy among 1405 women, of whom 1322 women had serum 
Anti-Müllerian Hormone (AMH) measurements 6 and/or 9 years postpartum. We performed linear regression models to assess the association of urinary bisphenol and phthalate metabolites with AMH after 6 and 9 years, 
and linear mixed-effect model to assess the association with AMH over time. Models were adjusted for sociodemographic and lifestyle factors. FINDINGS: In our multivariable linear regression models we observed 
associations of higher urinary pregnancy-averaged mono-isobutyl phthalate (mIBP), mono-(2-ethyl-5-oxohexyl) phthalate (mEOHP), and monobenzyl phthalate (mBzBP) with lower serum AMH after both 6 and 9 years. 
However, these associations did not remain after adjustment for multiple testing. No significant associations of bisphenol A with AMH were present in our study sample. In our linear mixed-effects models, higher mIBP, 
mono-(2-ethyl-5-hydroxyhexyl) phthalate (mEHHP), mEOHP, and mBzBP were associated with lower overall AMH levels (differences -0.07 (95% CI -0.13, -0.02), -0.09 (-0.15, -0.02), -0.08 (95% CI -0.14, -0.02), and -0.08 
(-0.13, -0.03) μg/L per doubling in mIBP, mEHHP, mEOHP, and mBzBP respectively) (all False Discovery Rate adjusted p-values < 0.05). INTERPRETATION: We identify decreases in indices of ovarian reserve in 
relationship to prenatal phthalate exposures. Studies are needed replicating our results among large multi-ethnic non-pregnant populations and assessing transgenerational effects of exposure on ovarian reserve. 
FUNDING: This study was supported by the Erasmus Medical Center and Erasmus University Rotterdam, the Netherlands Organisation for Health Research and Development, the European Research Council, the Dutch 
Heart Foundation, the Dutch Diabetes Foundation, the European Union's Horizon 2020 Research and Innovation Program, the National Institutes of Health, Ansh Labs Webster, and the Royal Netherlands Academy of Arts 
and Sciences.

EClinicalMedicine. 2024 
Jul 17:74:102734.
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統合_0755 F. M. Bigambo, M. Zhang, J. Zhang, X. Yang, Q. 
Yu, D. Wu, X. Wang and Y. Xia 2022

Exposure to a mixture of personal 
care product and plasticizing 
chemicals in relation to reproductive 
hormones and menarche timing 
among 12-19 years old girls in 
NHANES 2013-2016

The effects of co-exposure to personal care product and plasticizing chemicals (PCPPCs) on reproductive hormones and menarche timing has rarely been studied. We used Bayesian kernel machine regression (BKMR), 
adaptive least absolute shrinkage and selection operator (adaptive LASSO), and generalized linear model (GLM) to explore the mixture effects of 16 PCPPCs on reproductive hormones and early menarche among 297 girls 
aged 12-19 years in the National Health and Nutrition Examination Survey (NHANES) 2013-2016. In the BKMR, the mixture of PCPPCs was negatively and positively associated with testosterone (TT) and sex hormone-
binding globulin (SHBG), respectively. In the adaptive LASSO, 2,5-dichlorophenol (2, 5-DCP), Mono (carboxyisoctyl) phthalate (MCOP), and Mono-benzyl phthalate (MBzP) were positively associated with estrogen (E2), 
whereas Mono-ethyl phthalate (MEP), Monoisobutyl phthalate (MiBP) and Mono-(2-ethyl-5-oxohexyl) phthalate (MEOHP) were inversely associated with E2. Bisphenol A (BPA) and MBzP were positively associated with 
SHBG, whereas Mono (carboxyisonony) phthalate (MCNP) and Mono (2-ethyl-5-carboxypentyl) phthalate (MECPP) were inversely associated with SHBG. In GLM, Benzophenone-3 (BZP) and MECPP were negatively 
associated with TT, whereas 2,4-dichlorophenol (2,4-DCP) revealed a positive association with early menarche onset. In conclusion, PCPPCs in the mixture and individually are associated with reproductive hormones and 
early menarche onset in girls.

Food Chem Toxicol 
Vol.170 Pages 113463
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統合_0756 F. M. Bigambo, D. Wang, J. Sun, X. Ding, X. Li, 
B. Gao, D. Wu, W. Gu, M. Zhang and X. Wang 2023

Association between Urinary BPA 
Substitutes and Precocious Puberty 
among Girls: A Single-Exposure and 
Mixed Exposure Approach from a 
Chinese Case-Control Study

There is an argument that BPA substitutes may have the same or more deleterious health effects as BPA due to their structural similarity. This study explored the association between urinary BPA substitutes and 
precocious puberty among girls by including 120 girls with precocious puberty (cases) aged 2-10 years enrolled at Nanjing Children's Hospital Department of Endocrinology in China between April 2021 to September 2021 
and 145 healthy girls (controls) recruited from a primary school. Logistic regression was used to evaluate the effect of single exposures, and Bayesian kernel machine regression (BKMR) and quantile-based g-
computation were used for the mixed effect. In the multivariate logistic regression, BPS (bisphenol S), TBBPA (tetrabromobisphenol A), and BPFL (bisphenol-FL) were significantly associated with increased risk of 
precocious puberty (odds ratio (OR) = 1.75, 95% confidence interval (CI): 1.13, 2.76, p = 0.014), (OR = 1.46, CI: 1.06, 2.05; p = 0.023), and (OR = 1.47, CI: 1.01, 2.18; p = 0.047), respectively. The BMKR and quantile-based 
g-computation models revealed consistent associations for single exposures and there was insufficient evidence for the associations of the mixed exposure of bisphenols with precocious puberty. In conclusion, BPA 
substitutes such as BPS, TBBPA, and BPFL may be associated with an increased risk of precocious puberty in girls.

Toxics. 2023 Nov 
6;11(11):905.
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統合_0757 F. M. Bigambo, J. Sun, C. Zhu, S. Zheng, Y. Xu, 
D. Wu, Y. Xia and X. Wang 2024

Gender- and Obesity-Specific 
Association of Co-Exposure to 
Personal Care Product and 
Plasticizing Chemicals and Short 
Sleep Duration among Adults: 
Evidence from the National Health 
and Nutrition Examination Survey 
2011-2016

There is limited evidence about the gender- and obesity-specific effects of personal care product and plasticizing chemicals (PCPPCs) on short sleep duration in adults. We evaluated the gender- and obesity-specific 
association of co-exposure to PCPPCs and short sleep duration among adults aged 20-60 years using the National Health and Nutrition Examination Survey (NHANES) 2011-2016, a secondary data source from the United 
States. Seventeen PCPPCs, including five phenols, two parabens, and ten phthalates, were detected, and sleep duration was assessed among 3012 adults. Logistic regression, weighted quantile sum (WQS) regression, 
and Bayesian kernel machine regression (BKMR) were employed. We found that bisphenol A (BPA), mono (caboxy-isooctyl) phthalate (MCOP), and mono (3-carboxypropyl) phthalate (MCPP) were consistently positively 
associated with short sleep duration in both females and males regardless of obesity status, except for BPA with general obesity. In particular, mono benzyl phthalate (MBzP) revealed a positive association in females, 
mono (2-ethyl-5-oxohexyl) phthalate (MEOHP) revealed a positive association in males, and MiBP revealed a positive association in abdominal obesity. Similar associations were observed in the mixture. Our study 
highlights that PCPPCs are independently associated with an increasing risk of short sleep duration in adults both individually and as a mixture; however, gender- and obesity-specific differences may have little effect on 
certain individual PCPPCs on short sleep duration.

Toxics Vol.12 Issue 7 10.3390/toxics12070503 39058155 ヒト - - - - - - - 横断研究 1 1 - - - - - - - - - - - - - - - - - -

統合_0758 F. M. Bigambo, H. Sun, W. Yan, D. Wu, Y. Xia, X. 
Wang and X. Wang 2020

Association between phenols 
exposure and earlier puberty in 
children: A systematic review and 
meta-analysis

OBJECTIVE: To identify the association between phenolic chemicals and the risk of earlier puberty based on the available evidence by systematic review and meta-analysis. METHODS: Databases PubMed, Web of 
Science, and Cochrane Library were searched and retrieved appropriate journal articles on the association between phenols exposure and earlier puberty in children published before February 14, 2020. Stata software 
version 12.0 and Excel were used for statistical analysis. RESULTS: Nine studies were included in the meta-analysis with total subjects of 4737. All the subjects included in our studies were girls. The pooled estimate 
has shown the association between 2, 5- dichrolophenol exposure, and earlier puberty in children with effect size (ES) 1.13 (95% CI: 1.06, 1.20). Exposed to other types of phenolic chemicals such as bisphenol A, 
Triclosan, Benzophenone-3 were not statistically significant associated with the risk of earlier puberty in children with the overall pooled estimates of ES of 1.09 (95%CI: 0.88, 1.35), ES 1.05(95% CI: 0.96, 1.15), and ES 
0.98 (95% CI: 0.88, 1.10) respectively. CONCLUSION: Our results portray that phenols particularly 2, 5- dichlorophenol exposure might be associated with the risk of earlier puberty in children. Also, caution should be 
taken to other type of phenolic chemicals since in subgroup analysis some individual studies have shown a positive relationship between bisphenol A, Triclosan and Benzophenone-3 exposures, and the risk of earlier 
puberty in children. Future cohort studies should be conducted with more sample sizes to determine the relationship between 2, 5- dichlorophenol, and the risk of earlier puberty in children of all gender.

Environ Res. 2020 
Nov:190:110056.
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統合_0759 F. M. Bigambo, Z. Chen, W. Yang, Q. Huang and 
X. Wang 2024

The effect of bisphenols on sex and 
thyroid hormone concentrations in 
cord blood among newborns

This study aims to investigate the associations of bisphenols with sex and thyroid hormones in cord blood among newborns. Four bisphenols, three hormones related to gonadal function, and four parameters related to 
thyroid function were measured in umbilical cord blood in 378 mother-newborn pairs. Multivariable linear regression, quantile-based g-computation (QGC), and Bayesian kernel machine regression were used. In the 
multivariable linear regression, bisphenol A (BPA) was associated with increased testosterone (TT) (regression coefficient, β = 0.049, 95% confidence interval, CI: 0.013,0.085; p = 0.007) and free tri-iodothyronine (FT3) 
levels (β = 0.019, 95% CI: 0.003, 0.035; p = 0.023), and decreased thyroid peroxidase antibody (TPOAb) (β = -0.053, 95% CI: 0.098, -0.008; p = 0.021). Consistently associations were observed in males, except TT, which 
was observed in females, and bisphenol AF (BPAF) was associated with decreased follicle-stimulating hormone (FSH) in females. These associations were also observed in a mixture of bisphenols. Moreover, we 
observed maternal prepregnancy body mass index (BMI) and delivery mode disparity in the relationship between bisphenols and sex and thyroid hormones. This study suggests that bisphenols may exert effects on sex and 
thyroid hormones in newborns, the effect may vary with sex differences, maternal prepregnancy BMI, and delivery mode.

Food Chem Toxicol 
Vol.189 Pages 114750

10.1016/j.fct.2024.114750 38777166 ヒト - - - - - - - 横断研究 1 1 - - - - - - - - - - - - - - - - - -

統合_0760 L. Bidiga, T. Csonka, G. Méhes, C. Markóth, D. 
Hutkai and J. Mátyus 2025

Case Report: Toxic tubulointerstitial 
nephropathy with lipofuscin 
deposition - the potential cause of 
occupational Bisphenol-A exposition

This case study delves into the link, between exposure to Bisphenol A (BPA) and kidney issues filling a gap in human focused research found in studies. The individual, a 72-year man with a history of BPA exposure in a 
plastics manufacturing facility experienced a gradual decline in kidney function over 18 months. Medical tests showed kidney disease with a buildup of lipofuscin in renal tubular cells upon examination. This discovery 
suggests a connection between BPA exposure and kidney damage underscoring the need for investigation. The lack of human based evidence highlights the importance of research to understand the toxic effects of BPA 
on the kidneys. In addition, to its implications this case emphasizes the importance of improving safety protocols and raising awareness among healthcare professionals in relevant work environments to reduce potential 
health risks associated with BPA exposure.

Pathol Oncol Res. 2025 
Jul 7:31:1612046.

10.3389/pore.2025.1612046 40692724 ヒト 腎 - - - - - - 症例報告 1 1 - - - 1 1 1 - - - - - - - - - - - -

統合_0761 J. Bi, F. Wang, Y. Wei, Y. Zhang, C. Jia, J. He, J. 
Yao, Z. Zhang, Z. Li, P. Li and M. He 2022

Association of serum bisphenol A 
levels with incident overweight and 
obesity risk and the mediating effect 
of adiponectin

BACKGROUND: Existing cross-sectional studies indicated a positive association of bisphenol A (BPA) with overweight and obesity. However, the relationship and potential mechanisms underlying this association remain 
to be elucidated in prospective studies. OBJECTIVE: This study was designed to investigate whether serum BPA is associated with incident overweight and obesity risk, and to further explore whether adiponectin plays a 
mediating role in the association. METHODS: We measured blood BPA and adiponectin in Chinese populations. The association of serum BPA with overweight and obesity risk was evaluated using multivariable logistic 
regression models. We further examined the mediating effect of adiponectin by causal mediation analysis. RESULTS: Among 796 participants free of overweight and obesity at baseline, 133 individuals developed 
overweight and obesity during the follow-up period. Compared with those in the lowest quartile of serum BPA, those in the second and third quartiles were positively associated with incident overweight and obesity risk 
adjusting for covariates (all P-values < 0.05), whereas this association was not observed in the fourth quartile. Further spline analysis showed an inverted U-shaped dose-response relationship (P(non-linear) = 0.04). 
Furthermore, each unit of serum log(10)-transformed BPA levels was associated with higher changes in waist-to-height ratio and body roundness index (all P-values < 0.05). Mediation analysis indicated significant 
indirect effects of adiponectin on the associations of BPA with overweight and obesity prevalence (mediation proportion: 46.08%; P = 0.02), and BMI levels (mediation proportion: 30.32%; P = 0.03). CONCLUSION: Serum 
BPA displayed a positive association with incident overweight and obesity risk in a non-monotonic pattern, and adiponectin might mediate the association. Further mechanistic studies are warranted.

Chemosphere. 2022 
Dec;308(Pt 2):136287.

10.1016/j.chemosphere.2022.1362
87
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統合_0762 K. Betul, O. Tulay, B. T. Neslihan, O. Mustafa 
and T. Nuran 2022

The effect of training about 
environmental toxicant Bisphenol-A 
exposure in pregnancy on maternal 
urine Bisphenol-A level

PURPOSE: Bisphenol A (BPA) is an environmental toxin, clearly capable of initiating epigenetic modifications, leading to the development of numerous human illnesses such as metabolic, reproductive, and behavioural 
abnormalities. It also causes oxidative stress, which has been shown to be alleviated by selenium supplementation. The purpose of this study was to determine the effect of training of BPA exposure during pregnancy on 
urine BPA levels. METHODS: This research enrolled 30 pregnant women who were in their first trimester and were free of chronic illness. Women were asked questions on their sociodemographic features, 
anthropometric measures, obstetric characteristics, BPA awareness level, BPA exposure and the Health Practices in Pregnancy Scale as a Pre-test and Post-Test. The initial urine samples were taken from women in 
their first trimester and stored in BPA-free bags. Then, training was delivered to encourage BPA exposure reduction and maternal health awareness. First-trimester face-to-face instruction and brochure distribution were 
followed by refresher, reminder, and follow-up trainings during the second and third trimesters. Urine samples from women in their second and third trimesters were obtained again. The levels of BPA in urine were 
measured using the liquid chromatography-mass spectrometry on 90 samples. Each person's urine concentration differs, thus the creatinine level in all samples was also calculated and compared to the BPA content, and 
the results were evaluated. RESULTS: Our study shown that BPA exposure may be lowered by training. It has been demonstrated that reducing BPA exposure and increasing knowledge can result in an improvement in 
health status. Additionally, it has been demonstrated that trainings greatly minimize exposure-causing behaviours. CONCLUSION: It was discovered that while the duration of a single training does not make a meaningful 
effect, the continuing of reminder trainings did make a substantial difference in the urine BPA level.

Heliyon Vol.8 Issue 12 
Pages e12495
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統合_0763
T. N. Bethea, A. K. Wesselink, J. Weuve, M. D. 
McClean, R. Hauser, P. L. Williams, X. Ye, A. M. 
Calafat, D. D. Baird and L. A. Wise

2020

Correlates of exposure to phenols, 
parabens, and triclocarban in the 
Study of Environment, Lifestyle and 
Fibroids

We performed a cross-sectional analysis to identify correlates of urinary concentrations of seven phenols (bisphenols A, F, and S; 2,4-dichlorophenol; 2,5-dichlorophenol; benzophenone-3; triclosan), triclocarban, and four 
parabens (butyl, ethyl, methyl, and propyl). We analyzed baseline data from 766 participants in the Study of Environment, Lifestyle, and Fibroids, a prospective cohort study of 1693 Black women aged 23-34 years residing 
in Detroit, Michigan (2010-2012). We collected data on demographic, behavioral, and anthropometric factors via telephone interviews, clinic visits, and self-administered questionnaires. For each biomarker, we used 
linear regression models to estimate mean differences in log-transformed, creatinine-corrected concentrations across factors of interest. Each biomarker was detected in >50% of participants. Median creatinine-
corrected concentrations were the highest for methyl paraben (116.8 μg/g creatinine), propyl paraben (16.8 μg/g creatinine), and benzophenone-3 (13.4 μg/g creatinine). Variables most strongly associated with 
biomarker concentrations included season of urine collection, education, and body mass index (BMI). BMI was positively associated with bisphenol A and S and triclocarban concentrations and inversely associated with 
butyl and methyl paraben concentrations. In this cohort of Black women, exposure to phenols, parabens, and triclocarban was prevalent and several factors were associated with biomarker concentrations.

J Expo Sci Environ 
Epidemiol Vol.30 Issue 1 
Pages 117-136

10.1038/s41370-019-0114-9 30692588 ヒト - - - - - - - 横断研究 1 1 - - - - - - - - - - - - - - - - - -

統合_0764 K. Berger, C. Hyland, J. L. Ames, A. M. Mora, K. 
Huen, B. Eskenazi, N. Holland and K. G. Harley 2021

Prenatal Exposure to Mixtures of 
Phthalates, Parabens, and Other 
Phenols and Obesity in Five-Year-
Olds in the CHAMACOS Cohort

Exposures to phthalates, parabens, and other phenols are often correlated due to their ubiquitous use in personal care products and plastics. Examining these compounds as a complex mixture may clarify inconsistent 
relationships between individual chemicals and childhood adiposity. Using data from the Center for the Health Assessment of Mothers and Children of Salinas (CHAMACOS) study, a longitudinal cohort of children in 
Salinas Valley, California (n = 309), we examined biomarkers of 11 phthalate metabolites and 9 phenols, including several parabens and bisphenol A, measured in maternal urine at two time points during pregnancy. We 
measured child height and weight at age five to calculate the body mass index (BMI) z-scores and overweight/obesity status. The association between prenatal urinary concentrations of biomarkers with the childhood 
BMI z-score and overweight/obesity status was analyzed using single-pollutant models and two mixture methods: Bayesian hierarchical modeling (BMH) and Bayesian kernel machine regression (BKMR). Urinary 
concentrations of monoethyl phthalate, monocarboxy-isononly phthalate (metabolites of diethyl phthalate and di-isodecyl phthalate, respectively), and propylparaben were consistently associated with an increased BMI z-
score and overweight/obesity status across all modeling approaches. Higher prenatal exposures to the cumulative biomarker mixture also trended with greater childhood adiposity. These results, robust across two 
methods that control for co-pollutant confounding, suggest that prenatal exposure to certain phthalates and parabens may increase the risk for obesity in early childhood.

Int J Environ Res Public 
Health. 2021 Feb 
12;18(4):1796.
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統合_0765
K. Berger, E. Coker, S. Rauch, B. Eskenazi, J. 
Balmes, K. Kogut, N. Holland, A. M. Calafat and 
K. Harley

2020

Prenatal phthalate, paraben, and 
phenol exposure and childhood 
allergic and respiratory outcomes: 
Evaluating exposure to chemical 
mixtures

BACKGROUND: Chemicals found in personal care products and plastics have been associated with asthma, allergies, and lung function, but methods to address real life exposure to mixtures of these chemicals have not 
been applied to these associations. METHODS: We quantified urinary concentrations of eleven phthalate metabolites, four parabens, and five other phenols in mothers twice during pregnancy and assessed probable 
asthma, aeroallergies, and lung function in their age seven children. We implemented Bayesian Profile Regression (BPR) to cluster women by their exposures to these chemicals and tested the clusters for differences in 
outcome measurements. We used Bayesian Kernel Machine Regression (BKMR) to fit biomarkers into one model as joint independent variables. RESULTS: BPR clustered women into seven groups characterized by 
patterns of personal care product and plastic use, though there were no significant differences in outcomes across clusters. BKMR showed that monocarboxyisooctyl phthalate and 2,4-dichlorophenol were associated 
with probable asthma (predicted probability of probable asthma per IQR of biomarker z-score (standard deviation) = 0.08 (0.09) and 0.11 (0.12), respectively) and poorer lung function (predicted probability per IQR = -0.07 
(0.05) and -0.07 (0.06), respectively), and that mono(3-carboxypropyl) phthalate and bisphenol A were associated with aeroallergies (predicted probability per IQR = 0.13 (0.09) and 0.11 (0.08), respectively). Several 
biomarkers demonstrated positive additive effects on other associations. CONCLUSIONS: BPR and BKMR are useful tools to evaluate associations of biomarker concentrations within a mixture of exposure and should 
supplement single-chemical regression models when data allow.

Sci Total Environ. 2020 
Jul 10:725:138418.
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統合_0766 T. L. L. Berge, G. B. Lygre, S. A. Lie, C. H. Lindh 
and L. Björkman 2019

Bisphenol A in human saliva and 
urine before and after treatment 
with dental polymer-based 
restorative materials

The aim of this study was to quantify bisphenol A (BPA) concentrations in saliva and urine before and after treatment with dental polymer-based restorative materials to assess if placement of this material is associated 
with increased BPA levels in saliva and urine. Twenty individuals in need of at least one dental restoration with polymer-based restorative material were included in this study. The participants were instructed to abstain 
from eating, drinking, and brushing their teeth for at least 10 h prior to sampling. Saliva and urine were collected before and 10 min (saliva only), 1 h, 24 h, and 1 wk after treatment. Samples were stored at -80°C before 
analyses. BPA in saliva and urine was determined with liquid chromatography/mass spectrometry. Linear mixed effects regression models were used for statistical analyses. There was a statistically significant increase 
of salivary BPA concentration directly after placement of the dental polymer-based restorations. Following placement, the concentration of BPA decreased exponentially with time. One week after treatment the BPA level 
in saliva was only marginally higher than before treatment. In urine, no statistically significant change of the BPA concentration was detected after treatment.

Eur J Oral Sci Vol.127 
Issue 5 Pages 435-444

10.1111/eos.12647 31392814 ヒト - - - - - - - バイオモニタリング 1 1 - - - - - - - - - - - - - - - - - -

統合_0767

T. E. Benson, A. Gaml-Sørensen, A. Ernst, N. 
Brix, K. S. Hougaard, K. K. Hærvig, J. P. Ellekilde 
Bonde, S. S. Tøttenborg, C. H. Lindh, C. H. 
Ramlau-Hansen and G. Toft

2021
Urinary Bisphenol A, F and S Levels 
and Semen Quality in Young Adult 
Danish Men

Bisphenol A (BPA) is considered an endocrine disruptor and has been associated with deleterious effects on spermatogenesis and male fertility. Bisphenol F (BPF) and S (BPS) are structurally similar to BPA, but 
knowledge of their effects on male fertility remains limited. In this cross-sectional study, we investigated the associations between exposure to BPA, BPF, and BPS and semen quality in 556 men 18-20 years of age from 
the Fetal Programming of Semen Quality (FEPOS) cohort. A urine sample was collected from each participant for determination of BPA, BPF, and BPS concentrations while a semen sample was collected to determine 
ejaculate volume, sperm concentration, total sperm count, sperm motility, and sperm morphology. Associations between urinary bisphenol levels (continuous and quartile-divided) and semen characteristics were 
estimated using a negative binomial regression model adjusting for urine creatinine concentration, alcohol intake, smoking status, body mass index (BMI), fever, sexual abstinence time, maternal pre-pregnancy BMI, and 
first trimester smoking, and highest parental education during first trimester. We found no associations between urinary bisphenol of semen quality in a sample of young men from the general Danish population.

Int J Environ Res Public 
Health Vol.18 Issue 4

10.3390/ijerph18041742 33670148 ヒト - - - - - - - 横断研究 1 1 - - - - - - - - - - - - - - - - - -

統合_0768
V. Bellisario, E. Cocchi, R. Tassinari, G. 
Squillacioti, T. Musso, S. Sottemano, M. Zorzi, P. 
Dalmasso, A. Coscia, C. Medana and R. Bono

2021
Bisphenol A and S in the Urine of 
Newborns: Plastic for Non-Food Use 
Still without Rules

The aim of the present study was to assess the effects of bisphenol (BP) exposure on pregnancy and neonatal life. We have (a) determined BP (BPA and BPS) concentration levels in a group of newborns and their 
mothers; (b) identified factors, habits, and devices possibly responsible for BP uptake; and (c) determined the effect of BP exposure. No significant correlations were detected between maternal and neonatal BP 
concentration levels. In newborns, positive correlations between pacifier use and BPS total (p = 0.04) and free BPS (p = 0.03) concentrations were detected. A significant correlation was also found between oral glucose 
administration and concentration levels of free BPA (p < 0.05). Our study points to a central role of lifestyle, hospital procedures, and neonatal devices in inducing BP exposure, especially during the perinatal period. This 
is the first report of BP contamination in newborns due to widely non-alimentary products designed for newborn care, such as glucose-solution containers for BPA and pacifiers for BPS. Further studies are advocated in 
order to clarify both the impact of other BP forms on human health and development, as well as potential BPA exposure sources during neonatal and childhood life.

Biology (Basel) Vol.10 
Issue 3

10.3390/biology10030188 33802301 ヒト - - - - - - - バイオモニタリング 1 1 - - - - - - - - - - - - - - - - - -

統合_0769
A. L. Beck, E. V. Bräuner, C. S. Uldbjerg, Y. H. 
Lim, H. Boye, H. Frederiksen, A. M. Andersson 
and T. K. Jensen

2025

Maternal urinary concentrations of 
bisphenol A during pregnancy and 
birth size in children from the 
Odense Child Cohort

BACKGROUND: Bisphenol A (BPA) is widely used in the manufacturing of plastics. BPA can pass the placental barrier and influence fetal development. Due to its estrogenic and anti-androgenic properties, BPA may 
contribute sex-specific differences in developmental effects. We examined associations between maternal urinary concentrations of BPA and birth size. METHODS: In this cohort study of 832 mother-child pairs from the 
Odense Child Cohort, pregnant women provided spot urine samples at gestational week 28, which were analyzed for BPA by isotope diluted LC-MS/MS. Osmolality adjusted urinary BPA concentrations were categorized 
into quartiles. Mother-child characteristics were obtained from hospital records and questionnaires. Linear regression analyses examining the association between BPA concentrations and offspring birth size (weight, 
length, head, and abdominal circumference) were performed for the full cohort and stratified by offspring sex. RESULTS: BPA was detected above the limit of detection in 85% of the urine samples with a median 
concentration of 1.33 ng/ml. In the full cohort, birth weight decreased significantly across increasing quartiles of maternal urinary BPA concentration, with the exception of the third quartile, which showed no significant 
association. In sex-stratified analyses, statistically significant decreases in birth weight were observed among male offspring in the highest quartile of maternal urinary BPA concentrations (β: -115 g, 95% CI: - 225, -4, p 
= 0.04) compared to male offspring of the lowest quartile and a possible dose-response association was suggested (p-trend = 0.06). No statistically significant associations were observed for birth weight amongst 
female offspring. CONCLUSIONS: Our findings suggest a negative association between maternal urinary BPA exposure and birth weight, driven by a lower birth weight in male offspring. Further research is required to 
explore the underlying mechanisms of BPA's possible sex-specific associations.

Environ Health. 2025 
Apr 1;24(1):15.
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統合_0770 S. Baykal and A. Nalbantoğlu 2023

An Examination of the Relationship 
Between Exposure to Bisphenol A 
and Attention-Deficit/Hyperactivity 
Disorder in Children and 
Adolescents

OBJECTIVES: Exposure to environmental toxic agents in the prenatal and/or postnatal periods may play in the acquired development of attention-deficit/hyperactivity disorder (ADHD) in groups with genetic risks. 
Bisphenol A (BPA) is a widely used industrial chemical with neurotoxic effects. This study examined the relationship between exposure to BPA and clinical ADHD. METHODS: This cross-sectional, case-controlled clinical 
study compared 45 drug-naive children and adolescents with ADHD and 30 healthy controls in terms of serum BPA levels. Psychiatric comorbidities in the ADHD group were determined using the "Schedule for Affective 
Disorders and Schizophrenia for school-aged children, lifetime version." The Child Behavior Checklist (CBCL) was also administered to all participants. RESULTS: Serum BPA levels were significantly higher in the ADHD 
group than in the healthy control group. In addition, significant, weak positive correlation was found between BPA levels and CBCL attention and CBCL total problem scores. CONCLUSIONS: Our results show that BPA 
may be an environmental toxic agent with a potential role in the etiology of ADHD and particularly attention deficiency. Preventive interventions can be developed if this can be confirmed with longitudinal studies and 
repeated measurements.
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統合_0771 B. Barajas, Á. Mérida-Ortega, L. López-Carrillo 
and M. E. Cebrián 2025

Urinary concentrations of total and 
free bisphenol A and daily intake 
estimation in northern Mexican 
women

Bisphenol A (BPA) is a component of polycarbonates used to manufacture plastic reusable bottles and miscellaneous containers; it is a constituent of epoxy resins used for the internal coating of beverage cans. Humans 
are mainly exposed by ingesting contaminated food and beverages. Experimental and human studies reported diverse health problems associated with BPA. Our objectives were to measure free (FBPA) and total (TBPA) 
urinary levels, to estimate daily BPA intake, and to investigate sources of exposure in northern Mexican women. This study is a secondary cross-sectional analysis in controls (n = 201) participating in a population-based 
case-control study. BPA was extracted from urine using the Micro-QuEChERS method and determined by gas chromatography/mass spectrometry. FBPA was detected in 88% of participants (geometric mean: 6.66; range: 
< LOD-48.83 ng/ml) whereas TBPA was detected in 98.5% (20.13; < LOD-37.15 ng/ml). TBPA estimated intake was 0.199 (0.007-4.26 μg/kg/bw/day), lower than the current American and Canadian tolerable daily 
intakes (TDI) of 50 and 25, respectively, but higher than the recently proposed TDIs by the European (0.0002 μg/kgbw/day) and German (0.2 μg/kgbw/day) authorities. Women having lower FBPA levels presented lower 
energy consumption, whereas those with higher TBPA concentrations were younger, had higher BMI, and higher energy intake. TBPA was positively associated with the estimated intake of sugar-sweetened beverages 
(SSB) but significantly negatively associated with cow's milk. The urinary concentrations of FBPA and TBPA indicated that women were widely exposed to BPA since their values were in the upper part of the range 
reported in other regions.

Environ Monit Assess 
Vol.197 Issue 6 Pages 
675
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統合_0772 W. Bao, B. Liu, S. Rong, S. Y. Dai, L. Trasande 
and H. J. Lehmler 2020

Association Between Bisphenol A 
Exposure and Risk of All-Cause and 
Cause-Specific Mortality in US 
Adults

IMPORTANCE: Bisphenol A (BPA) is a major public health concern because of its high-volume industrial production, ubiquitous exposure to humans, and potential toxic effects on multiple organs and systems in humans. 
However, prospective studies regarding the association of BPA exposure with long-term health outcomes are sparse. OBJECTIVE: To examine the association of BPA exposure with all-cause mortality and cause-specific 
mortality among adults in the United States. DESIGN, SETTING, AND PARTICIPANTS: This nationally representative cohort study included 3883 adults aged 20 years or older who participated in the US National Health 
and Nutrition Examination Survey 2003-2008 and provided urine samples for BPA level measurements. Participants were linked to mortality data from survey date through December 31, 2015. Data analyses were 
conducted in July 2019. EXPOSURES: Urinary BPA levels were quantified using online solid-phase extraction coupled to high-performance liquid chromatography-isotope dilution tandem mass spectrometry. MAIN 
OUTCOMES AND MEASURES: Mortality from all causes, cardiovascular disease, and cancer. RESULTS: This cohort study included 3883 adults aged 20 years or older (weighted mean [SE] age, 43.6 [0.3] years; 2032 
women [weighted, 51.4%]). During 36 514 person-years of follow-up (median, 9.6 years; maximum, 13.1 years), 344 deaths occurred, including 71 deaths from cardiovascular disease and 75 deaths from cancer. 
Participants with higher urinary BPA levels were at higher risk for death. After adjustment for age, sex, race/ethnicity, socioeconomic status, dietary and lifestyle factors, body mass index, and urinary creatinine levels, the 
hazard ratio comparing the highest vs lowest tertile of urinary BPA levels was 1.49 (95% CI, 1.01-2.19) for all-cause mortality, 1.46 (95% CI, 0.67-3.15) for cardiovascular disease mortality, and 0.98 (95% CI, 0.40-2.39) for 
cancer mortality. CONCLUSIONS AND RELEVANCE: In this nationally representative cohort of US adults, higher BPA exposure was significantly associated with an increased risk of all-cause mortality. Further studies 
are needed to replicate these findings in other populations and determine the underlying mechanisms.

JAMA Netw Open. 2020 
Aug 3;3(8):e2011620.
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統合_0773 B. D. Bagley, J. N. Smith and J. G. Teeguarden 2021

Risk assessment of predicted serum 
concentrations of bisphenol A in 
children and adults following 
treatment with dental composite 
restoratives, dental sealants, or 
orthodontic adhesives using 
physiologically based 
pharmacokinetic modeling

Bisphenol A (BPA) is a chemical used to manufacture bisphenol A glycidyl methacrylate (BisGMA). BisGMA has been used for decades in dental composite restoratives, sealants, and adhesives. Based on published 
studies, exposure to low concentrations of BPA are possible from dental and orthodontic devices. The serum BPA concentrations arising from such devices and oral doses were predicted using a PBPK model in children 
and adult females based on 1) published extraction data for cured and uncured 3M ESPE Filtek Supreme Ultra Flowable, 3M ESPE Filtek Bulk Fill Restorative, and 3M ESPE Clinpro Sealant and 2) published 20% 
ethanol/water and water rinsate data following orthodontic application with 3M ESPE Transbond MIP Primer and 3M ESPE Transbond XT Adhesive. Predicted oral exposure to BPA arising from these dental and 
orthodontic devices is low (median <10 ng/treatment) and predicted serum BPA concentrations were also low (<10(-4) nM). Even the maximum predicted exposure in this study (533.2 ng/treatment) yields a margin of 
exposure of 7.5 relative to the EFSA t-TDI (4 μg/kg-day) and is only 2.8% of the daily BPA exposure for the US population in a 58-kg woman (15,660 ng/day). Therefore, the exposure to BPA arising from the 3M ESPE 
dental and orthodontic devices evaluated in this study is negligible relative to daily BPA exposure in the general population and these potential BPA sources do not constitute a risk to patients.

Regul Toxicol 
Pharmacol Vol.120 
Pages 104839
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統合_0774
N. Aytac Bektas, N. N. Yenigul, K. Pakay, B. 
Dincgez, E. Yuce Bilgin, Y. Ustundag and E. 
Ustunyurt

2024
Does Bisphenol-A play a role in the 
development of neural tube defects?

OBJECTIVE: In this study, we aimed to evaluate BPA levels in the maternal serum and amniotic fluid of patients diagnosed with NTD. In addition, we wanted to investigate the relationship between neurodevelopmental 
defects, such as neural tube defects (NTD), and BPA levels. STUDY DESIGN: This prospective observational study was carried out at Bursa Yüksek İhtisas Training and Research Hospital between April 15, 2021, and 
April 15, 2022. The study consisted of 92 patients between the ages of 18-45 who had an amniocentesis at 15-22 weeks of gestation. The patients were divided into two groups according to the indications of 
amniocentesis. Group 1 contained the patients with abnormal maternal serum screening results or cell-free DNA results and abnormal ultrasonography findings (45 patients). Group 2 contained the patients with a pre-
diagnosis of NTD (47 patients). The first 5 cc fluids and maternal serum samples taken during the amniocentesis procedure of all patients were delivered to the biochemistry laboratory. The BPA values between groups 
were compared. RESULTS: A statistically significant difference was found between the two groups in terms of amniotic fluid BPA levels (36.66 (19.00:82.00) and 39.62 (19.02-73.87)) and maternal blood BPA levels (22.26 
(12.60-228) and 47.81 (12.89-228.39)). In cases with NTD, amniotic fluid BPA levels and maternal blood BPA levels were significantly higher than the control group. When AUC values were compared, the AFP numerical 
value was higher than the amniotic fluid and maternal blood BPA levels. CONCLUSION: Plastic, which is indispensable for modern life, may negatively affect fetal development in intrauterine life. The data in this study 
says that high maternal blood BPA may be associated with NTD.

J Perinatol Vol.44 Issue 
7 Pages 1029-1034

10.1038/s41372-024-01925-3 38499756 ヒト - - - - - - - バイオモニタリング 1 1 - - - - - - - - - - - - - - - - - -

統合_0775 G. Ayar, S. S. Yalçın, A. Yırün, S. Emeksiz, A. 
Balcı and P. Erkekoğlu 2022

Associations between pediatric 
intensive care procedures and 
urinary free-BPA levels

BACKGROUND: Bisphenol A (BPA) is found in many medical materials used in the paediatric intensive care unit (PICU). Our aim was to evaluate how the urinary free-BPA(fBPA) and total-BPA(tBPA) levels were 
associated with the use of medical devices in the PICU in a prospective study. METHODS: The procedures applied to the patient were recorded during the follow-up period. Three urine samples were taken on the first day 
of hospitalization; the seventh day, and after 30 days or when the patients were discharged. Urinary tBPA and fBPA levels were determined using high-pressure liquid chromatography. Generalized estimating equations 
with repetitive measures were used to determine the associations between PICU procedures and BPA levels. RESULTS: A total of 115 urine samples of 40 children were studied. Mean urinary levels were 189.2 μg/g-
creatinine for tBPA and 27.8 μg/g-creatinine for fBPA, and the fBPA/tBPA ratio was 27.9%. Endotracheal intubation, catheter, and haemodialysis procedures caused higher urinary fBPA levels. External drains, inhaler 
treatment, and the use of four or more medical devices were associated with considerably higher values of fBPA%. The increase in tBPA was positively correlated with fBPA. CONCLUSIONS: fBPA levels and the 
fBPA/tBPA ratio varied according to the procedure and level of BPA exposure in children.

Environ Sci Pollut Res 
Int Vol.29 Issue 9 Pages 
13555-13563
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統合_0776 G. Ayar, S. S. Yalçın, S. Emeksiz, A. Yırün, A. 
Balcı, B. Kocer-Gumusel and P. Erkekoğlu 2021

The association between urinary 
BPA levels and medical equipment 
among pediatric intensive care 
patients

We aim to evaluate urinary total BPA (tBPA) levels and association with medical devices used on patients in pediatric intensive care units. This cross-sectional descriptive study included 117 critically ill children. Urinary 
tBPA levels were determined using high-performance liquid chromatography. General estimating equations with repeated measures analyzed the effect of interventions and devices on urinary BPA levels. A total of 292 
urine samples taken from 117 child intensive care patients were studied. When age, sex, and body mass index-for age z-scores were controlled, cases having endotracheal intubation showed higher urinary tBPA levels (p 
= 0.003) and hemodialyzed patients had considerably higher urinary tBPA levels (p = 0.004). When confounding factors were controlled, cases using both multiple iv treatment and more than four medical devices showed 
higher urinary tBPA levels than their counterparts (p = 0.007 and p = 0.028, respectively). The use of certain medical devices and interventions could increase BPA exposure in pediatric intensive care patients.

Environ Toxicol 
Pharmacol Vol.83 Pages 
103585
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統合_0777 S. Arya, A. K. Dwivedi, L. Alvarado and S. 
Kupesic-Plavsic 2020

Exposure of U.S. population to 
endocrine disruptive chemicals 
(Parabens, Benzophenone-3, 
Bisphenol-A and Triclosan) and 
their associations with female 
infertility

Ubiquitous exposure to endocrine disruptive chemicals (EDC) among women of reproductive age is alarming. Exposure to EDCs could be contributing to infertility. We determined the association between common EDCs 
and self-reported infertility among U.S. women, 18-45 years of age using the National Health and Nutrition Examination Surveys (NHANES) for periods 2013-2014 and 2015-2016. A cross-sectional study on reproductive 
age women was conducted. Available important sociodemographic variables, and urinary concentrations of parabens (methyl paraben [MP], ethyl paraben [EP], propyl paraben [PP], and butyl paraben [BP]), Benzophenone-
3 (BP-3), Bisphenol-A (BPA), and triclosan (TCS) were obtained from the NHANES databases. Clustering among EDCs were obtained using variable cluster analysis. Relative risk regression models were used to estimate 
associations of individual and combined EDCs with self-reported infertility after applying appropriate survey weights to account for the complex survey design as well as to compensate for the four-year cycle. Results 
were summarized using prevalence ratio (PR) with 95% confidence interval (CI). Of total 789 individuals included in the study, 14% (95%CI: 11%-18%) had infertility. MP and PP were detected in 99% of urine samples, BP 
in 46%, EP and BP-3 in 96%, BPA in 94% and TCS in 73%. Self-reported infertility was significantly associated with combined score of BP-3, BPA and TCS (PR = 1.13, p = 0.007), and above detection level of EP (PR = 
1.57, p = 0.025) even after adjusting for potential confounders. Our results suggested the EP and mixtures of benzophenones, TCS, and BPA were associated with infertility among the U.S. women. However, because of 
the limitations inherent to the cross-sectional study design, prospective cohort studies are warranted to confirm these findings.

Environ Pollut Vol.265 
Issue Pt A Pages 
114763
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統合_0778
F. Artacho-Cordón, S. Ríos-Arrabal, J. León, H. 
Frederiksen, J. M. Sáenz, P. Martín-Olmedo, M. 
F. Fernández, N. Olea and J. P. Arrebola

2019

Adipose tissue concentrations of 
non-persistent environmental 
phenols and local redox balance in 
adults from Southern Spain

The aim was to evaluate the associations of environmental phenol and paraben concentrations with the oxidative microenvironment in adipose tissue. This study was conducted in a subsample (n = 144) of the GraMo 
cohort (Southern Spain). Concentrations of 9 phenols and 7 parabens, and levels of oxidative stress biomarkers were quantified in adipose tissue. Associations were estimated using multivariable linear regression 
analyses adjusted for potential confounders. Benzophenone-3 (BP-3) concentration was borderline associated with enhanced glutathione peroxidase (GPx) activity [exp(β) = 1.20, p = 0.060] and decreased levels of 
reduced glutathione (GSH) [exp(β) = 0.55, p = 0.070]. Concentrations of bisphenol A (BPA) and methylparaben (MeP) were associated to lower glutathione reductase (GRd) activity [exp(β) = 0.83, exp(β) = 0.72, 
respectively], and BPA was borderline associated to increased levels of oxidized glutathione (GSSG) [exp(β) = 1.73, p-value = 0.062]. MeP was inversely associated to both hemeoxygenase-1 (HO-1) and superoxide 
dismustase (SOD) activity, as well as to the levels of thiobarbituric acid reactive substances (TBARS) [0.75 < exp(β) < 0.79]. Our results suggest that some specific non-persistent pollutants may be associated with a 
disruption of the activity of relevant antioxidant enzymes, in addition to the depletion of the glutathione stock. They might act as a tissue-specific source of free radicals, contributing to the oxidative microenvironment in 
the adipose tissue.

Environ Int Vol.133 
Issue Pt A Pages 
105118
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統合_0779 J. Ao, W. Zhu, W. Jiang, X. Zeng, W. Qiu, S. Yin, 
W. Wang and J. Zhang 2024

The mixture of non-persistent 
endocrine-disrupting chemicals in 
relation to endometriosis

Non-persistent endocrine-disrupting chemicals (EDCs) are of significant concern due to their reproductive toxicity. Previous research reported a relationship between a single type of EDCs and endometriosis. Yet, 
evidence regarding mixed exposure of multiple categories of EDCs is scarce. Between 2014 and 2018, our hospital-based case-control study recruited 238 endometriosis cases diagnosed by laparoscopy and 296 normal 
controls in China. Seventeen non-persistent EDCs (phthalates and bisphenols) were measured in urine. The association of single EDC with endometriosis was estimated using logistic regression, while the association 
between EDC mixture and endometriosis was modeled by Bayesian kernel machine regression (BKMR), quantile-based g-computation (q-gcomp), and principal component analysis (PCA). Consistent results were 
observed in both single and mixture models where phthalates and bisphenols were associated with increased risk of endometriosis (mixture effect: adjusted odds ratio (aOR)=1.44, 1.22-1.70) and the major contributors 
were bisphenol A (BPA) and the metabolites of di(2-ethylhexyl) phthalate (DEHP). Interaction analysis showed that bisphenols exhibited significant synergistic interactions with phthalates. Our results suggest that non-
persistent EDCs are associated with endometriosis but the underlying mechanisms remain to be elucidated. Our finding may have important public health implications in preventing endometriosis.

Ecotoxicol Environ Saf. 
2024 Nov 1:286:117129.

10.1016/j.ecoenv.2024.117129 39388968 ヒト ⼦宮 - - - - - - 症例対照研究 1 1 - - - 1 1 1 - - - - - - - - - - - -

統合_0780 J. Ao, Y. Wang, W. Tang, R. Aimuzi, K. Luo, Y. 
Tian, Q. Zhang and J. Zhang 2022

Patterns of environmental exposure 
to phenols in couples who plan to 
become pregnant

Phenols are widely used in consumer products and known for their reproductive toxicities. Little is known regarding the environmental exposure to phenols in couples prior to conception, a key period affecting fertility. We 
measured the urinary concentrations of six parabens and seven bisphenols in 903 pre-conception couples in China. We investigated the occurrence, distribution, source and health risk of phenols in husbands and wives 
separately, and the correlation and difference in phenol concentrations between couples. Similar distribution profiles of urinary phenols were observed between females and males. Methyl 4-hydroxybenzoate (MeP) and 
bisphenol A (BPA) were the predominant compounds. The level of urinary phenols in our population was mostly lower than the global levels. Exposure to phenols was linked to processed food and personal care products. 
The correlations between phenols in males and females were moderate (0.218-0.686), while the correlation in phenols between husband and wife was low (0.009-0.215). Female had a significantly higher urinary phenol 
levels than male (P < 0.05). Urinary phenols in couples were associated with family income, type of drinking water and frequency of household cleaning. Household factors accounted for ≤1.5% of variance in phenol levels 
between couples, suggesting that individual variations may be the major factor. Risk assessment showed that exposure to phenols posed a low hazard to 17.5% of the couples in our population. Our findings provide 
important evidence of environmental exposure to phenols in couples of child-bearing age.

Sci Total Environ 
Vol.821 Pages 153520

10.1016/j.scitotenv.2022.153520 35101495 ヒト - - - - - - - 横断研究 1 1 - - - - - - - - - - - - - - - - - -

統合_0781 J. Ao, X. Huo, J. Zhang, Y. Mao, G. Li, J. Ye, Y. 
Shi, F. Jin, S. Bao and J. Zhang 2022

Environmental exposure to 
bisphenol analogues and 
unexplained recurrent miscarriage: A 
case-control study

The use of bisphenol A (BPA) has been substantially limited since 2010 due to its toxicity to human health. A group of bisphenol analogues that are structurally similar to BPA have been developed as the alternatives and 
used widely. The reproductive toxicity of these emerging chemicals has caused substantial concerns in recent years. Whether bisphenol analogues affect miscarriage, especially unexplained recurrent miscarriage (URM), 
remains to be explored. We conducted a hospital-based, case-control study with 1180 URM cases and 571 controls in China from 2014 to 2016. Concentrations of six bisphenol analogues (BPA, BPAF, BPAP, BPB, BPP 
and BPS) were measured in the urine samples collected at median intervals of 7.6 months after last miscarriage (interquartile ranges: 4.8, 14.7 months). Multiple logistic regression, Bayesian kernel machine regression 
(BKMR) and quantile g-computation (q-gcomp) were used to assess the relationship of bisphenol analogues with URM risk. We observed significantly higher levels of all urinary bisphenols in the cases than the controls. 
After controlling for potential confounders, bisphenol analogues were significantly associated with increased odds of URM in varying degrees. A dose-response pattern was observed for the associations of BPAF, BPAP 
and BPB quartiles with URM. The mixed exposure of six bisphenol analogues was positively associated with the risk of URM (adjusted odds ratio (aOR) = 1.25; 1.11-1.42), which was mainly driven by BPAP (60.1%), BPAF 
(25.1%) and BPA (14.8%). After age stratification, the risks tended to be higher in women aged 30 years or older, compared to women <30 years. Our large case-control study indicates that environmental exposure to 
bisphenol analogues is associated with an increased risk of URM. Older women may be more vulnerable to the insult.

Environ Res. 2022 
Mar;204(Pt C):112293.
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統合_0782 S. J. An, E. J. Yang, S. Oh, K. J. Park, T. Kim, Y. 
P. Hong and Y. J. Yang 2021

The association between urinary 
bisphenol A levels and nonalcoholic 
fatty liver disease in Korean adults: 
Korean National Environmental 
Health Survey (KoNEHS) 2015-2017

BACKGROUND: Nonalcoholic fatty liver disease (NAFLD) is becoming a global health problem. Bisphenol A (BPA), one of most widely used environmental chemicals, is suspected to be a contributor to the development 
NAFLD. This study was performed to examine the relationship between human BPA levels and risk of NAFLD. METHODS: The data (n = 3476 adults: 1474 men and 2002 women) used in this study were obtained from the 
Korean National Environmental Health Survey III (2015-2017). BPA levels were measured in urine samples. NAFLD was defined using hepatic steatosis index after exclusion of other causes of hepatic diseases. RESULTS: 
There was a significant linear relationship between the elevated urinary BPA concentrations and risk of NAFLD. In a univariate analysis, odds ratio (OR) of the highest quartile of urinary BPA level was 1.47 [95% 
confidence interval (CI) 1.11-1.94] compared to the lowest quartile. After adjusted with covariates, the ORs for NAFLD in the third and fourth quartiles were 1.31 [95% CI 1.03-1.67] and 1.32 [95% CI 1.03-1.70], 
respectively. CONCLUSIONS: Urinary BPA levels are positively associated with the risk of NAFLD in adults. Further experimental studies are needed to understand the molecular mechanisms of BPA on NAFLD 
prevalence.

Environ Health Prev 
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統合_0783
M. M. Amin, Z. Ghasemi, M. Khoshhali, E. 
Taheri, B. Dehdashti, A. Fatehizadeh, N. Rafiei 
and R. Kelishadi

2021

Association of maternal exposure to 
bisphenol A with her β-hCG level 
and neonatal anthropometric 
measures

Bisphenol A (BPA) is one of the organic compounds that might interfere with estrogenic receptors, which would make difficulties in pregnancy hormones and fetal growth. Human chorionic gonadotropin (β-hCG) is one of 
the important pregnancy hormones that might be affected by environmental pollutants. The aim of this study is to investigate the probable impacts of maternal exposure to BPA on anthropometric measures of newborns. 
This cross-sectional study was conducted in 2019-2020 in Isfahan, Iran. During the first trimester of pregnancy, we measured the urinary BPA concentration and serum β-hCG level of 120 pregnant women, who were 
randomly selected from participants of a birth cohort. BPA concentration was measured using gas chromatography-mass spectrometry (GC-MS). Serum blood sample was derived and used for β-hCG analysis. 
Anthropometric measurement of neonates was conducted at the time of birth. BPA and β-hCG level were grouped by quartiles, and their associations with birth weight, height, and head circumference were tested using 
multiple linear regression model. The adjustment was done for urine creatinine, gender, and gestational age, as well as maternal age, body mass index, and education level. Data of 119 pairs of mothers and infants were 
available for the present study. The mean (SD) age of mothers was 29.19 (5.75) years; 56.3% of newborns were boys. Geometric mean of urinary BPA and β-hCG concentrations were 0.36 ng/g crea. (creatinine) and 
17736 mIU/ml, respectively. Across the BPA tertiles, the differences in mean values were not significant for none of the anthropometric measurements and gestational age (GA). Furthermore, no significant association 
existed between unadjusted and adjusted tertiles of BPA and β-hCG with abovementioned birth outcomes. It seems that the non-significant association found in this study is because of low levels of urinary BPA levels 
than in other studies; the adverse effects on infants might be related to high concentration of BPA passed from placenta. Future longitudinal studies with large sample size are necessary to document the adverse health 
effects of maternal exposure to endocrine disruptor chemicals including BPA.

Environ Sci Pollut Res 
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統合_0784

B. Álvarez-González, A. F. Hernández, A. Zafra-
Gómez, L. Chica-Redecillas, S. Cuenca-López, 
F. Vázquez-Alonso, L. J. Martínez-González and 
M. J. Álvarez-Cubero

2024

Exposure to environmental 
pollutants and genetic variants 
related to oxidative stress and 
xenobiotic metabolism-Association 
with prostate cancer

This study assessed whether genetic variants coding for certain enzymes involved in xenobiotic detoxification, antioxidant defences and DNA repair, along with exposure to environmental chemicals, were associated with 
an increased prostate cancer (PCa) risk. The study population consisted of 300 men (150 PCa cases and 150 controls) which underwent prostate biopsy as their serum prostate specific antigen (PSA) levels were greater 
than 4 ng/ml. Genetic variants in GSTM1, GSTP1, SOD2, CAT, GPX1, XRCC1 were determined and data for chemical exposures was obtained through a structured questionnaire and by biomonitoring in a subsample of 
cases and controls. High serum PSA levels were associated with a greater risk of PCa, while physical exercise appears to exert a protective effect against its development. In addition, elevated urinary levels of certain 
organic pollutants, such as benzo(a)pyrene (BaP), bisphenol A (BPA), and ethyl-paraben (EPB), were associated with an increased risk of PCa.

Environ Toxicol 
Pharmacol Vol.108 
Pages 104455
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統合_0785
P. Altun Yildirim, E. Nazlican, Z. Haytoglu, İ. 
Turan, B. Kilincli, A. A. Aydin, E. Mengen and N. 
Daglioglu

2025

Evaluation of the Relationship 
Between Thyroid Hormone Levels 
and Bisphenol A in Children Aged 6-
14 Years

BACKGROUND: The incidence of hypothyroidism in childhood is increasing. This study aimed to investigate the potential role of exposure to bisphenol A, an environmental endocrine disruptor, and its substitutes in the 
development of hypothyroidism. To this end, thyroid hormone levels and urinary bisphenol concentrations were compared in newly diagnosed hypothyroid children and a healthy control group. METHODS: In this case-
control study, 51 newly diagnosed hypothyroid children aged 6-14 years were matched with 51 healthy controls. The association between thyroid hormone levels and urinary bisphenol levels was investigated by measuring 
urinary bisphenol levels in both the case and control groups. RESULTS: There was no significant difference in age, sex or BMI percentile between the case and control groups. The groups were homogeneously distributed. 
When urinary bisphenol levels were examined, BPA, BPS, BPF and BPB were not detected in the control group. There was a significant difference between the groups in terms of urinary bisphenol BPS levels. The case 
group showed a mean total concentration of 16.5 ng/mL and a median of 5.8 ng/mL. Diagnosing hypothyroidism in the children can be considered by examining the bisphenol level. In the ROC analysis, if this level is over 
1.3 and is considered positive for hypothyroidism, the sensitivity value is determined as 83.7% and the specificity value is 75%. CONCLUSION: This study demonstrated that at least 50% of the children in the case group 
had bisphenol concentrations exceeding the highest value recorded in the control group, suggesting that total BP levels could be used as a potential biomarker for hypothyroidism.

Clin Endocrinol (Oxf). 
2025 Jul;103(1):97-105.
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統合_0786 K. Almstrup, H. Frederiksen, A. M. Andersson 
and A. Juul 2020

Levels of endocrine-disrupting 
chemicals are associated with 
changes in the peri-pubertal 
epigenome

Puberty marks a transition period, which leads to the attainment of adult sexual maturity. Timing of puberty is a strongly heritable trait. However, large genetic association studies can only explain a fraction of the 
observed variability and striking secular trends suggest that lifestyle and/or environmental factors are important. Using liquid-chromatography tandem-mass-spectrometry, we measured endocrine-disrupting chemicals 
(EDCs; triclosan, bisphenol A, benzophenone-3, 2,4-dichlorophenol, 11 metabolites from 5 phthalates) in longitudinal urine samples obtained biannually from peri-pubertal children included in the COPENHAGEN puberty 
cohort. EDC levels were associated with blood DNA methylation profiles from 31 boys and 20 girls measured both pre- and post-pubertally. We found little evidence of single methylation sites that on their own showed 
association with urinary excretion levels of EDCs obtained either the same-day or measured as the yearly mean of dichotomized EDC levels. In contrast, methylation of several promoter regions was found to be associated 
with two or more EDCs, overlap with known gene-chemical interactions, and form a core network with genes known to be important for puberty. Furthermore, children with the highest yearly mean of dichotomized urinary 
phthalate metabolite levels were associated with higher promoter methylation of the thyroid hormone receptor interactor 6 gene (TRIP6), which again was mirrored by lower circulating TRIP6 protein levels. In general, the 
mean TRIP6 promoter methylation was mirrored by circulating TRIP6 protein levels. Our results provide a potential molecular mode of action of how exposure to environmental chemicals may modify pubertal development.

Endocr Connect. 2020 
Aug;9(8):845-857.
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統合_0787
S. Alizadeh-Fanalou, S. Mehdipour, S. 
Rokhsartalb-Azar, F. Mohammadi, K. Ghorban, 
S. Asri, S. H. Mousavi and M. Karami

2024
Evaluation of novel biomarkers for 
early diagnosis of bisphenol A-
induced coronary artery disease

INTRODUCTION: Bisphenol A (BPA), a ubiquitous synthetic monomer primarily used in the manufacture of polycarbonate plastic and epoxy resins and as a non-polymer additive to other plastics, can leach into the food 
and water supply and has been linked to cardiovascular disease (CVD). This study aimed to analyze BPA levels in patients with varying numbers of coronary artery stenosis and evaluate the prognostic value of new 
biomarkers cluster of differentiation 36 (CD36) and heart-type fatty acid-binding protein (H-FABP), compared to troponin I and creatine kinase (CK) MB, for detecting myocardial injury. METHOD: Eighty nine patients 
undergoing angiography at Urmia Hospital from March 2019 to 2020 were included. Serum levels of BPA, CD36, H-FABP, troponin I, and CK-M were measured. RESULTS: When comparing CD36 and H-FABP with troponin 
I and CK-MB across coronary occlusion classes, receiver operating characteristic curves indicated CD36 and H-FABP had higher accuracy than troponin I and CK-MB for detecting stenosis stages. In patients with 
occlusion, significant alterations were detected in age, sex, BMI, hypertension, diabetes, dyslipidemia, and smoking. BPA serum concentration significantly increased compared to normal subjects. CONCLUSIONS: Our 
study revealed that serum biomarkers were valuable for prognosticating myocardial injury. Among these, CD36 and H-FABP were more accurate. BPA concentration correlated with myocardial necrosis, underlying disease, 
and occlusion stage, suggesting BPA's harmful effects.

Heliyon Vol.10 Issue 1 
Pages e23768

10.1016/j.heliyon.2023.e23768 38234885 ヒト - - - - - - - 横断研究 1 1 - - - - - - - - - - - - - - - - - -

統合_0788 H. T. Alhomaidan, N. Rasheed, S. Almatrafi, F. 
H. Al-Rashdi and Z. Rasheed 2019

Bisphenol A modified DNA: A 
possible immunogenic stimulus for 
anti-DNA autoantibodies in systemic 
lupus erythematosus

Anti-DNA antibodies are now considered as a universal diagnostic feature for the patients with systemic lupus erythematosus (SLE) but the mechanism(s) involved in the generation of these autoantibodies remains to be 
investigated. Bisphenol A (BPA) is a synthetic phenol extensively used in the manufacturing of polycarbonated plastics. Upon mixing in the diet, it causes several health hazards. This study was undertaken to investigate 
the contribution of BPA induced DNA damage in SLE patients. Human DNA was modified by BPA in-vitro and the binding characteristics of SLE circulating immunoglobulin Gs (SLE-IgGs) with BPA damaged DNA (BPA-
DNA) were screened and compared with the IgGs from normal healthy humans (NH-IgGs). Immunogenicity of BPA-DNA was determined by immunisation in rabbits. DNA from SLE patients (SLE-DNA) or healthy humans 
(NH-DNA) were isolated and their binding specificity with rabbit anti-BPA-DNA-IgGs was studied. Treatment of human DNA with BPA caused extensive damaged. Circulating SLE-IgGs showed strong recognition of BPA-
DNA. BPA-DNA induced high titre antibodies in rabbits. Rabbit anti-BPA-DNA-IgGs showed strong cross reaction with isolated DNA from SLE patients. In short, we concluded that the structural alterations in DNA by 
BPA, generate neo-epitopes that may be a factor responsible for the induction of anti-DNA autoantibodies in SLE.

Autoimmunity Vol.52 
Issue 7-8 Pages 272-
280
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統合_0789
J. D. Alampi, B. P. Lanphear, J. M. Braun, A. 
Chen, T. K. Takaro, G. Muckle, T. E. Arbuckle 
and L. C. McCandless

2021

Association Between Gestational 
Exposure to Toxicants and Autistic 
Behaviors Using Bayesian Quantile 
Regression

Autism spectrum disorder, which is characterized by impaired social communication and stereotypic behaviors, affects 1%-2% of children. Although prenatal exposure to toxicants has been associated with autistic 
behaviors, most studies have been focused on shifts in mean behavior scores. We used Bayesian quantile regression to assess the associations between log2-transformed toxicant concentrations and autistic behaviors 
across the distribution of behaviors. We used data from the Maternal-Infant Research on Environmental Chemicals study, a pan-Canadian cohort (2008-2011). We measured metal, pesticide, polychlorinated biphenyl, 
phthalate, bisphenol-A, and triclosan concentrations in blood or urine samples collected during the first trimester of pregnancy. Using the Social Responsiveness Scale (SRS), in which higher scores denote more autistic-
like behaviors, autistic behaviors were assessed in 478 children aged 3-4 years old. Lead, cadmium, and most phthalate metabolites were associated with mild increases in SRS scores at the 90th percentile of the SRS 
distribution. Manganese and some pesticides were associated with mild decreases in SRS scores at the 90th percentile of the SRS distribution. We identified several monotonic trends in which associations increased in 
magnitude from the bottom to the top of the SRS distribution. These results suggest that quantile regression can reveal nuanced relationships and, thus, should be more widely used by epidemiologists.

Am J Epidemiol. 2021 
Sep 1;190(9):1803-
1813.
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統合_0790 E. Aktağ, K. Yurdakök, S. S. Yalçın and N. 
Kandemir 2021

Urinary bisphenol A levels in 
prepubertal children with exogenous 
obesity according to presence of 
metabolic syndrome

OBJECTIVES: Recent studies have shown a potential link between chronic exposure to Bisphenol A (BPA) and exogenous obesity, the prevalence of which has been increasing dramatically in all age groups and particularly 
among children in the last decades. In this study, we aimed at comparing BPA exposure levels between controls and otherwise healthy, drug-naive, pre-pubertal children having exogenous obesity with/without metabolic 
syndrome. METHODS: A total of 63 pre-pubertal children with exogenous obesity whom 27 of them having metabolic syndrome attending Hacettepe University Ihsan Dogramaci Children's Hospital were included in this 
study. The control group consisted of 34 age- and sex-matched healthy children with no significant underlying medical conditions. Urinary BPA levels were measured using LC-MS/MS (high-performance liquid 
chromatography coupled with tandem mass spectrometry) methodology. RESULTS: Urinary BPA levels among obese children were significantly higher than those of the control group (median: 22.9 μg/g-creatinine and 6.9
 μg/g-creatinine, respectively; p=0.0001). When adjusted with generalized linear models for age, gender and z scores of body mass index, obese children having metabolic syndrome had significantly higher urinary BPA 
levels than obese children without metabolic syndrome and both obese groups had considerably elevated levels of urinary BPA than the controls (estimated marginal mean ± standard error: 42.3 ± 7.4 μg/g-creatinine, 
22.6 ± 3.5 μg/g-creatinine and 12.1 ± 2.5 μg/g-creatinine, respectively, p=0.0001). CONCLUSIONS: This study shows much higher BPA exposure among obese children with metabolic syndrome during the prepubertal 
period.
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統合_0791
S. Akgül, Ü. Sur, Y. Düzçeker, A. Balcı, M. P. Kızı
lkan, N. Kanbur, G. Bozdağ, P. Erkekoğlu, E. Gü
müş, B. Kocer-Gumusel and O. Derman

2019
Bisphenol A and phthalate levels in 
adolescents with polycystic ovary 
syndrome

Endocrine disruptors have been proposed in the etiology of polycystic ovary syndrome (PCOS) as they have the potency to interfere with hormone-sensitivity systems. The aim of this study was to evaluate the levels of 
bisphenol A (BPA) and phtalates in adolescents with PCOS. Sixty-two girls with PCOS and 33 controls, age 12-18 years were enrolled in the study. The diagnosis of PCOS was made using modified Rotterdam criteria. 
Urinary BPA levels were measured using high-performance liquid chromatography. Di-(2-ethylhexyl)-phthalate (DEHP), the most commonly used phthalate and mono-(2-ethylhexyl)-phthalate (MEHP), its main metabolite 
were measured by using high-performance liquid chromatography. Adolescents with PCOS had markedly increased BPA levels (15.89 μg/g creatine ± 1.16) when compared with the control group (7.30 μg/g creatine ± 
1.38) (p = .016). In adolescents with PCOS, BPA was significantly correlated with polycystic morphology on ultrasound but not with obesity androgen levels, or other metabolic parameters. Patients with PCOS (DEHP: 0.40
 ppm ± 0.24, MEHP: 0.13 ppm ± 0.23) and controls (DEHP: 0.49 ppm ± 0.27, MEHP: 0.14 ppm ± 0.3) had similar serum phtalate concentrations (p = .7 and p = .3, respectively). Exposure to specific endocrine disruptors 
such as BPA could modify neuroendocrine, reproductive, and metabolic regulation favoring PCOS development in adolescents.

Gynecol Endocrinol 
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統合_0792
S. Aishwarya, V. M. Vinodhini, P. Renuka, R. A. 
Saravanan, M. Anuradha, T. Gomathi and V. 
Amuthavalli

2025

Investigating the impact of 
endocrine-disrupting compounds on 
antepartum mental health at the 
Nexus of genetic insights and 
maternal-fetal outcomes: A 
prospective study

BACKGROUND: Antepartum depression arises from hormonal, environmental, and genetic factors. Endocrine-disrupting compounds (EDCs) disrupt the endocrine system, increasing vulnerability to depressive symptoms. 
Genetic variations, particularly in estrogen receptor (ER) pathways, are linked to peripartum depression, with EDCs exposure exacerbating these effects by further disrupting estrogen pathways. Additionally, EDCs 
exposure in antepartum women is associated with adverse maternal and fetal outcomes. Hence, study aims to evaluate the relationship between EDCs and genetic polymorphisms with antepartum depressive symptoms 
and assess the impact of EDCs and antepartum depressive symptoms on maternal and fetal outcomes. MATERIALS AND METHODS: We conducted a prospective cohort study to evaluate depressive symptoms during 
pregnancy in 400 women between 28 and 40 weeks of gestation, utilizing the Edinburgh Postnatal Depression Scale (EPDS). Women with elevated EPDS scores and matched controls were assessed for urinary bisphenol 
A and methylparaben levels, along with ER1 gene polymorphism using Tetra-ARMS PCR. The cohort group was followed to document maternal-fetal outcomes, with statistical analyses performed using SPSS. RESULTS: 
Twenty-three percent of antepartum women exhibited depressive symptoms. A linear regression analysis indicated that a one-unit increase in log bisphenol A levels corresponded to a 1.1-point increase in EPDS-
measured depressive symptom scores. ER1 polymorphisms (A/A and T/A genotypes) and the frequency of the A allele correlate with an increased risk of experiencing antepartum depressive symptoms. Elevated EPDS 
scores correlated with pregnancy-induced hypertension, anemia, hypothyroidism, and fetal distress. Notably, bisphenol A and methylparaben levels were higher in homozygous genotypes, with bisphenol A linked to 
maternal anemia, hypothyroidism, and fetal distress, while methylparaben was associated with maternal anemia and fetal distress. CONCLUSION: Nearly a quarter of antepartum women displayed depressive symptoms, 
correlating with elevated endocrine disruptor levels. Higher bisphenol A and methylparaben levels were observed in individuals with mutant genotypes, indicating gene-environment interactions with antepartum depressive 
symptoms. The observed association of EDCs with maternal anemia, hypothyroidism, and fetal distress highlights the possible effect of EDC on maternal and fetal health.

Gen Hosp Psychiatry. 
2025 May-Jun:94:174-
183.
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統合_0793 S. Aishwarya, V. M. Vinodhini, P. Renuka, M. 
Anuradha and R. Arul Saravanan 2025

The see-saw effect of neuroactive 
steroids and endocrine disrupting 
compounds on maternal mental 
health status

BACKGROUND: Antepartum depression, a non-psychotic mood disturbance occurring during pregnancy, is influenced by hormonal fluctuations and environmental endocrine disruptors. Despite its association with adverse 
postpartum outcomes, it has been studied to a limited extent. Hence, this study aims to investigate the association of neuroactive steroids, endocrine-disrupting compounds, and nutritional status of pregnant women with 
the manifestations of antepartum depressive symptoms. MATERIALS AND METHODS: This cross-sectional study assessed 400 pregnant women in their third trimester for depressive symptoms using the Edinburgh 
Postnatal Depression Scale (EPDS) and evaluated for severity using the Beck Depression Inventory-II. The concentrations of allopregnanolone, DHEA-S, bisphenol A, methyl paraben, estradiol, progesterone, oxytocin, 
vitamin B(12), folic acid, vitamin D, iron, magnesium and zinc were analysed. Statistical analysis included Mann Whitney U test, Chi-square test, Spearman Correlation, and Logistic regression. RESULTS: The prevalence 
of antepartum depressive symptoms was 23 %. Allopregnanolone, DHEA-S, bisphenol A, methyl paraben, estradiol, oxytocin, and TSH levels were associated with depressive symptoms. Reduced levels of 
allopregnanolone, DHEA-S, and estradiol, along with elevated bisphenol A levels, were identified as significant independent risk factors for antepartum depressive symptoms. Selective micronutrient deficiency was also 
noted. Risk cutoff for antepartum depressive symptoms was established for allopregnanolone (≤17.9 ng/ml), DHEA-S (≤0.20 µg/ml), bisphenol A (≥2027.1 pg/ml), and methyl paraben (≥1.15 µg/ml). CONCLUSION: Our 
study on 400 antepartum women showed a 23 % prevalence of depressive symptoms, with significant association reported with reduced neuroactive steroids, elevated endocrine disruptors, lower reproductive hormones, 
and micronutrient deficiency. These findings emphasize the need for comprehensive screening, monitored nutritional supplementation, and hormonal assessments in effectively managing pregnancy-related depressive 
symptoms.
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統合_0794 K. M. Ahn, M. S. Yang, H. K. Won and J. A. Lim 2024
Pilot study: Unveiling the impact of 
bisphenol A and phthalate exposure 
on women with asthma

Endocrine disruptors are considered estrogenic disruptors, and recent researches suggested that they may have a link to the severity of asthma. We aim to validate the correlation between endocrine disruptors and 
various clinical measurements of asthma, depending on the menopausal status. A pilot case-control study was performed in female asthmatic patients who visited allergy clinic in SMG-SNU Boramae Medical Center. 
Medical information and the urinary concentrations of 4 endocrine disruptors on their first visit were collected and analyzed: bisphenol A, mono (2-ethyl-5-hydroxyhexyl) phthalate, mono (2-ethyl-5-oxohexyl) phthalate, and 
mono-n-butyl phthalate. A total of 35 female participants enrolled in the study, including 20 asthmatic patients and 15 healthy controls. The average concentrations of urinary endocrine disruptors in patient and control 
group did not demonstrate significant differences. Twenty asthmatic patients were divided into 2 groups according to their menstrual state. Using the Spearman rank correlation test in premenopausal asthmatic patients 
(n = 7), we found negative correlations between urinary concentration of mono-n-butyl phthalate and asthma control test score, as well as postbronchodilator forced expiratory flow at 25% to 75% of forced vital capacity 
(P-value = .007 and .04, respectively). In contrast, it did not show any correlation with asthma control test or postbronchodilator forced expiratory flow at 25% to 75% of forced vital capacity (P-value = 1.00 and .74, 
respectively) in postmenopausal group (n = 13). Endocrine disruptors might have an impact on the decline of small airway function and asthma management among premenopausal, but not postmenopausal, female 
asthmatic patients.

Medicine (Baltimore). 
2024 Sep 
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統合_0795 H. Ahmadpourmir, M. Moradzehi, M. Velayati, S. 
F. Taghizadeh, M. Hashemzaei and R. Rezaee 2025

Global occurrence of bisphenol 
compounds in breast milk and infant 
formula: A systematic review

Bisphenol compounds (BPs), particularly bisphenol A (BPA), are chemicals that are widely used in various industrial sections and come into contact with humans via different routes of exposure. Documented toxic effects 
of BPs include androgenicity, estrogenecity, cytotoxicity, neurotoxicity, etc. As a well-known member of bisphenols, BPA is an endocrine disruptor chemical (EDC) that has been the subject of safety regulations. 
Monitoring infants' exposure to BPs via consumption of breast milk and infant formula is essential as they are at critical stages of development and are potentially more vulnerable. Following a systematic search in 
databases PubMed and Scopus, out of 44 studies included in the present work, 27 and 13 analyzed breast milk and infant formula samples, respectively. In addition, 4 studies reported BPs levels in both matrices. BPA is 
the most frequently detected BP with concentrations in breast milk reaching up to 112.44 ng/g in samples from Taiwan and as high as 262 ng/g in formula samples from Canada. For breast milk and formula samples, 
Liquid Chromatography coupled with Tandem Mass Spectrometry (HPLC-MS/MS) and Gas Chromatography Mass Spectrometry (GC-MS) were the most frequently employed methods of detection, respectively. Our 
review indicates scarcity of data on BPA analogs such as bisphenol S (BPS) and bisphenol F (BPF), highlighting the necessity for assessment of the occurrence of all BPA analogs in these matrices.
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統合_0796
M. M. R. Aghajani, H. Shafi, M. Gholamitabar 
Tabari, L. Moslemi, A. Aghamohammadi, F. 
Hajitabar, P. Mirabi and N. Mehdinezhad Gorji

2023

The Correlation of Urine Bisphenol A 
with Semen Parameters in Men 
Referred to Infertility Centers: A 
Cross-Sectional Study

BACKGROUND: Bisphenol A (BPA) is known as an endocrine disruptor that has harmful effects on general health. It is commonly used in various industrial products. In this study we tried to evaluate the amount of BPA in 
urine samples of the men referred to an infertility center. MATERIALS AND METHODS: The cross-sectional study population consisted of male partners of infertile couples, who were referred to infertility clinic in 
Mazandaran, a northern state of Iran. Questionnaires included demographic characteristics, medical history, lifestyle factors, physical examinations. A semen sample and a spot urine sample were taken from each 
participant. In the initial study group of 240 men, 3 groups were excluded, and 122 men remained for the analysis. Highperformance liquid chromatography (HPLC) was applied to measure the amount of BPA in the urine 
samples. RESULTS: BPA was not detected in about half of the samples (53.3%). Multiple linear regression analysis showed that no significant relationship existed between the urine concentrations of BPA, semen 
parameters and male reproductive hormones. However, in a comparison with semen parameters in people with detectable urine BPA versus nondetectable ones, an inverse association was noticed with sperm 
concentration. In other parameters, differences were not significant. Smoking had no effects on sperm parameters, but body mass index (BMI) ≥25 reduced the percentage of normal sperm parameters. CONCLUSION: In 
most participants, urinary BPA was not detected. Probably in this study low environmental exposure to BPA is the cause of lower urine BPA concentrations compared to other industrially developed countries. Therefore, no 
overall relationship was observed between BPA level and male infertility.
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統合_0797 S. Aftabsavad, Z. Noormohammadi, A. Moini and 
M. Karimipoor 2024

Interference of Bisphenol A on 
Cumulus Cells Development and 
Number of Retrieved Mature 
Oocytes in Unexpected Poor Ovarian 
Response Women: A Prospective 
Cohort Study

OBJECTIVE: This study aimed to investigate the relationship between follicular fluid Bisphenol A (BPA) concentrations with alterations in the expressions of NOTCH1-3, CASPASE 3/7, HLA-G, and ICAM-1 genes and the 
number of retrieved mature oocytes (MII oocyte) in the cumulus cells of infertile poor ovarian response stimulates women. MATERIALS AND METHODS: In this prospective cohort study, 80 infertile unexpected poor 
ovarian response (POR) subjects were selected on the basis of subgroup 1a of the POSEIDON classification. They were divided into two groups: group 1 consisted of 40 women, each with a higher number of metaphase II 
(MII) oocytes (G1, 3-4 oocytes retrieved), while group 2 comprised of 40 women, each with a lower number of MII oocytes (G2, ≤2 oocytes retrieved). The expressions of the studied genes were evaluated by quantitative-
real time polymerase chain reaction (PCR). The concentration of BPA in follicular fluid was measured with HPLC. RESULTS: The expression levels of NOTCH1-3, HLA-G, and ICAM-1 genes were significantly lower in G2 
than G1 (P<0.05). Meanwhile, CASPASE 3/7 expression levels were higher in unexpected POR patients in G2 compared to G1 (P<0.05). There was a significant direct correlation between the levels of NOTCH1-3, HLA-G 
and ICAM-1 gene expressions and there was also a significant inverse correlation (P<0.05) between the levels of CASPASE 3/7, with the number of MII oocytes and embryo development between the two groups. The 
concentration of BPA in the follicular fluids of G2 was higher compared to G1 (P<0.05). CONCLUSION: A higher concentration of BPA was associated with a lower number of mature oocytes and oocyte quality in these 
patients. Also, alterations of NOTCH1-3, CASPASE 3/7, HLA-G, and ICAM-1 transcript levels in unexpected POR women were associated with BPA concentration.

Cell J. 2024 May 
7;26(4):267-275.
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統合_0798 S. Aftabsavad, Z. Noormohammadi, A. Moini and 
M. Karimipoor 2021

Effect of bisphenol A on alterations 
of ICAM-1 and HLA-G genes 
expression and DNA methylation 
profiles in cumulus cells of infertile 
women with poor response to 
ovarian stimulation

This study aimed to investigate the relationship between follicular fluid Bisphenol A (BPA) concentrations with alterations of ICAM-1 and HLA-G genes and proteins expression as well as methylation profiles in the 
cumulus cells of poor ovarian response (POR) women based on their healthy lifestyle habit. Eighty women under the age of 35 were divided into two groups: 1-POR without using plastic containers (n = 40) and 2-POR with 
using plastic containers (n = 40). The ICAM-1 and HLA-G genes and protein expressions were examined by the quantitative PCR and western blotting technique. The methylation pattern was investigated by the 
methylation-specific PCR. Total BPA in follicular fluid was measured with high-performance liquid chromatography technique and the detection limit was 1.14 ng/ml. ICAM-1 and HLA-G genes were differentially 
expressed between the two groups studied. ICAM-1, HLA-G genes, and protein expressions in group 1 were up-regulated compared to the second group (P < 0.05). While DNA methylation status in group 1 were 
decreased compared to the other group (P < 0.05). The concentration of BPA in the follicular fluid of group 1 was lower compared to the second group (P < 0.05). The oocyte quality and clinical pregnancy ratio showed 
significantly higher in group 1 than in the other ones (P < 0.05). The alteration of ICAM-1 and HLA-G gene expressions in POR women is probably related to BPA concentration. As a result Lifestyle habits may also affect 
the methylation pattern and protein levels in the cumulus cells of POR women. Additionally, lifestyle habits may be considered as a marker for ovulation, oocyte maturation, preimplantation, and clinical pregnancy process.

Sci Rep Vol.11 Issue 1 
Pages 9595
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統合_0799 J. M. Acevedo, L. G. Kahn, K. A. Pierce, A. 
Carrasco, M. S. Rosenberg and L. Trasande 2025

Temporal and geographic variability 
of bisphenol levels in humans: A 
systematic review and meta-analysis 
of international biomonitoring data

INTRODUCTION: Bisphenols are endocrine-disrupting chemicals known to contribute to chronic disease across the lifespan. With increased awareness of their health effects, changes in regulation and health behaviors 
have contributed to reductions in urinary bisphenol A (BPA) levels in the United States, Canada, and Europe. However, global trends in bisphenols outside these regions, especially bisphenol S (BPS) exposure, have been 
less studied. AIM: We examine trends in urinary BPA and BPS concentration in non-occupationally exposed populations, where representative data at a country level is unavailable. METHODS: We systematically reviewed 
studies published between 2000 and 2023 that included urinary bisphenol concentrations. We examined BPA and BPS concentration changes by sampling year, controlling for region, age, and pregnancy status, with and 
without a quadratic term and geometric mean, via mixed-effects meta-regression models with a random intercept and sensitivity analysis. We identified heterogeneity using Cochran's Q-statistic, I(2) index, and funnel 
plots. RESULTS: The final analytic sample consisted of 164 studies. We observed positive non-linear associations between time and BPA concentration internationally (beta: 0.02 ng/mL/year(2), 95% CI: [0.01, 0.03]) and 
in Eastern and Pacific Asia (beta: 0.03 ng/mL/year(2), 95% CI: [0.02, 0.05]). We also observed non-linear associations of time with both BPA and BPS concentrations in the Middle East and South Asia (beta: 0.13 
ng/mL/year(2), 95% CI: [0.01, 0.25] and beta: 0.29 ng/mL/year(2), 95% CI: [-0.50, -0.08], respectively). In the sensitivity analyses excluding studies with geometric or arithmetic mean values, each displayed significant 
shifts from the main findings with some consistent outcomes occurring internationally and/or in specific regions. Heterogeneity was high across studies, suggesting possible bias in our estimations. CONCLUSIONS: Our 
findings provide evidence for concern about increasing population exposure to BPA and BPS. Further studies estimating attributable disease burden and costs at regional and global levels are warranted to show these 
chemicals' impact on population health and economies.
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A. Abellan, S. M. Mensink-Bout, R. Garcia-
Esteban, A. Beneito, L. Chatzi, T. Duarte-Salles, 
M. F. Fernandez, J. Garcia-Aymerich, B. 
Granum, C. Iñiguez, V. W. V. Jaddoe, K. Kannan, 
A. Lertxundi, M. J. Lopez-Espinosa, C. Philippat, 
A. K. Sakhi, S. Santos, V. Siroux, J. Sunyer, L. 
Trasande, M. Vafeiadi, F. Vela-Soria, T. C. Yang, 
C. Zabaleta, M. Vrijheid, L. Duijts and M. Casas

2022

In utero exposure to bisphenols and 
asthma, wheeze, and lung function 
in school-age children: a prospective 
meta-analysis of 8 European birth 
cohorts

BACKGROUND: In utero exposure to bisphenols, widely used in consumer products, may alter lung development and increase the risk of respiratory morbidity in the offspring. However, evidence is scarce and mostly 
focused on bisphenol A (BPA) only. OBJECTIVE: To examine the associations of in utero exposure to BPA, bisphenol F (BPF), and bisphenol S (BPS) with asthma, wheeze, and lung function in school-age children, and 
whether these associations differ by sex. METHODS: We included 3,007 mother-child pairs from eight European birth cohorts. Bisphenol concentrations were determined in maternal urine samples collected during 
pregnancy (1999-2010). Between 7 and 11 years of age, current asthma and wheeze were assessed from questionnaires and lung function by spirometry. Wheezing patterns were constructed from questionnaires from 
early to mid-childhood. We performed adjusted random-effects meta-analysis on individual participant data. RESULTS: Exposure to BPA was prevalent with 90% of maternal samples containing concentrations above 
detection limits. BPF and BPS were found in 27% and 49% of samples. In utero exposure to BPA was associated with higher odds of current asthma (OR = 1.13, 95% CI = 1.01, 1.27) and wheeze (OR = 1.14, 95% CI = 1.01, 
1.30) (p-interaction sex = 0.01) among girls, but not with wheezing patterns nor lung function neither in overall nor among boys. We observed inconsistent associations of BPF and BPS with the respiratory outcomes 
assessed in overall and sex-stratified analyses. CONCLUSION: This study suggests that in utero BPA exposure may be associated with higher odds of asthma and wheeze among school-age girls.
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統合_0801 X. Zuo, M. Sun, H. Bai, S. Zhang, J. Luan, Q. Yu, 
Z. Fu, Q. Zhao, M. Sun, X. Zhao and X. Feng 2025

The effects of 17β-trenbolone and 
bisphenol A on sexual behavior and 
social dominance via the 
hypothalamic-pituitary-gonadal axis 
in male mice

17β-Trenbolone (17-TB) is well documented as an environmental endocrine disruptor in aquatic biological studies, but its effects on mammals remain poorly understood. Furthermore, 17-TB acts as a hormone with 
properties similar to testosterone, and the consequences of juvenile exposure on adult social behavior remain uncertain. Bisphenol A (BPA) acts as an estrogen-like hormone, compared to 17-TB. Three-week-old male 
Balb/c mice were exposed orally to 17-TB (100 µg/(kg·day)) and BPA (4 mg/(kg·day)) for 28 days. Assessments of social interactions and a three-chamber test showed that 17-TB increased virility in male mice, 
intensified both male and female sexual behavior, and attracted and accepted female mice. It also increased social dominance through tube tests in male mice and markedly activated the c-Fos(+) immune response in the 
medial prefrontal cortex (mPFC) and basal amygdala (BLA). ELISA data showed that 17-TB and BPA exposure significantly affected serum gonadotropin-releasing hormone (GnRH), growth hormone (GH), estradiol (E2), 
and luteinizing hormone (LH) levels, as well as testicular lesions and androgen receptor (ARβ) and estrogen receptor (ERα) synthesis. Testicular transcriptomic analysis further confirmed that could disrupt steroid 
synthesis and linoleic acid-related biometabolic processes. These findings suggest the influence of 17-TB and BPA exposure on sexual behavior and fertility in male mice, possibly through modulation of the hypothalamic-
pituitary-gonadal axis. This study provides insights relevant to human reproductive health and neuro-social behavioral research, and the potential risk of environmental disturbances should not be overlooked.

J Environ Sci (China). 
2025 May:151:54-67.
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統合_0802
S. Zulkifli, N. S. Mohd Nor, S. H. Sheikh Abdul 
Kadir, N. Mohd Ranai, N. K. Mohd Kornain, W. 
N. I. Wan Mohd Zain and M. Abdul Aziz

2022

Prenatal Bisphenol a Exposure and 
Postnatal Trans Fat Diet Alter Small 
Intestinal Morphology and Its Global 
DNA Methylation in Male Sprague-
Dawley Rats, Leading to Obesity 
Development

In this study, we aimed to determine whether a postnatal trans fat diet (TFD) could aggravate prenatal bisphenol A (BPA) exposure effects on offspringʼs small intestine and adulthood obesity, due to the relatively sparse 
findings on how the interaction between these two variables interrupt the small intestinal cells. Twelve pregnant rats were administered with either unspiked drinking water (control; CTL) or BPA-spiked drinking water 
throughout pregnancy. Twelve weaned pups from each pregnancy group were then given either a normal diet (ND) or TFD from postnatal week (PNW) 3 until PNW14, divided into control offspring on normal diet (CTL-ND), 
BPA-exposed offspring on normal diet (BPA-ND), control offspring on trans fat diet (CTL-TFD), and BPA offspring on trans fat diet (BPA-TFD) groups. Body weight (BW), waist circumference, and food and water intake 
were measured weekly in offspring. At PNW14, small intestines were collected for global DNA methylation and histological analyses. Marked differences in BW were observed starting at PNW9 in BPA-TFD (389.5 ± 10.0 
g; p < 0.05) relative to CTL-ND (339.0 ± 7.2 g), which persisted until PNW13 (505.0 ± 15.6 g). In contrast, water and food intake between offspring were significantly different (p < 0.01−0.05) at earlier ages only (PNW4
−6 and PNW7−9, respectively). Furthermore, substantial differences in the general parameters of the intestinal structures were exclusive to ileum crypt length alone, whereby both BPA-ND (150.5 ± 5.1 μm; p < 0.001), 
and BPA-TFD (130.3 ± 9.9 μm; p < 0.05) were significantly longer than CTL-ND (96.8 ± 8.9 μm). Moreover, BPA-ND (2.898 ± 0.147%; p < 0.05) demonstrated global small intestinal hypermethylation when compared to 
CTL-ND and CTL-TFD (1.973 ± 0.232% and 1.913 ± 0.256%, respectively). Prenatal BPA exposure may significantly affect offspringʼs physiological parameters and intestinal function. Additionally, our data suggest that 
there might be compensatory responses to postnatal TFD in the combined BPA prenatal group (BPA-TFD).

Nutrients Vol.14 Issue 
12
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統合_0803 S. Zulkifli, N. S. Mohd Nor, S. H. Sheikh Abdul 
Kadir, N. Mohd Ranai and K. Abdul Khalil 2024

Distinct gut flora profile induced by 
postnatal trans-fat diet in 
gestationally bisphenol A-exposed 
rats

There has been much evidence showing the repercussions of prenatal bisphenol A (BPA) exposure with a postnatal high fat-diet (HFD) on offspring's health. However, the information on how the interaction between 
these two variables affects the gut microbiome is rather limited. Hence, we investigated the impact of a postnatal trans fat diet (TFD) on the gut microbiome of offspring exposed to BPA during the prenatal period in an 
animal model. Pregnant rats were divided into 5 mg/kg/day BPA, vehicle Tween80 (P80) or control (CTL) drinking water until delivery (N = 6 per group). Then, weaned male pups were further subdivided into three normal 
diet (ND) groups (CTLND, P80ND, and BPAND) and three TFD groups (CTLTFD, P80TFD, and BPATFD) (n = 6 per group). 180-250 g of faecal samples were collected on days 50 and 100 to assess the composition of the 
offspring's intestinal flora using next-generation sequencing. The alpha diversity indices of TFD offspring with and without BPA were markedly lower than their ND counterparts (p<0.001-p<0.05). The beta diversity, 
hierarchical cluster and network analyses of the offspring's microbiome demonstrated that the microbiome species of the TFD group with and without BPA were distinctly different compared to the ND group. 
Consistently, TFD and ND offspring pairings exhibited a higher number of significantly different species (p<0.0001-p<0.05) compared to those exposed to prenatal BPA exposure and different life stages comparisons, as 
shown by the multivariate parametric analysis DESeq2. Predictive functional profiling of the offspring's intestinal flora demonstrated altered expressions of genes involved in metabolic pathways. In summary, the gut flora 
composition of the rat offspring may be influenced by postnatal diet instead of prenatal exposure to BPA. Our data indicate the possibility of perturbed metabolic functions and epigenetic modifications, in offspring that 
consumed TFD, which may theoretically lead to metabolic diseases in middle or late adulthood. Further investigation is necessary to fully understand these implications.

PLoS One Vol.19 Issue 
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統合_0804 Y. Zhuang, X. Sun, S. Deng, Y. Wen, Q. Xu and 
Q. Guan 2023

In vivo effects of low dose prenatal 
bisphenol A exposure on adiposity in 
male and female ICR offspring

BACKGROUND: Bisphenol A (BPA) is known to exhibit endocrine disrupting activities and is associated with adiposity. We examined the obesogenic effect of prenatal BPA exposure in the present study. METHODS: 
Pregnant ICR mice were exposed to vehicle or BPA via the drinking water at a dose of 0.5 μg/kg·d throughout the gestation. Obesity-related indexes were investigated in the 12-wk-old offspring. Primary mouse embryonic 
fibroblasts (MEFs) collected from treated embryos were used to test effects of BPA on adipocyte differentiation. RESULTS: Offspring presented a significantly higher rate of weight gain than the control, with impaired 
insulin sensitivity and increased adipocyte size. Differentiation of MEFs from BPA-treated mice showed a higher propensity for the adipocyte commitment as well as up-regulation of genes enriched in lipid biosynthesis. 
TGF-β signaling pathway was found to modulate obesogenic effect of BPA in MEF model, but estrogen signaling pathway had no effect. CONCLUSIONS: The present study provides strong evidence of the association 
between prenatal exposure to low dose of BPA and a significant increase in body weight in the offspring mice with a critical role played by TGF-β signaling pathway. The potential interactions modulating the binding of 
BPA and TGF-β that activate its obesogenic effects need to be examined.

Ecotoxicol Environ Saf 
Vol.257 Pages 114946

10.1016/j.ecoenv.2023.114946 37105096 動物 - 1 1 1 ICR 0 0.5 µg/kg BW/d - - - - - - - - - - - - - - - - - - - - -

統合_0805 X. Zhu, Q. Liu, Z. Cheng and Y. Luo 2025

Disruption of PPARG Activity and 
CPT1A Regulation by Bisphenol A: 
Implications for Hepatic Lipid 
Metabolism

Bisphenol A (BPA) is a widely used industrial chemical with potential endocrine-disrupting effects on metabolic processes. This study investigates the impact of BPA on hepatic function and transcriptional regulation in 
mouse livers and AML12 cells. Male mice were exposed to low (5 g/kg) and high (50 g/kg) doses of BPA for six weeks. Transcriptomic analysis was performed on liver tissues, and histological examinations were 
conducted. AML12 cells were treated with varying BPA concentrations, and PPARG transcriptional activity was assessed using a luciferase reporter assay. Additionally, molecular docking, molecular dynamics (MD) 
simulations, drug affinity responsive target stability (DARTS), cellular thermal shift assay (CETSA), MM-PBSA calculations, and multi-species protein structure comparative analysis were employed to analyse the 
interaction between BPA and PPARG. Transcriptomic analysis revealed a decrease in differentially expressed genes with higher BPA doses, with low-dose exposure significantly downregulating hepatic Cpt1a mRNA 
levels. Histological examination indicated lipid vacuole formation at high doses without collagen deposition. BPA consistently inhibited PPARG activity in both MCF7 cells and mouse livers. BPA exposure disrupts hepatic 
lipid metabolism and PPARG activity, highlighting its role as an endocrine disruptor. Further research is needed to elucidate the long-term effects of BPA on liver health.

J Cell Mol Med Vol.29 
Issue 9 Pages e70416

10.1111/jcmm.70416 40346756 動物 - 1 1 1 1 0 5，50 g/kg - - - - - - - - - - - - - - - - - - - - -

統合_0806 X. Zhu, L. Cao, Y. Liu, X. Tang, Y. Miao, J. 
Zhang, L. Zhang, Z. Jia and J. Chen 2024

Genotoxicity of bisphenol AF in rats: 
Detrimental to male reproductive 
system and probable stronger 
micronucleus induction potency 
than BPA

Bisphenol AF (BPAF), as one of structural analogs of BPA, has been increasingly used in recent years. However, limited studies have suggested its adverse effects similar to or higher than BPA. In order to explore the 
general toxicity and genotoxicity of subacute exposure to BPAF, the novel 28-day multi-endpoint (Pig-a assay + micronucleus [MN] test + comet assay) genotoxicity evaluation platform was applied. Male rats were 
randomly distributed into seven main experimental groups and four satellite groups. The main experimental groups included BPAF-treated groups (0.5, 5, and 50 μg/kg·bw/d), BPA group (10 μg/kg·bw/d), two solvent 
control groups (PBS and 0.1% ethanol/99.9% oil), and one positive control group (N-ethyl-N-nitrosourea, 40 mg/kg bw). The satellite groups included BPAF high-dose recovery group (BPAF-HR), oil recovery group (oil-R), 
ENU recovery group (ENU-R), and PBS recovery group (PBS-R). All groups received the agents orally via gavage for 28 consecutive days, and satellite groups were given a recovery period of 35 days. Among all 
histopathologically examined organs, testis and epididymis damage was noticed, which was further manifested as blood-testis barrier (BTB) junction protein (Connexin 43 and Occludin) destruction. BPAF can induce 
micronucleus production and DNA damage, but the genotoxic injury can be repaired after the recovery period. The expression of DNA repair gene OGG1 was downregulated by BPAF. To summarize, under the design of this 
experiment, male reproductive toxicity of BPAF was noticed, which is similar to that of BPA, but its ability to induce micronucleus production may be stronger than that of BPA.

J Appl Toxicol Vol.44 
Issue 3 Pages 428-444

10.1002/jat.4552 37837293 動物 - 1 1 1 不明 0 10 µg/kg bw/d - - - - - - - - - - - - - - - - - - - - -

統合_0807 M. Zhu, R. Wei, Y. Li, J. Li, M. Dong, X. Chen, L. 
Lv and Z. Qin 2022

Bisphenol chemicals disturb 
intestinal homeostasis via 
Notch/Wnt signaling and induce 
mucosal barrier dysregulation and 
inflammation

Emerging evidence has shown that bisphenol A (BPA) can exert adverse effects on intestinal barrier in rodents, but little is known about its underlying mechanisms. We previously found BPA and its substitute bisphenol F 
(BPF) disrupted Notch signaling and altered intestinal histological structures in Xenopus laevis tadpoles. The present study aimed to determine whether BPA and BPF could affect intestinal homeostasis via Notch/Wnt 
signaling and induce intestinal barrier dysregulation in adult mammals, given the fundamental roles of the two conserved signaling pathways in intestinal homeostasis and regulation of intestinal barrier. We found that 
following 7-day administration with BPA or BPF through drinking water at the reference dose of 50 μg/kg/d and no observed adverse effect level of 5 mg/kg/d (NOAEL) of BPA, adult male mice displayed no alterations at 
histological and cellular levels in colons, but high dose of both BPA and BPF downregulated the expression of Notch- and Wnt-related genes as well as key genes responsible for intestinal homeostasis. When 
administration was extended to 14 days, all treatments significantly suppressed the expression of all tested Notch- and Wnt-related genes; correspondingly, administrated colons exhibited downregulated expression of 
key genes responsible for intestinal homeostasis and reduced cell proliferation in crypts. Importantly, all treatments suppressed secretory cell differentiation, reduced mucin protein levels and downregulated expression of 
tight junction markers, implicating mucosal barrier dysregulation. Furthermore, inflammatory cell infiltration and upregulated expression of inflammatory cytokine genes in colons, coupled with increased serum 
inflammatory cytokine levels, were observed in all treatments. All results show that both BPA and BPF at the reference dose disrupted Notch/Wnt signaling and intestinal homeostasis, thereby leading to mucosal barrier 
dysregulation and intestinal inflammation in mice. This is the first study revealing the adverse influences of BPF on mammal intestines and underlying mechanisms for bisphenol-caused intestinal injury.

Sci Total Environ 
Vol.828 Pages 154444

10.1016/j.scitotenv.2022.154444 35278557 動物 - 1 1 1 1 0 5 mg/kg/⽇ - - - - - - - - - - - - - - - - - - - - -

統合_0808 Y. Zhou, X. Lu, S. Luo, Y. Li, Y. Zhang, Z. Li, Z. 
Zhu and T. Shen 2021

[Effects of interleukin-17 antibody 
on polarization of macrophages in 
adipose tissue of high-fat diet fed 
mice exposed to bisphenol A]

OBJECTIVE: To investigate the effects of interleukin-17(IL-17) antibody on polarization of adipose tissue macrophages(ATM) in mice fed with high-fat diet(HFD) exposed to bisphenol A(BPA). METHODS: Four week-old 
male C57 BL/6 mice were divided into control group, IgG group, IL-17 antibody group, 1000 nmol/L BPA group, 1000 nmol/L BPA+IgG group, and 1000 nmol/L BPA+IL-17 antibody group according to random number table 
method. Eight mice per group were fed with HFD and BPA was exposed by drinking water. The IgG group and the 1000 nmol/L BPA+IgG group were intraperitoneally injected with 100 μg IgG antibody once a week, and 
the IL-17 group and the 1000 nmol/L BPA+IL-17 antibody group were intraperitoneally injected with 100 μg IL-17 antibody once a week. After 16 weeks, the mice were sacrificed, and serum samples were collected for 
serum separation. Leptin level was measured by enzyme-linked immunosorbent assay(ELISA). The expression of IL-1β, IL-6 and monocyte chemoattractant protein-1(MCP-1)inflammatory cytokines were observed by 
immunohistochemistry(IHC) of adipose tissue of epididymis. The activity of inducible nitric oxide synthase(iNOS)and arginase-1(Arg-1)was measured by ELISA, and the proportion of M1 and M2 ATMs was measured by 
flow cytometry(FCM). The expression of CD11 c and CD206 mRNA was measured by qRT-PCR. RESULTS: Compared with the control group, serum leptin, the expressions of inflammatory cytokines IL-6, IL-1β and MCP-
1 in adipose tissue were increased in 1000 nmol/L BPA group, the proportion of M1 type ATM was increased(22.000%±0.500% vs. 31.467%±0.379%), iNOS activity was increased, CD11 c mRNA expression was 
increased, Arg-1 activity was decreased, CD206 mRNA expression was decreased, the differences were statistically significant(P&lt;0.05), but the proportion of M2 type ATM was decreased insignificantly(P&gt;0.05). 
There was no significant change in IgG group. Compared with 1000 nmol/L BPA group, IgG+1000 nmol/L BPA group had no significant change. In 1000 nmol/L BPA+IL-17 antibody group, serum leptin was decreased, the 
expressions of inflammatory factors IL-6, IL-1β and MCP-1 in adipose tissue were down-regulated, and the proportion of M1 type ATM was decreased(31.467%±0.379% vs. 22.933%±0.153%), iNOS activity was 
decreased, CD11 c mRNA expression was decreased, and the proportion of M2 type ATM was increased(4.847%±0.655% vs. 7.840%±0.555%), Arg-1 activity was enhanced, and CD206 mRNA expression was up-
regulated, the differences were statistically significant(P&lt;0.05). CONCLUSION: IL-17 antibody may reduce the secretion of ATM inflammatory factors by inhibiting the polarization of ATM to M1 type, thus improving the 
inflammation of adipose tissue in BPA-infected HFD-fed mice.

Wei Sheng Yan Jiu 
Vol.50 Issue 5 Pages 
814-820

10.19813/j.cnki.weishengyanjiu.20
21.05.018

34749877 動物 - 1 1 1 1 0 1000 nmol/L (飲⽔中濃度) - - - - - - - - - - - - - - - - - - - - -

統合_0809
X. Zhou, C. Wei, X. Liu, Z. Zhang, Y. Wu, B. 
Zeng, Y. Jin, Y. Shi, Z. Mo, J. Cheng, X. Zou, Q. 
Wei, L. Yang and S. Qiu

2025

Revealing the role of bisphenol A on 
prostate cancer progression and 
identifying potential targets: A 
comprehensive analysis from 
population cohort to molecular 
mechanism

Bisphenol A (BPA) is a widespread environmental pollutant whose exact effects on prostate cancer (PCa) progression remain understudied. This study aims to investigate the effect and underlying molecular mechanisms 
between BPA exposure and PCa in a comprehensive approach. The multicenter cohort study found that BPA exposure plays an important role in promoting biochemical recurrence and death of PCa. BPA exposure 
significantly promoted PCa progression in both the animal model and in vitro experiments. RNA sequencing revealed a disruption of mitochondrial energy homeostasis in BPA-treated cells. In multiple datasets, 17 
prognostic genes such as PFKFB4 were obtained to construct and verify a mitochondrial energy metabolism Score system. Based on network toxicology methods and transcriptome sequencing data, ESR1 was identified 
as a potential transcription factor targeting glycolytic enzyme PFKFB4 under BPA exposure. With the support of lncRNA and circRNA sequencing data, a molecular regulatory network of BPA promoting prostate cancer 
through mitochondrial energy metabolism reprogramming was constructed. Further molecular docking revealed that BPA has higher binding free energy to ERα than its natural ligand estradiol. Given the widespread 
presence of BPA in the environment, minimizing exposure to this chemical could represent a feasible approach in improving clinical outcomes.

Ecotoxicol Environ Saf. 
2025 May:296:118209.

10.1016/j.ecoenv.2025.118209 40249974 ヒト、動物、in vitro 発がん 1 1 1 1 0 10 nM (⾎中濃度) コホート研究 1 1 1 0 不明 1 1 1 - - - - - - - - - - - -

統合_0810 R. Zhou, W. Cheng, Y. Feng, W. Wang, F. Liang, 
F. Luo, S. Yang and Y. Wang 2020

Combined effects of BPA and PFOS 
on fetal cardiac development: In 
vitro and in vivo experiments

Analyses of the combined effects of different EDCs are both important and difficult. This study attempts to evaluate the individual and combined effects of BPA and PFOS on heart development. Sprague-Dawley rats 
received individual or combined PFOS and BPA for 19 days during pregnancy. The results show that the combined BPA and PFOS exposure could lead to a morphological change in the fetal rat heart. An increase in the 
interventricular septal thickness (IVS) of approximately 20 % (391 μm in control vs 464 μm in combined exposure) was observed in the fetal rat hearts after the combined exposure to nearly 2000 μg/L PFOS and 100 μ
g/L BPA through drinking water. The total collagen and dynamin-related protein 1 (Drp1) mRNA level was increased in the fetal hearts exposed to the combination of 2000 μg/L PFOS and 100 μg/L BPA. However, the 
cell number in the IVS did not significantly change. Based on the previous literature, we believe that the combined exposure to BPA and PFOS had a synergistic effect on the thickness of the IVS. The combined exposure to 
40 μg/L PFOS and 2 μg/L BPA failed to cause significant damage to the embryonic heart. The individual and combined effects and the mechanism of the effects of BPA and PFOS on heart development were further 
investigated by an in vitro study. Embryonic stem cells were administered individual or combined 10 ng/mL BPA and 100 ng/mL PFOS for 14 days during the cardiac differentiation period. The results show that exposure to 
the combination of 100 ng/mL PFOS and 10 ng/mL BPA could increase the cardiomyocyte size and collagen content. A selective inhibitor of Drp1, Mdivi-1, could inhibit the cardiomyocyte size enlargement but not the 
collagen content increase caused by the combined exposure. Thus, we believe that although the combined exposure to PFOS and BPA could affect mitochondrial biogenesis and collagen expression, these two effects 
seem to be relatively independent. Based on these results, this research concludes that combined exposure to PFOS and BPA could specifically lead to increased collagen and IVS thickening in heart development.

Environ Toxicol 
Pharmacol Vol.80 Pages 
103434

10.1016/j.etap.2020.103434 32544427 動物、in vitro - 1 1 1 1 0 100 µg/L BPA - - - 1 0 100 ng/mL - - - - - - - - - - - - - - -

統合_0811 B. Zhou, Y. Niu, D. Wang, L. Liu and J. Guo 2024

Geraniol alleviates liver injury 
induced by bisphenol A via 
modulating NLRP3/caspase-1 
pathway and gut microbiota in mice 
model

Bisphenol A has become a global public health problem. As an antioxidant, geraniol has potential preventive effects against toxicity. This study analyzes the preventive effect of geraniol against BPA induced liver injury in 
CD-1 mice. Geraniol administration significantly ameliorated BPA induced liver damage by the increase in superoxide dismutase/catalase enzymatic activities, and decrease in malonaldehyde level; prompted a significant 
reduction in the expression levels of inflammatory cytokines (TNF-α, IL-1β, and IL-6), and pyroptosis biomarkers (NLRP3, ASC, and caspase-1); up-regulated the expression of claudin-1, ZO-1, and occludin markedly, 
which exhibited intestinal barrier function. Also, geraniol treatment optimized the composition and diversity of gut microbiota. It may be summarized that geraniol showed protective effects on liver injury induced by BPA 
and further revealed that the mechanism might be located on improving intestinal physical barrier function, down-regulating pyroptosis biomarkers, and normalizing intestinal microbiota, consequently reducing 
inflammatory response in the liver.

Food Sci Biotechnol 
Vol.33 Issue 13 Pages 
3119-3130

10.1007/s10068-024-01564-6 39220309 動物 - 1 1 1 1 0 50 mg/kg/d BPA - - - - - - - - - - - - - - - - - - - - -

統合_0812 X. Zhong, J. Li and X. Xu 2024
Adolescent exposure to bisphenol-a 
antagonizes androgen regulation of 
social behavior in male mice

Social behavior is sexually dimorphic, which is regulated by gonadal hormones in the brain. Our recent study found that exposure to low doses of bisphenol-A (BPA) during adolescence, permanently alters social behavior 
in adult male mice, but the underlying mechanisms remain unclear. Using adolescent gonadectomy (GDX) male mice with testosterone propionate (TP, 0.5 mg/kg) supplement (TP-GDX), this study showed that BPA 
antagonized promoting effects of TP on social interaction, sexual behavior, and aggression in GDX mice. BPA eliminated the reversal effects of TP on GDX-induced decrease in the number of immunoreactive to arginine 
vasopressin (AVP-ir) neurons in the medial amygdala (MeA) and the levels of AVP receptor 1a (V1aR) in the MeA and the nucleus accumbens (NAc). In addition, BPA removed down-regulation in the levels of dopamine 
(DA) transporter (DAT) and DA receptor 1 (DR1) in the NAc of TP-GDX mice. BPA exposure reduced testosterone (T) levels in the brain and serum and the expression of androgen receptor (AR) protein in the amygdala and 
striatum of sham-operated and TP-GDX males. These results suggest that adolescent exposure to BPA inhibits regulation of androgen in AVP and DA systems of the brain regions associated with social behavior, and 
thus alters social behaviors of adult male mice.

Neurotoxicol Teratol. 
2024 Sep-
Oct:105:107374.

10.1016/j.ntt.2024.107374 39097242 動物 内分泌、神経 1 0 1 思春期性腺摘出（GDX）雄マウス 0 1 - - - - - - 1 1 - 1 - - - - - - - - - - -

統合_0813 J. Zheng, D. Baimoukhametova, C. Lebel, J. S. 
Bains and D. M. Kurrasch 2024

Hypothalamic vasopressin sex 
differentiation is observed by 
embryonic day 15 in mice and is 
disrupted by the xenoestrogen 
bisphenol A

Arginine vasopressin (AVP) neurons of the hypothalamic paraventricular region (AVP(PVN)) mediate sex-biased social behaviors across most species, including mammals. In mice, neural sex differences are thought to be 
established during a critical window around birth ( embryonic (E) day 18 to postnatal (P) day 2) whereby circulating testosterone from the fetal testis is converted to estrogen in sex-dimorphic brain regions. Here, we 
found that AVP(PVN) neurons are sexually dimorphic by E15.5, prior to this critical window, and that gestational bisphenol A (BPA) exposure permanently masculinized female AVP(PVN) neuronal numbers, projections, and 
electrophysiological properties, causing them to display male-like phenotypes into adulthood. Moreover, we showed that nearly twice as many neurons that became AVP(+) by P0 were born at E11 in males and BPA-
exposed females compared to control females, suggesting that AVP(PVN) neuronal masculinization occurs between E11 and P0. We further narrowed this sensitive period to around the timing of neurogenesis by 
demonstrating that exogenous estrogen exposure from E14.5 to E15.5 masculinized female AVP(PVN) neuronal numbers, whereas a pan-estrogen receptor antagonist exposed from E13.5 to E15.5 blocked masculinization 
of males. Finally, we showed that restricting BPA exposure to E7.5-E15.5 caused adult females to display increased social dominance over control females, consistent with an acquisition of male-like behaviors. Our study 
reveals an E11.5 to E15.5 window of estrogen sensitivity impacting AVP(PVN) sex differentiation, which is impacted by prenatal BPA exposure.

Proc Natl Acad Sci U S 
A Vol.121 Issue 21 
Pages e2313207121

10.1073/pnas.2313207121 38753512 動物 - 1 1 1 1 0 2.25 µg/kg bw/d - - - - - - - - - - - - - - - - - - - - -

統合_0814 T. Zhao, W. Yang, F. Pan, J. Wang, W. Shao, F. 
Chen, K. Liu, S. Zhao and L. Zhao 2025

Bisphenol A attenuates testosterone 
synthesis via increasing 
apolipoprotein A1-mediated reverse 
cholesterol transport in mice

Bisphenol A (BPA), a widely used chemical compound in plastic manufacturing, has become ubiquitous in the environment. Previous studies have highlighted its adverse effects on reproductive function, as BPA exposure 
reduces testosterone levels. Cholesterol is involved in testosterone synthesis in Leydig cells. However, research on the mechanisms by which BPA affects testosterone synthesis from the perspective of reverse 
cholesterol transport (RCT) remains limited. This study aimed to investigate the effects of BPA on cholesterol levels, lipid droplet accumulation, and testosterone synthesis in TM3 cells and mice via Apolipoprotein A1 
(APOA1)-mediated RCT. Adult male mice were treated by intraperitoneal injection of corn oil containing BPA (20 mg/kg) for 7 days. Testes were collected for protein extraction, RNA extraction, Oil red O staining or for 
Biochemical analysis. Serums were collected for detection of testosterone levels. flow cytometry, CCK8 assay, immunofluorescence or Filipin III staining was used to detect the effect of BPA on the TM3 cells. It was 
observed that serum and testicular testosterone levels were drastically reduced in BPA-treated mice. Moreover, lipid droplets accumulation and testicular total (TC) and free cholesterol (FC) levels were reduced in the 
mouse testes. Conversely, testicular high-density lipoprotein (HDL) content was partially elevated. Furthermore, BPA markedly enhanced Apoa1 mRNA and protein expression in the mouse model. Notably, BPA 
significantly upregulated Apoa1 mRNA and protein level, reduced cholesterol levels and lipid droplets accumulation, and attenuated testosterone synthesis in TM3 cells. In addition, exogenous supplement with 22-
hydoxycholesterol promoted testosterone synthesis and alleviated the inhibitory effect of BPA on testosterone synthesis. Taken together, these results suggest that BPA upregulates APOA1 expression, enhances RCT, 
and ultimately reduces TC and FC levels in the testis. This cholesterol reduction likely led to testosterone synthesis disorders in the model, indicating that BPA inhibits testosterone synthesis in mice by disrupting 
cholesterol transport.

Front Endocrinol 
(Lausanne) Vol.16 
Pages 1514105

10.3389/fendo.2025.1514105 39936102 動物 - 1 0 1 Kunming 0 20 mg/kg BPA - - - - - - - - - - - - - - - - - - - - -

統合_0815 Q. Zhao, J. Pan, Y. Bao, X. Wang and W. Shi 2025

Prenatal exposure to bisphenol A 
causes reproductive damage in F1 
male rabbits due to inflammation 
and oxidative stress

Bisphenol A (BPA) is used extensively in producing industrial chemicals such as plastic products, resin, and paper coatings. Concerns have been expressed regarding its possible detrimental consequences, especially on 
the reproductive system of mammals. Despite extensive study in this domain, there has been no targeted examination of the impact of BPA on F1 generation rabbits. BPA exposure model was developed in pregnant female 
rabbits to examine the effects of BPA on reproductive hormones, cellular apoptosis, oxidative stress, inflammatory response, and tissue integrity in weaning rabbits. The results indicated that BPA exposure triggered an 
inflammatory response and oxidative stress, consequently impacting the reproductive system of weaned rabbits and altering reproductive hormone levels. By modulation of the Nrf2 and NF-κB axes, BPA could influence 
the expression of antioxidant enzymes and inflammatory mediators in the rabbit reproductive system, leading to cell apoptosis and tissue damage. These results underscore the importance of monitoring BPA exposure 
during pregnancy and emphasize the necessity of implementing measures to mitigate its potential effects on the reproductive health of offspring.

Ecotoxicol Environ Saf. 
2025 Jan 
15:290:117735.

10.1016/j.ecoenv.2025.117735 39862691 動物 ⽣殖ホルモン 1 1 1 1 1 1 - - - - - - 1 1 - 1 - 1 - - - - - - - - -

統合_0816 Q. Zhao, Y. Liu, X. Wang, Y. Zhu, Y. Jiao, Y. Bao 
and W. Shi 2023

Cuscuta chinensis flavonoids 
reducing oxidative stress of the 
improve sperm damage in bisphenol 
A exposed mice offspring

Bisphenol A (BPA) is a common environmental endocrine disruptor, and overexposure is a threat to male reproduction. Although studies have confirmed that BPA exposure causes a decrease in sperm quality in offspring, 
the dosage used, and the underlying mechanism is not clear. The purpose of this study is to investigate whether Cuscuta chinensis flavonoids (CCFs) can antagonize or alleviate BPA-induced reproductive injury by 
analyzing the processes associated with BPA's impairment of sperm quality. BPA and 40 mg/kg bw/day of CCFs were administered to the dams at gestation day (GD) 0.5-17.5. Testicles and serum of male mice are 
collected on postnatal day 56 (PND56), and spermatozoa are collected to detect relevant indicators. Our results showed that compared with the BPA group, CCFs could significantly increase the serum contents of 
luteinizing hormone (LH), follicle-stimulating hormone (FSH), and testosterone (T) in males at PND 56, as well as the transcription levels of estrogen receptor alpha (ERα), steroidogenic acute regulatory protein (StAR) 
and Cytochrome P450 family 11, subfamily A, and member 1 (CYP11A1). CCFs also significantly inhibit the production of reactive oxygen species (ROS), reduce oxidative stress, increase mitochondrial membrane 
potential, and reduce sperm apoptosis. It also has a certain regulatory effect on sperm telomere length and mitochondrial DNA copy number. These results suggest that CCFs can increase reproductive hormone and 
receptor levels in adult males by regulating the expression of oxidative stress correlated factors, and ultimately mitigate the negative effects of BPA on sperm quality in male mice.

Ecotoxicol Environ Saf 
Vol.255 Pages 114831

10.1016/j.ecoenv.2023.114831 36966614 動物 - 1 1 1 Kunming 0 5 mg /kg bw BPA - - - - - - - - - - - - - - - - - - - - -
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統合_0817 Q. Zhao, Y. Liu, Y. Chuo, X. Wang, Y. Jiao, W. 
Shi and Y. Bao 2024

Cuscuta chinensis flavonoids 
alleviate ovarian damage in offspring 
female mice induced by BPA 
exposure during pregnancy by 
regulating the central carbon 
metabolism pathway

Pregnancy is a sensitive window period for bisphenol A (BPA) exposure. BPA can pass through the placenta and cause reproductive damage in offspring female mice. Even BPA that is not metabolized during lactation can 
be passed through milk. Cuscuta chinensis flavonoids (CCFs) can alleviate reproductive damage caused by BPA, but the mechanism of action is unclear. To investigate the potential mitigating impact of CCFs on ovarian 
damage resulting from BPA exposure during pregnancy, we administered BPA and CCFs to pregnant mice during the gestational period spanning from 0.5 to 17.5 days. Aseptic collection of serum and ovaries from female 
mice was conducted on postnatal day 21 (PND21). Serum hormone levels and tissue receptor levels were quantified utilizing ELISA and PCR, while ovaries underwent sequencing and analysis through transcriptomics and 
metabolomics techniques. Additionally, the assessment of ovarian oxidative stress levels was carried out as part of the comprehensive analysis. The results showed that CCFs administration mitigated the adverse 
effects induced by BPA exposure on ovarian index, hormone levels, receptor expression, and mRNA expression levels in female offspring mice. The joint analysis of transcriptome and metabolome revealed 48 enriched 
pathways in positive ion mode and 44 enriched pathways in negative ion mode. Among them, the central carbon metabolism pathway is significantly regulated by BPA and CCFs. The screened sequencing results were 
verified through qPCR and biochemical kits. In this study, CCFs may participate in the central carbon metabolism pathway by reducing the expression of Kit proto-oncogene (Kit), hexokinase 1 gene (Hk1) and pyruvate 
kinase M (Pkm) mRNA and increasing the expression of h-ras proto-oncogene (Hras), sirtuin 3 (Sirt3), sirtuin 6 (Sirt6) and TP53 induced glycolysis regulatory phosphatase gene (Tigar) mRNA, thereby resisting the effects 
of BPA on the body. At the same time, the metabolic levels of D-Fructose 1,6-bisphosphate and L-Asparagine tend to be stable. Moreover, CCFs demonstrated a capacity to diminish the BPA-induced escalation in 
reactive oxygen species (ROS) and malondialdehyde (MDA). Simultaneously, it exhibited the ability to elevate levels of glutathione (GSH) and catalase (CAT), thereby effectively preventing peroxidation. In summary, CCFs 
alleviate BPA-induced ovarian damage in offspring female mice by regulating the central carbon metabolism pathway. This study will improve the information on BPA reproductive damage antagonist drugs and provide a 
theoretical basis for protecting animal reproductive health.

Ecotoxicol Environ Saf 
Vol.275 Pages 116253

10.1016/j.ecoenv.2024.116253 38537475 動物 - 1 1 1 Kunming 0 5 mg/kg bw/day - - - - - - - - - - - - - - - - - - - - -

統合_0818 L. Zhao, M. Shi, S. Winuthayanon, J. A. MacLean 
Ii, N. C. Law and K. Hayashi 2025

Environmentally-relevant doses of 
bisphenol A and S exposure in utero 
disrupt germ cell programming 
across generations resolved by 
single nucleus multi-omics

BACKGROUND: Exposure to endocrine-disrupting chemicals (EDCs), such as bisphenol (BP) A, disrupts reproduction across generations. Germ cell epigenetic alterations are proposed to mediate these transgenerational 
defects. Previously, we have shown that prenatal exposure to environmentally relevant doses of BPA or its substitute, BPS, caused transgenerationally maintained reproductive impairments associated with neonatal 
spermatogonial epigenetic changes in male mice. However, the mechanisms sustaining these changes across generations remain unclear. OBJECTIVES: This study aimed to systematically elucidate the mechanism of 
transgenerational inherence by prenatal BPA and BPS exposure in the murine germline from F1 to F3 generations at both transcriptomic and epigenetic levels. METHODS: Pregnant CD-1 females (F0) were orally 
administered BPA or BPS at doses of 0 (vehicle control), 0.5, 50, or 1000 µg/kg/b.w./day from gestational day 7 to birth. Sperm counts and motility were examined in F1, F2, and F3 adult males. THY1(+) germ cells on 
postnatal day 6 from F1, F2, and F3 males at a dose of 50 µg/kg/b.w./day were used for analysis by single-nucleus (sn) multi-omics (paired snRNA-seq and snATAC-seq on the same nucleus). RESULTS: Prenatal 
exposure to BPA and BPS with 0.5, 50, and 1000 µg/kg/b.w./day reduced sperm counts in mice across F1 to F3 generations. In the F1 generation, BPA or BPS exposure with 50 µg/kg/b.w./day disrupted the balance 
between maintaining the undifferentiated and differentiating spermatogonial populations. Differentially accessible peaks (DAPs) by snATAC-seq were primarily located in the promoter regions, with elevated activity of key 
transcription factors, including SP1, SP4, and DMRT1. Notably, similar gene expression and chromatin changes were observed in directly exposed F1 and F2 generations but differed in the indirectly exposed F3 
generation. Approximately 80% of DAPs in F1 and F2 spermatogonia overlapped with histone post-translational modifications linked to transcription activation (e.g., H3K4me1/2/3 and H3K27ac). Across F1 to F3 
generations, although BPA exerted more potent effects on gene expression in F1 spermatogonia, BPS induced longer-lasting effects. Interestingly, DMRT1 motif activity was persistently elevated in all three generations 
following ancestral BPA or BPS exposure. DISCUSSION: Our work provides the first systematic analyses of transgenerational gene and chromatin dynamics following prenatal exposure to BPA or BPS. These results 
suggest that prenatal exposure to environmentally relevant doses of BPA or BPS alters chromatin accessibility and transcription factor motif activities, consequently contributing to disrupted transcriptional levels in 
neonatal spermatogonia, and some are sustained to F3 generations, ultimately leading to the reduction of sperm counts in adults. https://doi.org/10.1289/EHP16981.

Environ Health 
Perspect. 2025 Jun 3.

10.1289/ehp16981 40460421 動物 精原細胞 1 1 1 1 1 1 - - - - - - 1 1 - 1 - 1 - - - - - - - - -

統合_0819 Z. Zhang, H. Wang, X. Lei, M. Mehdi Ommati, Z. 
Tang and J. Yuan 2022

Bisphenol a exposure decreases 
learning ability through the 
suppression of mitochondrial 
oxidative phosphorylation in the 
hippocampus of male mice

Bisphenol-A (BPA) is ubiquitous in the environment. Many studies have demonstrated that BPA triggers central nervous system dysfunction in animals, however, the molecular mechanisms of BPA neurotoxicity are 
unclear. Hence, this study aimed to evaluate the neurotoxic effects of male mouse hippocampus under BPA exposure (0 mg/L, control group (C); 0.01 mg/L, low dose (L); 0.1 mg/L, medium dose (M); and 1 mg/L, high 
dose (H)). Nine differentially expressed genes (DEG) related to oxidative phosphorylation (OXPHOs) were screened out and located through an interaction network and co-enrichment analysis. Overall, BPA exposure 
disrupted the regular cell arrangement in the hippocampus, reduced learning abilities and the ratio of testosterone (T)/estradiol (E2), inhibited gene expressions concerned OXPHOs, especially reduced protein expression 
level of the Ndufb10 related to learning ability and the activities of complex I, III, IV, and Ⅴ, which ultimately caused abnormal ATP synthesis of hippocampal mitochondria and led to shrinking rapidly myocardial energy 
supply in the brain (hippocampus). These results indicated that the destruction of mitochondrial OXPHOs might be one of the mechanisms of BPA-induced learning ability decline in mice. In conclusion, our results provide 
a creative understanding and research direction for the molecular alterations and signal pathways of BPA-induced neurotoxicity.

Food Chem Toxicol. 
2022 Jul:165:113167.

10.1016/j.fct.2022.113167 35598803 動物 神経 1 1 (飲⽔） 1 1 1 1 (ただし飲⽔中濃度） - - - - - - 1 1 - 1 - 1 - - - - - - - - -

統合_0820 Z. Zhang, Y. Jia, C. Zhang, Z. Zhang, F. Jin, D. 
Pan, D. Li and X. Wu 2024

Efficacy of epigallocatechin gallate 
(EGCG) and its underlying 
mechanism in preventing bisphenol-
A-induced metabolic disorders in 
mice

To investigate the efficacy of epigallocatechin gallate (EGCG) and its underlying mechanism in preventing bisphenol-A-induced metabolic disorders, in this study, a mice model of metabolic disorders induced by BPA was 
developed to investigate the efficacy and mechanism of EGCG using microbiomes and metabolomics. The results showed that EGCG reduced body weight, liver weight ratio, and triglyceride and total cholesterol levels in 
mice by decreasing the mRNA expression of genes related to fatty acid synthesis (Elov16) and cholesterol synthesis (CYP4A14) and increasing the mRNA expression of genes related to fatty acid oxidation (Lss) and 
cholesterol metabolism (Cyp7a1). In addition, EGCG normalized BPA-induced intestinal microbial dysbiosis. Metabolic pathway analysis showed that low-dose EGCG was more effective than high-dose EGCG at affecting 
the biosynthesis of L-cysteine, glycerophosphorylcholine, and palmitoleic acid. These results provide specific data and a theoretical basis for the risk assessment of BPA and the utilization of EGCG.

J Hazard Mater. 2024 
May 5:469:134098.

10.1016/j.jhazmat.2024.134098 38522198 動物 代謝 1 1 1 1 0 1 - - - - - - 1 1 - 1 - - - - - - - - - - -

統合_0821 Y. Zhang, Y. Shi, Z. Li, L. Sun, M. Zhang, L. Yu 
and S. Wu 2020

BPA disrupts 17-estradiol-mediated 
hepatic protection against 
ischemia/reperfusion injury in rat 
liver by upregulating the Ang 
II/AT1R signaling pathway

Bisphenol A (BPA), a xenoestrogen commonly used in plastics, may act as an endocrine disruptor, which indicates that BPA might be a public health risk. The present study aimed to investigate the effect of BPA on 17β-
estradiol (E2)-mediated protection against liver ischemia/reperfusion (I/R) injury, and to identify the underlying mechanisms using a rat model. A total of 56 male Sprague Dawley rats were randomly divided into the 
following seven groups: i) Sham; ii) I/R; iii) Sham + BPA; iv) I/R + BPA; v) I/R + E2; vi) I/R + E2 + BPA; and vii) I/R + E2 + BPA + losartan [LOS; an angiotensin II (Ang II) type I receptor (ATIR) antagonist]. A rat model of 
hepatic I/R injury was established by inducing hepatic ischemia for 60 min followed by reperfusion for 24 h. When ischemia was induced, rats were treated with vehicle, E2, BPA or LOS. After 24 h of reperfusion, blood 
samples and hepatic tissues were collected for histopathological and biochemical examinations. The results suggested that 4 mg/kg BPA did not significantly alter the liver function, or Ang II and AT1R expression levels in 
the Sham and I/R groups. However, 4 mg/kg BPA inhibited E2-mediated hepatic protection by enhancing hepatic necrosis, and increasing the release of alanine transaminase, alkaline phosphatase and total bilirubin 
(P<0.05). Moreover, BPA increased serum and hepatic Ang II levels, as well as AT1R protein expression levels in the E2-treated rat model of liver I/R injury (P<0.05). LOS treatment reversed the negative effects of BPA on 
hepatic necrosis and liver serum marker levels, although it did not reverse BPA-mediated upregulation of serum and hepatic Ang II levels, or hepatic AT1R expression. Therefore, the present study suggested that BPA 
disrupted E2-mediated hepatic protection following I/R injury, but did not significantly affect healthy or I/R-injured livers; therefore, the mechanism underlying the effects of BPA may be associated with upregulation of the 
Ang II/AT1R signaling pathway.

Mol Med Rep Vol.22 
Issue 1 Pages 416-422

10.3892/mmr.2020.11072 32319667 動物 - 1 0 1 1 0 4 mg/kg - - - - - - - - - - - - - - - - - - - - -

統合_0822 X. Zhang, Y. Zhao, C. Cheng, L. Li, M. Xiao, G. 
Zhang and X. Lu 2020

Combined effects of di (2-
ethylhexyl) phthalate and bisphenol 
A on thyroid hormone homeostasis 
in adolescent female rats

Phthalates and bisphenols are two typical classes of endocrine-disrupting chemicals (EDCs) which cause endocrine disorder in humans and animals. Phthalates and bisphenols are suggested to be associated with 
thyroid dysfunction. However, the effects of combined exposure and the detailed mechanisms are yet poorly understood. We investigated the combined effects of di (2-ethylhexyl) phthalate (DEHP) and bisphenol A (BPA) 
on thyroid function during puberty. Female Sprague Dawley rats were gavaged from postnatal 28 to 70 days with a single or combined exposure of DEHP (0, 150, and 750 mg/kg/day) and BPA (0, 20, and 100 mg/kg/day) 
according to a 3 × 3 factorial design. The thyroid weights reduced after combined exposure to the highest dose of DEHP and BPA, which noted their adverse effects on thyroid. Additionally, DEHP could increase the 
number of follicular epithelial cells in thyroid. Both DEHP and in combination with BPA could disturb the levels of thyroid hormones in serum, such as TT3 and TT4. Meanwhile, the possible mechanism was also discussed 
in the present study. DEHP treatment induced a significant increase of phosphorylation of cAMP-response element binding protein (Creb) via estrogen receptor α (Esr1), while the upregulation was nullified by the 
concomitant presence of BPA. In conclusion, the complex action of DEHP/BPA mixture may disturb the thyroid hormone homeostasis, which ultimately would affect the development of thyroid during puberty.

Environ Sci Pollut Res 
Int Vol.27 Issue 32 
Pages 40882-40892

10.1007/s11356-020-09949-w 32681327 動物 - 1 1 1 1 0 20、100 mg/kg/⽇ - - - - - - - - - - - - - - - - - - - - -

統合_0823
X. Zhang, N. Guo, H. Jin, R. Liu, Z. Zhang, C. 
Cheng, Z. Fan, G. Zhang, M. Xiao, S. Wu, Y. 
Zhao and X. Lu

2022

Bisphenol A drives di(2-ethylhexyl) 
phthalate promoting thyroid 
tumorigenesis via regulating 
HDAC6/PTEN and c-MYC signaling

Bisphenol A (BPA) and di-(2-ethylhcxyl) phthalate (DEHP) are exist widespread in the environment and produce adverse effect to human as environmental disruptors (EDCs). Epidemiological studies have found that the 
exposure of DEHP and BPA could increase the susceptibility to thyroid diseases including thyroid cancer and benign thyroid nodules. Due to the existence of multiple pollutants in our daily life, the mixed toxic effects of 
exposure and their interrelationships may distinguish from the exposure to a single chemical, so it is of great significance to explore the mixed toxic effect of DEHP and BPA co-exposure. Thyroid, as one of the target 
organs of EDCs, is prone to tumor occurrence, however, whether the mixture of BPA and DEHP will affect the occurrence of thyroid cancer is still obscure. We aim to investigate the effect of single or combined exposure 
to BPA and DEHP on the occurrence of thyroid cancer. An animal model of exposure to BPA and DEHP was firstly established to evaluate their effect on DMD-induced thyroid cancer. Additionally, human thyroid cancer 
cells BCPAP and thyroid cells Nthy-ori3-1 were used to further clarify some possible mechanisms of BPA and MEHP, the main metabolite of DEHP. Consequently, we found that BPA alone could increase the incidence of 
thyroid tumors in female rats compared with DEHP, and DEHP enhanced the effect of BPA on cancer promotion. BPA alone and in combination with DEHP mainly induced the expression of HDAC6, inhibited tumor 
suppressor gene PTEN upregulated the expression of oncogene c-MYC, and eventually elevate the susceptibility to thyroid tumors. Mechanistically, BPA alone and in combination with MEHP could significantly induce the 
proliferation of BCPAP cells depending on HDAC6, which could modulate H3K9ac to inhibit PTEN, activate AKT signaling pathway, and simultaneously upregulate the expression of c-MYC. Interestingly, we found that 
BPA alone and in combination with MEHP could significantly induce the proliferation of Nthy-ori3-1 cells independent on HDAC6 via activating ERK signaling pathway. Taken together, these findings not only provide new 
evidence of the promoting effect of BPA and DEHP on thyroid cancer but also discusses some possible mechanisms underlying these effects.

J Hazard Mater. 2022 
Mar 5:425:127911.

10.1016/j.jhazmat.2021.127911 34910997 動物、in vitro 発がん(甲状腺発がん物質＋BPA) 1 1 1 1 0 20 mg/kg:0 - - - 1 0 不明 1 1 - 1 - - - - - - - - - - -

統合_0824 X. Zhang, X. Ge, X. Lu, S. Yuan, K. Ji, Z. Du, Q. 
Zhu and T. Shen 2019

[The role of GSK3β in adipose 
tissue inflammation induced by 
bisphenol-A in high fat diet fed 
mice]

OBJECTIVE: To study the effect of glycogen synthase kinase 3β(GSK3β) in BPA-induced adipose tissue inflammation in high fat diet(HFD) fed mice. METHODS: Four-week-old male C57 BL/6 mice were randomly 
divided into normal diet(ND) group, HFD group, HFD + GSK3β inhibitor group, HFD + 1000 nmol/L BPA group, HFD+1000 nmol/L BPA+GSK3β inhibitor group. The mice were exposed to BPA via drinking water. From the 
14 th week of BPA exposure to the end of 16 weeks, the GSK3β inhibitor group was intraperitoneally injected with 21. 5 mg/kg lithium chloride(Li Cl) every two days for a total of 10 times. At the end of 16 weeks, the 
mice were sacrificed after anesthesia, and the epididymal fat tissue was taken aseptically. The pathological changes were observed by H&E staining. The expressions of interleukin-1β(IL-1β) and tumor necrosis factor-
α(TNF-α) were detected by immunohistochemistry(IHC). The expression of GSK3β protein and its S9 serine(GSK3β-S9) phosphorylation were detected by western blot. RESULTS: Compared with the ND group, the 
body weight [(34. 97±1. 91) g]and epididymal fat pad coefficient [(3. 25±0. 39) %]of HFD group was significantly up-regulated(P < 0. 05), the adipose tissue inflammatory cell infiltration was increased, the expression of 
TNF-α(F = 73. 157, P < 0. 05) and IL-1β(F = 42. 788, P < 0. 05) was significantly enhanced, and the phosphorylation degree of GSK3β-S9(F = 57. 991, P < 0. 05) was decreased. The inflammatory cell infiltration of 
adipose tissue in the HFD+1000 nmol/L BPA group was significantly increased, the body weight [(38. 49±1. 34) g]and epididymal fat pad coefficient [(4. 41±0. 33) %] of the mice were significantly increased, the 
phosphorylation of GSK3β-S9(F = 57. 991, P <0. 05) was significantly down-regulated, and the expression of TNF-α(F = 73. 157, P <0. 05) and IL-1β(F = 42. 788, P <0. 05) was significantly enhanced compared with 
that in the HFD group. Compared with the HFD + 1000 nmol/L BPA group, the HFD + 1000 nmol/L BPA+GSK3 inhibitor group was decreased inflammatory cell infiltration in adipose tissue, significantly decreased body 
weight [(32. 61 ± 3. 34) g] and epididymal fat pad coefficient [(3. 33±0. 66) %], significantly increased GSK3-S9(F = 57. 991, P < 0. 05)phosphorylation, and significantly decreased TNF-α(F = 73. 157, P < 0. 05) and IL-
1β(F = 42. 788, P<0. 05) expression. CONCLUSION: GSK3β inhibitor can down-regulate BPA-induced adipose tissue inflammation, inflammatory cytokine expression and upregulate GSK3β-S9 phosphorylation in HFD-
fed mice, suggesting that BPA exposure may regulate the expression of inflammatory cytokines mediating adipose tissue inflammation by affecting the degree of phosphorylation of GSK3β-S9.

Wei Sheng Yan Jiu 
Vol.48 Issue 6 Pages 
964-975

- 31875823 動物 - 1 0 1 1 0 20 mg/kg - - - - - - - - - - - - - - - - - - - - -

統合_0825 X. Zhang, C. Cheng, G. Zhang, M. Xiao, L. Li, S. 
Wu and X. Lu 2021

Co-exposure to BPA and DEHP 
enhances susceptibility of mammary 
tumors via up-regulating 
Esr1/HDAC6 pathway in female rats

Breast cancer (BrCa) as one of the major malignancies threatening women's health worldwide occurs due to the genetic and environmental interactions. Epidemiological studies have suggested that exposure to endocrine 
disrupting chemicals (EDCs) can elevate the risk of breast cancer. Di-(2-ethylhexyl)-phthalate (DEHP) and bisphenol A (BPA) are known as two typical EDCs. Although several studies have implied that there appear to 
have adverse effects of exposure to BPA or DEHP alone on breast development, no study to date has demonstrated the exact toxic effect of combined exposure to DEHP and BPA on breast tumorigenesis. In the present 
study, we performed an in vivo experiment including 160 female Sprague-Dawley (SD) rats, in which 80 rats were randomly allocated to 4 groups including control group given to normal diet, DEHP (150 mg/kg body 
weight/day), BPA (20 mg/kg body weight/day), and DEHP (150 mg/kg body weight/day) combined with BPA (20 mg/kg body weight/day) by gavage for 30 weeks. Additionally, a DEN/MNU/DHPN (DMD)-induced 
carcinogenesis animal model was also established to assess their effect on tumor promotion. Namely, the other 80 SD rats were separated into another 4 groups: in addition to DMD initiation each group treated with 
vehicle, DEHP, BPA and the combination of BPA and DEHP respectively. Our data demonstrated that BPA alone or in combination with DEHP may induce hyperplasia of mammary glands, including the proliferation of ductal 
epithelial cells and an increase in the number of lobules and acinus after a 30-week exposure. Notably, co-exposure to DEHP and BPA increased the incidence and reduced the latency of mammary tumor, which seemed to 
enhance the susceptibility of carcinogens-induced tumor. Mechanistically, our results supported the hypothesis that exposure to BPA and DEHP might promote breast cancer dependent on Esr1 and HDAC6 as pivotal 
factors, and further lead to the activation of oncogene c-Myc. Our study suggested that BPA combined with DEHP facilitate the occurrence of mammary tumors, which contributed to advance our understanding in the 
complex effects of compound exposure to endocrine disrupting chemicals.

Ecotoxicol Environ Saf 
Vol.221 Pages 112453

10.1016/j.ecoenv.2021.112453 34186418 動物 - 1 0 1 1 0 20 mg/kg - - - - - - - - - - - - - - - - - - - - -

統合_0826 W. Zhang, L. Zhang, W. Liang, H. Wang and F. 
Hu 2024

Neurodevelopment effects of early 
life bisphenol-A exposure on visual 
memory: Insights into recovery 
dynamics

Bisphenol A (BPA), a ubiquitous endocrine disruptor, is implicated in the cognitive deficits observed in both children and animals. Especially, BPA-induced spatial memory deterioration during the whole development phase 
of rodents has been well delineated. However, whether BPA exposure on the different development phases exerts similar effects on the prefrontal cortex (PFC) dependent visual memory is still elusive. Here, we chose 
two exposure windows, the whole gestation and lactation phases (E0~P21) and the whole juvenile and adolescent phases (P22~P60), for exposing rats to BPA. The visual memory of those rats was accessed by object 
recognition testing in the open field after BPA exposure and a constant recovery interval. The results revealed a substantial decline of visual memory under both exposure conditions, accompanied by an increase in anxiety-
like behavior in BPA-exposed rats. Notably, after a 20-day recovery period, those behavioral changes induced by BPA exposure during P22~60, not E0~P21, were reversed compared to the control rats. According to 
morphological analysis of those rats after recovery, we found that the spine density of pyramidal neurons in the PFC were significant decreased in rats with BPA exposure during E0~P21 and there was no difference 
between rats with or without BPA exposure during P22~P60. Additionally, a similar change trend in excitatory receptors expression was observed under both exposure conditions. After an additional 20 days of recovery, 
the behavioral changes in rats with perinatal BPA exposure reverted to the normal status. Our present findings illuminate the dynamic effects of BPA on PFC-dependent functions across two crucial early developmental 
stages of life.

Toxicology Vol.502 
Pages 153718

10.1016/j.tox.2023.153718 38160929 動物 - 1 1 1 1 0 1 mg/kg/day - - - - - - - - - - - - - - - - - - - - -

統合_0827
W. Zhang, J. Liu, Y. Wang, J. Wang, P. Zhu, W. 
Wang, Z. Song, J. Li, D. Song, Y. Wang and X. 
Liu

2025

Prenatal bisphenol A exposure 
causes sperm quality and functional 
defects via Leydig cell impairment 
and meiosis arrest in mice offspring

Bisphenol A (BPA), widely used in plastic production, acts as an environmental endocrine disruptor which is harmful to male reproductive health. However, the specific mechanisms through which prenatal BPA exposure 
disrupts spermatogenesis in offspring, particularly in terms of Leydig cell dysfunction and meiotic progression, remain poorly understood. To address this gap, we constructed a mouse model with BPA lowest Observed 
Adverse Effect Level (LOAEL: 50 mg/kg bw/day) exposure from embryonic day (ED) 0.5 to 18.5. Our results demonstrated that prenatal BPA exposure significantly decreased serum testosterone levels, testis weight, 
sperm count, motility parameters, and acrosomal integrity. Furthermore, it arrested the meiotic transition from zygotene to pachytene spermatocytes, leading to reduced sperm fertility characterized by reduced sperm-egg 
binding capacity and abnormal early embryonic cleavage in the male offspring. Importantly, prenatal BPA exposure significantly reduced the expression of PCNA (a marker of germ cell proliferation), SYCP3 (a meiosis 
regulator), and Vimentin (a blood-testis barrier component), collectively indicating impaired spermatogenesis in offspring testes. Additionally, prenatal BPA exposure dramatically reduced Leydig cell numbers and 
increased apoptosis, marked by BAX/BCL2 up-regulation, which mechanistically explains the observed testosterone reduction. In vitro experiments corroborated these effects: BPA exposure concentration-dependently 
inhibited Leydig cell proliferation, induced G0/G1 phase arrest, and downregulated testosterone synthesis molecules (Hsd3b1, Hsd17b3, Star, Cyp11a1, Cyp17a1). Quantitative proteomics identified 234 differentially 
expressed proteins (97 downregulated, 137 upregulated) in BPA-exposed Leydig cells. Bioinformatics analysis revealed that down-regulated proteins were mainly related to steroid hormone receptor activity, estrogen 
response element binding, and centrosome duplication processes, while the up-regulated proteins were mainly involved in oxygen binding and ROS metabolic process. Conclusively, prenatal BPA exposure impaired 
offspring male fertility via multi-faceted mechanisms: sperm quality defects, steroidogenic disruption, and meiotic arrest. This study advances the understanding of BPA transgenerational reproductive toxicity and 
underscores the need to mitigate prenatal exposure risks.

Sci Rep Vol.15 Issue 1 
Pages 9810

10.1038/s41598-025-93538-9 40118943 動物 - 1 1 1 ICR 0 50 mg/kg/day - - - - - - - - - - - - - - - - - - - - -

統合_0828 W. Zhang, R. Huang, J. Chen, L. Ren, L. Wang, 
Q. Chen and W. Zhou 2025

Bisphenol A exposure induces 
polycystic ovarian syndrome 
phenotype B and reduces fertility in 
adolescent female rats

RESEARCH QUESTION: Does adolescent exposure to bisphenol A (BPA) induce polycystic ovary syndrome (PCOS)-like phenotypes in female rats? DESIGN: Adolescent Sprague-Dawley rats (6-8 weeks old) were 
administered BPA (50 mg/kg body weight) in corn oil, or corn oil vehicle alone, daily for 10 weeks via gastric gavage. The rats' oestrous cycle was consistently evaluated from the initiation of BPA exposure, and 
observation was continued for 21 days after the exposure had ended. Serum sex hormone concentrations, blood glucose metabolism, ovarian morphology and fertility were investigated. RESULTS: Adolescent exposure to 
BPA resulted in irregular oestrous cycles and abnormal ovulation in female rats. Compared with the control group, BPA exposure increased the serum concentrations of testosterone, LH, insulin and glucagon, but reduced 
the serum concentrations of oestradiol, prolactin, sex hormone-binding globulin and anti-Müllerian hormone. BPA exposure during adolescence caused ovarian atrophy in the rats in adulthood but did not lead to polycystic 
changes in the ovaries. Moreover, female rats exposed to BPA showed a significant decrease in terms of litter number and weight. CONCLUSIONS: Exposure of adolescent female rats to BPA induced a PCOS-like 
syndrome that was similar to clinical subtype B of PCOS in adulthood and led to a marked decline in fertility. The findings further extend the research on endocrine-disrupting chemicals in reproduction, which would help 
to shed light on the pathogenesis of PCOS.

Reprod Biomed Online 
Vol.51 Issue 1 Pages 
104831

10.1016/j.rbmo.2025.104831 40440795 動物 - 1 1 1 1 0 50 mg/kg - - - - - - - - - - - - - - - - - - - - -

統合_0829 L. Zhang, X. Li, Y. Zhao, P. Wang, M. Shi, X. Li, 
X. Pei, Z. Duan, M. Ma and H. Yu 2025

Bisphenol A in utero induced 
glutamate and D-serine metabolic 
dysregulation in the hippocampus of 
rats and primary cultured astrocytes

Bisphenol A (BPA) is a widely used synthetic compound that could cause neurobehavioral abnormalities in mammals. Previous studies have suggested that NMDAR may be a potential target of BPA-induced neurotoxicity. 
However, the impact of exposure to BPA on glutamate (Glu) and D-serine (D-ser) metabolism (key regulators of NMDAR activation) has not been clarified yet. Pregnant SD rats were exposed to 0, 0.05, 0.5, 5 and 
50 mg/kg/day BPA via oral gavage from gestational day (GD) 5 to GD 19, and primary cultured astrocytes (AS) from neonatal rats were exposed to 5, 10 and 20 μmol/L BPA, respectively. Neurochemical experiments were 
conducted to investigate dysfunctions in Glu and D-ser metabolism both in the hippocampus of rats' offspring at different developmental stages and in AS. Results showed that BPA exposure in utero induced Glu 
accumulation and inhibited GS, GLS1, and GDH expression and activity at the gene, protein, and enzymatic levels in the hippocampus of rats' offspring during different developmental stages (GD 20, PND 21, and PND 56). 
However, BPA exposure in utero increased D-ser levels at GD 20 but decreased them from PND 21 onward. Additionally, BPA exposure in utero inhibited SR, asc-1, and ASCT2 expression, while promoting ASCT1 
expression during these stages. Besides, BPA exposure in utero up-regulated DAAO expression at GD 20 but down-regulated it from PND 21 onward. Moreover, BPA exposure inhibited the expression and activity of GS 
(except for its expression), GLS1, and GDH, while suppressing SR and DAAO expression but increasing ASCT2 expression without altering ASCT21 expression in AS. These findings will provide new insights into the 
pathogenesis of BPA-induced neurotoxicity through Glu and D-ser metabolic pathways.

Ecotoxicol Environ Saf. 
2025 Sep 1:302:118651.

10.1016/j.ecoenv.2025.118651 40639236 動物 神経 1 1 1 1 1 1 - - - - - - 1 1 - 1 - 1 - - - - - - - - -
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統合_0830 H. Zhang, Y. Zheng, X. Liu, X. Zha, M. Elsabagh, 
Y. Ma, H. Jiang, H. Wang and M. Wang 2023

Autophagy attenuates placental 
apoptosis, oxidative stress and fetal 
growth restriction in pregnant ewes

Bisphenol A (BPA)-induced oxidative stress (OS) and its potentially associated autophagy and apoptosis have not been studied previously in pregnant ewes. Accordingly, this study investigated the underlying mechanisms 
of BPA-induced autophagy and apoptosis in the placenta and primary trophoblasts of pregnant ewes exposed to BPA both in vivo and in vitro. In vivo experiment, pregnant Hu ewes (n = 8) were exposed to 5 mg/kg/d of 
BPA compared to control ewes (n = 8) receiving only corn oil from day 40 through day 110 of gestation. Exposure to BPA during gestation resulted in placental insufficiency, fetal growth restriction (FGR), autophagy, 
endoplasmic reticulum stress (ERS), mitochondrial dysfunction, OS, and apoptosis in type A placentomes. Regarding in vitro model, primary ovine trophoblasts were exposed to BPA, BPA plus chloroquine (CQ; an 
autophagy inhibitor) or BPA plus rapamycin (RAP; an autophagy activator) for 12 h. Data illustrated that exposure to BPA enhanced autophagy (ULK1, Beclin-1, LC3, Parkin, and PINK1), ERS (GRP78, CHOP10, ATF4, and 
ATF6) and apoptosis (Caspase 3, Bcl-2, Bax, P53) but decreased the antioxidant (CAT, Nrf2, HO-1, and NQO1)-related mRNA and protein expressions as well as impaired the mitochondrial function. Moreover, treatment 
with CQ exacerbated the BPA-mediated OS, mitochondrial dysfunction, apoptosis, and ERS. On the contrary, RAP treatment counteracted the BPA-induced trophoblast dysfunctions mentioned above. Overall, the findings 
illustrated that BPA exposure could contribute to autophagy in the ovine placenta and trophoblasts and that autophagy, in turn, could alleviate BPA-induced apoptosis, mitochondrial dysfunction, ERS, and OS. These 
results offer new mechanistic insights into the role of autophagy in mitigating BPA-induced placental dysfunctions and FGR.

Environ Int Vol.173 
Pages 107806

10.1016/j.envint.2023.107806 36841186 動物 - 1 0 1 不明 0 5 mg/kg/day - - - - - - - - - - - - - - - - - - - - -

統合_0831 H. Zhang, X. Zha, Y. Zheng, X. Liu, M. Elsabagh, 
H. Wang, H. Jiang and M. Wang 2023

Mechanisms underlying the role of 
endoplasmic reticulum stress in the 
placental injury and fetal growth 
restriction in an ovine gestation 
model

BACKGROUND: Exposure to bisphenol A (BPA), an environmental pollutant known for its endocrine-disrupting properties, during gestation has been reported to increase the risk of fetal growth restriction (FGR) in an 
ovine model of pregnancy. We hypothesized that the FGR results from the BPA-induced insufficiency and barrier dysfunction of the placenta, oxidative stress, inflammatory responses, autophagy and endoplasmic 
reticulum stress (ERS). However, precise mechanisms underlying the BPA-induced placental dysfunction, and subsequently, FGR, as well as the potential involvement of placental ERS in these complications, remain to be 
investigated. METHODS: In vivo experiment, 16 twin-pregnant (from d 40 to 130 of gestation) Hu ewes were randomly distributed into two groups (8 ewes each). One group served as a control and received corn oil once a 
day, whereas the other group received BPA (5 mg/kg/d as a subcutaneous injection). In vitro study, ovine trophoblast cells (OTCs) were exposed to 4 treatments, 6 replicates each. The OTCs were treated with 400 μ
mol/L BPA, 400 μmol/L BPA + 0.5 μg/mL tunicamycin (Tm; ERS activator), 400 μmol/L BPA + 1 μmol/L 4-phenyl butyric acid (4-PBA; ERS antagonist) and DMEM/F12 complete medium (control), for 24 h. RESULTS: In 
vivo experiments, pregnant Hu ewes receiving the BPA from 40 to 130 days of pregnancy experienced a decrease in placental efficiency, progesterone (P4) level and fetal weight, and an increase in placental estrogen (E2) 
level, together with barrier dysfunctions, OS, inflammatory responses, autophagy and ERS in type A cotyledons. In vitro experiment, the OTCs exposed to BPA for 24 h showed an increase in the E2 level and related protein 
and gene expressions of autophagy, ERS, pro-apoptosis and inflammatory response, and a decrease in the P4 level and the related protein and gene expressions of antioxidant, anti-apoptosis and barrier function. 
Moreover, treating the OTCs with Tm aggravated BPA-induced dysfunction of barrier and endocrine (the increased E2 level and decreased P4 level), OS, inflammatory responses, autophagy, and ERS. However, treating the 
OTCs with 4-PBA reversed the counteracted effects of Tm mentioned above. CONCLUSIONS: In general, the results reveal that BPA exposure can cause ERS in the ovine placenta and OTCs, and ERS induction might 
aggravate BPA-induced dysfunction of the placental barrier and endocrine, OS, inflammatory responses, and autophagy. These data offer novel mechanistic insights into whether ERS is involved in BPA-mediated placental 
dysfunction and fetal development.

J Anim Sci Biotechnol 
Vol.14 Issue 1 Pages 
117

10.1186/s40104-023-00919-z 37691111 動物、in vitro - 1 0 1 不明 0 5 mg/kg/day - - - 1 0 400 µmol/L - - - - - - - - - - - - - - -

統合_0832 H. Zhang, X. Zha, B. Zhang, Y. Zheng, M. 
Elsabagh, H. Wang and M. Wang 2024

Gut microbiota contributes to 
bisphenol A-induced maternal 
intestinal and placental apoptosis, 
oxidative stress, and fetal growth 
restriction in pregnant ewe model by 
regulating gut-placental axis

BACKGROUND: Bisphenol A (BPA) is an environmental contaminant with endocrine-disrupting properties that induce fetal growth restriction (FGR). Previous studies on pregnant ewes revealed that BPA exposure causes 
placental apoptosis and oxidative stress (OS) and decreases placental efficiency, consequently leading to FGR. Nonetheless, the response of gut microbiota to BPA exposure and its role in aggravating BPA-mediated 
apoptosis, autophagy, mitochondrial dysfunction, endoplasmic reticulum stress (ERS), and OS of the maternal placenta and intestine are unclear in an ovine model of gestation. RESULTS: Two pregnant ewe groups (n = 
8/group) were given either a subcutaneous (sc) injection of corn oil (CON group) or BPA (5 mg/kg/day) dissolved in corn oil (BPA group) once daily, from day 40 to day 110 of gestation. The maternal colonic digesta and 
the ileum and placental tissue samples were collected to measure the biomarkers of autophagy, apoptosis, mitochondrial dysfunction, ERS, and OS. To investigate the link between gut microbiota and the BPA-induced 
FGR in pregnant ewes, gut microbiota transplantation (GMT) was conducted in two pregnant mice groups (n = 10/group) from day 0 to day 18 of gestation after removing their intestinal microbiota by antibiotics. The 
results indicated that BPA aggravates apoptosis, ERS and autophagy, mitochondrial function injury of the placenta and ileum, and gut microbiota dysbiosis in pregnant ewes. GMT indicated that BPA-induced ERS, 
autophagy, and apoptosis in the ileum and placenta are attributed to gut microbiota dysbiosis resulting from BPA exposure. CONCLUSIONS: Our findings indicate the underlying role of gut microbiota dysbiosis and gut-
placental axis behind the BPA-mediated maternal intestinal and placental apoptosis, OS, and FGR. The findings further provide novel insights into modulating the balance of gut microbiota through medication or probiotics, 
functioning via the gut-placental axis, to alleviate gut-derived placental impairment or FGR. Video Abstract.

Microbiome Vol.12 Issue 
1 Pages 28

10.1186/s40168-024-01749-5 38365714 動物 - 1 0 1 不明 0 5 mg/kg/day - - - - - - - - - - - - - - - - - - - - -

統合_0833 H. Zhang, R. Yang, W. Shi, X. Zhou and S. Sun 2022

The association between bisphenol 
A exposure and oxidative damage in 
rats/mice: A systematic review and 
meta-analysis

Numerous studies reported that BPA could cause oxidative damage to different tissues in rats/mice. This study aimed to perform a systematic review and meta-analysis of BPA exposure on oxidative damage in rats/mice. 
A comprehensive literature search was conducted using PubMed, Embase, and Web of Science databases from their inception date until July 18, 2020. 20 eligible articles were included in this study. The results showed 
that BPA could significantly increase the level of MDA (SMD, 16.88; 95%CI, 12.06-21.71), but there was a significant reduction in the contents of antioxidants, such as GR (-10.46, -13.91 ~ -7.02), CAT (-8.48, -11.66 ~ -
5.30), GPx (-9.37, -11.95 ~ -6.80), GST (-7.59, -14.51 ~ -0.67), GSH (-10.64, -13.96 ~ -7.33), and SOD (-6.48, -8.37 ~ -4.58) in rats/mice. Our study provided clear evidence that BPA exposure could significantly induce 
oxidative damage in rats/mice. And we also found that the degree of oxidative damage was related to BPA dose, target tissue, intervention means, and exposure duration of BPA.

Environ Pollut Vol.292 
Issue Pt B Pages 
118444

10.1016/j.envpol.2021.118444 34742820 動物 - 1 不明 不明 不明 不明 不明 - - - - - - - - - - - - - - - - - - - - -

統合_0834 H. Zhang, H. Kuang, Y. Luo, S. Liu, L. Meng, Q. 
Pang and R. Fan 2019

Low-dose bisphenol A exposure 
impairs learning and memory ability 
with alterations of neuromorphology 
and neurotransmitters in rats

To investigate the developmental neurotoxicity of environmental bisphenol A (BPA) exposure for infants and children, postnatal rats were used as the animal model and were divided into four groups. Then, they were 
treated with different concentrations of BPA (i.e., 0, 0.5, 50, or 5000 μg/kg·bw/day of BPA as the control, low-, medium- and high-exposed group) from postnatal days 7 to 21. Y-maze tests, Golgi-Cox assays and liquid 
chromatography-tandem mass spectrometry (LC/MS/MS) were performed to test the changes of learning and memory ability, hippocampal neuromorphology and neurotransmitter levels, respectively. The results showed 
that the BPA-exposed rats, especially the low- and high-exposed rats, needed more trials and longer times to qualify for the learned criterion than the control rats. Additionally, rats after low- or high-exposure to BPA 
exhibited decreased DG dendritic complexity and reduced CA1 and DG dendritic spine densities in the hippocampus. Low-dosage BPA treatment could significantly alter the neurotransmitter contents in the hippocampus. 
In male rats, the levels of glutamic acid (Glu) and acetylcholine increased, while the 5-hydroxytryptamine (5-HT) and γ-aminobutyric acid (GABA) levels decreased, which lead to an unbalanced Glu/GABA ratio. However, 
in female rats, only 5-HT levels decreased. In conclusion, postnatal exposure to BPA could sex- and dose-dependently disrupt dendritic development and neurotransmitter homeostasis in the rat hippocampus. The 
impaired spatial learning and memory ability of rats induced by low-dose BPA is associated with both disrupted dendritic development and neurotransmitter homeostasis in the hippocampus.

Sci Total Environ. 2019 
Dec 20:697:134036.

10.1016/j.scitotenv.2019.134036 31476513 動物 神経 1 0 (腹腔内） 1 1 1 1 - - - - - - 1 1 - 1 - - - - - - - - - - -

統合_0835 S. S. M. Zaid, S. Othman and N. M. Kassim 2021

Protective role of Mas Cotek (Ficus 
deltoidea) against the toxic effects 
of bisphenol A on morphology and 
sex steroid receptor expression in 
the rat uterus

BACKGROUND: Numerous scientific studies have found that young women are at a high risk of reproductive infertility due to their routine exposure to numerous bisphenol A (BPA) products. This risk is highly associated 
with the production of reactive oxygen species from BPA products. Ficus deltoidea, which has strong antioxidant properties, was selected as a potential protective agent to counter the detrimental effects of BPA in the rat 
uterus. METHODS: Female Sprague-Dawley rats were allocated into four groups (n = 8) as follows: (i) the Normal Control group (NC), (ii) the BPA-exposed group (PC), (iii) the group concurrently treated with BPA and F. 
deltoidea (FC) and (iv) the group treated with F. deltoidea alone (F). RESULTS: After 6 weeks of concurrent treatment with F. deltoidea, uterine abnormalities in the BPA-exposed rats showed a significant improvement. 
Specifically, the size of stromal cells increased; interstitial spaces between stromal cells expanded; the histology of the glandular epithelium and the myometrium appeared normal and mitotic figures were present. The 
suppressive effects of BPA on the expression levels of sex steroid receptors (ERα and ERβ) and the immunity gene C3 were significantly normalised by F. deltoidea treatment. The role of F. deltoidea as an antioxidant 
agent was proven by the significant reduction in malondialdehyde level in BPA-exposed rats. Moreover, in BPA-exposed rats, concurrent treatment with F. deltoidea could normalise the level of the gonadotropin hormone, 
which could be associated with an increase in the percentage of rats with a normal oestrous cycle. CONCLUSION: F. deltoidea has the potential to counter the toxic effects of BPA on the female reproductive system. 
These protective effects might be due to the phytochemical properties of F. deltoidea. Therefore, future study is warranted to identify the bioactive components that contribute to the protective effects of F. deltoidea.

Biomed Pharmacother 
Vol.140 Pages 111757

10.1016/j.biopha.2021.111757 34044283 動物 - 1 1 1 1 0 10 mg/kg BPA. - - - - - - - - - - - - - - - - - - - - -

統合_0836 C. Yujiao, Z. Meng, L. Shanshan, W. Wei, W. 
Yipeng and Y. Chenghong 2023

Exposure to Bisphenol A induces 
abnormal fetal heart development by 
promoting ferroptosis

BACKGROUND: Bisphenol A (BPA), a common endocrine-disrupting chemical (EDC), has been revealed to be closely associated with the induction of abnormal heart development, obesity, prediabetes, and other 
metabolic disorders. However, the underlying mechanism of maternal BPA exposure on fetal heart development abnormalities is not clear. METHODS: To explore the adverse effects of BPA and its potential mechanism on 
heart development, C57BL/6 J mice and human cardiac AC-16 cells were used to conduct in vivo and in vitro studies. For the in vivo study, mice were exposed to low-dose BPA (40 mg/(kg·bw)) and high-dose BPA (120 
mg/(kg·bw)) for 18 d during pregnancy. In vitro study, human cardiac AC-16 cells were exposed to BPA of various concentrations (0.01, 0.1, 1, 10, and 100 µM) for 24 h. Cell viability and ferroptosis were evaluated using 
2,5-diphenyl-2 H-tetrazolium bromide (MTT), immunofluorescence staining, and western blotting. RESULTS: In BPA-treated mice, the alterations of fetal cardiac structure were observed. Increased NK2 homeobox 
5(Nkx2.5) was detected in vivo with the induction of ferroptosis, revealing that BPA induced abnormal fetal heart development. Furthermore, the results showed that SLC7A11 and SLC3A2 decreased in low- and high-
dose BPA-treated groups, suggesting that system Xc- mediated BPA-induced abnormal fetal heart development via inhibiting the expression of GPX4. Observing AC-16 cells confirmed that cell viability declined 
significantly with various concentrations of BPA. Moreover, BPA exposure suppressed GPX4 expression by inhibiting System Xc- (the decrease of SLC3A2 and SLC7A11). Collectively, system Xc- modulating cell 
ferroptosis might play important in abnormal fetal heart development induced by BPA exposure.

Ecotoxicol Environ Saf. 
2023 Apr 
15:255:114753.

10.1016/j.ecoenv.2023.114753 36933485 動物、in vitro - 1 1 1 1 0 40、120 mg/kg/bw - - - 1 0 0.01、0.1、1、10、100 µM 1 - - - - - - - - - - - - - -

統合_0837 H. Yue, H. Zhu, X. Wu, Y. Tian, J. Zhang, Y. Hu, 
X. Ji and N. Sang 2025

Maternal bisphenol A (BPA) 
exposure induces placental 
dysfunction and health risk in adult 
female offspring: Insights from a 
mouse model

Bisphenol A (BPA) is an endocrine disruptor that poses multiple risks to human health. In particular, the potential adverse effects of maternal exposure to BPA on offspring warrant further investigation. In this study, 
pregnant mice were exposed to BPA throughout gestation and the effects of BPA on placental function, fetal development, and health risks in adult offspring were assessed. The results showed that exposure to BPA 
during pregnancy led to abnormal fetal weight during the mid-to-late stages. Positron emission tomography (PET)/computed tomography (CT) and quantitative polymerase chain reaction (qPCR) were used to assess the 
expression of glucose transporters. The results showed that maternal BPA exposure altered glucose transport by upregulating Glut1. This alteration may significantly affect placental function and fetal development. 
Placental metabolomic analysis showed that BPA exposure led to downregulation of key intermediates in glucose metabolism, including UDP-d-glucose and D-glucosamine-6-phosphate. Additionally, the 
glycerophospholipid metabolite Dipalmitoylphosphatidylcholine (DPPC) was upregulated while CDP-choline and CDP-ethanolamine were downregulated. These disturbances in placental energy metabolism and 
alterations in glucose transport may be related to decreased fasting blood glucose levels and abnormal glucose tolerance in female offspring; however, these indices remained unaltered in male offspring. These findings 
provide preliminary insights into the potential pathological mechanisms underlying placental dysfunction and health risk caused by maternal BPA exposure in adult female offspring.

Sci Total Environ. 2025 
Jan 1:958:177714.

10.1016/j.scitotenv.2024.177714 39637470 動物 ⽣殖発⽣毒性 1 1 1 1 0 1 - - - - - - 1 1 - 1 - - - - - - - - - - -

統合_0838 H. Yu, L. Ma, D. Liu, Y. Wang, X. Pei, Z. Duan, 
M. Ma and Y. Zhang 2020

Involvement of NMDAR/PSD-
95/nNOS-NO-cGMP pathway in 
embryonic exposure to BPA induced 
learning and memory dysfunction of 
rats

Bisphenol A (BPA), can lead to learning and memory impairment, but the underlying mechanism is poorly understood. Researchers have indicated that the N-methyl-D-aspartate receptor (NMDAR)/postsynaptic density 
protein 95 (PSD-95)/neuronal nitric oxide synthase (nNOS)-nitric oxide (NO)-cyclic guanosine monophosphate (cGMP) pathway greatly contributes to learning and memory process. Pregnant rats were exposed to 0, 0.05, 
0.5, 5 and 50 mg/kg/day BPA via oral gavage from gestational day (GD) 5 to GD 19. Morris water maze, transmission electron microscope, western blot, real time PCR, biochemical analysis and ELISA were used to 
analyze the changes in behavior, synaptic ultrastructure, protein and gene expression of NMDAR, PSD-95, nNOS, together with nNOS activity, NO (Nitrate reductase method) and cGMP levels of the rat pups at different 
growth stages. Results of this research displayed that exposure to 0.5 mg/kg/day BPA could damage the spatial learning ability of rats at postnatal day (PND) 56. However, spatial memory ability could be affected by 
exposure to BPA at doses up to 5 mg/kg/day. Moreover, the thickness of the postsynaptic density decreased after exposure to BPA at doses of 5 and 50 mg/kg/day. Levels of NR1, NR2A, PSD-95 protein and mRNA were 
downregulated to some extent after exposure to BPA, whereas the expression of NR2B increased at GD 20 but decreased at PND 21 and 56. Contrarily, the nNOS expression along with the enzyme activity were promoted 
after exposure to BPA. Meanwhile, the NO and cGMP levels were suppressed at GD 20 but promoted at PND 21 and 56. In conclusion, these results demonstrated that NMDAR/PSD-95/nNOS-NO-cGMP pathway could be 
affected by embryonic exposure to BPA, which may involve in the spatial learning and memory dysfunction of rats in later life.

Environ Pollut. 2020 
Nov;266(Pt 1):115055.

10.1016/j.envpol.2020.115055 32629208 動物 神経 1 1 1 1 1 1 - - - - - - 1 1 - 1 - 1 - - - - - - - - -

統合_0839 O. M. Youssef, N. I. A. Goda, M. A. Hassan and 
N. E. Helal 2024

Selenium modulates bisphenol A-
induced intestinal apoptosis, 
oxidative stress and autophagy in 
rats: A biochemical, histological and 
immunohistochemical study

Bisphenol A (BPA) is a hazardous endocrine disruptor released into the environment during the production of certain plastics used for covering of food and beverage cans. In this work, we examined the protective benefits 
of selenium (Se) against intestinal damage induced by BPA in male rats. Rats were distributed randomly into four groups. The first group received corn oil and served as the control. The second group was administered Se 
(1 mg/kg body weight; BW). The third group was given oral BPA (50 mg/kg BW). In the fourth group, Se (1 mg/kg BW) and BPA (50 mg/kg BW) were administered simultaneously. This experiment lasted for eight weeks. 
Specimens from the large intestine were subjected to biochemical analysis of antioxidants and oxidative stress biomarkers, histological observation under light and transmission electron microscopy and 
immunohistochemistry to autophagy and apoptosis markers. The BPA-exposed group showed significantly elevated oxidative stress markers associated with significant decline of antioxidants in intestinal tissues. BPA 
resulted in histological alterations such as severe mucosal necrosis with massive inflammatory cell infiltration. Ultra-structurally, the same group showed severe loss of the cell organelles, shrunken nuclei, and abundant 
autophagosomes. Immunohistochemistry results demonstrated a strong reactivity of caspase-3 and LC3 in the BPA group in contrast to the reaction to p62, which was markedly diminished. These effects were mitigated 
in the BPA+Se group. We concluded that BPA's harmful effects on the large intestine are caused by apoptosis and autophagy. Se may protect intestinal cells from these effects and could be a useful and trustworthy 
approach for reducing BPA toxicity.

Arch Environ Occup 
Health Vol.79 Issue 9-
10 Pages 301-313

10.1080/19338244.2025.2455098 39862151 動物 - 1 不明 1 不明 0 50 mg/kg BW - - - - - - - - - - - - - - - - - - - - -

統合_0840 M. H. Yoo, A. R. Lee, W. Kim, W. J. Yu and B. S. 
Lee 2023

Bisphenol A is more potent than 
bisphenol S in influencing the 
physiological and pathological 
functions of lungs via inducing lung 
fibrosis and stimulating metastasis

Bisphenol A (BPA) is widely used in the production of plastics, food containers, and receipt ink globally. However, research has identified it as an endocrine disruptor, affecting the hormonal balance in living organisms. 
Bisphenol S (BPS), one of the alternative substances, was developed, but its effects on human health and the underlying mechanisms remain unclarified. Specifically, research on the effects of oral exposure to bisphenol 
on the lungs is lacking. We examined the potential differences in toxicity between these compounds in lung cells in vitro and in vivo. Our toxicity mechanism studies on MRC5 and A549 cells exposed to BPA or BPS 
revealed that BPA induced actin filament abnormalities and activated epithelial-mesenchymal transition (EMT). This finding suggests an increased potential for lung fibrosis and metastasis in lung cancer. However, given 
that BPS was not detected at the administered dose and under the specific experimental conditions, the probability of these occurrences is considered minimal. Additionally, animal experiments confirmed that oral 
exposure to BPA activates EMT in the lungs. Our study provides evidence that prolonged oral exposure to BPA can lead to EMT activation in lung tissue, similar to that observed in cell experiments, suggesting the 
potential to induce lung fibrosis. This research emphasizes the importance of regulating the use of BPA to mitigate its associated pulmonary toxicity. Furthermore, it is significant that within the parameters of our 
experimental conditions, BPS did not exhibit the toxicological pathways clearly evident in BPA.

Ecotoxicol Environ Saf 
Vol.264 Pages 115479

10.1016/j.ecoenv.2023.115479 37716066 動物、in vitro - 1 1 1 1 0 250 mg/kg BPA - - - 1 0 10〜5000 µM - - - - - - - - - - - - - - -

統合_0841 A. Yirun, G. Ozkemahli, A. Balci, P. Erkekoglu, N. 
D. Zeybek, N. Yersal and B. Kocer-Gumusel 2021

Neuroendocrine disruption by 
bisphenol A and/or di(2-ethylhexyl) 
phthalate after prenatal, early 
postnatal and lactational exposure

Bisphenol A (BPA) and di(2-ethylhexyl)phthalate (DEHP) are abundant endocrine disrupting chemicals (EDCs). In recent years, studies showed that EDCs may lead to neurodevelopmental diseases. The effects of prenatal 
exposure to these chemicals may have serious consequences. Moreover, exposure to EDCs as a mixture may have different effects than individual exposures. The present study aimed to determine the toxicity of BPA 
and/or DEHP on central nervous system (CNS) and neuroendocrine system in prenatal and lactational period in Sprague-Dawley rats. Pregnant rats were randomly divided into four groups: control (received vehicle); BPA 
group (received BPA at 50 mg/kg/day); DEHP group (received DEHP at 30 mg/kg/day); and combined exposure group (received both BPA at 50 mg/kg/day and DEHP at 30 mg/kg/day) during pregnancy and lactation by oral 
gavage. At the end of lactation, male offspring (n = 6) were randomly grouped. The alterations in the brain histopathology, neurotransmitter levels and enzyme activities in the cerebrum region, oxidative stress markers, and 
apoptotic effects in the hippocampus region were determined at adulthood. The results showed that exposure to EDCs at early stages of life caused significant changes in lipid peroxidation, total GSH and 
neurotransmitter levels, and activities of neurotransmitter-related enzymes. Moreover, BPA and/or DEHP led to apoptosis and histopathologic alterations in the hippocampus. Therefore, we can suggest that changes in 
oxidant/antioxidant status, as well as in neurotransmitters and related enzymes, can be considered as the underlying neurotoxicity mechanisms of BPA and DEHP. However, more mechanistic studies are needed.

Environ Sci Pollut Res 
Int Vol.28 Issue 21 
Pages 26961-26974

10.1007/s11356-021-12408-9 33496947 動物 - 1 1 1 1 0 50 mg/kg/⽇ - - - - - - - - - - - - - - - - - - - - -

統合_0842 F. Yin, X. Huang, X. Lin, T. F. Chan, K. P. Lai 
and R. Li 2022

Analyzing the synergistic adverse 
effects of BPA and its substitute, 
BHPF, on ulcerative colitis through 
comparative metabolomics

Ulcerative colitis (UC) is an inflammatory bowel disease (IBD) that causes long-term inflammation and ulcers in the colon and rectum. Approximately 3 million adults were diagnosed with IBD in the US in 2015, and its 
incidence rate is estimated to increase by 4-6 times in 2030. Industrial pollutants are largely responsible for this significant increase in UC cases. Several epidemiological and animal studies have demonstrated the 
correlation between pollutants and gastrointestinal diseases, but detailed molecular mechanisms responsible for adverse effects of environmental pollutants on UC are still unknown. In the present study, we used a 
dextran sulfate sodium (DSS)-induced colitis mouse model, comparative metabolomics analysis, and systematic bioinformatics analysis to delineate the synergistic adverse effects of bisphenol A (BPA) and its substitute 
fluorene-9-bisphenol (BHPF) on UC. Subsequently, a significant alteration in gut metabolites was observed by the BPA and BHPF treatments. Furthermore, the bioinformatics analysis indicated deregulation of sugar and 
fatty acid metabolisms in the DSS-induced colitis model by the BPA and BHPF treatments, respectively. Additionally, both the treatments induced an inflammatory response in the model. Particularly, some DSS-
deregulated metabolites, which play important roles in gut inflammation, were synergistically induced or reduced by the BPA and BHPF treatments. To the best knowledge of the authors, the synergistic adverse effects of 
the BPA and BHPF treatments on UC were demonstrated for the first time through gut metabolism alterations. Therefore, the present study provides novel insights in the role of environmental pollutants, such as BPA and 
BHPF, in UC development.

Chemosphere. 2022 
Jan;287(Pt 2):132160.

10.1016/j.chemosphere.2021.1321
60

34509005 動物 腸 1 不明 不明 1 不明 不明 - - - - - - 1 1 - 1 - - - - - - - - - - -
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統合_0843 Y. Yao, W. Zhu, D. Han, X. Shi and S. Xu 2023

New Insights into How Melatonin 
Ameliorates Bisphenol A-Induced 
Colon Damage: Inhibition of NADPH 
Oxidase

Bisphenol A (BPA) is an endocrine disruptor, widely employed, and detected in many consumer products and food items. Oral intake poses a great threat to intestinal health. Melatonin (MT) stands out as an endogenous, 
dietary, and therapeutic molecule with potent antioxidant capacity. To explore the protective effect of MT against BPA-induced colon damage and the role of NADPH oxidase (NOX) in this process, we established mice 
and colonic epithelial cell (NCM460) models of BPA exposure and treated with MT. In vitro and in vivo results showed that MT ameliorated BPA-induced oxidative stress, DNA damage, and the G2/M cell cycle arrest. MT 
also downregulated the expression of NOX family-related genes, reversed the inhibition of the base excision repair (BER) pathway, promoted the activation of non-homologous end-joining (NHEJ) pathway, and suppressed 
the mRNA and protein expression of ATM, Chk1/2, and p53. Diphenyleneiodonium chloride (DPI), a NOX-specific inhibitor, also attenuated the toxic effects of BPA on NCM460 cells. Furthermore, molecular docking 
revealed that MT could bind to NOX. Conclusively, our finding suggested that MT can ameliorate BPA-induced colonic DNA damage by scavenging NOX-derived ROS, which further attenuates G2/M cell cycle arrest 
dependent on the ATM-Chk1/2-p53 axis.

J Agric Food Chem. 
2023 Feb 8;71(5):2566-
2578.

10.1021/acs.jafc.2c07236 36633214 動物、in vitro 腸 1 1 1 不明 0 不明 - - - 不明 0 不明 1 1 - 1 - - - - - - - - - - -

統合_0844 Y. Yao, T. Chen, H. Wu, N. Yang and S. Xu 2023

Melatonin attenuates bisphenol A-
induced colon injury by dual 
targeting mitochondrial dynamics 
and Nrf2 antioxidant system via 
activation of SIRT1/PGC-1α 
signaling pathway

Industrial advancement has led to an increase in the production and usage of bisphenol A (BPA), thereby resulting in serious environmental pollution problems. BPA ingestion causes multiorgan toxicity. However, the exact 
mechanism underlying BPA-induced colon damage remains elusive. Moreover, no safe treatment is available to alleviate BPA-induced colon injury. Therefore, the in vivo and in vitro approaches were employed to detect the 
protective effects of melatonin (MT) on BPA-induced colon injury and to determine the underpinning molecular mechanisms. MT treatment of mice and the colonic epithelial cells NCM460 alleviated BPA-induced colon 
damage by inhibiting the mitochondrial dynamic imbalance, enhancing mitochondrial respiratory chain (MRC) complexes expression, reducing reactive oxygen species (ROS) production, and suppressing apoptosis and 
necroptosis. MT upregulated the proteins level of silent information regulator 1 (SIRT1) and peroxisome proliferator-activated receptor-γ coactivator-1α (PGC-1α), which further increased the expression of nuclear 
factor erythroid 2-related factor 2 (Nrf2) and the downstream antioxidant target genes heme oxygenase-1 (HO-1) and NAD(P)H quinone redox enzyme-1 (NQO1). Treatment with the SIRT1 inhibitor EX527 effectively 
reversed the MT-induced upregulation of the aforementioned protein levels. Thus, the MT-activated Sirt1/PGC-1α signaling pathway restored the mitochondrial dynamic balance and activated the Nrf2 antioxidant axis to 
attenuate BPA-induced colon injury. These results demonstrate that MT supplementation may potentially mitigate BPA toxicity.

Free Radic Biol Med. 
2023 Feb 1:195:13-22.

10.1016/j.freeradbiomed.2022.12.0
81

36549428 動物、in vitro 腸 1 1 1 1 0 0 - - - 不明 0 不明 1 1 - 1 - - - - - - - - - - -

統合_0845 J. Yao, J. Wang, L. Wu, H. Lu, Z. Wang, P. Yu, H. 
Xiao, R. Gao and J. Yu 2020

Perinatal exposure to bisphenol A 
causes a disturbance of 
neurotransmitter metabolic 
pathways in female mouse 
offspring: A focus on the tryptophan 
and dopamine pathways

Perinatal exposure to bisphenol A (BPA) contributes to neurological disorders in offspring, but the underlying mechanisms are still poorly understood. The abnormal release of neuroactive metabolites in the tryptophan 
(TRP) and dopamine (DA) pathways is considered to be closely associated with some disorders. Thus, in this study, TRP and DA pathways in adult female mouse offspring were investigated when the pregnant mice were 
given either vehicle or BPA (2, 10, or 100 μg/kg/d) from day 6 of gestation until weaning. Then, the serum and brain samples of offspring were collected at 3, 6 and 9 months, and 12 neuroactive metabolites in the TRP 
and DA pathways were detected. The results showed that, in the TRP pathway, TRP levels decreased, whereas kynurenine (KYN) levels and TRP turnover increased in the brain. In the serum, TRP, KYN and 5-
hydroxytryptamine (5-HT) levels decreased significantly. For the DA pathway, DA and DA metabolites, including 3,4-dihydroxyphenylacetic acid (DOPAC), 3-methoxytyramine (3-MT) and homovanillic acid (HVA), reduced 
significantly in the brain and serum. DA turnover decreased dramatically in the brain but enhanced in the serum. The disturbance of these two metabolic pathways might be one of the potential mechanisms of BPA-
induced neuropsychiatric disorders.

Chemosphere. 2020 
Sep:254:126715.

10.1016/j.chemosphere.2020.1267
15

32334245 動物 神経 1 0 (⽪下） 1 1 1 1 - - - - - - 1 1 - 1 - - - - - - - - - - -

統合_0846 Z. Yang, J. Shi, Z. Guo, M. Chen, C. Wang, C. He 
and Z. Zuo 2019

A pilot study on polycystic ovarian 
syndrome caused by neonatal 
exposure to tributyltin and bisphenol 
A in rats

The development of polycystic ovary syndrome (PCOS) could be caused by exposure to environmental endocrine disrupting chemicals (EDCs). In the current study, two commonly found EDCs, bisphenol A (BPA) and 
tributyltin (TBT), were investigated for their effects on PCOS occurrence in neonatal female rats. TBT (10 and 100 ng kg(-1) d(-1)), BPA (50 μg kg(-1) d(-1)), and a mixture of the two (TBT 100 ng kg(-1) d(-1) with BPA 50 
μg kg(-1) d(-1)) were administered to female rats from postnatal day 1-16. TBT, BPA, and TBT + BPA treatment resulted in an irregular estrus cycle and disturbed ovarian development, with less corpora lutea and antral 
follicles, but more atretic follicles and cysts. In addition, serum testosterone and luteinizing hormone levels were significantly elevated, whereas a reduced level of serum sex hormone-binding globulin was observed after 
TBT100, BPA50, and TBT + BPA treatments. Moreover, gene expression analyses identified significant differential expression of the genes involved in a variety of biological pathways, such as lipid transport and 
steroidogenesis. Moreover, the expression level of proteins regulating lipid and androgen biosynthesis was elevated after the treatments. In conclusion, this study demonstrated that exposure to TBT, BPA, and a mixture of 
the two in newborn rats could contribute to a PCOS-like syndrome. The mechanism of PCOS pathogenesis caused by exposure to TBT and BPA is likely to be mediated by the lipid metabolism and steroidogenesis 
pathways. Our results provide novel insight into female reproduction affected by EDCs, which may be helpful for revealing the pathogenesis of PCOS.

Chemosphere Vol.231 
Pages 151-160

10.1016/j.chemosphere.2019.05.1
29

31129395 動物 - 1 0 1 不明 0 50 µg kg/⽇ - - - - - - - - - - - - - - - - - - - - -

統合_0847 Q. Yang, Y. Mao, J. Wang, H. Yu, X. Zhang, X. 
Pei, Z. Duan, C. Xiao and M. Ma 2022

Gestational bisphenol A exposure 
impairs hepatic lipid metabolism by 
altering mTOR/CRTC2/SREBP1 in 
male rat offspring

Lipid metabolism is an important biochemical process in the body. Recent studies have found that environmental endocrine disruptors play an important role in the regulation of lipid metabolism. Bisphenol A (BPA), a 
common environmental endocrine disruptor, has adverse effects on lipid metabolism, but the mechanism is still unclear. This study aimed to investigate the effects of gestational BPA exposure on hepatic lipid metabolism 
and its possible mechanism in male offspring. The pregnant Sprague-Dawley rats were exposed to BPA (0, 0.05, 0.5, 5 mg/kg/day) from day 5 to day 19 of gestation to investigate the levels of triglyceride (TG) and total 
cholesterol (TC), and the expression of liver lipid metabolism-related genes in male offspring rats. The results showed that compared with the control group, the TG and TC levels in serum and liver in BPA-exposed groups 
was increased. And the expressions of liver fatty acid oxidation related genes, such as peroxisome proliferators-activated receptor α (PPARα) and carnitine palmitoyl transferase 1α (CPT1α), were down-regulated. 
However, the expressions of fatty acid synthesis related genes, such as sterol regulatory element binding proteins 1 (SREBP-1), acetyl-CoA carboxylase 1 (ACC1), fatty acid synthase (FAS) and stearoyl-CoA desaturase 1 
(SCD-1), were up-regulated. The increased protein levels of mTOR and p-CRTC2 suggested that CREB-regulated transcription coactivator 2 (CRTC2) might be an important mediator in the mTOR/SREBP-1 pathway. In 
conclusion, these results demonstrated that mTOR/CRTC2/SREBP-1 could be affected by gestational BPA exposure, which may involve in the lipid metabolic disorders in later life.

Hum Exp Toxicol. 2022 
Jan-
Dec:41:96032712211298
52.

10.1177/09603271221129852 36137816 動物 代謝 1 1 1 1 1 1 - - - - - - 1 1 - 1 - 1 - - - - - - - - -

統合_0848 J. Yang, C. Link, Y. O. Henderson, N. Bithi and 
C. Hine 2021

Peripubertal Bisphenol A Exposure 
Imparts Detrimental Age-Related 
Changes in Body Composition, 
Cognition, and Hydrogen Sulfide 
Production Capacities

Aims: Peripubertal endocrine disruption has immediate and lifelong consequences on health, cognition, and lifespan. Disruption comes from dietary, environmental, and pharmaceutical sources. The plasticizer Bisphenol A 
(BPA) is one such endocrine disrupting chemical. However, it is unclear whether peripubertal BPA exposure incites long-lasting physiological, neuro-cognitive, and/or longevity-related metabolic impairments. Catabolism 
of cysteine via transsulfuration enzymes produces hydrogen sulfide (H(2)S), a redox-modulating gasotransmitter causative to endocrine and metabolic homeostasis and improved cognitive function with age. As thyroid 
hormone (TH) regulates hepatic H(2)S production and BPA is a TH receptor antagonist, we hypothesized that BPA exposure during peripubertal development impairs metabolic and neuro-cognitive/behavioral endpoints in 
aged mice, in part, due to altered peripheral and/or localized H(2)S production and redox status. Results: To test this, male C57BL/6J mice at 5 weeks of age were orally exposed daily for 5 weeks to 250 μg BPA/kg, 
defined as low dose group (LD BPA), or 250 mg BPA/kg, defined as high dose group (HD BPA). Both LD and HD BPA exposure decreased lean mass and increased fat mass accompanied by decreased serum total TH at 
advanced ages. In addition, LD BPA had an anxiogenic effect whereas HD BPA caused cognitive deficits. Notably, HD BPA disrupted tissue-specific H(2)S production capacities and/or protein persulfidation, with the 
former negatively correlated with memory deficits and oxidative stress. Innovation and Conclusion: These findings provide a potential mechanism of action for acute and long-term health impacts of BPA-induced 
peripubertal endocrine disruption and bolster the need for improved monitoring and limitation of adolescent BPA exposure.

Antioxid Redox Signal 
Vol.36 Issue 16-18 
Pages 1246-67

10.1089/ars.2020.8226 34314248 動物 - 1 1 1 1 0 250 µg BPA/kg - - - - - - - - - - - - - - - - - - - - -

統合_0849 C. Yang, Y. Tan, F. Li, H. Wang, Y. Lin, F. Lu and 
H. Zhao 2022

Intestinal Microecology of Mice 
Exposed to TiO(2) Nanoparticles 
and Bisphenol A

Exposure to titanium dioxide nanoparticles (TiO(2) NPs) and bisphenol A (BPA) is ubiquitous, especially through dietary and other environmental pathways. In the present study, adult C57BL/6J mice were exposed to 
TiO(2) NPs (100 mg/kg), BPA (0, 5, and 50 mg/kg), or their binary mixtures for 13 weeks. The 16S rDNA amplification sequence analysis revealed that co-exposure to TiO(2) NPs and BPA altered the intestinal microbiota; 
however, this alteration was mainly caused by TiO(2) NPs. Faecal metabolomics analysis revealed that 28 metabolites and 3 metabolic pathways were altered in the co-exposed group. This study is the first to reveal the 
combined effects of TiO(2) NPs and BPA on the mammalian gut microbial community and metabolism dynamics, which is of great value to human health. The coexistence of TiO(2) NPs and BPA in the gut poses a potential 
health risk due to their interaction with the gut microbiota.

Foods Vol.11 Issue 12 10.3390/foods11121696 35741895 動物 - 1 1 1 1 0 5, 50 mg/kg/day - - - - - - - - - - - - - - - - - - - - -

統合_0850 A. Yahyazadeh 2024
The effectiveness of hesperidin on 
bisphenol A-induced spinal cord 
toxicity in a diabetic rat model

The potential health risks of bisphenol A (BS) and diabetes (DI) has sparked public concern due to be ubiquitous worldwide. The purpose of this study was to investigate the detrimental impact of BS (200 mg/kg) on the 
spinal cord tissue in a rat diabetic model. We also evaluated the antioxidant capacity of hesperidin (HS) (100 mg/kg) on spinal cord in BS-treated diabetic rat. Seventy male Wistar albino rats, weighing 180-230 g and 8 
weeks old, were randomly chosen, and assigned into seven groups of 10 rats: Control (KON), BS, DI, BS + DI, HS + BS, HS + DI, HS + BS + DI. At the end of the 14-day experimental period, all samples were examined 
using stereological, biochemical, and histopathological techniques. Our biochemical findings revealed that the SOD level was significantly lower in the BS, DI, and BS + DI groups compared to the KON group (p < 0.05). 
Compared to the KON group, there was a significant decrease in the number of motor neurons and an increase in the mean volume of central canals in the BS, DI, and BS + DI groups (p < 0.05). In the HS + BC group than 
the BS group and in the HS + DI group than the DI group, SOD activity and the number of motor neurons were significantly higher; also, the mean volume of spinal central canal was significantly lower (p < 0.05). The novel 
findings gathered from the histopathological assessment supported our quantitative results. Our speculation was that the exposure to BS and DI was the main cause of neurological alteration in the spinal cord tissues. 
The administration of HS had the therapeutic potential to mitigate spinal cord abnormalities resulting from BS and DI. However, HS supplementation did not alleviate spinal cord complications in BS-treated diabetic rats.

Toxicon Vol.243 Pages 
107724

10.1016/j.toxicon.2024.107724 38649116 動物 - 1 不明 不明 1 0 200 mg/kg - - - - - - - - - - - - - - - - - - - - -

統合_0851
S. K. Yadav, A. Kumar, B. G. Yadav, V. Bijalwan, 
S. Yadav, G. P. Patil, K. Sarkar, R. Palkhade, S. 
Das and D. P. Singh

2024

Sub-acute bisphenol A exposure 
induces proteomic alterations and 
impairs male reproductive health in 
mice

Bisphenol A (BPA) is one of the most prevalent endocrine disrupting chemicals (EDCs) and there is widespread concern about the adverse effects of EDCs on human health. However, the exact mechanism of these 
toxicities has still not been fully deciphered. Additionally, studies have reported the toxicological effects at far low doses to the generally considered no-observed-adverse-effect level (NOAEL) dose. The present study 
investigates the effects of a sub-acute (28 days) exposure to BPA (10, 50 and 100 mg/kg/day) in adult male mice on various hormones levels, sperm motility, sperm count, functional integrity of sperm plasma membrane, 
testicular histological changes, oxidative stress markers and DNA damage. The key proteome signatures were quantified by LC-MS/MS analysis using Orbitrap Fusion Lumos Tribrid Mass Spectrometer equipped with 
nano-LC Easy-nLC 1200. Data suggest that the BPA exposure in all doses (below/above NOAEL dose) have greatly impacted the hormone levels, sperm parameters (sperm count, motility and membrane integrity) and 
testicular histology. Mass spectrometry-based proteomics data suggested for 1352 differentially expressed proteins (DEPs; 368 upregulated, 984 downregulated) affecting biological process, cellular component, and 
molecular functions. Specifically searched male reproductive function related proteins suggested a complex network where 46 potential proteins regulating spermatogenesis, sperm structure, activity and membrane 
integrity while tackling oxidative stress responses were downregulated. These potential biomarkers could shed some more light on our current understanding of the reproductive toxicological effects of BPA and may lead 
to exploration of novel interventions strategies against these targets for male infertility.

J Biochem Mol Toxicol. 
2024 
Oct;38(10):e23862.

10.1002/jbt.23862 39318032 動物 内分泌/精⼦/精巣 1 1 1 1 1 1 - - - - - - 1 1 - 1 - 1 - - - - - - - - -

統合_0852 J. Xue, L. Zhang, X. Xie, Y. Gao, L. Jiang, J. 
Wang, Y. Wang, R. Gao, J. Yu and H. Xiao 2020

Prenatal bisphenol A exposure 
contributes to Tau pathology: 
Potential roles of CDK5/GSK3β
/PP2A axis in BPA-induced 
neurotoxicity

Bisphenol A (BPA) is a well-known endocrine disruptor used to manufacture polycarbonate plastics and epoxy resins. BPA exposure especially occupational perinatal exposure to has been linked to numerous adverse 
effects for the offspring. Available data have shown that perinatal exposure to BPA contributes to neurodegenerative pathological changes; however, the potential mechanisms remain unclear. This study attempted to 
investigate the long-term consequences of perinatal exposure to BPA on the offspring mouse brain. The pregnant mice were given either a vehicle control or BPA (2, 10, 100 μg/kg/d) from day 6 of gestation until weaning 
(P6-PND21, foetal and neonatal exposure). At 3, 6 and 9 months of age, the neurotoxic effects in the offspring in each group were investigated. We found that the spine density but not the dendritic branches in the 
hippocampus were noticeably reduced at 6 and 9 months of age. Meanwhile, p-Tau, the characteristic protein for tauopathy, was dramatically increased in both the hippocampus and cortex at 3-9 months of age. 
Mechanically, the balance of kinase and protein phosphatase, which plays critical roles in p-Tau regulation, was disturbed. It indicated that GSK3β and CDK5, two critical kinases, were activated in most of the BPA 
perinatal exposure group, while protein phosphatase 2A (PP2A), one of the important phosphatases, regulated p-Tau expression through its demethylation, methylation and phosphorylation. Taken together, the present 
study may be translatable to the human occupational BPA exposure due to a similar exposure level. BPA perinatal exposure causes long-term adverse effects on the mouse brain and may be a risk factor for tauopathies, 
and the CDK5/GSK3β/PP2A axis might be a promising therapeutic target for BPA-induced neurodegenerative pathological changes.

Toxicology. 2020 May 
30:438:152442.

10.1016/j.tox.2020.152442 32278051 動物 神経 1 0 (⽪下） 1 1 1 1 - - - - - - 1 1 - 1 - - - - - - - - - - -

統合_0853 X. Xie, Y. Zhu, H. Cheng, H. Li, Y. Zhang, R. 
Wang, W. Li and F. Wu 2023

BPA exposure enhances the 
metastatic aggression of ovarian 
cancer through the ERα
/AKT/mTOR/HIF-1α signaling axis

Long-term exposure to bisphenol A (BPA) in humans may promote ovarian cancer development. In present study, the mechanisms by which BPA mediates the aggression metastatic behavior of ovarian cancer were 
investigated in vitro/in vivo. The results showed that BPA (10 μM) significantly promoted the proliferation, migration and invasion of human ovarian cancer cells (ES-2 and OVCAR-3 cells); moreover, it promoted ES-2 and 
OVCAR-3 cell glucose uptake, lactic acid release and intracellular ATP synthesis. After administration of 5 μg/kg/day BPA, tumor volume was increased compared with that in control group. KEGG and GO enrichment 
analyses showed that the genes from ES-2 cell in 10 μM BPA-treated group were enriched mainly in central carbon metabolism and PI3K-AKT signaling pathway. Then, qRT‒PCR and western blotting results showed 
that BPA (10 μM) increased the mRNA and protein expression levels of glycolysis-related genes and mTOR, p-AKT HIF-1α and ERα in vitro/vivo; whereas this effect was reduced after treatment with the ERα inhibitor 
methyl-piperidino-pyrazole. Furthermore, coimmunoprecipitation and mass spectrometry showed that BPA promoted the direct interaction of ERα with lactate dehydrogenase A. These results show that BPA directly 
promoted the proliferation, migration and invasion of ovarian cancer cells through the ERα/AKT/mTOR/HIF-1α signaling axis to enhance glycolysis.

Food Chem Toxicol 
Vol.176 Pages 113792

10.1016/j.fct.2023.113792 37080528 動物、in vitro - 不明 不明 不明 不明 0 5 µg/kg/⽇ - - - 1 0 10 µM - - - - - - - - - - - - - - -

統合_0854
B. Xiao, W. Yang, H. Dong, T. Liu, C. Li, Y. Wang, 
D. Gao, G. Han, F. Kiran, A. Wang, Y. Jin, Y. 
Yuan and H. Chen

2025

Co-Exposure to Polystyrene 
Microplastics and Bisphenol A 
Contributes to the Formation of 
Liver Fibrosis in Mice through 
Inhibition of the BMAL1/E-Cad 
Signaling Pathway

The food safety risks posed by exposure to polystyrene microplastics (PS-MPs) and bisphenol A (BPA) have become an issue worldwide. However, the toxic effects of PS-MPs and BPA coexposure on the mammalian liver 
remain elusive. In this study, we found that PS-MPs and BPA coexposure have synergistic toxic effects on AML12 cells and the mouse liver. Histopathological staining revealed excessive accumulation of the extracellular 
matrix in the coexposure liver. Co-exposure to PS-MPs and BPA downregulated Bmal1 and E-cad both in vitro and in vivo. Additionally, Bmal1(-/-) AML12 cells and liver-specific Bmal1(-/-) mice exhibited significantly 
reduced E-cad levels, with no significant reduction under PS-MPs and BPA coexposure. Notably, overexpression of BMAL1 and CLOCK significantly enhanced luciferase activity driven by the E-cad gene intron region 
(containing an E-box cis-element). These results demonstrated that coexposure to PS-MPs and BPA contributed to the development of liver fibrosis by inhibiting the BMAL1/E-cad signaling pathway.

J Agric Food Chem. 
2025 Mar 
26;73(12):7405-7422.

10.1021/acs.jafc.4c08790 40073227 動物、in vitro 肝臓 1 1 ポリスチレンと共投与 ICR mouse 0 5 mg/kg:1 - - - 不明 0 不明 1 1 - 1 - - - - - - - - - - -

統合_0855 F. Wu, J. Zhao, E. Zhang, Q. Wu, X. Wu, D. 
Zhang, Y. Liu, R. Wang and W. Li 2020

Bisphenol A affects ovarian 
development in adolescent mice 
caused by genes expression change

Many human epidemiology and animal model studies have reported that bisphenol A (BPA) exerts adverse effects on reproduction through different regulatory mechanisms and signaling pathways in adults. In recent years, 
the exposure risk has increased for the general population, and little is known about how BPA affects ovarian development in adolescent animals and humans. In the present study, we aimed to investigate the effects of 
BPA exposure on ovarian development and the transcriptome in adolescent mice. Four-week-old ICR female mice were randomly divided into two groups and orally administered BPA (200 ng/kg/day) by gavage for 4 
weeks. The BPA and estrogen (E2) levels in sera from the two groups were subsequently determined by using enzyme-linked immunosorbent assays (ELISAs). An immunohistochemical study showed that several obvious 
ovarian structural and developmental abnormalities were observed in the treatment group with changes in the E2 receptor gene and protein expression levels. A total of 4266 differentially expressed genes (DEGs) were 
identified, and the possible functions of these DEGs were explored by bioinformatics analyses based on the RNA-Seq data. The two most significant expression profiles were identified by Short Time-series Expression 
Miner (STEM) software, and the genes in these two profiles were enriched in actin filament-based processes, behaviour and membrane potential regulation according to Gene Ontology (GO) enrichment analysis. 
Furthermore, Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway analysis showed that these DEGs are particularly involved in the endocrine system, the calcium and cAMP signaling pathways.

Gene Vol.740 Pages 
144535

10.1016/j.gene.2020.144535 32156529 動物 - 1 1 1 ICR 0 200 ng/kg - - - - - - - - - - - - - - - - - - - - -
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統合_0856 D. Wu, F. Wu, R. Lin, Y. Meng, W. Wei, Q. Sun 
and L. Jia 2020

Impairment of learning and memory 
induced by perinatal exposure to 
BPA is associated with ERα-
mediated alterations of synaptic 
plasticity and PKC/ERK/CREB 
signaling pathway in offspring rats

The effect of bisphenol A (BPA) on learning and memory has attracted much attention recently, but its underlying mechanism remains unclear. We aimed to investigate whether the impairment of learning and memory 
induced by perinatal exposure to BPA was associated with the hippocampal estrogen receptor α (ERα)-mediated synaptic plasticity and PKC/ERK/CREB signaling pathway in different sex offspring rats. Pregnant 
Sprague-Dawley rats were treated with BPA (1 and 10 μg/mL) through drinking water from gestational day (GD) 6 to postnatal day (PND) 21. After weaning, offspring drank BPA-free water until PND 56. Morris water 
maze, placement and object recognition, and step-down passive avoidance task were performed. The serum estradiol (E2) levels, histopathology of hippocampus, and the expression of learning and memory related 
proteins were measured. The results showed that spatial and recognition memory were impaired in BPA-exposed female and male offspring, but the impaired passive avoidance memory presented only in males, not in 
females. The serum E2 levels were increased in BPA-exposed females and males. BPA altered the morphology and quantity of hippocampal neurons. The levels of ERα, NMDA receptor subunit 2B (NR2B), p-NR2B, AMPA 
receptor 1 (GluA1), p-GluA1, PSD-95, synapsin I, PKC, p-ERK and p-CREB protein expression were decreased in BPA exposed females and males, and there were interactions of sex × BPA exposure in ERα, p-NR2B and 
p-ERK levels. These findings suggested that perinatal exposure to BPA has sex-specific effects on learning and memory, which is associated with ERα-mediated impairment of synaptic plasticity and down-regulation of 
PKC/ERK/CREB signaling pathway.

Brain Res Bull Vol.161 
Pages 43-54

10.1016/j.brainresbull.2020.04.023 32380187 動物 - 1 1 1 1 0 1、10 µg/mL - - - - - - - - - - - - - - - - - - - - -

統合_0857 D. Wu, H. Liu, Y. Liu, W. Wei, Q. Sun, D. Wen 
and L. Jia 2021

Protective effect of alpha-lipoic acid 
on bisphenol A-induced learning 
and memory impairment in 
developing mice: nNOS and 
keap1/Nrf2 pathway

The adverse effects of bisphenol A (BPA) on learning and memory may be related with oxidative stress, but the mechanisms are unclear. This study aimed to investigate the mechanism of damaged learning and memory 
caused by BPA through inducing oxidative stress, as well as to explore whether alpha-lipoic acid (ALA) show a protective action. Female mice were exposed to 0.1 μg/mL BPA, 0.2 μg/mL BPA, 0.6 mg/mL ALA, and 0.2 
BPA + ALA through drinking water for 8 weeks. The results showed that ALA protected against the impairment of spatial, recognition, and avoidance memory caused by BPA. ALA replenished the reduce of hippocampus 
coefficient, serum estradiol (E2) level, and hippocampal neurotransmitters levels induced by BPA. ALA alleviated BPA-induced oxidative stress and hippocampal histological changes. BPA exposure reduced the levels of 
synaptic structural proteins and PKC/ERK/CREB pathway proteins, and ALA improved these reductions. ALA altered the protein levels of nNOS and keap1/Nrf2 pathway affected by BPA. Our results suggested that 
impairments of learning and memory caused by BPA was related to the damage of hippocampal synapses mediated by oxidative stress, and ALA protected learning and memory by reducing the oxidative stress induced by 
BPA through regulating the nNOS and keap1/Nrf2 pathway.

Food Chem Toxicol 
Vol.154 Pages 112307

10.1016/j.fct.2021.112307 34058234 動物 - 1 1 1 1 0 0.1, 0.2 µg/mL BPA (飲⽔中濃度) - - - - - - - - - - - - - - - - - - - - -

統合_0858

C. Wormsbaecher, A. R. Hindman, A. Avendano, 
M. Cortes-Medina, C. E. Jones, A. Bushman, L. 
Onua, C. E. Kovalchin, A. R. Murphy, H. L. 
Helber, A. Shapiro, K. Voytovitch, X. Kuang, R. 
Aguilar-Valenzuela, J. L. Leight, J. W. Song and 
C. J. Burd

2020

In utero estrogenic endocrine 
disruption alters the stroma to 
increase extracellular matrix density 
and mammary gland stiffness

BACKGROUND: In utero endocrine disruption is linked to increased risk of breast cancer later in life. Despite numerous studies establishing this linkage, the long-term molecular changes that predispose mammary cells 
to carcinogenic transformation are unknown. Herein, we investigated how endocrine disrupting compounds (EDCs) drive changes within the stroma that can contribute to breast cancer susceptibility. METHODS: We 
utilized bisphenol A (BPA) as a model of estrogenic endocrine disruption to analyze the long-term consequences in the stroma. Deregulated genes were identified by RNA-seq transcriptional profiling of adult primary 
fibroblasts, isolated from female mice exposed to in utero BPA. Collagen staining, collagen imaging techniques, and permeability assays were used to characterize changes to the extracellular matrix. Finally, gland 
stiffness tests were performed on exposed and control mammary glands. RESULTS: We identified significant transcriptional deregulation of adult fibroblasts exposed to in utero BPA. Deregulated genes were associated 
with cancer pathways and specifically extracellular matrix composition. Multiple collagen genes were more highly expressed in the BPA-exposed fibroblasts resulting in increased collagen deposition in the adult mammary 
gland. This transcriptional reprogramming of BPA-exposed fibroblasts generates a less permeable extracellular matrix and a stiffer mammary gland. These phenotypes were only observed in adult 12-week-old, but not 4-
week-old, mice. Additionally, diethylstilbestrol, known to increase breast cancer risk in humans, also increases gland stiffness similar to BPA, while bisphenol S does not. CONCLUSIONS: As breast stiffness, 
extracellular matrix density, and collagen deposition have been directly linked to breast cancer risk, these data mechanistically connect EDC exposures to molecular alterations associated with increased disease 
susceptibility. These alterations develop over time and thus contribute to cancer risk in adulthood.

Breast Cancer Res 
Vol.22 Issue 1 Pages 41

10.1186/s13058-020-01275-w 32370801 動物 - 1 0 1 不明 0 25 µg/kg - - - - - - - - - - - - - - - - - - - - -

統合_0859
C. Wormsbaecher, B. M. Cumbia, E. G. Amurgis, 
J. M. Poska, M. R. Price, X. M. Mo, S. E. 
Knoblaugh, T. Kurita and C. J. Burd

2023
Mammary gland development and 
EDC-driven cancer susceptibility in 
mesenchymal ERα-knockout mice

Development of the mammary gland requires both proper hormone signaling and cross talk between the stroma and epithelium. While estrogen receptor (ERα) expression in the epithelium is essential for normal gland 
development, the role of this receptor in the stroma is less clear. Moreover, several lines of evidence suggest that mouse phenotypes of in utero exposure to endocrine disruption act through mesenchymal ERα in the 
developing fetus. We utilized a Twist2-cre mouse line to knock out mesenchymal ERα. Herein, we assessed mammary gland development in the context of mesenchymal ERα deletion. We also tested the effect of in 
utero bisphenol A (BPA) exposure to alter the tumor susceptibility in the mouse mammary tumor virus-neu (MMTV-neu) breast cancer mouse model. Mesenchymal ERα deletion resulted in altered reproductive tract 
development and atypical cytology associated with estrous cycling. The mammary gland demonstrated mature epithelial extension unlike complete ERα-knockout mice, but ductal extension was delayed and reduced 
compared to ERα-competent mice. Using the MMTV-Neu cancer susceptibility model, ERα-intact mice exposed to BPA had reduced tumor-free survival and overall survival compared to BPA-exposed mice having 
mesenchymal ERα deletion. This difference is specific for BPA exposure as vehicle-treated animals had no difference in tumor development between mice expressing and not expressing mesenchymal ERα. These data 
demonstrate that mesenchymal ERα expression is not required for ductal extension, nor does it influence cancer risk in this mouse model but does influence the cancer incidence associated with in utero BPA exposure.

Endocr Relat Cancer 
Vol.30 Issue 12

10.1530/erc-23-0062 37855322 動物 - 1 1 1 0 0 25 µg/kg - - - - - - - - - - - - - - - - - - - - -

統合_0860
J. T. Wolstenholme, Z. Drobná, A. D. Henriksen, 
J. A. Goldsby, R. Stevenson, J. W. Irvin, J. A. 
Flaws and E. F. Rissman

2019

Transgenerational Bisphenol A 
Causes Deficits in Social 
Recognition and Alters Postsynaptic 
Density Genes in Mice

Bisphenol A (BPA) is a ubiquitous endocrine-disrupting chemical. Developmental exposure produces changes in behavior and gene expression in the brain. Here, we examined social recognition behaviors in mice from the 
third familial generation (F3) after exposure to gestational BPA. Second-generation mice were bred in one of four mating combinations to reveal whether characteristics in F3 were acquired via maternal or paternal 
exposures. After repeated habituation to the same mouse, offspring of dams from the BPA lineage failed to display increased investigation of a novel mouse. Genes involved in excitatory postsynaptic densities (PSDs) 
were examined in F3 brains using quantitative PCR. Differential expression of genes important for function and stability of PSDs were assessed at three developmental ages. Several related PSD genes-SH3 and multiple 
ankyrin repeat domains 1 (Shank1), Homer scaffolding protein 1c (Homer1c), DLG associated protein 1 (Gkap), and discs large MAGUK scaffold protein 4 (PSD95)-were differentially expressed in control- vs BPA-lineage 
brains. Using a second strain of F3 inbred mice exposed to BPA, we noted the same differences in Shank1 and PSD95 expression in C57BL/6J mice. In sum, transgenerational BPA exposure disrupted social interactions in 
mice and dysregulated normal expression of PSD genes during neural development. The fact that the same genetic effects were found in two different mouse strains and in several brain regions increased potential for 
translation. The genetic and functional relationship between PSD and abnormal neurobehavioral disorders is well established, and our data suggest that BPA may contribute in a transgenerational manner to 
neurodevelopmental diseases.

Endocrinology Vol.160 
Issue 8 Pages 1854-
1867

10.1210/en.2019-00196 31188430 動物 - 1 1 1 1 0 20 µg/day - - - - - - - - - - - - - - - - - - - - -

統合_0861

M. Wiszpolska, E. Lepiarczyk, Ł. Paukszto, K. G. 
Makowczenko, A. Lipka, M. A. Maździarz, I. 
Polak, K. Makowska, S. Gonkowski, P. Correia-
de-Sá and M. Majewska

2023
A comprehensive transcriptomic 
analysis of the bisphenol A affected 
kidney in mice

Introduction: Bisphenol A (BPA) is a substance belonging to the endocrine-disrupting chemicals, globally used in the production of polycarbonate plastics. It has been found that BPA enhances carcinogenesis, triggers 
obesity and exerts a pathogenic effect in several disorders, such as type 2 diabetes, asthma, or increased blood pressure. Recent studies have revealed, that BPA has a harmful impact on the kidneys function, therefore, 
the current research aimed to explore the specific molecular changes triggered in these organs after oral BPA exposure in mice. Materials and Methods: The experiment was carried out on 12 (3-month-old) female mice. 
Six mice served as controls. The other 6 mice were treated with BPA in the drinking water at a dose of 50 mg/kg b. w. for 3 months. Then animals were euthanized, the kidneys were collected, and extracted RNA was 
used to perform RNA-seq. Results: Applied multistep bioinformatics revealed 433 differentially expressed genes (DEGs) in the BPA-treated kidneys (232 upregulated and 201 downregulated). Additionally, 95 differentially 
expressed long-noncoding RNAs (DELs) were revealed in BPA samples. The Gene Ontology (GO) and Kyoto Encyclopedia of Genes and Genomes (KEGG) annotations indicated that BPA exposure resulted in profound 
changes in several essential processes, such as oxidative phosphorylation, mitochondrial and ribosome function, or chemical carcinogenesis. Conclusion: The obtained novel results suggest that BPA has a harmful impact 
on the fundamental processes of the kidney and significantly impairs its function by inducing mitochondrial dysfunction leading to oxidative stress and reactive oxygen species production.

Front Mol Biosci Vol.10 
Pages 1260716

10.3389/fmolb.2023.1260716 38074096 動物 - 1 1 1 不明 0 50 mg/kg - - - - - - - - - - - - - - - - - - - - -

統合_0862

M. Wiszpolska, E. Lepiarczyk, M. A. Maździarz, 
Ł. Paukszto, K. G. Makowczenko, A. Lipka, E. Ł
opieńska-Biernat, K. Makowska, S. Gonkowski, 
P. Correia-de-Sá and M. Majewska

2023
The Carcinogenic Potential of 
Bisphenol A in the Liver Based on 
Transcriptomic Studies

Bisphenol A (BPA) is an environmental toxin widely used in the production of polycarbonate plastics. A correlation exists between BPA tissue contamination and the occurrence of pathological conditions, including cancer. 
First-passage detoxification of high BPA amounts in the liver promotes hepatotoxicity and morphological alterations of this organ, but there is a lack of knowledge about the molecular mechanisms underlying these 
phenomena. This prompted us to investigate changes in the liver transcriptomics of 3-month-old female mice exposed to BPA (50 mg/kg) in drinking water for 3 months. Five female mice served as controls. The animals 
were euthanized, the livers were collected, and RNA was extracted to perform RNA-seq analysis. The multistep transcriptomic bioinformatics revealed 120 differentially expressed genes (DEGs) in the BPA-exposed 
samples. Gene Ontology (GO) annotations indicated that DEGs have been assigned to many biological processes, including "macromolecule modification" and "protein metabolic process". Several of the revealed DEGs 
have been linked to the pathogenesis of severe metabolic liver disorders and malignant tumors, in particular hepatocellular carcinoma. Data from this study suggest that BPA has a significant impact on gene expression in 
the liver, which is predictive of the carcinogenic potential of this compound in this organ.

Cancers (Basel) Vol.15 
Issue 20

10.3390/cancers15205014 37894381 動物 - 1 1 1 C67BL6/J/CMDB 0 50 mg/kg b.w. - - - - - - - - - - - - - - - - - - - - -

統合_0863 T. T. Win-Shwe, R. Yanagisawa, E. Koike and H. 
Takano 2021

Dietary exposure to bisphenol A 
affects memory function and 
neuroimmune biomarkers in allergic 
asthmatic mice

Bisphenol A (BPA) is a raw material of polycarbonate and epoxy resin. It is used for various household electrical appliances, electronic equipment, office automation equipment, medical equipment, mobile phones, paints 
for automobiles, internal surface coating of cans, and adhesives for civil engineering and construction. BPA is a well-known endocrine-disrupting chemical, and it was reported that BPA has an adverse effect on the 
nervous and immune systems. However, BPA-induced memory impairment and changes in neuroimmune biomarkers in the allergic asthmatic subject are not known yet. We aim to investigate the dietary exposure effect of 
BPA on brain function and biomarkers using allergic an asthmatic mouse model. Five-week-old male C3H/HeJSlc mice were fed two doses of BPA [0.901, 9.01 μg/kg/day] contained chow diet from 5 to 11 weeks old and 
ovalbumin (OVA) was given by intratracheal instillation every 2 weeks. Memory function was determined by a novel object recognition test. Genes related to memory and immune markers in the hippocampus were 
investigated with the real-time polymerase chain reaction (RT-PCR) method. In this study, impaired novel object recognition occurred in BPA-exposed mice in the presence of an allergen. Moreover, upregulation of 
expression level of neuroimmune biomarkers such as N-methyl-D-aspartate receptor, tumor necrosis factor-α, ionized calcium-binding adapter molecule-1, cyclooxygenase-2, and heme oxygenase-1 in the hippocampus 
was observed in BPA-exposed allergic asthmatic mice. These findings show that BPA exposure can induce neuroinflammation and which triggers impairment of memory function in mice with allergic asthma. Our study 
indicated that dietary exposure to BPA may affect higher brain functions by modulating neuroimmune biomarkers in allergic asthmatic subjects.

J Appl Toxicol Vol.41 
Issue 10 Pages 1527-
1536

10.1002/jat.4143 33474794 動物 - 1 1 1 C3H/HeJSlc 0 0.901、9.01 µg/kg/⽇ - - - - - - - - - - - - - - - - - - - - -

統合_0864 T. T. Win-Shwe, R. Yanagisawa, E. Koike and H. 
Takano 2019

Memory Function, Neurological, and 
Immunological Biomarkers in Allergic 
Asthmatic Mice Intratracheally 
Exposed to Bisphenol A

Bisphenol A (BPA) is a major constituent of plastic products, including epoxy resin containers, mobile phones, dental sealants, as well as electronic and medical equipment. BPA is recognized as an endocrine system-
disrupting chemical which has toxic effects on the brain and reproductive system. However, little is known about the effects of co-exposure of BPA with allergens on the memory function and neurological as well as 
immunological biomarker levels. In this study, we examined the effects of intratracheal instillation of BPA on the memory function and neuroimmune biomarker levels using a mouse model of allergic asthma. Male 
C3H/HeJ Jcl mice were given three doses of BPA (0.0625 pmol, 1.25 pmol, and 25 pmol BPA/animal) intratracheally once a week, and ovalbumin (OVA) intratracheally every other week from 5 to 11 weeks old. At 11 weeks 
of age, a novel object recognition test was conducted after the final administration of OVA, and the hippocampi and hypothalami of the animals were collected after 24 h. The expression levels of the memory function-
related genes N-methyl-D-aspartate (NMDA) receptor subunits, inflammatory cytokines, microglia markers, estrogen receptor-alpha, and oxytocin receptor were examined by real-time RT-PCR (real-time reverse 
transcription polymerase chain reaction) and immunohistochemical methods. Impairment of the novel object recognition ability was observed in the high-dose BPA-exposed mice with allergic asthma. In addition, the 
allergic asthmatic mice also showed downregulation of neurological biomarkers, such as NMDA receptor subunit NR2B in the hippocampus but no significant effect on immunological biomarkers in the hypothalamus. 
These findings suggest that exposure to high-dose BPA triggered impairment of memory function in the allergic asthmatic mice. This is the first study to show that, in the presence of allergens, exposure to high-dose BPA 
may affect memory by modulating the memory function-related genes in the hippocampus.

Int J Environ Res Public 
Health Vol.16 Issue 19

10.3390/ijerph16193770 31597243 動物 - 1 0 1 C3H/HeJJcl 1 0.0625 pmol、1.25 pmol、25 pmol BPA/動物 - - - - - - - - - - - - - - - - - - - - -

統合_0865
M. Wieckowski, S. Ranga, D. Moison, S. 
Messiaen, S. Abdallah, S. Granon, R. Habert, V. 
Rouiller-Fabre, G. Livera and M. J. Guerquin

2021

Unexpected Interacting Effects of 
Physical (Radiation) and Chemical 
(Bisphenol A) Treatments on Male 
Reproductive Functions in Mice

For decades, numerous chemical pollutants have been described to interfere with endogenous hormone metabolism/signaling altering reproductive functions. Among these endocrine disrupting substances, Bisphenol A 
(BPA), a widely used compound, is known to negatively impact germ and somatic cells in the testis. Physical agents, such as ionizing radiation, were also described to perturb spermatogenesis. Despite the fact that we 
are constantly exposed to numerous environmental chemical and physical compounds, very few studies explore the impact of combined exposure to chemical and physical pollutants on reproductive health. The aim of this 
study was to describe the impact of fetal co-exposure to BPA and IR on testicular function in mice. We exposed pregnant mice to 10 µM BPA (corresponding to 0.5 mg/kg/day) in drinking water from 10.5 dpc until birth, 
and we irradiated mice with 0.2 Gy (γ-ray, RAD) at 12.5 days post-conception. Co-exposure to BPA and γ-ray induces DNA damage in fetal germ cells in an additive manner, leading to a long-lasting decrease in germ 
cell abundance. We also observed significant alteration of adult steroidogenesis by RAD exposure independently of the BPA exposure. This is illustrated by the downregulation of steroidogenic genes and the decrease of 
the number of adult Leydig cells. As a consequence, courtship behavior is modified, and male ultrasonic vocalizations associated with courtship decreased. In conclusion, this study provides evidence for the importance of 
broadening the concept of endocrine disruptors to include physical agents, leading to a reevaluation of risk management and regulatory decisions.

Int J Mol Sci Vol.22 
Issue 21

10.3390/ijms222111808 34769238 動物 - 1 1 1 NMRI 0 10 µM BPA (飲⽔中濃度) - - - - - - - - - - - - - - - - - - - - -

統合_0866
J. Weng, Y. Y. Zhu, L. Y. Liao, X. T. Yang, Y. H. 
Dong, W. D. Meng, D. J. Sun, Y. Liu, W. Z. Peng 
and Y. Jiang

2024

Distinct epigenetic modulation of 
differentially expressed genes in the 
adult mouse brain following prenatal 
exposure to low-dose bisphenol A

Bisphenol A (BPA) is a common component in the manufacture of daily plastic consumer goods. Recent studies have suggested that prenatal exposure to BPA can increase the susceptibility of offspring to mental illness, 
although the underlying mechanisms remain unclear. In this study, we performed transcriptomic and epigenomic profiling in the adult mouse brain following prenatal exposure to low-dose BPA. We observed a sex-specific 
transcriptional dysregulation in the cortex, with more significant differentially expressed genes was observed in adult cortex from male offspring. Moreover, the upregulated genes primarily influenced neuronal functions, 
while the downregulated genes were significantly associated with energy metabolism pathways. More evidence supporting impaired mitochondrial function included a decreased ATP level and a reduced number of 
mitochondria in the cortical neuron of the BPA group. We further investigated the higher-order chromatin regulatory patterns of DEGs by incorporating published Hi-C data. Interestingly, we found that upregulated genes 
exhibited more distal interactions with multiple enhancers, while downregulated genes displayed relatively short-range interactions among adjacent genes. Our data further revealed decreased H3K9me3 signal on the 
distal enhancers of upregulated genes, whereas increased DNA methylation and H3K27me3 signals on the promoters of downregulated genes. In summary, our study provides compelling evidence for the potential health 
risks associated with prenatal exposure to BPA, and uncovers sex-specific transcriptional changes with a complex interplay of multiple epigenetic mechanisms.

Cell Biol Toxicol Vol.40 
Issue 1 Pages 37

10.1007/s10565-024-09875-4 38777957 動物 - 1 1 1 1 0 40 µg/kg bw/day - - - - - - - - - - - - - - - - - - - - -

統合_0867 X. Wen, M. Zhu, Z. Li, T. Li and X. Xu 2022
Dual effects of bisphenol A on 
wound healing, involvement of 
estrogen receptor β

Bisphenol A (BPA) is a ubiquitous environmental pollutant that can specifically induce estrogen receptor β (ERβ) expression, and the latter plays a crucial role during wound healing. However, no study has investigated 
the association between BPA exposure and skin regeneration. This study aimed to explore the impacts of BPA on wound repair using mice models. C57BL/6 mice were administrated with BPA in two different ways during 
the process of wound healing-dietary intake (5 and 50 mg/kg) and wound application (1 and 100 nM). Mice primary fibroblasts were exposed to BPA to verify the role of BPA on the function of fibroblasts. We also applied 
BPA in diabetic mice to evaluate its therapy value. BPA showed dual effects on wound healing, which were dependent on the application routes. Dietary intake of BPA delayed wound healing by suppressing ovarian 
estrogen secretion, whereas wound application of BPA accelerated skin regeneration via up-regulating wound localized ERβ expression. Highly expressed ERβ enhanced the function of fibroblasts and promoted the 
transformation from fibroblasts to myofibroblasts. Impacts of BPA on wound healing were dismissed when ERβ was blocked. Moreover, wound application of BPA significantly accelerated wound repair in diabetic mice, 
but has no significant adverse effect on ovarian hormones levels. The current study indicates that although BPA disrupts the function of the endocrine system when administrated by diet, local application of BPA on 
wounds shows a superior role in promoting wound repair, and this may provide a novel approach for the therapy of pathologic wound healing.

Ecotoxicol Environ Saf 
Vol.231 Pages 113207

10.1016/j.ecoenv.2022.113207 35051763 動物 - 1 1 1 1 0 0.5, 5 mg/kg/day - - - - - - - - - - - - - - - - - - - - -

統合_0868 Y. Wei, S. Li, C. Han, Y. Bao and W. Shi 2019

Cuscuta chinensis flavonoids 
alleviate bisphenol A-induced 
apoptosis of testicular cells in male 
mice offspring

Bisphenol A (BPA) is a widespread environmental endocrine disruptor that has multiple effects on reproductive organ development. To investigate the effect of Cuscuta chinensis flavonoids (CCFs) on testicular apoptosis 
induced by BPA in male mice offspring, pregnant mice were administered intragastrically with BPA and CCF at gestation day (GD) 0.5-17.5. The testes of male offspring (F1 males) were collected at post-natal day (PND) 
21 and PND 56 for the detection of related indicators. The results showed that compared with the BPA group, the testicular index in CCF groups was significantly increased at PND 21 (p < .01). For the mice of different 
concentrations of CCF groups, the expression levels of bax, caspase-9 and caspase-7 proteins were significantly decreased at PND 21 and PND 56, while the expression level of bcl-2 protein was significantly increased, 
and testicular apoptotic cells were also decreased significantly (p < .01 or p < .05). Forty mg/kg CCF has no significant difference compared with the control group. The results indicated that CCF could protect the testis 
development of F1 male mice by alleviating the apoptosis of testicular cells induced by BPA.

Andrologia. 2019 
Dec;51(11):e13427.

10.1111/and.13427 31583719 動物 精巣 1 1 1 1 0 1 - - - - - - 1 1 - 1 - - - - - - - - - - -
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統合_0869 Y. Wei, C. Han, S. Li, Y. Cui, Y. Bao and W. Shi 2020

Cuscuta chinensis flavonoids down-
regulate the DNA methylation of the 
H19/Igf2 imprinted control region 
and estrogen receptor alpha 
promoter of the testis in bisphenol A 
exposed mouse offspring

Exposure to the emerging contaminant bisphenol A (BPA) is ubiquitous and associated with reproductive disorders. The BPA effect as an endocrine disruptor is widely known but other mechanisms underlying 
developmental disease, such as epigenetic modifications, still remain unclear. The objective of this study was to investigate whether Cuscuta chinensis flavonoids (CCFs) can be used as a dietary supplement to reverse 
BPA-induced epigenetic disorders, by analyzing the molecular processes related to BPA impairment of testicular development. BPA and different concentrations of CCFs were administered to the dams at gestation day 
(GD) 0.5-17.5. The testis and serum of male mice were collected at postnatal day (PND) 21 and PND 56 for the detection of related indicators. Our results showed that compared with the BPA group, CCFs could 
significantly increase the serum contents of testosterone (T), estradiol (E2) in males at PND 21 and PND 56, as well as the contents and transcription levels of DNA methyltransferase 3A (Dnmt3A), Dnmt3B in males at 
PND 21 and that of estrogen receptor alpha (ERα) at PND 56. The expressions of Dnmt1 and ERα at PND 21 and ERβ at both PND 21 and PND 56 in males were significantly decreased with the administration of 
different concentrations of CCFs (P < 0.01 or P < 0.05). CCFs also significantly inhibited the BPA-induced hypermethylated status of the ERα promoter and H19/Igf2 imprinting control region (ICR) in the testis at PND 
56. These results indicated that CCFs could decrease the methylation levels of ERα and H19/Igf2 genes by inhibiting the expression of DNA methyltransferases (DNMTs), thereby decreasing the levels of reproductive 
hormones and receptors in adult males, and ultimately alleviating the negative effect of BPA on testicular development in male mice.

Food Funct. 2020 Jan 
29;11(1):787-798.

10.1039/c9fo02770j 31930238 動物 精巣 1 1 1 1 0 1 - - - - - - 1 1 - 1 - - - - - - - - - - -

統合_0870
Z. Wang, C. Li, H. He, Y. Cao, X. Liu, M. Feng, T. 
Wu, X. Zhang, P. Li, X. Hu, J. Li, C. Qi, H. Xiao 
and Q. Wu

2025

Sex-specific neurotoxicity induced 
by long-term bisphenol A exposure: 
Single-cell sequencing reveals dual 
mechanisms involving hippocampal 
gliosis and neuronal apoptosis

Bisphenol A (BPA) is one of the most widely produced industrial chemicals globally. Exposure to BPA has been associated with neurobehavioral disorders and various other diseases. As an endocrine disruptor, BPA 
primarily binds to oestrogen receptors, thereby interfering with multiple neurological functions. Despite extensive research into its disruptive effects, the neurotoxicity of BPA remains incompletely understood. This study 
aimed to investigate the effects of long-term BPA exposure on behavioural memory and the neurological system in adult mice. Using a combination of behavioural and morphological analyses, along with single-cell 
sequencing technology, we examined the sex-specific effects of BPA and its underlying neurotoxic mechanisms. In female mice, prolonged BPA exposure disrupted oestrogen signalling, leading to glial hyperplasia in the 
hippocampus. This, in turn, resulted in depression-like behaviours and impairments in spatial learning and memory. In male mice, chronic BPA exposure induced apoptosis of granule neurons in the hippocampal dentate 
gyrus, contributing to a degree of brain atrophy. These changes led to depressive and anxiety-like behaviours, impaired spatial learning, and memory, and increased susceptibility to neurodegenerative conditions. This 
study elucidates the cellular and molecular mechanisms underlying the sex-specific neurotoxicity of BPA. The findings not only advance our understanding of the neurological risks posed by endocrine-disrupting chemicals 
but also provide critical scientific evidence to support precision medicine strategies and inform chemical policy development.

Sci Total Environ. 2025 
Aug 10:989:179810.

10.1016/j.scitotenv.2025.179810 40505511 動物 神経 1 1 1 1 0 0 - - - - - - 1 1 - 1 - - - - - - - - - - -

統合_0871 Z. Wang, R. An, L. Zhang, X. Li and C. Zhang 2025

Exposure to Bisphenol A jeopardizes 
decidualization and consequently 
triggers preeclampsia by up-
regulating CYP1B1

Preeclampsia (PE) is a pregnancy-related disease that poses a significant threat to the health of both the mother and the fetus. Previous studies have primarily focused on the role of the placenta in PE pathogenesis; 
however, normal decidualization is crucial for the subsequent development of the placenta and pregnancy. Bisphenol A (BPA) is an environmental endocrine disruptor commonly used in the synthesis of polycarbonate and 
epoxy resins. Overexposure to BPA can result in severe reproductive issues. To further investigate the effects of BPA exposure on pregnancy, C57BL/6 mice were continuously exposed to either 0 or 100 mg/kg of BPA in 
this study. As a result, these mice developed symptoms of hypertension and proteinuria, indicative of PE. Additionally, their decidualization process was impaired. Transcriptome sequencing of artificially induced decidua 
revealed a significant upregulation in the expression of CYP1B1 within the BPA-treated group. This upregulation accelerated the metabolism of estrogen and progesterone, leading to significant decreases in their levels. 
Furthermore, the expression levels of estrogen and progesterone receptors and their responding genes were significantly reduced. These findings suggest that BPA exposure can negatively impact decidualization and 
placental development, potentially contributing to the development of PE.

J Hazard Mater Vol.486 
Pages 137032

10.1016/j.jhazmat.2024.137032 39740546 動物 - 1 1 1 1 0 50, 100 mg/kg - - - - - - - - - - - - - - - - - - - - -

統合_0872 Z. Wang, M. H. Alderman, C. Asgari and H. S. 
Taylor 2020

Fetal Bisphenol-A Induced Changes 
in Murine Behavior and Brain Gene 
Expression Persisted in Adult-aged 
Offspring

In utero Bisphenol A (BPA) exposure has been linked to many deficits during brain development, including sexual differentiation, behavior, and motor coordination. Yet, how BPA induces these disorders and whether its 
effects are long lasting are largely unknown. In this study, using a mouse model, we demonstrated that in utero exposure to an environmentally relevant dose of BPA induced locomotor deficits, anxiety-like behavior, and 
declarative memory impairments that persisted into old age (18 months). Compared to the control animals, the BPA-exposed mice had a significant decrease in locomotor activity, exploratory tendencies, and long-term 
memory, and an increase in anxiety. The global brain gene expression profile was altered permanently by BPA treatment and showed regional and sexual differences. The BPA-treated male mice had more changes in the 
hippocampus, while female mice experienced more changes in the cortex. Overall, we demonstrate that in utero exposure to BPA induces permanent changes in brain gene expression in a region-specific and sex-specific 
manner, including a significant decrease in locomotor activity, learning ability, long-term memory, and an increase in anxiety. Fetal/early life exposures permanently affect neurobehavioral functions that deteriorate with 
age; BPA exposure may compound the effects of aging.

Endocrinology Vol.161 
Issue 12

10.1210/endocr/bqaa164 32926169 動物 - 1 0 1 1 0 5 mg/kg bw/day - - - - - - - - - - - - - - - - - - - - -

統合_0873 Y. Wang, Y. Guo, J. Ren, Q. Liu and C. Wang 2024

Prenatal exposure to low-dose 
bisphenol A disrupts hippocampal 
DNA methylation and demethylation 
in male rat offspring

Earlier research has demonstrated that developmental exposure to bisphenol A (BPA) has persistent impacts on both adult brain growth and actions. It has been suggested that BPA might obstruct the methylation coding 
of the genes in the brain. In this study, the methylation changes in the hippocampus tissue of male rat pups were examined following prenatal BPA exposure. Pregnant Sprague-Dawley rats were treated with either vehicle 
(tocopherol-stripped corn oil) or BPA (4, 40, or 400 μg/kg·body weight/day) throughout the entire duration of gestation and lactation. At 3 weeks of age, the male rat offspring were euthanized, and the hippocampus were 
dissected out for analysis. The expression levels of DNA methyltransferases (DNMT1, DNMT3A, and DNMT3B) and DNA demethylases (TET1, Gadd45a, Gadd45b, and Apobec1) were analyzed in the hippocampus by 
means of quantitative real-time polymerase chain reaction and Western blotting, respectively. The results showed that prenatal exposure to BPA upregulated the expression of enzymes associated with DNA methylation 
and demethylation processes in the hippocampus of male rat offspring. These findings suggest that prenatal exposure to a low dose of BPA could potentially disrupt the balance of methylation and demethylation in the 
hippocampus, thereby perturbing epigenetic modifications. This may represent a neurotoxicity mechanism of BPA.

Toxicol Ind Health. 2024 
Jul;40(7):376-386.

10.1177/07482337241253877 38717040 動物 神経 1 1 1 1 1 1 - - - - - - 1 1 - 1 - 1 - - - - - - - - -

統合_0874 Y. Wang, X. Du, D. Wang, J. Wang and J. Du 2020

Effects of Bisphenol A Exposure 
during Pregnancy and lactation on 
Hippocampal Function in Newborn 
Rats

Bisphenol A (BPA) is widely used in industrial production. It is closely related to the growth and development of the nervous system, and can enter the fetal circulation through the placental barrier, and can be secreted 
through breast milk. The development of nervous system is very important in fetus and neonatal period. The purpose of this study is to investigate the effects of different doses of BPA on learning and memory function of 
nervous system in rats. Pregnant rats were randomly divided into three treatment groups (control group, 5 mg/kg/d, 50 mg/kg/d). All animals received BPA from the discovery of pregnancy to 21 days after birth. Results 
had shown that after high concentration BPA exposure, the increase of PS amplitude and f-EPSP slope in hippocampal CA1 area of male offspring was lower than that of control group. High concentration of BPA could 
inhibit Nestin, Cyclin D1, bcl-2 and Rac1 in male offspring rats and the expression of bax and RhoA was promoted by BPA. In summary, our study indicated that BPA exposure during pregnancy and lactation could impair 
the hippocampal function of male offspring by affecting the growth and apoptosis of hippocampal neurons, which might be due to the abnormal regulation of RhoA and Rac1.

Int J Med Sci Vol.17 
Issue 12 Pages 1751-
1762

10.7150/ijms.47300 32714078 動物 - 1 1 1 1 0 5, 50 mg/kg/day - - - - - - - - - - - - - - - - - - - - -

統合_0875 Y. Wang, Z. Cao, H. Zhao, Y. Ren, L. Hao and Z. 
Gu 2020

Bisphenol A Exacerbates Allergic 
Inflammation in an Ovalbumin-
Induced Mouse Model of Allergic 
Rhinitis

PURPOSE: Bisphenol A (BPA) is found in many plastic products and is thus a common environmental endocrine disruptor. Plastic-related health problems, including allergic diseases, are attracting increasing attention. 
However, few experimental studies have explored the effect of BPA on allergic rhinitis (AR). We explore whether BPA was directly related to the allergic inflammation induced by ovalbumin (OVA) in AR mice. METHODS: 
We first constructed OVA-induced mouse model, and after BPA administration, we evaluated nasal symptoms and measured the serum OVA-specific IgE levels by ELISA. Th2 and Treg-related cytokines of nasal mucosa 
were measured by cytometric bead array. Th2 and Treg-specific transcription factor levels were assayed by PCR. The proportions of CD3(+)CD4(+)IL-4(+)Th2 and CD4(+)Helios(+)Foxp3(+) T cells (Tregs) in spleen 
tissue were determined by flow cytometry. RESULTS: Compared to OVA-only-induced mice, BPA addition increased nasal symptoms and serum OVA-specific IgE levels. OVA and BPA coexposure significantly increased 
IL-4 and IL-13 protein levels compared to those after OVA exposure alone. BPA plus OVA tended to decrease the IL-10 protein levels compared to those after OVA alone. Coexposure to OVA and BPA significantly 
increased the GATA-3-encoding mRNA level, and decreased the levels of mRNAs encoding Foxp3 and Helios, compared to those after OVA exposure alone. BPA increased the Th2 cell proportion, and decreased that of 
Tregs, compared to the levels with OVA alone. CONCLUSION: BPA exerted negative effects by exacerbating AR allergic symptoms, increasing serum OVA-specific IgE levels, and compromising Th2 and Treg responses.

J Immunol Res Vol.2020 
Pages 7573103

10.1155/2020/7573103 32964057 動物 - 1 0 1 BALB/c 0 0.5 mg/kg/d - - - - - - - - - - - - - - - - - - - - -

統合_0876 Y. Wang, Z. Cao, H. Zhao and Z. Gu 2022

Bisphenol A attenuates the 
therapeutic effect of the selective G 
protein-coupled estrogen receptor 
agonist G-1 on allergic rhinitis 
inflammation in mice

BACKGROUND: Bisphenol A (BPA) is found in many plastics widely used in everyday life and affects the immune system. Previous studies found that the selective G protein coupled estrogen receptor (GPER) agonist G-1 
can reduce the inflammation associated with asthma and allergic rhinitis (AR). BPA also interferes with the protective effect of estradiol against myocardial ischemia-reperfusion injury. OBJECTIVE: We explored whether 
BPA attenuates the effect of G-1 on inflammation in a mouse AR model. METHODS: The AR model was established by sensitizing and stimulating female BALB/c mice with ovalbumin (OVA) and G-1/BPA. Eosinophils, 
neutrophils, and lymphocyte subsets (including T and B cells) in nasal mucosa and Th2 and Treg cells in the spleen were detected by flow cytometry. Cytokines and transcription factors characteristic of Th2 and Treg 
cells in nasal mucosa were detected using cytometric bead arrays and quantitative PCR, respectively. RESULTS: G-1 reduced OVA-induced nasal mucosal inflammation in mice. The proportions of eosinophils, 
neutrophils, Siglec-F(+) neutrophils, lymphocytes, and T cell subsets were reduced by G-1, and this effect was attenuated by BPA. G-1 significantly decreased the Th2 population and levels of IL-4, IL-5, IL-13 and GATA-
3; these effects were attenuated by BPA. The enhanced Treg response (as evidenced by an increased Treg population and higher IL-10 and Foxp3 levels) mediated by G-1 tended to be reduced by BPA. DISCUSSION: We 
found that G-1 reduced OVA-induced nasal mucosal inflammation and significantly decreased the Th2 response, while increasing the Treg response. These effects were attenuated by BPA.

Ecotoxicol Environ Saf 
Vol.238 Pages 113607

10.1016/j.ecoenv.2022.113607 35533451 動物 - 1 0 1 BALB/c 0 500 µg/kg/d - - - - - - - - - - - - - - - - - - - - -

統合_0877 X. Wang, R. Nag, N. P. Brunton, S. M. Harrison, 
M. A. B. Siddique and E. Cummins 2023

Multilevel meta-analysis and dose-
response analysis for bisphenol A 
(BPA) exposure on metabolic and 
neurobehavioral effects

Evidence suggests that oral exposure to bisphenol A (BPA) may result in adverse metabolic and neurobehavioral effects. The aim of the present meta-analysis is to examine this association based on systematically 
selected laboratory rodent studies published from 2012 to 2021 and sourced from Scopus, Web of Science, EmBase, and PubMed. Articles satisfying eligibility and inclusion criteria were included for the calculation of the 
summary standardised mean difference (SMD). Subgroup analysis and subsequent dose-response analysis were conducted if applicable. In total, 32 studies were analysed for 6 metabolic endpoints (cholesterol, 
triglycerides, insulin, glucose, leptin, and adiponectin) and 6 neurobehavioral endpoints (locomotor activity, exploratory, anxiety, depression, spatial learning and memory, non-spatial learning and memory). Summary SMDs 
implied that no significant effects were observed in endpoints considered. The dose was not determined as a significant moderator with regards to medium or high heterogeneity; however, there was significant 
impairment of spatial learning and memory at health-based guidance value ('HBGV') (0.05-9 mg (kg bw)(-1) day(-1)) and 'High' (>9 mg (kg bw)(-1) day(-1)) dose group. As a result, an indicative toxicological reference dose 
value of 0.034 mg (kg bw)(-1) day(-1) was proposed due to large variability. Potential harm to spatial learning and memory from BPA exposure requires further investigation. This study has provided some additional 
information on potential adverse metabolic and neurobehavioral effects of BPA from the perspective of meta-analysis which can inform the public, regulatory authorities, and policymakers.

Environ Pollut Vol.337 
Pages 122582

10.1016/j.envpol.2023.122582 37739257 動物 - 1 1 1 不明 複数⽤量 不明 - - - - - - - - - - - - - - - - - - - - -

統合_0878
X. Wang, R. Nag, N. P. Brunton, M. A. Bakar 
Siddique, S. M. Harrison, F. J. Monahan and E. 
Cummins

2023

Hazard characterization of bisphenol 
A (BPA) based on rodent models - 
Multilevel meta-analysis and dose-
response analysis for reproductive 
toxicity

Bisphenol A (BPA) is a widely used synthetic industrial compound frequently detected in food. Dietary exposure to BPA has been recognised as a potential health concern. However, there are uncertainties regarding BPA 
toxicity. The primary objective of this study was to summarise and analyse multiple toxicity endpoints of adverse reproductive effects caused by BPA exposure in rodent models. Therefore, a multilevel meta-analysis and 
subsequent dose-response analysis were conducted. Relevant articles published in English between 2012 and 2021 were collected from online databases, viz. Scopus, EmBase, Web of Science, and PubMed. In total, 41 
studies were included for statistical analysis. All statistical analyses were performed using open-source RStudio packages. Summary effects indicated the statistical significance of BPA exposure on decreased sperm 
concentration (Hedges' g: -1.35) and motility (Hedges' g: -1.12) on average, while no significant effects were observed on the absolute and relative weight of male and female reproductive organs. The lowest mean 
toxicological reference dose values of 0.0011 mg (kg bw)(-1) day(-1) was proposed for BPA exposure on sperm concentration from the dose-response model. In conclusion, potential health risks from BPA exposure were 
shown with regards to reproductive toxicity, especially that sperm concentration and sperm motility require further attention.

Food Chem Toxicol 
Vol.172 Pages 113574

10.1016/j.fct.2022.113574 36566970 動物 - 1 1 1 不明 複数⽤量 不明 - - - - - - - - - - - - - - - - - - - - -

統合_0879 X. Wang, J. Ma, W. Li, Z. Hou, H. Li, Y. Li, S. 
Wang and Y. Tie 2025

BPA Exacerbates Zinc Deficiency-
Induced Testicular Tissue 
Inflammation in Male Mice Through 
the TNF-α/NF-κB/Caspase8 
Signaling Pathway

Bisphenol A (BPA) is an endocrine-disrupting chemical that is toxic to reproduction. Zinc (Zn) plays an important role in male reproductive health. Zn deficiency (ZD) can co-exist with BPA. In order to investigate the 
specific mechanism of reproductive damage caused by BPA exposure in ZD male mice, a mouse model of ZD, BPA exposure, and their combined exposure was established in this study. Forty 4-week-old SPF male ICR 
mice with an average body weight of 31.7 ± 4.2 g were divided into four groups including normal Zn diet group 30 mg/(kg•d), BPA exposure group 150 mg/(kg•d), zinc deficiency diet group 7.5 mg/(kg•d), and BPA + ZD 
combined exposure group (BPA 150 mg/(kg•d) + ZD 7.5 mg/(kg•d)). The mice were kept for 8 weeks. The results showed that the testicular tissue structure was disturbed, and semen quality, serum Zn, testicular tissue 
Zn, and testicular tissue free Zn ions were decreased in the BPA-exposed and ZD groups. The expression of zinc transporters (ZIP7, ZIP8, ZIP13, and ZIP14) in testicular tissue was changed. The expressions of pro-
inflammatory cytokines including TNF-α and IL-1β as well as inflammatory pathway-related proteins (IKB-α, p-IKB-α, NF-κB, p-NF-κB, Caspase8, and Caspase3) were increased, while the expressions of anti-
inflammatory cytokines (TGF-β and IL-10) were decreased. The changes in the above indexes in the BPA + ZD group were more obvious. Both BPA exposure and ZD can induce testicular tissue inflammation through the 
TNF-α/NF-κB/Caspase8 signaling pathway, and BPA further aggravates zinc deficiency-induced testicular tissue inflammation and apoptosis damage.

Biol Trace Elem Res 
Vol.203 Issue 8 Pages 
4153-4163

10.1007/s12011-024-04464-2 39638945 動物 - 1 1 1 ICR 0 150 mg/kg/d - - - - - - - - - - - - - - - - - - - - -

統合_0880 X. Wang, M. Gao, Z. Wang, W. Cui, J. Zhang, W. 
Zhang, Y. Xia, B. Wei, Y. Tang and X. Xu 2021

Hepatoprotective effects of oridonin 
against bisphenol A induced liver 
injury in rats via inhibiting the 
activity of xanthione oxidase

Bisphenol A (BPA) is widely used to manufacture packaging materials for various daily necessities and causes harmful effects in organs, especially liver injury, by generating oxidative stress. Oridonin, an active 
diterpenoid isolated from Rabdosia rubescens (Hemsl.) Hara, has been reported to possess a wide range of pharmacological activities including anti-inflammatory, antioxidative and antiapoptotic effects. However, the 
role of oridonin in BPA--induced liver injury and its potential protective mechanism have not been well characterized. In this research, we explored the metabolic alterations in the liver tissue of rats after exposure to BPA 
with or without pretreatment with oridonin for 14 days by metabolomics analysis based on UPLC-MS/MS. Rats were randomly divided into groups as follows: Control, Vehicle, Oridonin (10 mg/kg), Bisphenol A (500 
mg/kg), bisphenol A + Oridonin (500 + 10 mg/kg), Bisphenol A + Diammonium glycyrrhizinate (500 + 40 mg/kg). The biochemical results showed that oridonin significantly reduced the levels of AST and ALT (P < 0.05), 
ameliorated the abnormal histopathological changes and reduced hepatic apoptosis compared with the BPA group. Furthermore, metabolomics results revealed that purine metabolism, phenylalanine, tyrosine and 
tryptophan biosynthesis and phenylalanine metabolism were reprogrammed, based on 28 identified significant differential metabolites among the Vehicle, BPA and BPA + oridonin groups. In-depth studies demonstrated 
that pretreatment with oridonin may play a protective role by restoring BPA-induced changes in oxidative stress and the activity of oxidase (XOD) (P < 0.05). Additionally, oridonin could inhibit the activity of XOD by binding 
to it, therefore decreasing the reactive oxygen species (ROS) level, upregulating the content of hypoxanthine and xanthine, and reducing the level of uric acid in the liver (P < 0.05). This research presents the potential 
protective mechanisms of oridonin on BPA-induced liver injury at the metabolic level, which might be used to identify new protective agents that prevent BPA-induced liver injury.

Sci Total Environ 
Vol.770 Pages 145301

10.1016/j.scitotenv.2021.145301 33515877 動物 - 1 不明 1 不明 0 500 mg/kg - - - - - - - - - - - - - - - - - - - - -

統合_0881 T. Wang, F. Xu, L. Song, J. Li and Q. Wang 2021

Bisphenol A exposure prenatally 
delays bone development and bone 
mass accumulation in female rat 
offspring via the ERβ/HDAC5/TGF
β signaling pathway

Previous studies have suggested that bisphenol A (BPA) has a toxic effect on bone development; however, its pathological mechanism has not been fully elucidated. In the present study, pregnant Wistar rats were 
intragastrically administered BPA (10 μg/kg per day) during gestational days 14-21. Then, bone tissues were obtained from neonatal rats on postnatal day 1 for histological analysis, and the bone mass of adult rat 
offspring was analyzed by micro-CT at postnatal week 10. Furthermore, osteoprogenitors from neonatal rats were obtained and treated with various concentrations of BPA in vitro to clarify the associated mechanism. In 
vivo, we found that prenatal BPA exposure reduced body weight and body length in female neonatal rats but not in male neonatal rats. Meanwhile, BPA exposure during pregnancy delayed bone development and reduced 
bone mass only in female rat offspring. Moreover, BPA exposure during pregnancy inhibited osteogenic function and downregulated the transforming growth factor β (TGF β) signaling pathway in the bone tissue of 
female neonatal rats. Our in vitro findings further indicated that various concentrations of BPA suppressed the osteogenic function of osteoprogenitors by downregulating the TGFβ signaling pathway. Meanwhile, BPA 
downregulated H3K9ac and expression levels of TGFβ via the ERβ/HDAC5 signaling pathway. Collectively, this research revealed that prenatal BPA exposure impairs bone development and bone mass accumulation in 
female rat offspring, which was attributed to inhibitory osteogenic function via the ERβ/HDAC5/TGFβ signaling pathway.

Toxicology. 2021 Jun 
30:458:152830.

10.1016/j.tox.2021.152830 34097993 動物、in vitro - 1 1 1 1 0 10 µg/kg/⽇ - - - 1 0 不明 1 - - - - - - - - - - - - - -
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統合_0882 S. Wang, Y. Yang, D. Luo, L. Zhai, Y. Bai, W. 
Wei, Q. Sun and L. Jia 2021

Bisphenol A increases TLR4-
mediated inflammatory response by 
up-regulation of autophagy-related 
protein in lung of adolescent mice

In previous studies we found that bisphenol A (BPA) aggravated OVA-induced lung inflammation. The aim of this research was to determine whether BPA exposure alone also induced inflammatory response in the lungs, 
which mechanism was associated with TLR4/NF-κB signaling pathway and the activation of mTOR-mediated autophagy. Female C57BL/6 mice aged 4 weeks were randomly divided into three groups (10/group): control 
group, 0.1 and 0.2 μg mL(-1) BPA groups. BPA induced the pathological changes in the lung and increased the levels of cytokines and inflammatory cells, as well as affected autophagy related proteins expression. In 
addition, the RAW264.7 cell culture experiment was conducted in order to confirm the role of autophagy. We found that BPA can enhance autophagy flux by enhancing autophagosome formation. It was further confirmed 
the details of the mechanism of action with chloroquine (CQ, a compound that inhibits the fusion of autophagosomes and lysosomes) intervention. The inhibition of autophagy led to down-regulation of expression levels 
associated with inflammation. This research results indicated that BPA induced inflammatory response in vitro and in vivo, and its mechanism may be related to TLR4/NF-κB signaling pathway and the activation of 
mTOR-mediated autophagy. After autophagy was suppressed, the inflammatory response also weakened. Our findings provide a new perspective into the mechanisms underlying inflammatory responses induced by the 
environmental exposure. These findings indicate that therapeutic strategies targeting autophagy may provide a new method for the treatment of inflammatory diseases.

Chemosphere. 2021 
Apr:268:128837.

10.1016/j.chemosphere.2020.1288
37

33187652 動物、in vitro - 1 不明 1 1 0 0.1, 0.2 µg mL - - - 不明 0 不明 1 - - - - - - - - - - - - - -

統合_0883 S. Wang, Y. Dong, L. Zhai, Y. Bai, Y. Yang and L. 
Jia 2024

Decreased Treg cells induced by 
bisphenol A is associated with up-
regulation of PI3K/Akt/mTOR 
signaling pathway and Foxp3 DNA 
methylation in spleen of adolescent 
mice

The current study aimed to explore whether bisphenol A (BPA) exposure aggravated the decrease in Tregs induced by ovalbumin (OVA) in adolescent female mouse models of asthma, and whether the process was 
associated with mTOR-mediated signaling pathways and DNA methylation levels. A total of 40 female C57BL/6 mice at the age of four weeks were used and divided into five groups after 1 week of domestication. Each 
group consisted of eight mice: the control group, OVA group, OVA + BPA (0.1 μg mL(-1)) group, OVA + BPA (0.2 μg mL(-1)) group, and OVA + BPA (0.4 μg mL(-1)) group. Results revealed that Foxp3 protein levels 
decreased in the spleens of mice exposed to BPA compared to those in the OVA group. After an elevation in BPA dose, the mRNAs of methyltransferases (Dnmt1, Dnmt3a, and Dnmt3b) were gradually upregulated. The 
mechanism was related to the activity of TLR4/NF-κB and PI3K/Akt/mTOR signaling pathways and the enhancement of Foxp3 DNA methylation. Our results, collectively, provided a new view for studying the 
mechanisms underlying BPA exposure-induced immune dysfunction. Investigation of the regulatory mechanisms of DNA methylation in the abnormal Th immune response caused by BPA exposure could help reveal the 
causes and molecular mechanisms underlying the high incidence of allergic diseases in children in recent years.

Chemosphere Vol.357 
Pages 141957

10.1016/j.chemosphere.2024.1419
57

38641296 動物 - 1 不明 0 1 不明 - - - - - - - - - - - - - - - - - - - - - -

統合_0884 R. Wang, Z. H. Liu, N. Bi, X. Gu, C. Huang, R. 
Zhou, H. Liu and H. L. Wang 2023

Dysfunction of the medial prefrontal 
cortex contributes to BPA-induced 
depression- and anxiety-like 
behavior in mice

Bisphenol A (BPA), a well-known environmental endocrine disruptor, has been implicated in anxiety-like behavior. But the neural mechanism remains elusive. Herein, we found that mice exposed to 0.5 mg/kg/day BPA 
chronically from postnatal days (PND) 21 to PND 80 exhibited depression- and anxiety-like behavior. Further study showed that medial prefrontal cortex (mPFC), was associated with BPA-induced depression- and 
anxiety-like behavior, as evidenced by decreased c-fos expression in mPFC of BPA-exposed mice. Both the morphology and function of glutamatergic neurons (also called pyramidal neurons) in mPFC of mice were 
impaired following BPA exposure, characterized by reduced primary branches, weakened calcium signal, and decreased mEPSC frequency. Importantly, optogenetic activation of the pyramidal neurons in mPFC greatly 
reversed BPA-induced depression- and anxiety-like behavior in mice. Furthermore, we reported that microglial activation in mPFC of mice may also have a role in BPA-induced depression- and anxiety-like behavior. Taken 
together, the results indicated that mPFC is the brain region that is greatly damaged by BPA exposure and is associated with BPA-induced depression- and anxiety-like behavior. The study thus provides new insights into 
BPA-induced neurotoxicity and behavioral changes.

Ecotoxicol Environ Saf 
Vol.259 Pages 115034

10.1016/j.ecoenv.2023.115034 37210999 動物 - 1 1 1 不明 0 0.5 mg/kg/day - - - - - - - - - - - - - - - - - - - - -

統合_0885 M. Wang, Y. Wang, J. Han, Z. Duan, J. Yin, R. 
Ding and Q. Wang 2023

Gestational and Lactational Co-
Exposure to DEHP and BPA Impairs 
Hepatic Function via 
PI3K/AKT/FOXO1 Pathway in 
Offspring

Di-(2-Ethylhexyl) phthalate (DEHP) and bisphenol A (BPA) present significant environmental endocrine-disrupting chemical properties. Although studies have implied reproductive impairment from exposure to BPA and 
DEHP, no study to date has shown the effect and mechanism of hepatic function after gestational and lactational co-exposure to DEHP and BPA in offspring. A total of 36 perinatal rats were randomly divided into four 
groups, DEHP (600 mg/kg/day), BPA (80 mg/kg/day), DEHP combined with BPA (600 mg/kg/day + 80 mg/kg/day), and control. Notably, 11 chemical targets were screened after identifying eight substances associated 
with chemically-induced hepatic damage. Molecular docking simulations revealed a high-scoring combination of eight metabolic components and targets of the PI3K/AKT/FOXO1 signaling pathway. The DEHP and BPA 
combination disrupted hepatic steatosis, ultimately affecting systemic the glucose and the lipid metabolic homeostasis with significant toxicity. Mechanistically, co-exposure to DEHP and BPA causes liver dysfunction 
and hepatic insulin resistance via PI3K/AKT/FOXO1 pathway in offspring. This is the first study of the hepatic function and mechanism of co-exposure to DEHP and BPA that combines metabolomics, molecular docking, 
and traditional toxicity assessment methods.

Toxics Vol.11 Issue 3 10.3390/toxics11030216 36976981 動物 - 1 1 1 1 0 80 mg/kg/day - - - - - - - - - - - - - - - - - - - - -

統合_0886 K. Wang, Z. Zhao and W. Ji 2019

Bisphenol A induces apoptosis, 
oxidative stress and inflammatory 
response in colon and liver of mice 
in a mitochondria-dependent 
manner

Bisphenol A (BPA), a widely used industrial compound worldwide, was recently classified as an environmental toxicant. The intestines and liver are responsible for detoxification in humans and animals, and functional 
damage to these organs adversely affects the health of the body. However, the effect of BPA on intestinal and liver function remains unclear. In this study, we investigated the effects of dietary BPA uptake on oxidative 
stress, inflammatory response, apoptosis and mitochondrial function in the colons and livers of mice. Dietary BPA uptake significantly reduced the body weights of mice as well as their colon and liver weights. Dietary 
BPA uptake increased the levels of oxidative stress indicators such as reactive oxygen species, reactive nitrogen species, malondialdehyde and hydrogen peroxide in mouse serum, colon and liver tissues. Antioxidant 
indicators, such as superoxide dismutase, glutathione peroxidase, catalase and total antioxidant capacity, as well as proinflammatory cytokines (interleukin-1β, interleukin-6, interleukin-8 and tumor necrosis factor-α) 
were also significantly reduced in the serum, colon, and liver tissues in the BPA group. Moreover, mitochondria-encoded genes and mitochondrial copy numbers were significantly reduced in the colon and liver tissues of 
the BPA mice. Dietary BPA uptake also increased gene abundance and enzyme activity of caspase-3, -8, -9 and -10. Our study found that dietary BPA induced oxidative stress, inflammatory response, apoptosis and 
mitochondrial dysfunction in mouse colons and livers.

Biomed Pharmacother 
Vol.117 Pages 109182

10.1016/j.biopha.2019.109182 31387175 動物 - 1 1 1 1 0 50 µg/kg/day - - - - - - - - - - - - - - - - - - - - -

統合_0887 K. Wang, J. Tang, D. Shen, Y. Li, K. Nagaoka and 
C. Li 2025

Bisphenol A Exposure Induces Small 
Intestine Damage Through Oxidative 
Stress, Inflammation, and Microbiota 
Alteration in Rats

Bisphenol A (BPA), a widespread environmental contaminant used in plastics and resins, poses significant health risks due to its endocrine-disrupting properties and potential for inducing intestinal toxicity. This study 
explored the toxicological effects of BPA on the small intestine of rats, focusing on the duodenum, jejunum, and ileum. Histopathological evaluation revealed that the duodenum experienced the most severe structural 
damage, including villous atrophy, epithelial shedding, and mitochondrial degeneration. BPA exposure disrupted oxidative stress homeostasis by reducing superoxide dismutase activity and increasing malondialdehyde 
levels, along with upregulating antioxidant-related genes like GPX2 and HO-1 upregulated, indicating lipid peroxidation and oxidative damage. Inflammatory markers such as IL-1 and NFκB were significantly upregulated, 
highlighting an active inflammatory response and epithelial cell apoptosis. BPA also altered lipid metabolism, with increased expression of lipogenic genes such as SREBP-1c and FAS, indicating metabolic dysregulation. 
Fecal microbiota analysis revealed reduced α-diversity, enrichment of pathogenic taxa like Escherichia-Shigella, and depletion of beneficial genera such as Lachnospiraceae NK4A136 group, exacerbating gut 
inflammation and barrier dysfunction. These findings suggest that BPA-induced small intestinal damage is driven by oxidative stress, inflammation, and gut dysbiosis, with the duodenum and jejunum being the more 
vulnerable segments.

Toxics. 2025 Apr 
23;13(5):331.

10.3390/toxics13050331 40423410 動物 消化器 1 1 1 1 1 1 - - - - - - 1 1 - 1 - 1 - - - - - - - - -

統合_0888 K. Wang, L. Qiu, J. Zhu, Q. Sun, W. Qu, Y. Yu, Z. 
Zhao, Y. Yu and G. Shao 2021

Environmental contaminant BPA 
causes intestinal damage by 
disrupting cellular repair and injury 
homeostasis in vivo and in vitro

Our previous studies have shown that the environmental contaminant bisphenol A (BPA) exhibits strong intestinal toxicity and can readily cause intestinal barrier dysfunction. However, the causal relationship between 
adverse biological processes of BPA-induced intestinal tissue and the role of key signaling molecules in it requires further investigation. In this study, we established a mouse and intestinal epithelial cell model of BPA 
treatment to determine the underlying molecular mechanisms of BPA-induced intestinal injury. The results showed that the BPA treatment increased the intestinal permeability and disrupted the barrier function by 
increasing the chemical marker content and tight junction expression in intestinal tissues and blood circulation. BPA also altered the oxidative and antioxidant status of intestinal epithelial cells by increasing ROS and 
RNS contents and decreasing the activity levels of SOD, GPx, CAT, and T-AOC. BPA further induced inflammatory responses by upregulating the gene abundance of key factors of the innate immune system (TLR2, TLR4, 
MyD88, and NF-κB), the transcriptional activity of NF-kB, and the secretion of pro-inflammatory cytokines (IL-1β, IL-6, IL-8, and TNF-α). Moreover, apoptosis was activated by BPA, whereas cell proliferation was 
inhibited by BPA. Mechanistically, co-treatment of intestinal epithelial cells with BPA using the oxidative stress scavenger NAC, the NF-κB-specific inhibitor JSH-23, and the apoptosis inhibitor Z-VAD-FMK, 
respectively, showed that BPA activates the innate immune response by inducing oxidative stress. Consequently, apoptosis is promoted, and cell proliferation is inhibited, ultimately disrupting the intestinal barrier 
function. Our findings provide insight into the pathogenesis of BPA-induced gut injury.

Biomed Pharmacother 
Vol.137 Pages 111270

10.1016/j.biopha.2021.111270 33485121 動物 - 1 1 1 1 0 50 µg/kg/day - - - - - - - - - - - - - - - - - - - - -

統合_0889 K. Wang, D. Huang, P. Zhou, X. Su, R. Yang, C. 
Shao and J. Wu 2022

Bisphenol A exposure triggers the 
malignant transformation of 
prostatic hyperplasia in beagle dogs 
via cfa-miR-204/KRAS axis

The prostatic toxicity of bisphenol A (BPA) exposure is mainly associated with hormonal disturbances, thus interfering with multiple signal pathways and increasing the susceptibility to prostatic lesions. This study 
concentrates predominantly on the potential effect and mechanisms of low-dose BPA exposure on prostates in adult beagle dogs. The dogs were orally given BPA (2, 6, 18 μg/kg/day) and vehicle for 8 weeks, followed by 
blood collection and dissection. The ascended organ coefficient and volume of prostates, thickened epithelium, as well as histopathological observation have manifested that BPA exposure could trigger the aberrant 
prostatic hyperplasia in beagle dogs. Hormone level detection revealed that the ratios of estradiol (E(2)) to testosterone (T) (E(2)/T) and prolactin (PRL) to T (PRL/T) were up-regulated in the serum from BPA group. 
Based on microRNA (miRNA) microarray screening and functional enrichment analysis, BPA might facilitate the progression of prostate tumorigenesis in beagle dogs via cfa-miR-204 and its downstream target KRAS 
oncogene. Subsequently, the overexpression of KRAS, CDKN1A, MAPK1, VEGFA, BCL2 and PTGS2 was validated. These findings provide a series of underlying targets for preventing the initiation and metastasis of BPA-
induced prostatic hyperplasia and tumorigenesis, while the regulatory relationship headed with KRAS requires further investigation.

Ecotoxicol Environ Saf. 
2022 Apr 
15:235:113430.

10.1016/j.ecoenv.2022.113430 35325610 動物 内分泌/前⽴腺 1 1 1 1 1 1 - - - - - - 1 1 - 1 - 1 - - - - - - - - -

統合_0890 K. Wang, D. Huang, P. Zhou, X. Su, R. Yang, C. 
Shao, A. Ma and J. Wu 2022

Individual and Combined Effect of 
Bisphenol A and Bisphenol AF on 
Prostate Cell Proliferation through 
NF-κB Signaling Pathway

The ubiquitous environmental endocrine disruptor bisphenol A (BPA) can induce prostatic dysfunction. However, to date, studies have focused little on the perturbations of prostate health initiated by the BPA derivative 
bisphenol AF (BPAF) and co-exposure to bisphenol compounds. An in vivo study orally administrated male rats with BPA (10, 90 μg/kg), BPAF (10, 90 μg/kg) and the inhibitor of nuclear transcription factor-κB (NF-κB), 
pyrrolidinedithiocarbamate (PDTC, 100 mg/kg). Based on the anatomical analysis, pathological observations and PCNA over-expression, we considered that low-dose BPA and BPAF facilitated ventral prostatic 
hyperplasia in rats. The results of IHC and ELISA mirrored the regulation of NF-κB p65, COX-2, TNF-α and EGFR in BPA- and BPAF-induced prostatic toxicity. An in vitro study found that the additive effect of combined 
exposure to BPA (10 nM) and BPAF (10 nM) could cause an elevation in the proliferation of and a reduction in the apoptosis level of human prostate stromal cells (WPMY-1) and fibroblasts (HPrF). Meanwhile, the 
underlying biomarkers of the NF-κB signaling pathway also involved the abnormal proliferative progression of prostate cells. The findings recapitulated the induction of BPAF exposure and co-treatment with BPA and 
BPAF on prostatic hyperplasia and emphasized the modulation of the NF-κB signaling pathway.

Int J Mol Sci Vol.23 
Issue 20

10.3390/ijms232012283 36293141 動物 - 1 1 1 1 0 10 µg/kg - - - - - - - - - - - - - - - - - - - - -

統合_0891 J. Wang, C. Su, M. Qian, X. Wang, C. Chen, Y. 
Liu, W. Liu, Z. Xiang and B. Xu 2024

Subchronic toxic effects of 
bisphenol A on the gut-liver-
hormone axis in rats via intestinal 
flora and metabolism

BACKGROUND: Bisphenol A (BPA), a characteristic endocrine disruptor, is a substance that seriously interferes with the human endocrine system and causes reproductive disorders and developmental abnormalities. 
However, its toxic effects on the gut-liver-hormone axis are still unclear. METHOD: Male and female rats were exposed to BPA (300 mg/kg) by oral gavage for 60 consecutive days. H&E staining was used for 
histopathological evaluation, and the serum biochemical indexes were determined using an automatic analyzer. The 16S rRNA gene sequencing was used to detect the intestinal microbial diversity, and the GC-MS was 
used to analyze the contents of short-chain fatty acids (SCFAs) in colon contents. UPLC-QTOF MS was used to analyze the related metabolites. The ELISA method was used to assess the levels of serum inflammatory 
factors. RESULTS: Histopathological analysis indicated that the liver, heart, and testis were affected by BPA. There was a significant effect on alanine aminotransferase (ALT), triglyceride (TG), total cholesterol (TC), 
and low-density lipoprotein (LDL) in the male-BPA group (P < 0.05), and globulin (GLB), indirect bilirubin (IBIL), alkaline phosphatase (ALP), ALT, TG, TC, high-density lipoprotein (HDL), and creatinine (Cr) in the female-
BPA group (P < 0.05). Metagenomics (16S rRNA gene sequencing) analysis indicated that BPA reduced the diversity and changed the composition of gut microbiota in rats significantly. Compared with the control and 
blank groups, the contents of caproic acid, isobutyric acid, isovaleric acid, and propanoic acid in the colon contents decreased in the male-BPA group (P < 0.05), and caproic acid, isobutyric acid, isovaleric acid, and 
valeric acid in the colon contents decreased in the female-BPA group (P < 0.05). Metabolomic analysis of the serum indicated that BPA could regulate bile acid levels, especially ursodeoxycholic acid (UDCA) and its 
conjugated forms. The contents of amino acids, hormones, and lipids were also significantly affected after exposure to BPA. The increase in interleukin-6 (IL-6), interleukin-23 (IL-23), and transforming growth factor-β 
(TGF-β) in the serum of the male-BPA group suggests that BPA exposure affects the immune system. CONCLUSION: BPA exposure will cause toxicity to rats via disrupting the gut-liver-hormone axis.

Front Endocrinol 
(Lausanne) Vol.15 
Pages 1415216

10.3389/fendo.2024.1415216 39268238 動物 - 1 1 1 1 0 300 mg/kg - - - - - - - - - - - - - - - - - - - - -

統合_0892 J. Wang, S. Jin, W. Fu, Y. Liang, Y. Yang and X. 
Xu 2021

Pubertal exposure to bisphenol-A 
affects social recognition and 
arginine vasopressin in the brain of 
male mice

Social recognition is an ability of animals to identify and distinguish conspecifics, which is essential for nearly all social species to establish social relationships. Social recognition provides the basis for a variety of 
social behaviors. Because of modulated by gonadal hormones, it is possible that social cognition is affected by environmental endocrine disruptors (EEDs). In the present study, after being pubertal exposed to bisphenol A 
(BPA, 0.04, 0.4, and 4 mg/kg) for 18 days, adult male mice did not show significant dishabituation to a novel female stimulus in habituation-dishabituation task. The capacity for discriminating the odors between familiar 
and novel female urine or between male and female urine was suppressed in BPA-exposed male. In addition, BPA (0.4, 4 mg/kg) decreased the number of immunoreaction of AVP (AVP-ir) neurons in both the bed nucleus 
of the stria terminalis (BNST) and the medial amygdala (MeA), and BPA (0.04, 0.4, 4 mg/kg) reduced the level of V1αR in the lateral septum (LS) of adult male. Further, BPA decreased the levels of testosterone (T) in the 
brain and androgens receptor (AR) in the LS, the amygdala, and BNST, as well the levels of estrogen receptor α and β (ERα/β) in the amygdala and BNST. These results indicate that pubertal exposure to BPA affected 
the actions of both androgens and estrogens in the brain and inhibited AVP system of social circuits, and these alterations may be associated with impaired social recognition of adult male mice.

Ecotoxicol Environ Saf. 
2021 Dec 
15:226:112843.

10.1016/j.ecoenv.2021.112843 34601267 動物 性ホルモン 1 1 1 1 1 1 - - - - - - 1 1 - 1 - 1 - - - - - - - - -

統合_0893 H. Wang, X. Lei, Z. Zhang, M. M. Ommati, Z. 
Tang and J. Yuan 2022

Chronic exposure of bisphenol-A 
impairs cognitive function and 
disrupts hippocampal insulin 
signaling pathway in male mice

Bisphenol-A (BPA), a well-known estrogenic endocrine disruptor, is generally applied to turn out plastic consumer products. Available data have manifested that exposure to BPA can trigger insulin resistance. Hence, the 
purpose of the actual study was to consider the impacts of BPA exposure on cognitive function and insulin signaling pathway in the hippocampus of male offspring mice. For this purpose, the pregnant female mice were 
treated either vehicle (0.1% ethanol) or BPA (0.01, 0.1, and 1 µg/mL) via drinking water from day 1 of gestation until delactation (D1-PND21, newborn exposure). Afterward, the three-week-old male offspring mice took 
orally with the same doses of BPA for nine weeks (PND84). The behavioral tests, blood sugar level, histological observation, transcriptome sequencing, glucose transporter 4 (GLUT4), and hippocampal insulin signaling 
pathway were checked for the male offspring mice at 13 weeks of age (PND91). Our data indicated that BPA exposure impaired cognitive function, disrupted the hippocampal regular cell arrangement, increased blood 
glucose levels, disturbed the insulin signaling pathway including phosphorylated insulin receptor substrate1 (p-IRS1), protein kinase B (p-AKT), and glycogen synthase kinase 3β (p-GSK3β). At the same time, the mRNA 
and protein expressions of GLUT4 were markedly down-regulated in the BPA-exposed groups. To sum up, it has been suggested from these results that BPA has detrimental effects on the insulin signaling pathway, 
which might subsequently be conducive to the impairment of cognitive function in the adult male offspring mice. Therefore, BPA exposure might in part be an element of risk for the long-term neurodegeneration in male 
offspring mice.

Toxicology. 2022 Apr 
30:472:153192.

10.1016/j.tox.2022.153192 35489422 動物 発達神経毒性 1 1 (飲⽔） 1 1 1 1 (ただし飲⽔中濃度） - - - - - - 1 1 - 1 - 1 - - - - - - - - -

統合_0894 G. Wang, G. Xu, C. Zhang, A. Han, G. Zhang, L. 
Chen, G. Xie, F. Tao, T. Shen and P. Su 2023

Gestational bisphenol A exposure 
advances puberty onset in female 
offspring: Critical time window 
identification

Increasing evidence shows that the early onset of puberty in female offspring may be caused by maternal prenatal exposure to bisphenol A (BPA) during pregnancy; however, the critical time window of maternal prenatal 
BPA exposure remains unknown. Here, we identify the critical time window of gestational BPA exposure that induces early onset of puberty in female offspring. Pregnant CD-1 mice were gavaged with BPA (8 mg/kg) daily 
during the early gestational stage (GD1-GD6), middle gestational stage (GD7-GD12) or late gestational stage (GD13-GD18). We show that maternal BPA exposure during the early and middle gestational stages could 
advance the vaginal opening time and increase the serum levels of kisspeptin-10 and GnRH in the female offspring at PND 34. Mechanistically, maternal BPA exposure during early and middle gestation could significantly 
increase CpG island methylation in the Eed gene promoters but reduce the mRNA expression of Eed in the hypothalamus tissues of the female offspring. In conclusion, the critical period of maternal BPA exposure-induced 
early onset of puberty in female offspring is early and middle gestation; this BPA-induced early onset of puberty might be partly attributed to epigenetic programming of the Eed gene in the hypothalamus. This study 
provides important insights regarding the relationship and the mechanisms between BPA and offspring pubertal development.

Ecotoxicol Environ Saf 
Vol.249 Pages 114387

10.1016/j.ecoenv.2022.114387 36508816 動物 - 1 1 1 1 0 8 mg/kg bw/day - - - - - - - - - - - - - - - - - - - - -
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統合_0895
G. Wang, X. Hong, J. Yu, Y. Zhang, Y. Li, Z. Li, Z. 
Zhu, S. Yuan, X. Zhang, S. Wang, F. Zhu, Y. 
Wang, C. Wu, P. Su and T. Shen

2023

Enhancing de novo ceramide 
synthesis induced by bisphenol A 
exposure aggravates metabolic 
derangement during obesity

OBJECTIVE: Exposure to bisphenol A (BPA) has been shown to increase the prevalence of obesity and its related insulin resistance (IR). Ceramide is a sphingolipid known to facilitate the production of proinflammatory 
cytokines and subsequently exacerbate inflammation and IR during the progression of obesity. Here, we investigated the effects of BPA exposure on ceramide de novo synthesis and whether increased ceramides 
aggravate adipose tissue (AT) inflammation and obesity-related IR. METHODS: A population-based case-control study was conducted to explore the relationship between BPA exposure and IR and the potential role of 
ceramide in AT in obesity. Next, we used mice reared on a normal chow diet (NCD) or a high-fat diet (HFD) to verify the results from the population study and then investigated the role of ceramides in low-level BPA 
exposure with HFD-induced IR and AT inflammation in mice treated with or without myriocin (an inhibitor of the rate-limiting enzyme in de novo ceramide synthesis). RESULTS: BPA levels are higher in obese individuals 
and are significantly associated with AT inflammation and IR. Specific subtypes of ceramides mediated the associations between BPA and obesity, obesity-related IR and AT inflammation in the obesity group. In animal 
experiments, BPA exposure facilitated ceramide accumulation in AT, activated PKCζ, promoted AT inflammation, increased the expression and secretion of proinflammatory cytokines via the JNK/NF-κB pathway, and 
lowered insulin sensitivity by disrupting IRS1-PI3K-AKT signaling in mice fed a HFD. Myriocin suppressed BPA-induced AT inflammation and IR. CONCLUSION: These findings indicate that BPA aggravates obesity-
induced IR, which is partly via increased de novo synthesis of ceramides and subsequent promotion of AT inflammation. Ceramide synthesis could be a potential target for the prevention of environmental BPA exposure-
related metabolic diseases.

Mol Metab. 2023 
Jul:73:101741.

10.1016/j.molmet.2023.101741 37225016 ヒト、動物 代謝 1 1 0 1 不明 不明 症例対照研究 1 1 - - - 1 1 1 - - - - - - - - - - - -

統合_0896 C. Wang, Y. Shu, L. Xu, Q. Liu, B. Zhang and H. 
Zhang 2021

Maternal exposure to low doses of 
bisphenol A affects learning and 
memory in male rat offspring with 
abnormal N-methyl-d-aspartate 
receptors in the hippocampus

Bisphenol A (BPA), a component of polycarbonate and epoxy resins, has been reported to induce learning and memory deficits. However, the mechanisms have not been fully elucidated. Growing evidence has suggested 
that N-methyl-d-aspartate receptors (NMDARs) are involved in cognitive impairments. In this study, BPA was administered to female Sprague-Dawley rats (six per dose group) at concentrations of 0 (control), 4, 40, and 
400 μg/kg·body weight/day from gestation day 1 through lactation day 21. Spatial learning was evaluated using the Morris water maze on postnatal day 22. Expression levels of NMDARs were determined using real-time 
polymerase chain reaction and Western blot. The results showed that male offspring exposed to BPA exhibited increased latency in reaching the platform and reduced time in the target quadrant, and the number of 
crossing the platform was less, as compared with the control group. The mRNA and protein expression levels of NMDARs in the hippocampus were significantly downregulated when compared with the control group of 
male offspring. The data showed that maternal exposure to BPA at low dosage can cause cognitive deficits in male rat offspring, probably due to a decrease in NMDARs in the hippocampus.

Toxicol Ind Health. 2021 
Jun;37(6):303-313.

10.1177/0748233720984624 33881370 動物 神経 1 1 1 1 1 1 - - - - - - 1 1 - 1 - 1 - - - - - - - - -

統合_0897
A. K. Vyas, A. Veiga-Lopez, W. Ye, B. Abi 
Salloum, D. H. Abbott, S. Yang, C. Liao, K. 
Kannan and V. Padmanabhan

2019
Developmental programming: Sex-
specific programming of growth 
upon prenatal bisphenol A exposure

In both human and animals, in utero exposure to bisphenol A (BPA), an endocrine-disrupting chemical used in the production of plastics and epoxy resins, has been shown to affect offspring reproductive and metabolic 
health during adult life. We hypothesized that the effect of prenatal exposure to environmentally relevant doses of BPA will be evident during fetal organogenesis and fetal/postnatal growth trajectory. Pregnant ewes were 
administered BPA subcutaneously from 30 to 90 days of gestation (term 147 days). Fetal organ weight, anthropometric measures, maternal/fetal hormones and postnatal growth trajectory were measured in both sexes. 
Gestational BPA administration resulted in higher accumulation in male than female fetuses only at fetal day 65, with minimal impact on fetal/maternal steroid milieu in both sexes at both time points. BPA-treated male 
fetuses were heavier than BPA-treated female fetuses at fetal day 90 whereas this sex difference was not evident in the control group. At the organ level, liver weight was reduced in prenatal BPA-treated female fetuses, 
while heart and thyroid gland weights were increased in BPA-treated male fetuses relative to their sex-matched control groups. Prenatal BPA treatment also altered the postnatal growth trajectory in a sex-specific 
manner. Males grew slower during the early postnatal period and caught up later. Females, in contrast, demonstrated the opposite growth trend. Prenatal BPA-induced changes in fetal organ differentiation and early life 
growth strongly implicate translational relevance of in utero contributions to reproductive and metabolic defects previously reported in adult female offspring.

J Appl Toxicol Vol.39 
Issue 11 Pages 1516-
1531

10.1002/jat.3836 31338854 動物 - 1 0 1 不明 1 0.05, 0.5, 5 mg/kg/day - - - - - - - - - - - - - - - - - - - - -

統合_0898
L. A. Vrooman, M. C. Gieske, C. Lawson, J. 
Cesare, S. Zhang, M. S. Bartolomei, B. A. Garcia, 
T. J. Hassold and P. A. Hunt

2025
Effect of Brief Maternal Exposure to 
Bisphenol A on the Fetal Female 
Germline in a Mouse Model

BACKGROUND: Environmental contamination by endocrine-disrupting chemicals (EDCs) has created serious public health, ecological, and regulatory concerns. Prenatal exposures can affect a wide range of developing 
organ systems and are associated with adverse changes to behavior, metabolism, fertility, and disease risk in the adult. The most serious and puzzling observation for some EDC exposures is the transmission of effects 
to subsequent unexposed generations (transgenerational effects) in animal models. This requires the induction of epigenetic aberrations to the germline that are not subject to the normal processes of erasure and 
resetting in subsequent generations. Understanding when and how the germline is vulnerable to environmental contaminants is an essential first step in devising strategies to prevent and reverse their effects. METHODS: 
Fetal mouse oocytes were collected after exposure of the dam to various concentrations of bisphenol A (BPA) or placebo. Meiotic effects were assessed by immunostaining to visualize the synaptonemal complex and 
recombination sites, as well as whole chromosome fluorescence in situ hybridization probes. Enriched oocyte pools were analyzed by mass spectrometry and RNA sequencing to determine differences in histone 
posttranslational modifications and gene expression, respectively. RESULTS: We found germline effects across a wide range of exposure levels, the severity of which was positively associated with BPA concentration. 
We identified the onset of meiotic prophase as the vulnerable window of exposure and found surprising exposure-related differences in chromatin. Oocyte analysis by mass spectrometry and immunofluorescence 
suggested H4K20me2, a histone posttranslational modification involved in DNA damage repair, was particularly affected. Subsequent RNA-seq analysis revealed a relatively small number of differentially expressed genes, 
but in addition to genes involved in chromatin dynamics, several with important roles in DNA repair/recombination and centromere stability were affected. DISCUSSION: Together, our data from a mouse model suggest 
BPA exposure induced complex molecular differences in the germline that dysregulated chromatin and affected several critical and interrelated meiotic pathways. https://doi.org/10.1289/EHP15046.

Environ Health 
Perspect. 2025 
Apr;133(3-4):47002.

10.1289/ehp15046 40036665 動物 ⽣殖細胞 1 1 1 1 1 1 - - - - - - 1 1 - 1 - - - - - - - - - - -

統合_0899
N. Vega, C. Pinteur, G. Buffelan, E. Loizon, H. 
Vidal, D. Naville and B. Le Magueresse-
Battistoni

2021

Exposure to pollutants altered 
glucocorticoid signaling and clock 
gene expression in female mice. 
Evidence of tissue- and sex-
specificity

Environmental pollutants suspected of disrupting the endocrine system are considered etiologic factors in the epidemic of metabolic disorders. As regulation of energy metabolism relies on the integrated action of a large 
number of hormones, we hypothesized that certain chemicals could trigger changes in glucocorticoid signaling. To this end, we exposed C57Bl6/J female and male mice between 5 and 20 weeks of age to a mixture of 
2,3,7,8- tetrachlorodibenzo-p-dioxin (20 pg/kg body weight/day [bw/d]), polychlorobiphenyl 153 (200 ng/kg bw/d), di-[2-ethylhexyl]-phthalate (500 μg/kg bw/d) and bisphenol A (40 μg/kg bw/d). In female mice fed a 
standard diet (ST), we observed a decrease in plasma levels of leptin as well as a reduced expression of corticoid receptors Nr3c1 and Nr3c2, of leptin and of various canonical genes related to the circadian clock 
machinery in visceral (VAT) but not subcutaneous (SAT) adipose tissue. However, Nr3c1 and Nr3c2 mRNA levels did not change in high-fat-fed females exposed to pollutants. In ST-fed males, pollutants caused the same 
decrease of Nr3c1 mRNA levels in VAT observed in ST-fed females but levels of Nr3c2 and other clock-related genes found to be down-regulated in female VAT were enhanced in male SAT and not affected in male VAT. 
The expression of corticoid receptors was not affected in the livers of both sexes in response to pollutants. In summary, exposure to a mixture of pollutants at doses lower than the no-observed adverse effect levels 
(NoAELs) resulted in sex-dependent glucocorticoid signaling disturbances and clock-related gene expression modifications in the adipose tissue of ST-fed mice.

Chemosphere Vol.262 
Pages 127841

10.1016/j.chemosphere.2020.1278
41

32784060 動物 - 1 1 0 1 不明 40 µg/kg体重/⽇ - - - - - - - - - - - - - - - - - - - - -

統合_0900
M. B. Varuzza, J. R. Zapaterini, K. T. Colombelli, 
C. N. Barquilha, L. A. Justulin, Jr., M. Muñoz-de-
Toro, L. Kass and L. F. Barbisan

2019

Impact of gestational low protein 
diet and postnatal bisphenol A 
exposure on chemically induced 
mammary carcinogenesis in female 
offspring rats

This study evaluated the effect of gestational low protein diet (LPD) and/or postnatal bisphenol A (BPA) exposure on mammary gland development and carcinogenesis in female offspring. Pregnant Sprague-Dawley rats 
were fed a normal protein diet (NPD, 17% protein) or LPD (6% protein). At weaning, female offspring were distributed in four groups (NPD, LPD, NPD + BPA, and LPD + BPA) and received vehicle or BPA in drinking water 
(0.1%), during postnatal day (PND) 21 to 51. On PND 51, some female offspring were euthanized or received a single dose of 7,12-dimethylbenzoanthracene (DMBA, 30 mg/kg, i.g.) and were euthanized on PND 250. On 
PND 51, neither gestational LPD nor postnatal BPA exposure, individually or in combination, significantly altered the development of mammary gland tree, mean number of terminal structures or estrogen receptor beta 
(ER-β), proliferating cell nuclear antigen (PCNA) or caspase-3 protein expression in the mammary tissue. A significant reduction in mammary epithelial area (%) was observed in both LPD groups and a significant 
increase in ER-α protein expression was detected only in LPD group. In LPD + BPA group was observed a significant increase in both fat pad area (%) and in mean number of mammary epithelial cells positive for 
progesterone receptor (PR). On PND 250, the groups that received BPA presented lower latency and higher tumor incidence and tumor multiplicity and LPD + BPA group more aggressive tumors. These findings suggest 
that postnatal BPA exposure associated with gestational LPD is able to induce morphological changes in the mammary gland and increase susceptibility to mammary carcinogenesis.

Environ Toxicol Vol.34 
Issue 11 Pages 1263-
1272

10.1002/tox.22827 31287222 動物 - 1 1 1 1 0 0.1％（飲⽔中濃度） - - - - - - - - - - - - - - - - - - - - -

統合_0901
S. Varma, A. Molangiri, S. Mudavath, R. 
Ananthan, A. Rajanna, A. K. Duttaroy and S. 
Basak

2024
Exposure to BPA and BPS during 
pregnancy disrupts the bone 
mineralization in the offspring

Exposure to plastic-derived estrogen-mimicking endocrine-disrupting bisphenols can have a long-lasting effect on bone health. However, gestational exposure to bisphenol A (BPA) and its analogue, bisphenol S (BPS), on 
offspring's bone mineralization is unclear. The effects of in-utero bisphenol exposure were examined on the offspring's bone parameters. BPA and BPS (0.0, 0.4 μg/kg bw) were administered to pregnant Wistar rats via 
oral gavage from gestational day 4-21. Maternal exposure to BPA and BPS increased bone mineral content and density in the offspring aged 30 and 90 days (P < 0.05). Plasma analysis revealed that alkaline phosphatase, 
and Gla-type osteocalcin were significantly elevated in the BPS-exposed offspring (P < 0.05). The expression of BMP1, BMP4, and their signaling mediators SMAD1 mRNAs were decreased in BPS-exposed osteoblast 
SaOS-2 cells (P < 0.05). The expression of extracellular matrix proteins such as ALPL, COL1A1, DMP1, and FN1 were downregulated (P < 0.05). Bisphenol co-incubation with noggin decreased TGF-β1 expression, 
indicating its involvement in bone mineralization. Altered mineralization could be due to dysregulated expression of bone morphogenetic proteins and signalling mediators in the osteoblast cells. Thus, bisphenol exposure 
during gestation altered growth and bone mineralization in the offspring, possibly by modulating the expression of Smad-dependent BMP/TGF-β1 signalling mediators.

Food Chem Toxicol 
Vol.189 Pages 114772

10.1016/j.fct.2024.114772 38821392 動物 - 1 1 1 1 0 0.4  µg/kg bw - - - - - - - - - - - - - - - - - - - - -

統合_0902 S. Varma, A. Molangiri, S. R. Kona, A. Ibrahim, A. 
K. Duttaroy and S. Basak 2023

Fetal Exposure to Endocrine 
Disrupting-Bisphenol A (BPA) Alters 
Testicular Fatty Acid Metabolism in 
the Adult Offspring: Relevance to 
Sperm Maturation and Quality

Daily exposure to bisphenols can affect reproductive functions due to their pseudo-estrogenic and/or anti-androgenic effects. Testicular lipids contain high levels of polyunsaturated fatty acids necessary for sperm 
maturity, motility, and spermatogenesis. Whether prenatal exposure to bisphenols alters testicular fatty acid metabolism in adult offspring is unknown. Pregnant Wistar rats were gavaged from gestational day 4 to 21 with 
BPA and BPS (0.0, 0.4, 4.0, 40.0 μg/kg bw/day). Despite increased body and testis weight, the total testicular cholesterol, triglyceride, and plasma fatty acids were unaffected in the offspring. Lipogenesis was 
upregulated by increased SCD-1, SCD-2, and expression of lipid storage (ADRP) and trafficking protein (FABP4). The arachidonic acid, 20:4 n-6 (ARA) and docosapentaenoic acid, 22:5 n-6 (DPA) levels were decreased in 
the BPA-exposed testis, while BPS exposure had no effects. The expression of PPARα, PPARγ proteins, and CATSPER2 mRNA were decreased, which are important for energy dissipation and the motility of the sperm in 
the testis. The endogenous conversion of linoleic acid,18:2 n-6 (LA), to ARA was impaired by a reduced ARA/LA ratio and decreased FADS1 expression in BPA-exposed testis. Collectively, fetal BPA exposure affected 
endogenous long-chain fatty acid metabolism and steroidogenesis in the adult testis, which might dysregulate sperm maturation and quality.

Int J Mol Sci. 2023 Feb 
13;24(4):3769.

10.3390/ijms24043769 36835180 動物 精⼦ 1 1 1 1 1 1 - - - - - - 1 1 - 1 - - - - - - - - - - -

統合_0903 A. R. Vanani, M. Mahdavinia, M. Shirani, S. 
Alizadeh and M. A. Dehghani 2020

Protective effects of quercetin 
against oxidative stress induced by 
bisphenol-A in rat cardiac 
mitochondria

Research has shown a relationship between the exposures to a chemical agent called bisphenol-A (BPA), which is extensively used in the production of polycarbonate plastics and the incidence of cardiovascular 
diseases. This association is most likely caused by the BPA's ability to disrupt multiple cardiac mechanisms, including mitochondrial functions. Therefore, this study aimed to explore the ability of quercetin (QUER) to limit 
the cardiotoxic effect of BPA in the rat's cardiac mitochondria. The experiment was carried out on 32 male Wistar rats, which were randomly assigned to four groups. The negative control group received olive oil; the 
positive control group received olive oil plus BPA (250 mg/kg); the third group received olive oil, BPA, and QUER (75 mg/kg); and the fourth group received olive oil and QUER, all orally for 14 days. The rats were 
slaughtered 24 h after the last treatment. The measured parameters included creatine kinase-MB (CK-MB) and lactate dehydrogenase (LDH) as the biomarkers of cardiotoxicity, triglyceride (TG), total cholesterol (TC), 
and low-density and high-density lipoprotein cholesterol (LDL-C and HDL-C) as the measures of dyslipidemia, glutathione (GSH) content, catalase activity (CAT), reactive oxygen species (ROS), lipid peroxidation (LPO), 
and the level of damage to the mitochondrial membranes as the indicators of the impact of QUER on the BPA cardiotoxic effect. Finally, the rats treated with QUER showed better results in terms of serum CK-MB, serum 
LDH, serum lipid profile, GSH level, CAT activity, mitochondrial membrane potential (ΔΨm), LPO, and ROS. According to the results, QUER could be used as a protective agent against BPA-induced mitochondrial toxicity.

Environ Sci Pollut Res 
Int Vol.27 Issue 13 
Pages 15093-15102

10.1007/s11356-020-08048-0 32064580 動物 - 1 1 1 1 0 250 mg/kg - - - - - - - - - - - - - - - - - - - - -

統合_0904
F. Vahdati Hassani, E. Masjedi, H. 
Hosseinzadeh, Z. Bedrood, K. Abnous and S. 
Mehri

2020

Protective effect of crocin on 
bisphenol A - induced spatial 
learning and memory impairment in 
adult male rats: Role of oxidative 
stress and AMPA receptor

OBJECTIVES: Bisphenol A (BPA), a xenoestrogenic endocrine disrupting agent, is widely used in the production of polycarbonate plastics and has potential adverse effects on the developing nervous system, memory and 
learning abilities. The protective effect of the crocin, an important active constituent in Crocus sativus L, on memory impairment induced by BPA in rat was determined through evaluation of oxidative stress and the level 
of NMDA (N-methyl-D-aspartate receptors) and AMPA (α-amino-3-hydroxy-5-methyl-4-isoxazole-propionicd acid) receptors. MATERIALS AND METHODS: Rats were orally treated with BPA (100 mg/kg) or sesame seed 
oil in control group for 28 days. Crocin (10, 20, and 40 mg/kg, IP) was administrated in BPA-orally treated groups for 28 days. Memory and learning functions were evaluated by Morris water maze. The level of 
malondialdehyde (MDA) and glutathione (GSH) contents were determined in rat hippocampus. Additionally, the expression of NMDA and AMPA receptors were analyzed using Western blot method. RESULTS: 
Administration of BPA significantly reduced memory and learning functions. Crocin significantly protected against learning and memory impairments induced by BPA. BPA administration markedly reduced GSH content and 
induced lipid peroxidation, while crocin was able to increase GSH content in rat hippocampus. The expression of NMDA receptor did not change in BPA-treated rats, while the significant reduction in AMPA receptor 
expression was observed. Moreover, crocin (20 mg/kg) significantly elevated the expression of AMPA receptor. CONCLUSION: Crocin recovered spatial learning and memory defects induced by BPA in part through anti-
oxidant activity and modulation the expression of AMPA receptor in rat hippocampus.

Iran J Basic Med Sci 
Vol.23 Issue 9 Pages 
1146-1154

10.22038/ijbms.2020.41097.9714 32963736 動物 - 1 1 1 1 0 100 mg/kg - - - - - - - - - - - - - - - - - - - - -

統合_0905 M. Uzunhisarcikli and A. Aslanturk 2019

Hepatoprotective effects of 
curcumin and taurine against 
bisphenol A-induced liver injury in 
rats

Bisphenol A (BPA) is an estrogenic endocrine disrupting chemical to which humans are frequently exposed during routine daily life. Curcumin and taurine are natural products that have also been used as antioxidants 
against different environmental toxin-induced hepatotoxicity. Furthermore, they have protective and therapeutic effects against various diseases. The present investigation has been conducted to evaluate the therapeutic 
potential of curcumin (100 mg kg(-1)) and taurine (100 mg kg(-1)) for their hepatoprotective efficacy against BPA (130 mg kg(-1))-induced liver injury in rat. BPA significantly elevated the levels of malondialdehyde (MDA), 
while it reduced the activities of catalase (CAT), total glutathione S-transferase (GST), total glutathione peroxidase (GPx), and total superoxide dismutase (SOD). Besides, these biochemical changes were accompanied 
by histopathological alterations marked by the destruction of normal liver structure. The histological examinations showed that exposure of BPA caused dilatation of sinusoids, inflammatory cell infiltration, congestion, 
and necrosis in liver parenchyma. The BPA-induced histopathological alterations in liver were minimized by curcumin and taurine treatment. Furthermore, no necrosis was observed in the liver tissues of curcumin plus 
BPA and taurine plus BPA-treated rats. Oral administration of curcumin and taurine to BPA-exposed rats significantly reversed the content of lipid peroxidation products, as well as enhanced the activities of GPx and GST, 
CAT, and SOD enzymes. These findings have indicated that curcumin and taurine might have a protective effect against BPA-induced hepatotoxicity in rats.

Environ Sci Pollut Res 
Int Vol.26 Issue 36 
Pages 37242-37253

10.1007/s11356-019-06615-8 31745802 動物 - 1 1 1 不明 0 130 mg/kg - - - - - - - - - - - - - - - - - - - - -

統合_0906

T. Ueda, T. Adachi, T. Hayashi, K. Yasuda, K. 
Matsushita, E. Koike, R. Yanagisawa, T. 
Nagatake, J. Kunisawa, K. J. Ishii, K. Tsuzuki 
and E. Kuroda

2024

Bisphenol A triggers activation of 
ocular immune system and 
aggravates allergic airway 
inflammation

Bisphenol A (BPA) is widely used in manufacturing plastic products, and it has been reported that exposure through the airway or orally aggravates allergic airway inflammation. Because BPA is detected in the atmosphere 
and indoor environments, the eyes can also be exposed to BPA. After ocular exposure to BPA and antigen via eye drops, we observed enhanced antigen uptake of antigen-presenting cells (APCs) in tear duct-associated 
lymphoid tissue (TALT). Additionally, we observed the formation of germinal center (GC) B cells in TALT and induction of allergic airway inflammation in mice sensitized with BPA and antigen via eye drops, followed by 
airway antigen exposure. We also found that DNAX-activating protein of 12 kDa (DAP12)-deficient mice displayed impaired activation of APCs enhanced by ocular exposure to BPA. These results indicate that ocular 
sensitization to BPA and allergen triggers allergic inflammation via TALT activation, and that DAP12 might be a key molecule for modulating the ocular immune system.

Clin Immunol Vol.268 
Pages 110370

10.1016/j.clim.2024.110370 39349153 動物 - 1 0 0 1 不明 0.3 ng/kg - - - - - - - - - - - - - - - - - - - - -

統合_0907

V. Tvrdý, P. Dias, I. Nejmanová, A. Carazo, E. 
Jirkovský, J. Pourová, J. Fadraersada, M. 
Moravcová, L. Peterlin Mašič, M. Sollner Dolenc 
and P. Mladěnka

2023
The effects of bisphenols on the 
cardiovascular system ex vivo and in 
vivo

The human population is regularly exposed to bisphenols. The first compound of this class, bisphenol A, is burdened by numerous reports of its potential toxicity and has been hence replaced by its analogues, so-called 
next generation bisphenols. Their widespread use has made them pervasive throughout the environment. These endocrine disrupting chemicals can affect the cardiovascular system, and hence the aim of this study was to 
test 14 bisphenols (A, AF, AP, B, BP, C, E, F, G, M, P, PH, S and Z), and compare their effects in vitro (human and rat cell lines), ex vivo (isolated rat aorta) and in vivo (Wistar Han rats, acutely or chronically exposed to low 
environmental and high toxic doses). The majority of the tested bisphenols relaxed rat aorta, but their potency varied markedly. The most potent compound, bisphenol AF, had an EC(50) of 57 μM. The mechanism of action 
was likely based on the inhibition of calcium influx via L-type calcium channels. The cytotoxicity of bisphenols towards 4 human and rat cell lines (H9c2, A-10, MCF7/S0.5 and MCF7/182R-6) showed variable potencies 
ranging from units of micromolar to millimolar concentrations. Based on these data, an effect on arterial blood pressure and possible cardiotoxicity was expected. Contrarily, the in vivo acute effects of three doses (0.005, 
0.05 and 2.5 mg/kg) of bisphenol AF and 3 other analogues (A, S and F) on the cardiovascular system were rather biologically negligible. The most potent bisphenol, AF, was also administered chronically at a dose of 2.5 
mg/kg for 4 weeks to rats, but had no impact on arterial blood pressure. Our results showed that bisphenols can relax vascular smooth muscles, but the effective concentrations are too high to produce clear 
cardiovascular effects in relation to common biological exposure as was confirmed with the most potent bisphenol AF.

Chemosphere. 2023 
Feb:313:137565

10.1016/j.chemosphere.2022.1375
65

36528156 動物、ex vivo - 1 不明 1 1 0 不明 - - - 1 0 ＜100 µM 1 - - - - - - - - - - - - - -
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統合_0908

A. Tsatsakis, A. O. Docea, C. Constantin, D. 
Calina, O. Zlatian, T. K. Nikolouzakis, P. D. 
Stivaktakis, A. Kalogeraki, J. Liesivuori, G. 
Tzanakakis and M. Neagu

2019

Genotoxic, cytotoxic, and 
cytopathological effects in rats 
exposed for 18 months to a mixture 
of 13 chemicals in doses below 
NOAEL levels

The present study investigates the genotoxic and cytotoxic effects of long term exposure to low doses of a mixture consisting of methomyl, triadimefon, dimethoate, glyphosate, carbaryl, methyl parathion, aspartame, 
sodium benzoate, EDTA, ethylparaben, buthylparaben, bisphenol A and acacia gum in rats. Four groups of ten Sprangue Dawley rats (5 males and 5 females per group) were exposed for 18 months to the mixture in doses 
of 0xNOAEL, 0.0025xNOAEL, 0.01xNOAEL and 0.05xNOAEL (mg/kg bw/day). After 18 months of exposure, the rats were sacrificed and their organs were harvested. Micronuclei frequency was evaluated in bone marrow 
erythrocytes whereas the organs were cytopathologically examined by the touch preparation technique. The exposure to the mixture caused a genotoxic effect identified only in females. Cytopathological examination 
showed specific alterations of tissue organization in a tissue-type dependent manner. The observed effects were dose-dependent and correlated to various tissue parameters. Specifically, testes samples revealed 
degenerative and cellularity disorders, liver hepatocytes exhibited decreased glycogen deposition whereas degenerative changes were present in gastric cells. Lung tissue presented increased inflammatory cells 
infiltration and alveolar macrophages with enhanced phagocytic activity, whereas brain tissue exhibited changes in glial and astrocyte cells' numbers. In conclusion, exposure to very low doses of the tested mixture for 18 
months induces genotoxic effects as well as monotonic cytotoxic effects in a tissue-dependent manner.

Toxicol Lett. 2019 
Nov:316:154-170.

10.1016/j.toxlet.2019.09.004 31521832 動物 遺伝毒性,細胞毒性 1 1 0 1 1 1 - - - - - - 1 1 - 1 - - - - - - - - - - -

統合_0909 V. G. Trusca, M. Dumitrescu, I. M. Fenyo, I. F. 
Tudorache, M. Simionescu and A. V. Gafencu 2019

The Mechanism of Bisphenol A 
Atherogenicity Involves 
Apolipoprotein A-I Downregulation 
through NF-κB Activation

Apolipoprotein A-I (apoA-I) is the major protein component of high-density lipoproteins (HDL), mediating many of its atheroprotective properties. Increasing data reveal the pro-atherogenic effects of bisphenol A (BPA), 
one of the most prevalent environmental chemicals. In this study, we investigated the mechanisms by which BPA exerts pro-atherogenic effects. For this, LDLR(-/-) mice were fed with a high-fat diet and treated with 50 
µg BPA/kg body weight by gavage. After two months of treatment, the area of atherosclerotic lesions in the aorta, triglycerides and total cholesterol levels were significantly increased, while HDL-cholesterol was 
decreased in BPA-treated LDLR(-/-) mice as compared to control mice. Real-Time PCR data showed that BPA treatment decreased hepatic apoA-I expression. BPA downregulated the activity of the apoA-I promoter in a 
dose-dependent manner. This inhibitory effect was mediated by MEKK1/NF-κB signaling pathways. Transfection experiments using apoA-I promoter deletion mutants, chromatin immunoprecipitation, and protein-DNA 
interaction assays demonstrated that treatment of hepatocytes with BPA induced NF-κB signaling and thus the recruitment of p65/50 proteins to the multiple NF-κB binding sites located in the apoA-I promoter. In 
conclusion, BPA exerts pro-atherogenic effects downregulating apoA-I by MEKK1 signaling and NF-κB activation in hepatocytes.

Int J Mol Sci Vol.20 
Issue 24

10.3390/ijms20246281 31842455 動物 - 1 1 1 LDLR−/− 0 50 µg/kg - - - - - - - - - - - - - - - - - - - - -

統合_0910
P. Torres-Alamilla, R. Castillo-Sanchez, P. 
Cortes-Reynosa, M. Sanchez-Juarez, R. Gomez 
and E. P. Salazar

2025

4T1 breast cancer cells exposed to 
extracellular vesicles from MDA-MB-
231 cells stimulated with bisphenol 
A increase the growth of mammary 
tumors and metastasis in female 
Balb/cJ mice

Breast cancer is the most prevalent neoplasia in women worldwide. Triple negative breast cancer (TNBC) is a subtype characterized by the absence of estrogen receptor, progesterone receptor and HER2 expression. 
Bisphenol A (BPA) is a chemical used in the synthesis of polycarbonate plastics and epoxy resins and its intake is related with breast cancer progression. Extracellular vesicles (EVs) are vesicles released by cells that 
mediate intercellular communication. However, the role of BPA in the release of EVs mediating cancer progression in TNBC remains to be studied. We hypothesize that EVs from BPA-stimulated TNBC cells promote 
metastasis-related processes, tumor growth and enhanced metastasis in a breast cancer mouse model. This study aims to evaluate the functional role of EVs from BPA-stimulated TNBC cells in metastasis-related 
processes and breast cancer progression using "in vitro" 4T1 cells models and an "in vivo" breast cancer mouse model. Findings demonstrate that exposition of TNBC 4T1 cells to EVs from TNBC MDA-MB-231 cells 
stimulated with 1 μM BPA for 24 h (BPA-EVs) significantly increases migration, invasion and MMP-9 secretion, compared to 4T1 cells exposed to EVs from non-stimulated MDA-MB-231 cells (Ctrl-EVs). Furthermore, 
Balb/cJ mice inoculated in mammary fat pad with 4T1 cells exposed to BPA-EVs show mammary tumors with more weight and volume, and more metastatic nodules in lung and liver than Balb/cJ mice inoculated with 4T1 
cells exposed to Ctrl-EVs. In conclusion, BPA-EVs represent a significant mediator of TNBC progression, which defining the EVs as a novel element through which BPA promotes breast cancer progression.

Mol Cell Endocrinol 
Pages 112641

10.1016/j.mce.2025.112641 40782997 動物、in vitro - 1 0 0 Balb/cJ 0 30 µg/experimental condition - - - 1 0 1 µM - - - - - - - - - - - - - - -

統合_0911 C. Tonini, M. Segatto, S. Gagliardi, S. Bertoli, A. 
Leone, L. Barberio, M. Mandalà and V. Pallottini 2020

Maternal Dietary Exposure to Low-
Dose Bisphenol A Affects Metabolic 
and Signaling Pathways in the Brain 
of Rat Fetuses

Bisphenol A (BPA) is a synthetic compound widely used for the production of polycarbonate plasticware and epoxy resins. BPA exposure is widespread and more than 90% of individuals have detectable amounts of the 
molecule in their body fluids, which originates primarily from diet. Here, we investigated whether prenatal exposure to BPA affects the mevalonate (MVA) pathway in rat brain fetuses, and whether potential effects are 
sex-dependent. The MVA pathway is important for brain development and function. Our results demonstrate that the fetal brain, exposed in utero to a very low dose of BPA (2.5 µg/kg/day), displayed altered MVA pathway 
activation, increased protein prenylation, and a decreased level of pro-BDNF. Interestingly, the BPA-induced effects on estrogen receptor α were sex-dependent. In conclusion, this work demonstrates intergenerational 
effects of BPA on the brain at very low doses. Our results reveal new targets for BPA-induced interference and underline the impacts of BPA on health.

Nutrients. 2020 May 
17;12(5):1448.

10.3390/nu12051448 32429515 動物 神経 1 1 1 1 1 1 - - - - - - 1 1 - 1 - 1 - - - - - - - - -

統合_0912
C. Tonini, M. Segatto, S. Bertoli, A. Leone, A. 
Mazzoli, L. Cigliano, L. Barberio, M. Mandalà 
and V. Pallottini

2021
Prenatal Exposure to BPA: The 
Effects on Hepatic Lipid Metabolism 
in Male and Female Rat Fetuses

Bisphenol A (BPA) is an organic chemical compound widely used for manufacturing plastics. BPA exposure originates principally from the diet, but it can also originate from dermal contact. In over 90% of individuals, 
including pregnant women, BPA is detectable in several body fluids. The effects of this exposure on the fetus are under active investigation in several research laboratories. The aim of our work was to study the impact of 
prenatal exposure to BPA in the liver of rat fetuses from a sex-dependent point of view. We particularly investigated the effects of prenatal BPA exposure on hepatic lipids because of their crucial role, not only for the liver, 
but also for the whole-body functions. Our results demonstrate that the liver of rat fetuses, in utero exposed to a very low dose of BPA (2.5 µg/kg/day), displays significant modulations with regard to proteins involved in 
cholesterol and fatty acid biosynthesis and trafficking. Moreover, an impact on inflammatory process has been observed. All these effects are dependent on sex, being observable only in female rat fetuses. In conclusion, 
this work demonstrates that maternal exposure to BPA compromises hepatic lipid metabolism in female offspring, and it also reveals the perspective impact of BPA on human health at doses currently considered safe.

Nutrients Vol.13 Issue 6 10.3390/nu13061970 34201166 動物 - 1 1 1 1 0 2.5 µg/kg/day - - - - - - - - - - - - - - - - - - - - -

統合_0913 M. Tian, P. Xia, X. Gou, L. Yan, H. Yu and X. 
Zhang 2022

CRISPR screen identified that 
UGT1A9 was required for 
bisphenols-induced mitochondria 
dyshomeostasis

Exposure to bisphenols chemicals could cause various adverse health effects, including non-alcoholic fatty liver disease (NAFLD), which have been associated with cellular mitochondria stress. However, the biological 
mechanism underlying the mitochondria stress-mediated cell death by bisphenols was poorly understood. Here, CRISPR screens were performed to identify the critical genes which were involved in cell death caused by 
exposure to four bisphenols (BPA, BPB, BPE and BPS). Results of CRISPR screens showed that UGT1A9 was the primary genetic factor facilitating cell death induced by all of the four bisphenols. Systematic toxicological 
tests demonstrated that UGT1A9 was required for BPA-induced mitochondria dyshomeostasis in vitro and in vivo, and UGT1A9-mediated mitochondria dyshomeostasis was an important cause of facilitating cell death. 
Liver injury caused by exposure to BPA in wild-type mice was accompanied with suppression of mitophagy and increased expression of C-Caspase 3, but UGT1A9 knockout attenuated these adverse effects induced by 
BPA. Finally, molecular epidemiology analysis suggested that the five genetic variants of UGT1A9 could be potential genetic risk factors of NAFLD when people were exposed to BPA. The biological mechanism uncovered 
here provided mechanistic evidence for identification of susceptible populations of liver injury associated with exposure to BPA.

Environ Res. 2022 Apr 
1:205:112427.

10.1016/j.envres.2021.112427 34861229 動物、in vitro 肝臓 1 1 単独 野⽣型/UGT1A9ノックアウト 0 5 mg/kg:1 - - - 不明 0 不明 1 1 - 1 - - - - - - - - - - -

統合_0914 J. Tian, Y. Lu, Q. L. Zhao, Q. Y. Pu, S. Jiang and 
Y. P. Tang 2024

DHA-enriched phosphatidylserine 
alleviates bisphenol A-induced liver 
injury through regulating 
glycerophospholipid metabolism and 
the SIRT1-AMPK pathway

To investigate the alleviating effect and mechanism of the docosahexaenoic acid-enriched phosphatidylserine (DHA-PS) on bisphenol A (BPA)-induced liver injury in mice, the murine liver injury model was established by 
gavage of BPA (5 mg/kg) or co-administration of BPA and DHA-PS (50 mg/kg or 100 mg/kg) for 6 weeks. The results showed that after administration of 100 mg/kg DHA-PS, the liver index, serum levels of AST, ALT, TC, 
TG, NEFA, and LDL-C in mice were significantly decreased, while HDL-C was significantly increased. The LPS, IL-6, IL-1β, TNF-α, and MDA levels in liver tissues were effectively down-regulated, and IL-10, SOD, 
GSH-Px, and CAT levels were effectively up-regulated. The H&E and Oil Red O staining results showed that liver damage was notably repaired and lipid deposition was notably reduced after DHA-PS administration. 
Furthermore, metabolomics and immunohistochemical studies revealed that DHA-PS mainly regulates glycerophospholipid metabolism and the SIRT1-AMPK pathway to improve metabolic disorders of the liver caused by 
BPA. Therefore, DHA-PS could potentially alleviate BPA-induced murine liver injury through suppressing inflammation and oxidative stress, and modulating lipid metabolism disorders.

Heliyon Vol.10 Issue 14 
Pages e34835

10.1016/j.heliyon.2024.e34835 39148994 動物 - 1 1 0 不明 0 50 mg/kg - - - - - - - - - - - - - - - - - - - - -

統合_0915 J. L. M. Thorson, D. Beck, M. Ben Maamar, E. E. 
Nilsson and M. K. Skinner 2021

Ancestral plastics exposure induces 
transgenerational disease-specific 
sperm epigenome-wide association 
biomarkers

Plastic-derived compounds are one of the most frequent daily worldwide exposures. Previously a mixture of plastic-derived toxicants composed of bisphenol A, bis(2-ethylhexyl) phthalate, and dibutyl phthalate at low-
dose exposures of a gestating female rats was found to promote the epigenetic transgenerational inheritance of disease to the offspring (F1 generation), grand-offspring (F2 generation), and great-grand-offspring (F3 
generation). Epigenetic analysis of the male sperm was found to result in differential DNA methylation regions (DMRs) in the transgenerational F3 generation male sperm. The current study is distinct and was designed to 
use an epigenome-wide association study to identify potential sperm DNA methylation biomarkers for specific transgenerational diseases. Observations indicate disease-specific DMRs called epimutations in the 
transgenerational F3 generation great-grand-offspring of rats ancestrally exposed to plastics. The epigenetic DMR biomarkers were identified for testis disease, kidney disease, and multiple (≥2) diseases. These disease 
sperm epimutation biomarkers were found to be predominantly disease-specific. The genomic locations and features of these DMRs were identified. Interestingly, the disease-specific DMR-associated genes were 
previously shown to be linked with each of the specific diseases. Therefore, the germline has ancestrally derived epimutations that potentially transmit transgenerational disease susceptibilities. Epigenetic biomarkers 
for specific diseases could be used as diagnostics to facilitate clinical management of disease and preventative medicine.

Environ Epigenet Vol.7 
Issue 1 Pages dvaa023

10.1093/eep/dvaa023 33841921 動物 - 1 0 1 1 0 25 mg/kg - - - - - - - - - - - - - - - - - - - - -

統合_0916

S. Thongkorn, S. Kanlayaprasit, P. Panjabud, T. 
Saeliw, T. Jantheang, K. Kasitipradit, S. Sarobol, 
D. Jindatip, V. W. Hu, T. Tencomnao, T. 
Kikkawa, T. Sato, N. Osumi and T. Sarachana

2021

Sex differences in the effects of 
prenatal bisphenol A exposure on 
autism-related genes and their 
relationships with the hippocampus 
functions

Our recent study has shown that prenatal exposure to bisphenol A (BPA) altered the expression of genes associated with autism spectrum disorder (ASD). In this study, we further investigated the effects of prenatal BPA 
exposure on ASD-related genes known to regulate neuronal viability, neuritogenesis, and learning/memory, and assessed these functions in the offspring of exposed pregnant rats. We found that prenatal BPA exposure 
increased neurite length, the number of primary neurites, and the number of neurite branches, but reduced the size of the hippocampal cell body in both sexes of the offspring. However, in utero exposure to BPA decreased 
the neuronal viability and the neuronal density in the hippocampus and impaired learning/memory only in the male offspring while the females were not affected. Interestingly, the expression of several ASD-related genes 
(e.g. Mief2, Eif3h, Cux1, and Atp8a1) in the hippocampus were dysregulated and showed a sex-specific correlation with neuronal viability, neuritogenesis, and/or learning/memory. The findings from this study suggest 
that prenatal BPA exposure disrupts ASD-related genes involved in neuronal viability, neuritogenesis, and learning/memory in a sex-dependent manner, and these genes may play an important role in the risk and the higher 
prevalence of ASD in males subjected to prenatal BPA exposure.

Sci Rep Vol.11 Issue 1 
Pages 1241

10.1038/s41598-020-80390-2 33441873 動物 - 1 1 1 不明 0 5000 µg/kg - - - - - - - - - - - - - - - - - - - - -

統合_0917
S. Thongkorn, S. Kanlayaprasit, K. Kasitipradit, 
P. Lertpeerapan, P. Panjabud, V. W. Hu, D. 
Jindatip and T. Sarachana

2023

Investigation of autism-related 
transcription factors underlying sex 
differences in the effects of 
bisphenol A on transcriptome 
profiles and synaptogenesis in the 
offspring hippocampus

BACKGROUND: Bisphenol A (BPA) has been linked to susceptibility to autism spectrum disorder (ASD). Our recent studies have shown that prenatal BPA exposure disrupted ASD-related gene expression in the 
hippocampus, neurological functions, and behaviors associated with ASD in a sex-specific pattern. However, the molecular mechanisms underlying the effects of BPA are still unclear. METHODS: Transcriptome data 
mining and molecular docking analyses were performed to identify ASD-related transcription factors (TFs) and their target genes underlying the sex-specific effects of prenatal BPA exposure. Gene ontology analysis was 
conducted to predict biological functions associated with these genes. The expression levels of ASD-related TFs and targets in the hippocampus of rat pups prenatally exposed to BPA were measured using qRT-PCR 
analysis. The role of the androgen receptor (AR) in BPA-mediated regulation of ASD candidate genes was investigated using a human neuronal cell line stably transfected with AR-expression or control plasmid. 
Synaptogenesis, which is a function associated with genes transcriptionally regulated by ASD-related TFs, was assessed using primary hippocampal neurons isolated from male and female rat pups prenatally exposed to 
BPA. RESULTS: We found that there was a sex difference in ASD-related TFs underlying the effects of prenatal BPA exposure on the transcriptome profiles of the offspring hippocampus. In addition to the known BPA 
targets AR and ESR1, BPA could directly interact with novel targets (i.e., KDM5B, SMAD4, and TCF7L2). The targets of these TFs were also associated with ASD. Prenatal BPA exposure disrupted the expression of ASD-
related TFs and targets in the offspring hippocampus in a sex-dependent manner. Moreover, AR was involved in the BPA-mediated dysregulation of AUTS2, KMT2C, and SMARCC2. Prenatal BPA exposure altered 
synaptogenesis by increasing synaptic protein levels in males but not in females, but the number of excitatory synapses was increased in female primary neurons only. CONCLUSIONS: Our findings suggest that AR and 
other ASD-related TFs are involved in sex differences in the effects of prenatal BPA exposure on transcriptome profiles and synaptogenesis in the offspring hippocampus. These TFs may play an essential role in an 
increased ASD susceptibility associated with endocrine-disrupting chemicals, particularly BPA, and the male bias of ASD.

Biol Sex Differ Vol.14 
Issue 1 Pages 8

10.1186/s13293-023-00496-w 36803626 in silico - - - - - - - - - - - - - - - - - - - - - - - - - - - -

統合_0918 M. Thoene, L. Rytel, E. Dzika and J. Wojtkiewicz 2021
Increased PACAP- and DβH-
Positive Hepatic Nerve Fibers after 
Bisphenol A Exposure

Bisphenol A (BPA) is an endocrine-disrupting compound (EDC) that can be found nearly everywhere in our polluted world. BPA has been correlated with pathophysiologies that include psychological disorders, especially in 
children. This study used juvenile porcine models to investigate the effects of BPA on the liver of developing vertebrates in order to determine the effects of BPA on innervated hepatic samples with the use of double-
labeled immunofluorescence. This study specifically investigated the sympathetic nervous system (SNS) colocalized with a specific neural marker (PACAP) that has previously been correlated with specific 
pathophysiologies in the literature. In the liver, it was observed that there were significantly increased nerve fibers in the SNS colocalized with the neural marker PACAP after exposure to BPA at concentrations 
considered to be "safe" with the same or more profound effects at higher exposure levels. The implications of childhood exposure to BPA are then discussed with regard to several correlation studies that have linked BPA 
exposure to behavioral/psychological disorders. It is possible that BPA exposure in childhood may upregulate the SNS and PACAP levels, thereby contributing to the correlations in the literature.

Toxics Vol.9 Issue 5 10.3390/toxics9050110 34070027 動物 - 1 1 1 不明 0 0.05、0.5 mg/kg体重/⽇ - - - - - - - - - - - - - - - - - - - - -

統合_0919 N. M. Thabet, M. K. Abdel-Rafei and E. M. 
Moustafa 2022

Boswellic acid protects against 
Bisphenol-A and gamma radiation 
induced hepatic steatosis and 
cardiac remodelling in rats: role of 
hepatic PPAR-α/P38 and cardiac 
Calcineurin-A/NFATc1/P38 
pathways

Bisphenol-A (BPA) and gamma-radiation are two risky environmental pollutants that human beings are exposed to in everyday life and consequently they threaten human health via inducing oxidative stress, inflammation, 
and eventually tissue damage. This study aims at appraising the protective effect of Boswellic Acid (BA) (250 mg/kg/day, orally) administration on BPA (150 mg/kg/day, i.p) and γ-irradiation (IR) (3 Gy/week for 4 weeks 
up to cumulative dose of 12 Gy/experimental course) for 4 weeks-induced damage to liver and heart tissues of rats. The present results indicated a significant improvement against damage induced by BPA and IR revealed 
in biochemical investigations (hepatic PPAR-α/P38 and cardiac ET-1/Calcineurin-A/NFATc1/P38) and histopathological examination of liver and heart. It could be concluded that BA possesses a protective effect against 
these two deleterious environmental pollutants which attracted major global concerns due to their serious toxicological impact on human health.

Arch Physiol Biochem 
Vol.128 Issue 3 Pages 
767-785

10.1080/13813455.2020.1727526 32057248 動物 - 1 0 1 不明 0 150 mg/kg/⽇ - - - - - - - - - - - - - - - - - - - - -

統合_0920
S. Tekin, E. Sengul, S. Yildirim, E. H. Aksu, İ. 
Bolat, B. Çınar, A. Shadidizaji, F. Çelebi and M. 
Warda

2024

Molecular insights into the 
antioxidative and anti-inflammatory 
effects of P-coumaric acid against 
bisphenol A-induced testicular 
injury: In vivo and in silico studies

This study investigated the protective effects of p-coumaric acid (PCA) against bisphenol A (BPA)-induced testicular toxicity in male rats. The rats were divided into control, BPA, BPA+PCA50, BPA+PCA100, and PCA100 
groups. Following a 14-day treatment period, various analyses were conducted on epididymal sperm quality and testicular tissues. PCA exhibited dose-dependent cytoprotective, antioxidant, and anti-inflammatory effects, 
ameliorating the decline in sperm quality induced by BPA. The treatment elevated antioxidant enzyme activities (SOD, GPx, CAT) and restored redox homeostasis by increasing cellular glutathione (GSH) and reducing 
malondialdehyde (MDA) levels. PCA also mitigated BPA-induced proinflammatory responses while reinstating anti-inflammatory IL-10 levels. Apoptotic parameters (p53 and p38-MAPK) were normalized by PCA in BPA-
treated testicular tissue. Immunohistochemical and immunofluorescent analyses confirmed the cytoprotective and anti-inflammatory effects of PCA, evidenced by the upregulation of HO-1, Bcl-2, and Nrf-2 and the 
downregulation of the proapoptotic gene Bax in BPA-induced testicular intoxication. PCA corrected the disturbance in male reproductive hormone levels and reinstated testosterone biosynthetic capacity after BPA-
induced testicular insult. In silico analyses suggested PCA's potential modulation of the oxidative stress KEAP1/NRF2/ARE pathway, affirming BPA's inhibitory impact on P450scc. This study elucidates BPA's molecular 
disruption of testosterone biosynthesis and highlights PCA's therapeutic potential in mitigating BPA's adverse effects on testicular function, showcasing its cytoprotective, anti-inflammatory, and hormone-regulating 
properties. The integrated in vivo and in silico approach offers a comprehensive understanding of complex mechanisms, paving the way for future research in reproductive health and toxicology, and underscores the 
importance of employing BPA-free plastic wares in semen handling.

Reprod Toxicol Vol.125 
Pages 108579

10.1016/j.reprotox.2024.108579 38513920 動物 - 1 不明 1 1 0 不明 - - - - - - - - - - - - - - - - - - - - -
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統合_0921 S. Tekin and F. Çelebi 2022

Investigation of the effect of 
hesperidin on some reproductive 
parameters in testicular toxicity 
induced by Bisphenol A

Bisphenol A (BPA) is one of the chemicals that cause dysfunction and infertility in testicles. Therefore, it is crucial to develop effective treatments against this damage. In this study, the effects of Hesperidin (HESP), a 
flavonoid in testicular toxicity induced by BPA in rats, on oxidative stress, inflammation, apoptosis, histological damage, spermatogenesis, steroidogenic enzymes and reproductive hormones were investigated. Our study 
used 52 Sprague Dawley male rats weighing 250-300 g, and four experimental groups were formed. From the experimental groups, 1 ml of olive oil was administered to the control group, HESP at a dose of 50 mg/kg to the 
HESP group, BPA at a dose of 100 mg/kg to the BPA group, HESP at a dose of 50 mg/kg to the BPA + HESP group and 100 mg/kg BPA was administered intragastrically (ig) for 14 days. We determined that BPA 
administration causes apoptosis, histological damage, inflammation, oxidative stress and toxic effects on spermatogenesis and steroidogenic enzymes in testicles. We observed that the administration of HESP with BPA 
attenuated oxidative stress, inflammation and apoptosis resulting in therapeutic effects on both steroidogenic enzymes and spermatogenesis and reproductive hormones (FSH, LH and testosterone). Our findings from this 
study clearly showed that while HESP treatment alleviates oxidative damage, inflammation and apoptosis in testicles of rats treated with BPA, it has regulatory effects on steroidogenic enzymes, spermatogenesis and 
serum reproductive hormones.

Andrologia Vol.54 Issue 
10 Pages e14562

10.1111/and.14562 35985655 動物 - 1 1 1 1 0 100 mg/kg - - - - - - - - - - - - - - - - - - - - -

統合_0922
S. Tekin, M. Bolat, A. Atasever, İ. Bolat, B. Çinar, 
A. Shadidizaji, Y. Dağ, E. Şengül, S. Yildirim, A. 
Hacimuftuoglu and M. Warda

2025

Mechanistic insights into the P-
coumaric acid protection against 
bisphenol A-induced hepatotoxicity 
in in vivo and in silico models

Bisphenol A (BPA), commonly found in plastic containers and epoxy resins used for food products, presents substantial health risks, particularly in relation to hepatic toxicity. This study investigates BPA-induced liver 
damage and explores the mechanistic dose-dependent protective effects of P-coumaric acid (PCA). 50 male rats were divided into control, BPA-treated, BPA + PCA50, BPA + PCA100, and PCA100 groups. BPA exposure 
for 14 days induced oxidative stress, evidenced by elevated malondialdehyde levels and decreased activities of antioxidant enzymes (superoxide dismutase, glutathione peroxidase, and catalase). Higher doses of PCA 
effectively mitigated these effects by restoring redox balance and enhancing antioxidant enzyme activities. Additionally, BPA disrupted inflammation and apoptosis pathways, inhibiting anti-inflammatory markers and 
interfering with the nuclear factor erythroid 2-related factor 2/heme oxygenase-1 (Nrf2/HO-1) pathway. PCA exhibited dose-dependent protection against these disruptions. Computational analyses revealed that BPA 
inhibits cyclooxygenase-1 through stable hydrogen bonding with threonine at position 322. PCA's dual protective effect was confirmed by attenuating inflammatory pathways, including TNF-α inhibition and suppression of 
the Kelch-like ECH-associated protein 1 (KEAP1) and Nrf2 signaling pathway. Histopathological assessments confirmed that PCA alleviated significant hepatic damage induced by BPA. Immunohistochemical and 
immunofluorescence analyses further supported PCA's protective role against BPA-induced apoptosis and cellular hepatotoxicity. These findings underscore PCA's protective potential against BPA-induced hepatotoxicity 
and highlight novel mechanistic interactions that warrant further investigation in applied nutritional biochemistry.

Sci Rep Vol.15 Issue 1 
Pages 11023

10.1038/s41598-025-87099-0 40164713 動物 - 1 1 1 不明 0 100 mg/kg - - - - - - - - - - - - - - - - - - - - -

統合_0923 J. A. Taylor, M. B. Jones, C. L. Besch-Williford, 
A. F. Berendzen, W. A. Ricke and S. V. S. F 2020

Interactive Effects of Perinatal BPA 
or DES and Adult Testosterone and 
Estradiol Exposure on Adult Urethral 
Obstruction and Bladder, Kidney, 
and Prostate Pathology in Male Mice

Obstructive voiding disorder (OVD) occurs during aging in men and is often, but not always, associated with increased prostate size, due to benign prostatic hyperplasia (BPH), prostatitis, or prostate cancer. Estrogens 
are known to impact the development of both OVD and prostate diseases, either during early urogenital tract development in fetal-neonatal life or later in adulthood. To examine the potential interaction between 
developmental and adult estrogen exposure on the adult urogenital tract, male CD-1 mice were perinatally exposed to bisphenol A (BPA), diethylstilbestrol (DES) as a positive control, or vehicle negative control, and in 
adulthood were treated for 4 months with Silastic capsules containing testosterone and estradiol (T+E2) or empty capsules. Animals exposed to BPA or DES during perinatal development were more likely than negative 
controls to have urine flow/kidney problems and enlarged bladders, as well as enlarged prostates. OVD in adult T+E2-treated perinatal BPA and DES animals was associated with dorsal prostate hyperplasia and 
prostatitis. The results demonstrate a relationship between elevated exogenous estrogen levels during urogenital system development and elevated estradiol in adulthood and OVD in male mice. These findings support the 
two-hit hypothesis for the development of OVD and prostate diseases.

Int J Mol Sci Vol.21 
Issue 11

10.3390/ijms21113902 32486162 動物 - 1 1 1 1 0 20 µg/kg - - - - - - - - - - - - - - - - - - - - -

統合_0924
A. Tavakkoli, K. Abnous, F. Vahdati Hassani, H. 
Hosseinzadeh, R. Birner-Gruenberger and S. 
Mehri

2020
Alteration of protein profile in 
cerebral cortex of rats exposed to 
bisphenol a: a proteomics study

Bisphenol A (BPA) is one of the most widely used chemicals in plastic industry, which enters the human body through occupational and food contact. We studied the protein changes in rat cerebral cortex to evaluate the 
neurotoxicity of BPA. Twenty-four adult male rats were randomly selected and divided into four groups and each group respectively received 0, 0.5, 5 and 50 mg/kg of BPA for 4 weeks orally. To determine the oxidative 
status, reduced glutathione content and the level of malondialdehyde were measured in brain cortical tissue. The proteins of each sample extracted and separated on a two-dimensional acrylamide gel electrophoresis. 
From the obtained protein map, the 10 most altered protein spots were used for mass spectroscopy analysis. The lipid peroxidation in both doses of 0.5 and 5 mg/kg was significantly higher than the control group, but the 
glutathione content had no significant difference between the groups. Based on the results of the MS data analysis by the MASCOT database search engine, 10 proteins with altered intensity were identified as pyruvate 
kinase, alpha-enolase, aconitate hydratase, creatine kinase B-type, phosphatidylethanolamine-binding protein 1, 14-3-3 protein eta, guanine nucleotide-binding protein subunit beta-1, dihydropyrimidinase-related protein 
2, glutamine synthetase and the neurofilament light polypeptide. There are several reports suggesting that the increase or decrease in the level and activity of these 10 proteins, similar to those observed in this study, is 
related to some neurological and psychosocial disorders including neurodegenerative diseases, schizophrenia, depression, epilepsy and some brain tumors.

Neurotoxicology Vol.78 
Pages 1-10

10.1016/j.neuro.2020.01.013 32017977 動物 - 1 不明 1 不明 0 0.5, 5 mg/kg/day - - - - - - - - - - - - - - - - - - - - -

統合_0925
R. Tassinari, S. Tait, L. Busani, A. Martinelli, M. 
Valeri, A. Gastaldelli, A. Deodati, C. La Rocca, F. 
Maranghi and G. The Life Persuaded Project

2021

Toxicological Assessment of Oral 
Co-Exposure to Bisphenol A (BPA) 
and Bis(2-ethylhexyl) Phthalate 
(DEHP) in Juvenile Rats at 
Environmentally Relevant Dose 
Levels: Evaluation of the Synergic, 
Additive or Antagonistic Effects

BACKGROUND: The general population (including children) is exposed to chemical mixtures. Plasticizers such as Bisphenol A (BPA) and Phthalates (mainly Bis(2-ethylhexyl) phthalate-DEHP) are widespread 
contaminants classified as endocrine disrupters which share some toxicological profiles and coexist in food and environment. METHODS: To identify hazards of DEHP and BPA mixtures, the juvenile toxicity test-where 
rodents are in peripubertal phase of development, resembling childhood-was selected using exposure data from biomonitoring study in children. Biological activity and potential enhanced and/or reduced toxicological 
effects of mixtures due to common mechanisms were studied, considering endpoints of metabolic, endocrine and reproductive systems. The degree of synergy or antagonism was evaluated by synergy score calculation, 
using present data and results from the single compound individually administered. RESULTS: In metabolic system, synergic interaction predominates in female and additive in male rats; in the reproductive and endocrine 
systems, the co-exposure of BPA and DEHP showed interactions mainly of antagonism type. CONCLUSIONS: The present approach allows to evaluate, for all the endpoints considered, the type of interaction between 
contaminants relevant for human health. Although the mode of action and biological activities of the mixtures are not completely addressed, it can be of paramount usefulness to support a more reliable risk assessment.

Int J Environ Res Public 
Health Vol.18 Issue 9

10.3390/ijerph18094584 33925988 動物 - 1 1 0 1 1 BPA 2+DEHP 9,BPA 6+DEHP 21,BPA 18+DEHP 48,BPA 2+DEHP 48,BPA 18+DEHP 9 mg/kg/⽇ - - - - - - - - - - - - - - - - - - - - -

統合_0926
R. Tassinari, L. Narciso, S. Tait, L. Busani, A. 
Martinelli, A. Di Virgilio, F. Carli, A. Deodati, C. 
La Rocca and F. Maranghi

2020

Juvenile Toxicity Rodent Model to 
Study Toxicological Effects of 
Bisphenol A (BPA) at Dose Levels 
Derived From Italian Children 
Biomonitoring Study

Bisphenol A (BPA) is a plasticizer with endocrine disrupting properties particularly relevant for children health. Recently BPA has been associated with metabolic dysfunctions but no data are yet available in specific, long-
term studies. This study aimed to evaluate BPA modes of action and hazards during animal juvenile life-stage, corresponding to childhood. Immature Sprague-Dawley rats of both sexes were orally treated with 0 (vehicle 
only-olive oil), 2, 6, and 18 mg/kg bw per day of BPA for 28 days, from weaning to sexual maturity. Dose levels were obtained from the PERSUADED biomonitoring study in Italian children. Both no-observed-adverse-
effect-level (NOAEL)/low-observed-adverse-effect-level (LOAEL) and estimated benchmark dose (BMD) approaches were applied. General toxicity, parameters of sexual development, endocrine/reproductive/functional 
liver and kidney biomarkers, histopathology of target tissues, and gene expression in hypothalamic-pituitary area and liver were studied. No mortality or general toxicity occurred. Sex-specific alterations were observed in 
liver, thyroid, spleen, leptin/adiponectin serum levels, and hypothalamic-pituitary gene expression. Thyroid homeostasis and liver were the most sensitive targets of BPA exposure in the peripubertal phase. The proposed 
LOAEL was 2 mg/kg bw, considering as critical effect the liver endpoints, kidney weight in male and adrenal histomorphometrical alterations and osteopontin upregulation in female rats. The BMD lower bounds were 0.05 
and 1.33 mg/kg bw in males and females, considering liver and thyroid biomarkers, respectively. Overall, BPA evaluation at dose levels derived from children biomonitoring study allowed to identify sex-specific, targeted 
toxicological effects that may have significant impact on risk assessment for children.

Toxicol Sci. 2020 Feb 
1;173(2):387-401.

10.1093/toxsci/kfz226 31697385 動物 内分泌 1 1 1 1 1 1 - - - - - - 1 1 - 1 - 1 - - - - - - - - -

統合_0927 Z. Tang, H. Wang, Z. Zhang, Y. Kong, X. Lei and 
J. Yuan 2023

[Mechanism of nephrotoxicity 
induced by chronic exposure of 
bisphenol A in mice based on 
oxidative stress and cell apoptosis]

Bisphenol A (BPA) is widely used to produce epoxy resin and polycarbonate plastic products. In severe cases, these plastics may release BPA, which then infiltrates into the environment. Various concentrations of BPA 
have been found in most biological fluid. Its presence has been well shown to be closely related to many chronic diseases, including chronic kidney disease (CKD). However, little is known regarding the adverse effects of 
BPA exposure and its succedent cellular events on CKD. Hence, in the current in vivo study, we aimed to assess the effects of chronic exposure to BPA on animal nephrotoxicity through investigating oxidative stress and 
apoptosis. Upon exposure to BPA at 0.01, 0.1, and 1 mg/L via drinking water for four weeks, the mated and pregnant females were continuously exposed to BPA until weaning. Subsequently, three weeks old F1-male 
neonates were also orally challenged with the same three doses of BPA for ten weeks. The results showed that the kidneys of 0.1 and 1 mg/L BPA-treated mice were seriously damaged; the contents of serum renal 
function indexes and lipid peroxidation products were significantly increased, including urea nitrogen, creatinine, uric acid, and thiobarbituric acid reactive substances; the morphological structure of mouse kidneys was 
impaired; the expressions of antioxidant-related genes at mRNA and protein levels from mouse kidneys were markedly diminished, including glutathione-S-transferase, superoxide dismutase, and catalase; the expressions 
of genes and proteins related to apoptosis index (ratio of Bax/Bcl-1 and Caspase-3) were significantly enhanced. The data manifested that cumulative oxidative stress and apoptosis might play an essential role in the 
animal nephrotoxicity induced by chronic exposure to BPA.

Sheng Wu Gong Cheng 
Xue Bao. 2023 Jan 
25;39(1):372-385.

10.13345/j.cjb.220360 36738223 動物 腎 1 1 1 Kunming strain mice 1 飲⽔中濃度（摂取量不明） - - - - - - 1 1 - 1 - - - - - - - - - - -

統合_0928 Y. Tang, G. Ou, O. Rang, X. Liu, X. Liu, X. Qin, G. 
Li, Q. Yang and M. Wang 2024

Widely targeted quantitative 
lipidomics reveal lipid remodeling in 
adipose tissue after long term of the 
combined exposure to bisphenol A 
and fructose

Adipose tissue is the main organ that stores lipids and it plays important roles in metabolic balance in the body. We recently reported in Human and Experimental Toxicology that the combined exposure to BPA and 
fructose may interfere with energy metabolism of adipose tissue. However, it is still unclear whether the combined exposure to BPA and fructose has the possibility to induce lipid remodeling in adipose tissue. In the 
present study, we performed a widely targeted quantitative lipidomic analysis of the adipose tissue of rats after 6 months of BPA and fructose combined exposure. We totally determined 734 lipid molecules in the adipose 
tissue of rats. Principal component analysis (PCA) showed the group of the combined exposure to higher-dose (25 μg/kg every other day) BPA and fructose can be distinguished from the groups of control, higher-dose 
BPA exposure and fructose exposure clearly. Partial least squares-discriminant analysis (PLS-DA) and univariate statistical analysis displayed lipids of PC(18:0_ 20:3), TG(8:0_14:0_16:0), TG(12:0_14:0_16:1), 
TG(10:0_16:0_16:1), TG(12:0_ 14:0_18:1), TG(14:0_ 16:0_16:1), TG(14:0_14:1_16:1), TG(8:0_ 16:1_16:2), TG(14:1_16:1_ 16:1), TG(16:1_18:1_18:1), TG(16:0_16:1_20:4) and TG(15:0_18:1_ 24:1) may contributed the most to 
the discrimination. These findings indicated that combined exposure to BPA and fructose has the potential to cause lipid remodeling in adipose tissue.

Hum Exp Toxicol Vol.43 
Pages 
9603271241232609

10.1177/09603271241232609 38320548 動物 - 1 1 1 1 0 0.25、25 µg/kg - - - - - - - - - - - - - - - - - - - - -

統合_0929 J. Tang, K. Wang, D. Shen and C. Li 2024
Oxidative Stress and Keap1-Nrf2 
Pathway Involvement in Bisphenol 
A-Induced Liver Damage in Rats

Bisphenol A (BPA), extensively utilized in the manufacture of epoxy resins and polycarbonate plastics, is prevalent in the environment. Its exposure has been associated with an increased risk of hepatic lesions; however, 
the underlying mechanisms and the spectrum of its effects remain poorly understood. This study investigates the role of the Keap1-Nrf2 signaling pathway in regulating BPA-induced hepatotoxicity in vivo using a rat 
model. Over a 30-day period, rats were orally administered either corn oil or BPA (0.5, 5, and 50 mg/kg). Changes in hepatic and kidney histology were assessed via transmission electron microscopy and HE staining. 
Oxidative stress levels in the liver tissue and serum were quantified, while the mRNA expression of Nrf2, Keap1, GPX2, HO-1, and caspase-3 was evaluated using qRT-PCR. Additionally, the expression of Nrf2 and 
cleaved caspase-3 in the liver tissue was measured through immunohistochemistry and Western blotting. Results indicated that BPA exposure significantly reduced the liver and adrenal coefficients in the treated rats 
compared to controls. Notable histomorphological alterations were observed in the liver and kidney tissues of the BPA-treated rats. The serum levels of GOT and TNF-α were significantly elevated in the BPA group 
relative to the controls. Evidence of oxidative stress was supported by increased malondialdehyde levels and decreased total superoxide dismutase activity in the liver and kidney, alongside a reduction in glutathione 
peroxidase activity in the liver tissue. Furthermore, BPA exposure enhanced the mRNA expression levels of Nrf2, Keap1, GPX2, HO-1, and caspase-3 in the liver tissue. Concurrently, Nrf2 and cleaved caspase-3 
expression levels were elevated in the BPA-treated group compared to the controls. These findings suggest that BPA may contribute to metabolic disorders of liver function and poses a hepatotoxicity risk. Moreover, the 
activation of the Keap1-Nrf2 pathway may offer protective effects against hepatotoxicity, with potential implications for human liver disease.

Toxics. 2024 Nov 
28;12(12):864.

10.3390/toxics12120864 39771079 動物 肝 1 1 1 SD rat 1 0.5, 5, 50 mg/kg:1 - - - - - - 1 1 - 1 - - - - - - - - - - -

統合_0930 C. Tang, J. Zhang, P. Liu, Y. Zhou, Q. Hu, Y. 
Zhong, X. Wang and L. Chen 2020

Chronic exposure to low dose of 
bisphenol A causes follicular atresia 
by inhibiting kisspeptin neurons in 
anteroventral periventricular nucleus 
in female mice

Bisphenol-A (BPA) is an estrogenic chemical extensively used in industrial and household applications. The present study was conducted to investigate the effect of chronic exposure to BPA on the adult female 
neuroendocrine system. Herein, we found that expose of adult female mice to BPA (50 μg/kg) by oral gavage for 60 days (BPA mice) prolonged diestrus and decreased serum 17β-estradiol (E2) concentration by reducing 
the number of antral follicles and corpora luteum. In comparison with controls, the levels of serum luteinizing hormone (LH), follicle stimulating hormone (FSH), hypothalamic gonadotrophin releasing hormone (GnRH) and 
the expression of kisspeptin in anteroventral periventricular nucleus (AVPV) decreased in BPA mice, which could be reversed by injecting kisspeptin-10 (i.c.v.). Treatment with BPA or estrogen receptor α (ERα) 
antagonist MPP, but not ERβ antagonist PHTPP inhibited E2-induced AVPV-kisspeptin expression in ovariectomized mice. Use of ERα agonist PPT rather than ERβ agonist DPN enhanced AVPV-kisspepetin expression, 
which decreased after treatment with BPA. The amplitude of the proestrus LH surge decreased in mice exposed to BPA, but was recovered by administering kisspeptin-10. The present study provides in vivo evidence that 
chronic exposure to a low dose of BPA suppressed ERα-induced activation of AVPV-kisspeptin neurons, leading to prolonged diestrus and reduced ovulation in adult female mice.

Neurotoxicology Vol.79 
Pages 164-176

10.1016/j.neuro.2020.04.011 32407858 動物 - 1 1 1 不明 0 50 µg/kg - - - - - - - - - - - - - - - - - - - - -

統合_0931
B. Tang, K. Li, Y. Cheng, G. Zhang, P. An, Y. 
Sun, Y. Fang, H. Liu, Y. Shen, Y. Zhang, Y. Shan, 
É. de Villers-Sidani and X. Zhou

2022
Developmental Exposure to 
Bisphenol a Degrades Auditory 
Cortical Processing in Rats

Developmental exposure to bisphenol A (BPA), an endocrine-disrupting contaminant, impairs cognitive function in both animals and humans. However, whether BPA affects the development of primary sensory systems, 
which are the first to mature in the cortex, remains largely unclear. Using the rat as a model, we aimed to record the physiological and structural changes in the primary auditory cortex (A1) following lactational BPA 
exposure and their possible effects on behavioral outcomes. We found that BPA-exposed rats showed significant behavioral impairments when performing a sound temporal rate discrimination test. A significant alteration 
in spectral and temporal processing was also recorded in their A1, manifested as degraded frequency selectivity and diminished stimulus rate-following by neurons. These post-exposure effects were accompanied by 
changes in the density and maturity of dendritic spines in A1. Our findings demonstrated developmental impacts of BPA on auditory cortical processing and auditory-related discrimination, particularly in the temporal 
domain. Thus, the health implications for humans associated with early exposure to endocrine disruptors such as BPA merit more careful examination.

Neurosci Bull Vol.38 
Issue 11 Pages 1292-
1302

10.1007/s12264-022-00891-0 35670954 動物 - 1 1 1 1 0 1 mg/kg - - - - - - - - - - - - - - - - - - - - -

統合_0932
A. Tandon, S. J. Singh, M. Gupta, N. Singh, J. 
Shankar, N. Arjaria, S. Goyal and R. K. 
Chaturvedi

2020

Notch pathway up-regulation via 
curcumin mitigates bisphenol-A 
(BPA) induced alterations in 
hippocampal oligodendrogenesis

CNS myelination process involves proliferation and differentiation of oligodendrocyte progenitor cells (OPCs). Defective myelination causes onset of neurological disorders. Bisphenol-A (BPA), a component of plastic 
items, exerts adverse effects on human health. Our previous studies indicated that BPA impairs neurogenesis and myelination process stimulating cognitive dysfunctions. But, the underlying mechanism(s) of BPA induced 
de-myelination and probable neuroprotection by curcumin remains elusive. We found that curcumin protected BPA mediated adverse effects on oligosphere growth kinetics. Curcumin significantly improved proliferation 
and differentiation of OPCs upon BPA exposure both in-vitro and in-vivo. Curcumin enhanced the mRNA expression and protein levels of myelination markers in BPA treated rat hippocampus. Curcumin improved 
myelination potential via increasing β-III tubulin-/MBP(+) cells (neuron-oligodendrocyte co-culture) and augmented fluoromyelin intensity and neurofilament/MBP(+) neurons in vivo. In silico docking studies suggested 
Notch pathway genes (Notch-1, Hes-1 and Mib-1) as potential targets of BPA and curcumin. Curcumin reversed BPA mediated myelination inhibition via increasing the Notch pathway gene expression. Genetic and 
pharmacological Notch pathway inhibition by DAPT and Notch-1 siRNA exhibited decreased curcumin mediated neuroprotection. Curcumin improved BPA mediated myelin sheath degeneration and neurobehavioral 
impairments. Altogether, results suggest that curcumin protected BPA induced de-myelination and behavioural deficits through Notch pathway activation.

J Hazard Mater. 2020 
Jun 15:392:122052.

10.1016/j.jhazmat.2020.122052 32151947 動物 神経 1 1 1 1 0 1 - - - - - - 1 1 - 1 - - - - - - - - - - -

統合_0933 H. Tan, Z. Zheng, S. Wang, L. Yang, M. Widelka 
and D. Chen 2023

Neonatal exposure to bisphenol 
analogues disrupts genital 
development in male mice

The public concern and governmental regulations on bisphenol A (BPA) have stimulated the development and production of alternative analogues to replace BPA in a myriad of applications. Given the endocrine disrupting 
activities of BPA and potentially other analogues, the present study investigated and compared the effects of neonatal exposure to BPA, BPB, BPE, BPF, and BPS on the genital development in male mice. Pups were 
injected subcutaneously on the right shoulder in the mornings of postnatal days P0.5, P2, P4, and P6, resulting in a low dose of 0.05 μg/g body weight (bw)/day and a high dose of 10 μg/g bw/day. Mice were sacrificed 
at predetermined time and evaluated for gene expression levels (3 days after birth or P3), steroid hormone levels (P5), and morphological changes (P21). The results demonstrated that BPA, BPB, BPE, or BPF significantly 
shortened glans penis length and anogenital distance, while BPS didn't. Testis weight and anogenital distance were also significantly affected by BPA, BPE or BPF. The results also revealed that bisphenol analogues 
exposure significantly reduced testosterone levels, and altered the expression levels of developmental genes networks in developing penis of mice. Our data demonstrate that selected bisphenol analogues may possess 
similar endocrine disrupting effects compared to BPA, and exposure to these analogues could affect reproductive development of male mice. This raises the concern on the environmental and health safety of bisphenol 
analogues applied as industrial BPA replacements.

Environ Pollut Vol.330 
Pages 121783

10.1016/j.envpol.2023.121783 37164221 動物 - 1 0 1 不明 0 0.05、10 µg/g/⽇ - - - - - - - - - - - - - - - - - - - - -
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 適格性評価（動物）1：該当、0：該当しない  適格性評価（疫学）1：該当、0：該当しない  適格性評価（in vitro）1：該当、0：該当しない

適格性評価はタイトル及び要旨の情報に基づ
き可能な範囲で実施。明らかに適格性基準不
適合と判断されるもの以外を信頼性評価へ進
め、信頼性評価段階で原著に基づき精査。

引⽤評価機関
●：該当

統合_0934 M. Taherianfard and S. Ahmadijokani 2023

The passive avoidance task 
ameliorate the toxic effects of 
bisphenol A on dopamine D1 
receptor density in hippocampus, 
amygdala, and cerebellum of male 
rats

INTRODUCTION: Dopamine D1 receptor seems to play a role in mediating plasticity. Therefore, the present study aimed to investigate the effects of passive avoidance tasks postexposed to BPA on dopamine D1 receptor 
density in the hippocampus, amygdala, and cerebellum of male rats. METHODS: Thirty-five male Sprague-Dawley rats weighing 220.300 g, in standard light-dark 12 h light/12 h dark were used in the present study; water 
and food were ad libitum. Animals were divided into six groups. Administration of BPA 5 and 50 mg/kg/day were gavaged for 15 days. Learning and memory assessment were done by a shuttle box after 15 days of BPA 
administration. The density of the dopamine D1 receptor was investigated using an immunohistochemistry (IH) procedure. For determining the color difference in IH sections, Image Analyzer software was used. The data 
were analyzed by one-way ANOVA followed by Tukey's as a post hoc test. RESULTS: The data showed that BPA in both doses could significantly increase the density of dopamine D1 receptors in the hippocampus, 
amygdala, and cerebellum of male rats; learning in rats postexposed to BPA improves dopamine D1 receptor density significantly in three brain structures. DISCUSSION: According to the results, passive avoidance 
learning and memory can improve the density of dopamine D1 receptors in the hippocampus, amygdala, and cerebellum of male rats.

Brain Behav Vol.13 
Issue 4 Pages e2942

10.1002/brb3.2942 36879399 動物 - 1 1 1 1 0 5、50 mg/kg/⽇ - - - - - - - - - - - - - - - - - - - - -

統合_0935 K. Szymańska, K. Makowska, J. Całka and S. 
Gonkowski 2020

The Endocrine Disruptor Bisphenol 
A (BPA) Affects the Enteric Neurons 
Immunoreactive to Neuregulin 1 
(NRG1) in the Enteric Nervous 
System of the Porcine Large 
Intestine

The enteric nervous system (ENS), located in the wall of the gastrointestinal (GI) tract, is characterized by complex organization and a high degree of neurochemical diversity of neurons. One of the less known active 
neuronal substances found in the enteric neurons is neuregulin 1 (NRG1), a factor known to be involved in the assurance of normal development of the nervous system. During the study, made up using the double 
immunofluorescence technique, the presence of NRG1 in the ENS of the selected segment of porcine large intestine (caecum, ascending and descending colon) was observed in physiological conditions, as well as under 
the impact of low and high doses of bisphenol A (BPA) which is commonly used in the production of plastics. In control animals in all types of the enteric plexuses, the percentage of NRG1-positive neurons oscillated 
around 20% of all neurons. The administration of BPA caused an increase in the number of NRG1-positive neurons in all types of the enteric plexuses and in all segments of the large intestine studied. The most visible 
changes were noted in the inner submucous plexus of the ascending colon, where in animals treated with high doses of BPA, the percentage of NRG1-positive neurons amounted to above 45% of all neuronal cells. The 
mechanisms of observed changes are not entirely clear, but probably result from neurotoxic, neurodegenerative and/or proinflammatory activity of BPA and are protective and adaptive in nature.

Int J Mol Sci Vol.21 
Issue 22

10.3390/ijms21228743 33228092 動物 - 1 1 1 Piétrain x Duroc 0 0.05、0.5 mg/kg/⽇ - - - - - - - - - - - - - - - - - - - - -

統合_0936 K. Szymanska and S. Gonkowski 2019

Neurochemical characterization of 
the enteric neurons within the 
porcine jejunum in physiological 
conditions and under the influence 
of bisphenol A (BPA)

BACKGROUND: Bisphenol A (BPA) is commonly used in the production of plastics and has multidirectional, negative effects on the living organisms. It may also affect the enteric nervous system (ENS) located in the wall 
of the gastrointestinal tract. Enteric neurons express many active substances, which regulate majority of intestinal activities not only in physiological conditions but also under the impact of pathological factors. 
METHODS: The influence of various doses of BPA on the ENS of jejunum has been investigated using the double immunofluorescence technique. The commercial antibodies against substance P (SP), vasoactive intestinal 
polypeptide (VIP), galanin (GAL), vesicular acetylcholine transporter (VAChT), and cocaine- and amphetamine-regulated transcript peptide (CART) were used. KEY RESULTS: Both doses of BPA studied changed the 
number of the enteric neurons immunoreactive to SP, VIP, GAL, VAChT, and CART, and the intensity of fluctuations depended on the BPA dose and on the type of the enteric plexus. Bisphenol A causes the increase in the 
number of neurons immunoreactive to the majority of substances studied. The only exception was VAChT-positive neurons, the number of which was lower under the impact of BPA in the comparison with physiological 
conditions. CONCLUSIONS & INFERENCES: Even low doses of BPA cause the changes in neurochemical characterization of the enteric neurons in the jejunum. These changes may be the first sign of subclinical BPA 
intoxication. The mechanisms of observed changes are probably connected with neurotoxic and/or pro-inflammatory activity of BPA, but their exact mechanisms are not fully explained.

Neurogastroenterol 
Motil. 2019 
Jun;31(6):e13580.

10.1111/nmo.13580 30838766 ex vivo - - - - - - - - - - 1 0 不明 1 - - - - - - - - - - - - - -

統合_0937 S. Suresh and C. Vellapandian 2024

Cyanidin improves spatial memory 
and cognition in bisphenol A-
induced rat model of Alzheimer's-
like neuropathology by restoring 
canonical Wnt signaling

INTRODUCTION: Research has unveiled the neurotoxicity of Bisphenol A (BPA) linked to neuropathological traits of Alzheimer's disease (AD) through varied mechanisms. This study aims to investigate the neuroprotective 
properties of cyanidin, an anthocyanin, in an in vivo model of BPA-induced Alzheimer's-like neuropathology. METHODS: Three-week-old Sprague-Dawley rats were randomly assigned to four groups: vehicle control, 
negative control (BPA exposure), low-dose cyanidin treatment (BPA + cyanidin 5 mg/kg), and high-dose cyanidin treatment (BPA + cyanidin 10 mg/kg). Spatial memory was assessed through behavioral tests, including 
the Y-maze, novel object recognition, and Morris water maze. After behavioral tests, animals were euthanized, and brain regions were examined for acetylcholinesterase inhibition, p-tau, Wnt3, GSK3β, and β-catenin 
levels, antioxidant activities, and histopathological changes. RESULTS: BPA-exposed groups displayed memory impairments, while cyanidin-treated groups showed significant memory improvement (p < 0.0001). Cyanidin 
down regulated p-tau and glycogen synthase kinase-3β (GSK3β) and restored Wnt3 and β-catenin levels (p < 0.0001). Moreover, cyanidin exhibited antioxidant properties, elevating catalase and superoxide dismutase 
levels. The intervention significantly reduced the concentrations of acetylcholinesterase in the cortex and hippocampus in comparison to the groups treated with BPA (p < 0.0001). Significant gender-based disparities 
were not observed. CONCLUSION: Cyanidin demonstrated potent neuroprotection against BPA-induced Alzheimer's-like neuropathology by enhancing antioxidant defenses, modulating tau phosphorylation by restoring the 
Wnt/β-catenin pathway, and ameliorating spatial memory deficits. This study highlights the therapeutic potential of cyanidin in countering neurotoxicity linked to BPA exposure.

Toxicol Appl Pharmacol 
Vol.487 Pages 116953

10.1016/j.taap.2024.116953 38705400 動物 - 1 1 1 1 0 不明 - - - - - - - - - - - - - - - - - - - - -

統合_0938 Y. Sun, X. Wang, Y. Zhou, J. Zhang, W. Cui, E. 
Wang, J. Du, B. Wei and X. Xu 2021

Protective effect of metformin on 
BPA-induced liver toxicity in rats 
through upregulation of 
cystathionine β synthase and 
cystathionine γ lyase expression

Human exposure to bisphenol A (BPA) is unavoidable in daily life. Recently, research has showen that BPA could induce oxidative imbalance, thereby causing reproductive toxicity and liver dysfunction. Accumulated 
evidence has demonstrated that metformin possesses strong anti-oxidative properties. This study aimed to study the mechanism underlying the hepatic-protective effect of metformin on liver injury induced by BPA in rats 
via the UPLC-MS/MS metabolomics approach. Forty-two male rats were randomly divided into six groups (n = 7), namely the saline group (control), the corn oil group (vehicle), the metformin group (Met), the bisphenol A 
group (BPA), the bisphenol A and metformin group (BPA + Met), and the bisphenol A and diammonium glycyrrhizinate (positive control) group (BPA + DG). Serum was collected for biochemical analysis and metabolomics, 
and liver tissue was collected for histopathology and metabolomics in each group. We found that metformin could significantly reduce the levels of liver function enzymes (ALT, AST and GGT) and ameliorate inflammatory 
cell infiltration and hepatocyte necrosis induced by BPA. On the other hand, metformin could significantly enhance the total antioxidant capacity in BPA rats. Notably, metabolomics data indicated that the principal altered 
metabolic pathways based on the 26 differential metabolites in liver tissue, and 21 in serum among vehicle, BPA and BPA + Met groups, respectively, including cysteine and methionine metabolism, glutathione 
metabolism, and arginine biosynthesis and purine metabolism. Additionally, metformin significantly increased cystathionine β synthase (CBS) and cystathionine γ lyase (CSE), thus reducing serum levels of homocysteine 
and increasing hepatic levels of cysteine and glutathione in BPA-treated rats. Overall, this study's results provided new insights into the role and mechanism of metformin in BPA-induced liver injury in rats.

Sci Total Environ. 2021 
Jan 1:750:141685.

10.1016/j.scitotenv.2020.141685 32862004 動物 肝 1 1 1 SD rat 0 500 mg/kg:0 - - - - - - 1 1 - 1 - - - - - - - - - - -

統合_0939 Y. Sun, M. Sha, Y. Qin, J. Xiao, W. Li, S. Li and S. 
Chen 2024

Bisphenol A induces placental 
ferroptosis and fetal growth 
restriction via the YAP/TAZ-
ferritinophagy axis

Exposure to bisphenol A (BPA) during gestation leads to fetal growth restriction (FGR), whereby the underlying mechanisms remain unknown. Here, we found that FGR patients showed higher levels of BPA in the urine, 
serum, and placenta; meanwhile, trophoblast ferroptosis was observed in FGR placentas, as indicated by accumulated intracellular iron, impaired antioxidant molecules, and increased lipid peroxidation products. To 
investigate the role of ferroptosis in placental and fetal growth, BPA stimulation was performed both in vivo and in vitro. BPA exposure during gestation was associated with FGR in mice; also, it induces ferroptosis in 
mouse placentas and human placental trophoblast. Pretreatment with ferroptosis inhibitor ferritin-1 (Fer-1) alleviated BPA-induced oxidative damage and cell death. Notably, BPA reduced the trophoblastic expression of 
Yes-associated protein (YAP) and transcriptional coactivator with PDZ-binding motif (TAZ), which regulated tissue growth and organ size. YAP or TAZ siRNA enhanced BPA-induced ferroptosis, suggesting that 
trophoblast ferroptosis is dependent on YAP/TAZ downregulation after BPA stimulation. Consistently, the protein levels of YAP/TAZ were also reduced in FGR placentas. Further results revealed that silencing YAP/TAZ 
promoted BPA-induced ferroptosis through autophagy. Pretreatment with autophagy inhibitor chloroquine (CQ) attenuated BPA-induced trophoblast ferroptosis. Ferritinophagy, an autophagic degradation of ferritin 
(FTH1), was observed in FGR placentas. Similarly, BPA reduced the protein level of FTH1 in placental trophoblast. Pretreatment with iron chelator desferrioxamine (DFO) and NCOA4 (an autophagy cargo receptor) siRNA 
weakened the ferroptosis of trophoblast after exposure to BPA, indicating that autophagy mediates ferroptosis in BPA-stimulated trophoblast by degrading ferritin. In summary, ferroptosis was featured in BPA-associated 
FGR and trophoblast injury; the regulation of ferroptosis involved the YAP/TAZ-autophagy-ferritin axis.

Free Radic Biol Med. 
2024 Feb 1:211:127-
144.

10.1016/j.freeradbiomed.2023.12.0
13

38103660 動物 ⽣殖発⽣毒性 1 1 1 1 0 0 - - - - - - 1 1 - 1 - - - - - - - - - - -

統合_0940 F. Sun, Y. Huang, H. Chen, J. Huang, L. Zhang, 
S. Wei, F. Liu, D. Chen and W. Huang 2023

BPA and its alternatives BPF and 
BPAF exaggerate hepatic lipid 
metabolism disorders in male mice 
fed a high fat diet

Alternatives to Bisphenol A (BPA), such as BPF and BPAF, have found increasing industrial applications. However, toxicological research on these BPA analogues remains limited. This study aimed to investigate the 
effects of BPA, BPF, and BPAF exposure on hepatotoxicity in mice fed with high-fat diets (HFD). Male mice were exposed to the bisphenols at a dose of 0.05 mg per kg body weight per day (mg/kg bw/day) for eight 
consecutive weeks, or 5 mg/kg bw/day for the first week followed by 0.05 mg/kg bw/day for seven weeks under HFD. The low dose (0.05 mg/kg bw/day) was corresponding to the tolerable daily intake (TDI) of BPA and 
the high dose (5 mg/kg bw/day) was corresponding to its no observed adverse effect level (NOAEL). Biochemical analysis revealed that exposure to these bisphenols resulted in liver damage. Metabolomics analysis 
showed disturbances of fatty acid and lipid metabolism in bisphenol-exposed mouse livers. BPF and BPAF exposure reduced lipid accumulation in HFD mouse liver by lowering glyceride and cholesterol levels. 
Transcriptomics analysis demonstrated that expression levels of genes related to fatty acid synthesis and metabolism were changed, which might be related to the activation of the PPAR signaling pathway. Besides, a 
feedback regulation mechanism might exist to maintain hepatic metabolic homeostasis. For the first time, this study demonstrated the effects of BPF and BPAF exposure in HFD-mouse liver. Considering the reality of the 
high prevalence of obesity nowadays and the ubiquitous environmental distribution of bisphenols, this study provides insight and highlights the adverse effects of BPA alternatives, further contributing to the consideration 
of the safe use of such compounds.

Sci Total Environ 
Vol.867 Pages 161521

10.1016/j.scitotenv.2023.161521 36632902 動物 - 1 不明 1 不明 0 0.05、5 mg/kg/⽇ - - - - - - - - - - - - - - - - - - - - -

統合_0941
S. Sukjamnong, S. Thongkorn, S. Kanlayaprasit, 
T. Saeliw, K. Hussem, W. Warayanon, V. W. Hu, 
T. Tencomnao and T. Sarachana

2020

Prenatal exposure to bisphenol A 
alters the transcriptome-interactome 
profiles of genes associated with 
Alzheimer's disease in the offspring 
hippocampus

Our recent study revealed that prenatal exposure to bisphenol A (BPA) disrupted the transcriptome profiles of genes in the offspring hippocampus. In addition to genes linked to autism, several genes associated with 
Alzheimer's disease (AD) were found to be differentially expressed, although the association between BPA-responsive genes and AD-related genes has not been thoroughly investigated. Here, we demonstrated that in 
utero BPA exposure also disrupted the transcriptome profiles of genes associated with neuroinflammation and AD in the hippocampus. The level of NF-κB protein and its AD-related target gene Bace1 were significantly 
increased in the offspring hippocampus in a sex-dependent manner. Quantitative RT-PCR analysis also showed an increase in the expression of Tnf gene. Moreover, the reanalysis of transcriptome profiling data from 
several previously published BPA studies consistently showed that BPA-responsive genes were significantly associated with top AD candidate genes. The findings from this study suggest that maternal BPA exposure may 
increase AD risk in offspring by dysregulating genes associated with AD neuropathology and inflammation and reveal a possible relationship between AD and autism, which are linked to the same environmental factor. 
Sex-specific effects of prenatal BPA exposure on the susceptibility of AD deserve further investigation.

Sci Rep Vol.10 Issue 1 
Pages 9487

10.1038/s41598-020-65229-0 32528016 動物 - 1 1 1 1 0 5,000 µg/kg - - - - - - - - - - - - - - - - - - - - -

統合_0942

S. Šturm, K. Weber, P. Klinc, E. Spörndly-Nees, 
A. Fakhrzadeh, T. Knific, A. Škibin, V. Fialová, Y. 
Okazaki, T. Razinger, J. Laufs, R. Kreutzer, M. 
Pogačnik, T. Švara and V. Cerkvenik-Flajs

2022

Basic Exploratory Study of 
Bisphenol A (BPA) Dietary 
Administration to Istrian Pramenka 
Rams and Male Toxicity 
Investigation

Bisphenol A (BPA), an endocrine-disrupting chemical and environmental pollutant, has been reported by many researchers to induce male reproductive toxicity in different experimental models. In this study, we 
investigated whether long-term exposure for two months to 25 µg/kg body weight (low dose) of BPA affects spermatogenesis or sperm quality in young Istrian Pramenka rams exposed via diet. We evaluated body and 
testicular weights, histopathology of testes and epididymides, and sperm analyses, and compared these parameters between the group of treated rams and the control group of rams. Although there were some 
differences between the two groups, these differences were not large or statistically significant. The only statistically significant difference was the lower epithelial height of seminiferous tubules in treated rams, 
compared to control rams. In addition to assessing toxicity, BPA concentrations in the blood plasma of treated rams were determined after the first administration, and the toxicokinetic parameters of total BPA were 
calculated. In this study, no major signs of altered reproduction in rams were detected.

Toxics Vol.10 Issue 5 10.3390/toxics10050224 35622638 動物 - 1 1 1 Istrian Pramenka 0 25 µg/kg - - - - - - - - - - - - - - - - - - - - -

統合_0943 S. Šturm, I. Grabnar, A. Škibin, M. Pogačnik and 
V. Cerkvenik-Flajs 2020

Preliminary toxicokinetic study of 
BPA in lactating dairy sheep after 
repeated dietary and subcutaneous 
administration

Dietary intake is the predominant route of human exposure to bisphenol A and one of the important food commodities is milk. The aim of our study was to preliminarily evaluate the bisphenol A exposure and disposition in 
sheep milk after repeated dietary and subcutaneous administration of a relatively low dose (100 µg/kg of b. w./day) of bisphenol A to a sheep. On the basis of blood plasma sampling, milk sampling and HPLC analysis, we 
developed the toxicokinetic model. With the toxicokinetic model we showed that most likely only free bisphenol A passes into the mammary gland and is subsequently conjugated there. The percentage of the dose 
eliminated with milk was less than 0.1%, regardless of the route of bisphenol A administration. It is proven that the bisphenol A is eliminated through the milk of lactating sheep. However, the amounts excreted in the milk 
that were detected in this study are minimal.

Sci Rep Vol.10 Issue 1 
Pages 6498

10.1038/s41598-020-63286-z 32300131 動物 - 1 1 1 Istrian Pramenka 0 100 µg/kg/⽇ - - - - - - - - - - - - - - - - - - - - -

統合_0944
C. Stoker, M. F. Andreoli, L. Kass, V. L. 
Bosquiazzo, M. F. Rossetti, G. Canesini, E. H. 
Luque and J. G. Ramos

2020

Perinatal exposure to bisphenol A 
(BPA) impairs neuroendocrine 
mechanisms regulating food intake 
and kisspetin system in adult male 
rats. Evidences of metabolic 
disruptor hypothesis

Bisphenol A (BPA) is a compound used in the polymerization of plastic polycarbonates. It is an endocrine disruptor and it has been postulated to be an obesogen. Our objective was to determine the influence of perinatal 
exposure to BPA on body weight, hormone levels, metabolic parameters and hypothalamic signals that regulate food intake and kisspeptin system in adult male rats. Male rats were exposed to 50 μg/kg/day of BPA or 
vehicle from day 9 of gestation to weaning in the drinking water. Since weaning, they were fed with control or high fat diet for 20 weeks. Perinatal exposure to BPA impaired glucose homeostasis, induced obesity and 
increased food intake in adult male rats altering hypothalamic signals, partially mimicking and/or producing an exacerbation of the effects of feeding fat diet. We also observed an increase in kisspeptin expression by BPA 
exposure. Evidences shown in this work support the metabolic disruptor hypothesis for BPA.

Mol Cell Endocrinol 
Vol.499 Pages 110614

10.1016/j.mce.2019.110614 31606416 動物 - 1 1 1 不明 0 50 µg/kg/⽇ - - - - - - - - - - - - - - - - - - - - -

統合_0945 O. P. Stoddard, K. Berger, B. Eskenazi, K. Kogut, 
N. T. Holland, S. Rauch and K. G. Harley 2025

In utero exposure to a mixture of 
phthalates, parabens, and other 
phenols and menstrual cycle 
characteristics in adolescents

Phthalates, parabens, and other phenols are present in consumer products humans use every day, including personal care products and food packaging. Exposure to these chemicals may have endocrine disrupting effects. 
The menstrual cycle is guided by the rise and fall of hormones, which may be disrupted by exposure to these chemicals. Urinary concentrations of metabolites of phthalates, parabens, and phenols in mothers during 
pregnancy and several menstrual cycle characteristics in their daughters at age 16 were examined in a predominantly Latino farmworker cohort. The association between the chemicals and each outcome was examined 
using logistic regression. Bayesian hierarchical modeling was used to model the chemical mixture's associations with each outcome. All models were adjusted for poverty level during pregnancy, maternal pre-pregnancy 
BMI, and fast-food consumption at adolescent age 9. Results showed a positive association between mono (3-carboxypropyl) phthalate, propylparaben, and bisphenol-A and heavy menstrual flow. Exposure to 2,4-
dichlorophenol was positively associated with short cycle length. Mono(3-carboxypropyl) phthalate and di (2-ethylhexyl) phthalate were positively associated with long cycle length. These results suggest in utero 
exposure to phthalates, parabens, and other phenols may be associated with abnormal menstrual cycle characteristics in adolescents.

Int J Hyg Environ 
Health. 2025 
Jul:268:114612.

10.1016/j.ijheh.2025.114612 40587922 ヒト ⽣殖発⽣ - - - - - - コホート 1 1 - - - 1 1 1 - 1 - - - - - - - - - -

統合_0946 M. L. Sowers, H. Tang, B. Tian, R. Goldblum, T. 
Midoro-Horiuti and K. Zhang 2020

Bisphenol A Activates an Innate 
Viral Immune Response Pathway

Bisphenol A (BPA) is a ubiquitous component in the manufacturing of plastic. It is commonly found in food and beverage containers. Because of its broad exposure and evidence that it may act as an estrogen-like 
molecule, many have studied its potential effects. For example, epidemiological studies have found an association between in utero BPA exposure and onset of childhood asthma. Our previous work suggested BPA treated 
mice induced asthma-like symptoms in both mothers and their pups. In order to better understand theconsequences of BPA exposure and potential mechanisms, we used a proteomics approach. Using both CD4(+) T cells 
from an in vivo model of BPA exposure and an in vitro epithelial cell model, we identified activation of both innate and adaptive immune signaling following BPA exposure. Furthermore, our proteomic results from our 
multigenerational mouse model study implicates aberrant immune activation across several generations. We propose the following; BPA can active an innate viral immune response by upregulating a probable 
palmitoyltransferase ZDHHC1, and its binding partner stimulator of interferon-gamma (STING). It also has additional histone epigenetic perturbations, suggesting a role for epigenetic inheritance of these immune 
perturbations.

J Proteome Res. 2020 
Feb 7;19(2):644-654.

10.1021/acs.jproteome.9b00548 31816243 動物、in vitro - 1 1 1 BALB/c 0 10 µg/mL（飲⽔中濃度） - - - 不明 0 不明 1 - - - - - - - - - - - - - -
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統合_0947
S. Soriano, M. Gil-Rivera, L. Marroqui, P. 
Alonso-Magdalena, E. Fuentes, J. A. 
Gustafsson, A. Nadal and J. Martinez-Pinna

2019

Bisphenol A Regulates Sodium 
Ramp Currents in Mouse Dorsal 
Root Ganglion Neurons and 
Increases Nociception

17β-Estradiol mediates the sensitivity to pain and is involved in sex differences in nociception. The widespread environmental disrupting chemical bisphenol A (BPA) has estrogenic activity, but its implications in pain are 
mostly unknown. Here we show that treatment of male mice with BPA (50 µg/kg/day) during 8 days, decreases the latency to pain behavior in response to heat, suggesting increased pain sensitivity. We demonstrate that 
incubation of dissociated dorsal root ganglia (DRG) nociceptors with 1 nM BPA increases the frequency of action potential firing. SCN9A encodes the voltage-gated sodium channel Na(v)1.7, which is present in DRG 
nociceptors and is essential in pain signaling. Na(v)1.7 and other voltage-gated sodium channels in mouse DRG are considered threshold channels because they produce ramp currents, amplifying small depolarizations 
and enhancing electrical activity. BPA increased Na(v)-mediated ramp currents elicited with slow depolarizations. Experiments using pharmacological tools as well as DRG from ERβ(-/-) mice indicate that this BPA 
effect involves ERα and phosphoinositide 3-kinase. The mRNA expression and biophysical properties other than ramp currents of Na(v) channels, were unchanged by BPA. Our data suggest that BPA at environmentally 
relevant doses affects the ability to detect noxious stimuli and therefore should be considered when studying the etiology of pain conditions.

Sci Rep Vol.9 Issue 1 
Pages 10306

10.1038/s41598-019-46769-6 31312012 動物 - 1 1 1 不明 0 50 µg/kg/⽇ - - - - - - - - - - - - - - - - - - - - -

統合_0948 W. Song, M. Puttabyatappa, L. Zeng, D. 
Vazquez, S. Pennathur and V. Padmanabhan 2020

Developmental programming: 
Prenatal bisphenol A treatment 
disrupts mediators of placental 
function in sheep

Gestational Bisphenol A (BPA) exposure is associated with low birth weight. We hypothesized that the low birth weight is the consequence of reduced placental efficiency and a function of BPA-induced inflammatory, 
oxidative, lipotoxic, angiogenic, steroidal and fibrotic changes involving epigenetic alterations. Placentomes were collected during early (day 65) and mid (day 90) gestation (term ~147 days) from control and BPA 
(gestational day 30-90)-treated pregnant sheep. BPA treatment: reduced placental efficiency and fetal weight; increased interleukin 8, lipid peroxidation marker, antioxidants, aromatase, 17 alpha-hydroxylase, estrogen 
receptor 2, insulin like growth factor (IGF) 2 receptor and IGF binding proteins (IGFBP), and histone deacetylase 1 and 2; reduced tumor necrosis factor alpha and IGF1 receptor at early gestation (Day 65). Gestational 
BPA-induced mid-gestational changes include: reduced angiogenic factor hypoxia inducible factor 1 alpha; increased IL1beta, oxidative stress markers, triglyceride, 17alpha hydroxylase, IGFBP 1, DNA methyltransferase 
3 A and histone deacetylase 1. These findings indicate that gestational BPA, either acting directly or by altering steroidal input, produces early/mid-gestational-specific epigenetic changes culminating in placental 
disruptions at several levels, in keeping with time-specific/time-lagged pregnancy-associated changes in placental efficiency and fetal weight. The reduced early-gestational placental efficiency may be a function of 
increased inflammation/oxidative stress and reduced IGF bioavailability with the mid-gestational restoration of placental efficiency likely driven by improved IGF bioavailability and the time-lagged response to antioxidant 
increase. This compensation, the result of time-lagged response to increases in negative mediators of placental function must have failed with pregnancy advancement to explain the low birthweight outcome.

Chemosphere Vol.243 
Pages 125301

10.1016/j.chemosphere.2019.1253
01

31726260 動物 - 1 0 1 Suffolk 0 0.5 mg/kg - - - - - - - - - - - - - - - - - - - - -

統合_0949 L. Song, W. Wen, J. Liu, X. Jin and J. Yang 2021

Inflammatory state and autism-like 
behavioral phenotype of offspring 
induced by maternal exposure to 
low-dose chemical mixtures during 
pregnancy in mice

To investigate the effects of maternal exposure to 13 chemicals mixture (CM) during pregnancy on pregnancy outcome and health status of maternal/offspring mice. C57BL/6 pregnant mice were given drinking water 
containing carbaryl dimethoate glyphosate methomyl methyl parathion triadimefon aspartame sodium benzoate calcium disodium ethylene diamine tetra-acetate ethylparaben butylparaben bisphenol A and acacia gum The 
effects of CM exposure on pregnancy outcome, health status of dams/offspring, levels of circulating inflammatory cytokines in dams/offspring and emotional related behaviors of offspring were evaluated. CM exposure 
during pregnancy had no significant effect on pregnancy outcome, liver function, body weight of the dams in late pregnancy and uterine/ovarian weight after delivery, however, it led to an increase in maternal serum IFN-γ 
level （<0.05）. CM exposure during pregnancy had no significant effect on the liver function of offspring, but increased the serum IFN-γ, prefrontal cortex IFN-γ, and TNF-α and hippocampus IFN-γ levels in the 
offspring（all <0.01）. In addition, the offspring of CM group showed significant abnormal emotion-related (autism-like) behaviors in adulthood, especially in male offspring. Low dose CM exposure during pregnancy may 
induce inflammation status in dams/offspring, and lead to autism-like behaviors in offspring, indicating the potential effects of low dose CM exposure on human maternal and infant health.

Zhejiang Da Xue Xue 
Bao Yi Xue Ban 2021 
Vol. 50 Issue 3 Pages 
279-289

10.3724/zdxbyxb-2021-0182 34402257 動物 - 1 1 1 1 0 0.004 mg/kg（飲⽔中濃度） - - - - - - - - - - - - - - - - - - - - -

統合_0950 S. Y. Son, B. Wang, H. Hur, H. H. Kim and S. U. 
Han 2022

Does bisphenol-A affect alteration 
of gut microbiome after 
bariatric/metabolic surgery?: a 
comparative metagenomic analysis 
in a long-term high-fat diet induced-
obesity rat model

PURPOSE: Bisphenol A (BPA) is a widely used environmental contaminant that is associated with type 2 diabetes mellitus and a shift of gut microbial community. However, little is known about the influence of BPA on gut 
microbial changes related to bariatric surgery. We investigated whether long-term exposure to dietary BPA causing alterations of gut microbiome occurred after bariatric surgery. METHODS: Six-week-old male Wistar 
rats were fed either a high-fat diet (HFD) or HFD + BPA for 40 weeks. Then sleeve gastrectomy (SG) or Roux-en Y gastric bypass (RYGB) was performed in each diet group and observed for 12 weeks postoperatively. 
Fecal samples were collected at the 40th weeks and 12th postoperative weeks. Using 16S ribosomal RNA gene sequencing analysis on fecal samples, a comparative metagenomic analysis on gut microbiome composition 
was performed. RESULTS: Long-term exposure to HFD with BPA showed higher body weight change and higher level of fasting blood sugar after 40 weeks-diet challenge than those of the HFD only group. After bariatric 
surgeries, mean body weight of the HFD with BPA group was significantly higher than the HFD only group, but there was no difference between the SG and RYGB groups. The metagenomic analyses demonstrated that 
long-term exposure to dietary BPA did not affect significant alterations of gut microbiome before and after bariatric surgery, compared with the HFD groups. CONCLUSION: Our results highlighted that BPA was a risk 
factor for obesity and may contribute to glucose intolerance, but it did not affect alterations of gut microbiome after bariatric/metabolic surgery.

Ann Surg Treat Res 
Vol.102 Issue 6 Pages 
342-352

10.4174/astr.2022.102.6.342 35800993 動物 - 1 1 1 1 0 50 µg/kg - - - - - - - - - - - - - - - - - - - - -

統合_0951 S. R. Sirasanagandla, I. Al-Huseini, M. Al 
Mushaiqri, N. Al-Abri and F. Al-Ghafri 2022

Maternal resveratrol 
supplementation ameliorates 
bisphenol A-induced atherosclerotic 
lesions formation in adult offspring 
ApoE(-/-) mice

Current evidence suggests that intrauterine bisphenol A (BPA) exposure increases the risk of developing cardiovascular diseases in later stages of life. The beneficial effect of resveratrol (Rsv) on developmental 
programming of atherosclerosis lesions formation in offspring is seldom reported. Hence, we sought to study the effect of maternal Rsv in ameliorating perinatal BPA exposure-induced atherosclerosis lesions formation in 
adult offspring using the apolipoprotein E-deficient (ApoE(-/-)) mice model. The pregnant ApoE(-/-) mice were allocated into three groups: control, BPA, BPA + resveratrol (BPA + Rsv). The BPA group mice received BPA 
in their drinking water (1 μg/ml). BPA + Rsv group mice received BPA in their drinking water (1 μg/ml) and were treated orally with Rsv (20 mg kg(-1) day(-1)). All the treatments were continued throughout the gestation 
and lactation period. Quantitative analysis of Sudan IV-stained aorta revealed a significantly increased area of atherosclerotic lesions in both female (p < 0.01) and male adult offspring mice (p < 0.01) in the BPA group. 
Supplementation with Rsv significantly reduced the BPA-induced atherosclerotic lesion development in the female offspring mice (p < 0.05). Transmission electron microscopy revealed the presence of a significantly high 
incidence of autophagic endothelial, smooth muscle, and macrophage cells in the aorta of BPA-exposed mice. Rsv treatment reduced the incidence of autophagic cells in BPA-exposed mice. In conclusion, maternal Rsv 
supplementation significantly prevents the BPA-induced atherosclerotic lesions formation in a sex-dependent manner potentially by acting as an autophagy modulator. SUPPLEMENTARY INFORMATION: The online 
version contains supplementary material available at 10.1007/s13205-021-03078-y.

3 Biotech Vol.12 Issue 1 
Pages 36

10.1007/s13205-021-03078-y 35070626 動物 - 1 1 1 ApoE−/− 0 1 µg/ml（飲⽔中濃度） - - - - - - - - - - - - - - - - - - - - -

統合_0952 S. P. Singha, S. Memon, S. A. F. Kazi and G. S. 
Nizamani 2021

Gamma aminobutyric acid signaling 
disturbances and altered astrocytic 
morphology associated with 
Bisphenol A induced cognitive 
impairments in rat offspring

BACKGROUND: Bisphenol A (BPA) is a well-recognized endocrine disruptor and is globally used in the manufacture of many plastic items. Multiple studies suggest links between prenatal BPA exposure and alterations in 
neurodevelopment and behaviors in children, even at lower levels. This study was conducted to reveal the role of astrocyte morphology and Gamma aminobutyric acid (GABA) signaling in BPA induced cognitive defects in 
the offspring of Wistar albino rats when exposed during the prenatal and postnatal periods. METHODS: Dams of Wistar albino rats were exposed to a dose of 5 mg/kg body weight of BPA throughout the pregnancy and 
lactation period until the third postnatal day (PND). After delivery of pups, cognitive tests were carried out on the 21st, 24th, and 28th PNDs. Blood samples were collected for measurement of serum GABA levels. On the 
same day as the blood collections, pups were sacrificed and their right frontal cortices were dissected out. Immunohistochemical analysis for glial fibrillar acidic protein + astrocytes was conducted. RESULTS: Pre and 
postnatal BPA exposure led to anxiety like behavior in pups. This exposure also resulted in reduced serum GABA concentrations. Immunohistochemical analysis revealed reduced astrocyte numbers as well as decreased 
numbers of dendritic spines in the BPA exposed pups. CONCLUSION: BPA exposure during critical periods of development leads to cognitive impairments that correlate with the defects in the GABA signaling pathways 
and deteriorated morphology of the astrocytes in the offspring of the Wistar rats.

Birth Defects Res 
Vol.113 Issue 12 Pages 
911-924

10.1002/bdr2.1886 33655713 動物 - 1 1 1 1 0 5 mg/kg/⽇ - - - - - - - - - - - - - - - - - - - - -

統合_0953 S. P. Singha, S. Memon, U. Bano, A. D. Isaac 
and M. Y. Shahani 2022

Evaluation of p21 expression and 
related autism-like behavior in 
Bisphenol-A exposed offspring of 
Wistar albino rats

BACKGROUND: Bisphenol A (BPA), an endocrine disruptor, may be involved in the etiology of autism spectrum disorders (ASD); however, the mechanism of neuronal and astrocytic damage remains ambiguous. A possible 
role of altered expression of p21 in autistic-like behavior in rat offspring was examined with prenatal and postnatal BPA exposure. METHODS: Wistar albino dams were exposed to BPA (5 mg/kg) intraperitoneally 
throughout pregnancy and until the third postnatal day (PND). Pups were examined on 21st PND for behavioral test. Blood samples were collected for serum lactate levels and pups were sacrificed. Right frontal cortices 
were dissected out and processed for H&E, immunohistochemical analysis, and gene expression. RESULTS: Anxiety like behavior and thigmotaxis along with reduction in serum lactate concentrations were observed in 
pups exposed to BPA. Decline in neuronal number and decreased astrocytic population with reduced dendritic spines were revealed by H&E and immunohistochemical analysis, respectively, in right frontal cortices. Over 
expression of p21 was also detected in BPA-exposed offspring. CONCLUSIONS: Over expression of p21 may be associated with autistic behavior. Further studies are recommended to explore the structural alterations in 
other white matter pathways in frontal cortices.

Birth Defects Res 
Vol.114 Issue 11 Pages 
536-550

10.1002/bdr2.2022 35560535 動物 - 1 1 1 1 0 5 mg/kg/⽇ - - - - - - - - - - - - - - - - - - - - -

統合_0954 S. J. Singh, A. Tandon, Phoolmala, T. Srivastava, 
N. Singh, S. Goyal, S. Priya and R. K. Chaturvedi 2023

Bisphenol-A (BPA) Impairs 
Hippocampal Neurogenesis via 
Inhibiting Regulation of the 
Ubiquitin Proteasomal System

The ubiquitin-proteasome system (UPS) controls protein homeostasis to maintain cell functionality and survival. Neurogenesis relies on proteasome function, and a defective proteasome system during brain development 
leads to neurological disorders. An endocrine-disrupting xenoestrogen bisphenol-A (BPA) used in plastic products adversely affects human health and causes neurotoxicity. Previously, we reported that BPA reduces neural 
stem cells (NSCs) proliferation and differentiation, impairs myelination and mitochondrial protein import, and causes excessive mitochondrial fragmentation leading to cognitive impairments in rats. Herein, we examined 
the effect(s) of prenatal BPA exposure on UPS functions during NSCs proliferation and differentiation in the hippocampus. Rats were orally treated with 40 µg/kg body weight BPA during day 6 gestation to day 21 
postnatal. BPA significantly reduced proteasome activity in a cellular extract of NSCs. Immunocytochemistry exhibited a significant reduction of 20S proteasome/Nestin(+) and PSMB5/Nestin(+) cells in NSCs culture. 
BPA decreased 20S/Tuj1(+) and PSMB5/Tuj1(+) cells, indicating disrupted UPS during neuronal differentiation. BPA reduced the expression of UPS genes, 20S, and PSMB5 protein levels and proteasome activity in the 
hippocampus. It significantly reduced overall protein synthesis by the loss of Nissl substances in the hippocampus. Pharmacological activation of UPS by a bioactive triterpenoid 18α-glycyrrhetinic acid (18α GA) caused 
increased proteasome activities, significantly increased neurosphere size and number, and enhanced NSCs proliferation in BPA exposed culture, while proteasome inhibition by MG132 further aggravates BPA-mediated 
effects. In silico studies demonstrated that BPA strongly binds to catalytic sites of UPS genes (PSMB5, TRIM11, Parkin, and PSMD4) which may result in UPS inactivation. These results suggest that BPA significantly 
reduces NSCs proliferation by impairing UPS, and UPS activation by 18α GA could suppress BPA-mediated neurotoxicity and exerts neuroprotection.

Mol Neurobiol Vol.60 
Issue 6 Pages 3277-
3298

10.1007/s12035-023-03249-3 36828952 動物 - 1 1 1 不明 0 40 µg/kg/⽇ - - - - - - - - - - - - - - - - - - - - -

統合_0955

G. K. D. Silva, J. A. A. de Arruda, T. F. A. 
Almeida, S. R. Oliveira, P. Rocha, R. A. 
Mesquita, Z. L. Cardeal, H. C. Menezes, I. M. A. 
Diniz, S. Macari, A. M. Leopoldino and T. A. 
Silva

2023
Effects of bisphenol A on murine 
salivary glands and human tumor 
cell lines

Bisphenol A (BPA) is an endocrine-disrupting chemical with a potential role in endocrine cancers. However, the effects of BPA on the salivary glands have been barely explored. We investigated the impact of in vivo sub-
chronic exposure to BPA and its in vitro effects on human salivary gland mucoepidermoid carcinoma cell lines. Male and female mice were exposed to BPA (30 mg/kg/day). Sublingual and submandibular salivary glands 
from an estrogen-deficiency model were also analyzed. BPA concentration in salivary glands was evaluated by gas chromatography coupled to ion trap mass spectrometry. Immunohistochemical analysis using anti-p63 
and anti-α-SMA antibodies was performed on mouse salivary gland tissues. Gene expression of estrogen receptors alpha and beta, P63 and α-SMA was quantified in mouse salivary gland and/or mucoepidermoid (UM-
HMC-1 and UM-HMC-3A) cell lines. Cell viability, p63 and Ki-67 immunostaining were evaluated in vitro. BPA disrupted the tissue architecture of the submandibular and sublingual glands, particularly in female mice, and 
increased the expression of estrogen receptors and p63, effects that were accompanied by significant BPA accumulation in these tissues. Conversely, ovariectomy slightly impacted BPA-induced morphological changes. 
In vitro, BPA did not affect the proliferation of neoplastic cells, but augmented the expression of p63 and estrogen receptors. The present data highlight a potential harmful effect of BPA on salivary gland tissues, 
particularly in female mice, and salivary gland tumor cells. Our findings suggest that estrogen-dependent pathways may orchestrate the effects of BPA in salivary glands.

Exp Mol Pathol Vol.134 
Pages 104870

10.1016/j.yexmp.2023.104870 37690528 動物 - 1 1 1 1 0 30 mg/kg/⽇ - - - - - - - - - - - - - - - - - - - - -

統合_0956 M. K. Shih, Y. L. Tain, Y. W. Chen, W. H. Hsu, Y. 
T. Yeh, S. K. C. Chang, J. X. Liao and C. Y. Hou 2021

Resveratrol Butyrate Esters Inhibit 
Obesity Caused by Perinatal 
Exposure to Bisphenol A in Female 
Offspring Rats

Resveratrol butyrate esters (RBE) are derivatives of resveratrol (RSV) and butyric acid and exhibit biological activity similar to that of RSV but with higher bioavailability. The aim of this study was designed as an animal 
experiment to explore the effects of RBE on the serum biochemistry, and fat deposits in the offspring rats exposed to bisphenol A (BPA), along with the growth and decline of gut microbiota. We constructed an animal 
model of perinatal Bisphenol A (BPA) exposure to observe the effects of RBE supplementation on obesity, blood lipids, and intestinal microbiota in female offspring rats. Perinatal exposure to BPA led to weight gain, lipid 
accumulation, high levels of blood lipids, and deterioration of intestinal microbiota in female offspring rats. RBE supplementation reduced the weight gain and lipid accumulation caused by BPA, optimised the levels of 
blood lipids, significantly reduced the Firmicutes/Bacteroidetes (F/B) ratio, and increased and decreased the abundance of S24-7 and Lactobacillus, respectively. The analysis of faecal short-chain fatty acid (SCFA) 
levels revealed that BPA exposure increased the faecal concentration of acetate, which could be reduced via RBE supplementation. However, the faecal concentrations of propionate and butyrate were not only 
significantly lower than that of acetate, but also did not significantly change in response to BPA exposure or RBE supplementation. Hence, RBE can suppress BPA-induced obesity in female offspring rats, and it 
demonstrates excellent modulatory activity on intestinal microbiota, with potential applications in perinatological research.

Molecules Vol.26 Issue 
13

10.3390/molecules26134010 34209270 動物 - 1 1 1 1 0 50 µg/kg/⽇ - - - - - - - - - - - - - - - - - - - - -

統合_0957 Y. Shi, X. Feng and C. Y. Chung 2025

Chronic adulthood exposure to 
bisphenol A causes behavioral 
changes via suppressing dopamine 
transporter trafficking

Evidence suggests that early life exposure to Bisphenol A (BPA) may impact neurobehavioral development in animals. BPA has been linked to changes in the dopamine level in the brain. However, molecular and cellular 
details of how BPA exposure causes these behavioral and cognitive outcomes are poorly understood. We examined how BPA affects the behaviors of adult mice and found that BPA induced hyperactivity and abnormal 
reward feedback in mice exposed at the early adult stage. We hypothesized that BPA might cause hyperactivity in mice by suppressing DAT trafficking. Fluorescence microscopy revealed that YFP-DAT remains in the 
perinuclear area when treated with BPA, compared to broader distribution throughout the cytoplasm in control cells. Results from MPTP toxicity and APP + uptake assays indicate that the surface expression of DAT was 
reduced by BPA treatment. Immunofluorescence staining of neurons in the Substantia nigra (SN) area of the mouse brain also revealed that DAT remains in the perinuclear region, indicating lower surface expression of 
DAT in the SN, playing important roles in reward and movement. We used another in vivo model, C. elegans, expressing GFP-tagged DAT-1 fusion protein and found that exposure to 50 µM BPA induced a significant 
increase in the frequency of body bends. However, the frequency of body bends was significantly reduced at 100 µM BPA, indicating biphasic effects of BPA. In conclusion, our results suggest that BPA contributes to the 
alterations of mice and worm behavior by reducing DAT expression on the surface of neurons via blocking of DAT trafficking.

Sci Rep Vol.15 Issue 1 
Pages 13520

10.1038/s41598-025-98084-y 40253493 動物 - 1 0 1 1 0 0.1 mg/kg - - - - - - - - - - - - - - - - - - - - -

統合_0958 R. Shi, Z. Liu and T. Liu 2021
The antagonistic effect of bisphenol 
A and nonylphenol on liver and 
kidney injury in rats

OBJECTIVE: Bisphenol A (BPA) and nonylphenol (NP) are widely distributed endocrine-disrupting compounds. We aimed to estimate the combined toxicity of BPA and NP at a clinically safe dose (100 μg/kg) in rats. 
MATERIALS AND METHODS: Liver and kidney functions were evaluated by detecting the relevant indicators. Hematoxylin and Eosin (HE) staining was performed to examine the injury in the tissue. TUNEL assay and 
Western blot were used to detect cell apoptosis and expressions of target factors, respectively. RESULTS: The body weight of rats in the BPA + NP group was lighter than that in the BPA or NP group. BPA or NP 
weakened liver function through increasing levels of aspartate aminotransferase (AST), alkaline phosphatase (ALP), alanine aminotransferase (ALT), cholesterol (CHOL), triglyceride TG, globulin (GLOB), 
treponemiapallidum (TP), and total bilirubin (TBIL). BPA and NP could induce kidney damage by elevating the levels of serum creatinine (Scr) and blood urea nitrogen (BUN). Moreover, the malondialdehyde (MDA) content 
was increased, whereas the activities of superoxide dismutase (SOD), glutathione (GSH), glutathione peroxidase (GSH-PX), glutathione sulfotransferase (GSH-ST), catalase (CAT), and peroxidase (POD) were reduced in 
those groups exposed to BPA or NP. HE staining exhibited injuries of the liver and kidney. Furthermore, the apoptosis of liver and kidney cells was enhanced by exposure to BPA or NP. Additionally, the expressions of 
CYP2D6, CYP1A1, and CYP2E1 were triggered by the treatment of BPA or NP. The combined effect of BPA and NP seemed to be antagonistic at a low dose. CONCLUSION: BPA and NP may have potential interactions.

Immunopharmacol 
Immunotoxicol. 2021 
Oct;43(5):527-535.

10.1080/08923973.2021.1950179 34282716 動物 主に肝腎 1 1 単独あり Wistar rat 0 0.1 mg/kg:1 - - - - - - 1 1 - 1 - - - - - - - - - - -

統合_0959 M. Shi, A. E. Whorton, N. Sekulovski, J. A. 
MacLean and K. Hayashi 2019

Prenatal Exposure to Bisphenol A, E, 
and S Induces Transgenerational 
Effects on Female Reproductive 
Functions in Mice

This study was performed to examine the transgenerational effects of bisphenol (BP) A analogs, BPE, and BPS on female reproductive functions using mice as a model. CD-1 mice (F0) were orally exposed to control 
treatment (corn oil), BPA, BPE, or BPS (0.5 or 50 µg/kg/day) from gestational day 7 (the presence of vaginal plug = 1) to birth. Mice from F1 and F2 offspring were used to generate F3 females. Prenatal exposure to BPA, 
BPE, and BPS accelerated the onset of puberty and exhibited abnormal estrous cyclicity in F3 females, and those females exhibited mating difficulties starting at 6 months of age. Various fertility problems including 
reduced pregnancy rates, parturition, and nursing issues were also observed starting at 6 months, which worsened at 9 months. The levels of serum estradiol-17β were elevated by BPA or BPS exposure at the age of 6 
months, whereas testosterone levels were not affected. The dysregulated expression of steroidogenic enzymes was observed in the ovary at 3 or 6 months of age by BPE or BPS exposure. However, BPA, BPE, and BPS 
exposure did not affect neonatal follicular development such as germ cell nest breakdown or follicle numbers in the ovary on postnatal day 4. These results suggest that prenatal exposure to BPA analogs, BPE and BPS, 
have transgenerational effects on female reproductive functions in mice.

Toxicol Sci Vol.170 
Issue 2 Pages 320-329

10.1093/toxsci/kfz124 31132128 動物 - 1 1 1 1 0 0.5、50µg/kg/⽇ - - - - - - - - - - - - - - - - - - - - -
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統合_0960 S. Shetty, V. Kumar, V. Ramesh and S. Bharati 2022
Mito-TEMPO protects against 
bisphenol-A-induced testicular 
toxicity: an in vivo study

Bisphenol-A (BPA) is a common environmental toxin which alters testicular function in both animals and humans. BPA exerts its cytotoxic potential by altering mitochondrial oxidative stress and functioning. Therefore, 
protecting mitochondria from oxidative stress may prevent BPA-induced testicular damage. In the present study, modulation of BPA toxicity by mitochondria-targeted antioxidant, mito-TEMPO was studied in male Wistar 
rats. Rats were administered mito-TEMPO (0.1 mg/kg b.w, i.p.) twice a week, followed by BPA (10 mg/kg b.w., orally) once a week for 4 weeks. After 4 weeks, sperm parameters were evaluated in the testis along with 
histopathological analysis. The mitochondrial oxidative stress, mitochondrial membrane potential (MMP) and enzymatic activity of mitochondrial complex II and IV were estimated in the testicular tissue. Pretreatment of 
mito-TEMPO protected animals from toxic effects of BPA as indicated by the normalization of sperm parameters and preserved histoarchitecture of testis. BPA treatment to animals significantly increased mitochondrial 
reactive oxygen species (ROS) and lipid peroxidation (LPO). A significant decrease in the activity of mitochondrial complex II was also observed after BPA exposure whereas, mitochondrial complex II activity was 
increased. In addition, an increase in MMP was also observed in BPA group. Mito-TEMPO successfully normalized mitochondrial ROS and LPO formation. Similar normalization effect was also noted in the activity of 
mitochondrial complex II, complex IV, and MMP. Results suggested that mito-TEMPO pretreatment significantly protected BPA-induced oxidative stress and thereby mito-TEMPO effectively prevented testicular damage.

Free Radic Res Vol.56 
Issue 5-6 Pages 427-
435

10.1080/10715762.2022.2133702 36205519 動物 - 1 不明 1 1 0 10 mg/kg/⽇ - - - - - - - - - - - - - - - - - - - - -

統合_0961 S. Sharma, S. Ahmad, M. A. Afjal, H. Habib, S. 
Parvez and S. Raisuddin 2019

Dichotomy of bisphenol A-induced 
expression of peroxisome 
proliferator-activated receptors in 
hepatic and testicular tissues in 
mice

Environmental and dietary exposure to bisphenol A (BPA) and its toxicological consequences are extensively reported. BPA has multiple cellular targets. One of the mechanisms of action of BPA involves interaction with 
and activation of nuclear receptors (NRs) including peroxisome proliferator activated-receptors (PPARs). PPARs regulate genes involved in adipogenesis, and metabolism of glucose, lipid and cholesterol. Study of tissue 
and dose specific PPAR expression may decipher the toxicity outcome of BPA exposure. We studied expression of three forms of PPARs in mouse liver and testes exposed to BPA for 14 days. mRNA and protein expression 
of all forms of PPAR increased linearly (monotonic) with the dose in the liver while non-monotonic but dose specific effects were observed in the testes showing a differential pattern of expression. However, 
histopathological study showed a dose-dependent pattern of changes in liver as well as testes demonstrating a monotonic effect. These findings imply that other PPAR-independent mechanisms may play a role in BPA-
induced pathological changes. The present study warrants exploration of the role of PPARs in BPA-induced effects on male reproductive functions and offers an insight into the peculiar response of BPA at low subchronic 
levels which may be helpful in designing appropriate risk assessment framework.

Chemosphere. 2019 
Dec:236:124264.

10.1016/j.chemosphere.2019.06.2
34

31319301 動物 肝臓 1 0 単独あり Swiss mice 1 4,8,16 mg/kg:1 - - - - - - 1 1 - 1 - - - - - - - - - - -

統合_0962 P. Sharma, M. B. Mandal, R. Katiyar, S. P. Singh 
and H. Birla 2021

A Comparative Study of Effects of 
28-Day Exposure of Bisphenol A and 
Bisphenol S on Body Weight 
Changes, Organ Histology, and 
Relative Organ Weight

CONTEXT: Bisphenol A (BPA), a known endocrine disrupting chemical, is of widespread use in manufacturing of plastic products. Documenting ill health effects of BPA has led the plastic industrialists to replace BPA by 
its alleged safer alternative, bisphenol S (BPS). BPS belongs to the same chemical family and shares endocrine disrupting properties with BPA. AIMS: We compared the effects of 28-day exposure of BPA and BPS on body 
weight changes, organ histology, and relative organ weight in rats. In addition, we detected BPA and BPS in the rat's blood serum. SETTINGS AND DESIGN: Adult male albino rats were administered BPA (50 mg/kg/day) or 
BPS (50 mg/kg/day) or equivolume vehicle in different groups by oral gavage for 28 days. SUBJECTS AND METHODS: The weight of each rat was noted at the commencement of the study and weekly afterward. On 29(th) 
day, the animals were sampled for whole blood and then sacrificed. The dissected out wet viscera were weighed and subjected to the standard protocol for histological examination. Serum samples were prepared and 
analyzed for the detection of BPA and BPS by high-pressure liquid chromatography. STATISTICAL ANALYSIS USED: Paired and unpaired Student's t-test, one-way ANOVA test, and Bonferroni test for multiple 
comparisons were used, as required for statistical analysis, and P < 0.05 was considered statistically significant. RESULTS: Both BPA and BPS produced similar detrimental changes in body weight, histology of stomach, 
small intestine, lung, and kidney, and relative organ weight of lung and kidney. BPA and BPS detected in the serum of rats were nearly 45 times of the control. CONCLUSIONS: Present data suggest caution about the 
application of BPS as a substitute of BPA.

Int J Appl Basic Med 
Res Vol.11 Issue 4 
Pages 214-220

10.4103/ijabmr.IJABMR_663_20 34912683 動物 - 1 1 1 1 0 50 mg/kg/⽇ - - - - - - - - - - - - - - - - - - - - -

統合_0963
T. Shaibi, H. N. Balug, M. E. Ben-Othman, A. E. 
Benjama, M. Elhensheri, B. A. Lwaleed and M. 
A. Al-Griw

2022

Exposure to low-dose bisphenol A 
induces spleen damage in a murine 
model: Potentially through oxidative 
stress?

BACKGROUND: During early life, exposure to environmental toxicants, including endocrine disruptor bisphenol A (BPA), can be detrimental to the immune system. To our knowledge, a few researches have looked at the 
effects of developing BPA exposures on the spleen. AIM: The murine model was developed to investigate the underlying molecular mechanisms and mode of BPA actions on the spleen subsequent to prolonged early-life 
exposure to BPA. METHODS: Immature (3-week-old) male and female Swiss Albino mice were intraperitoneally injected with 50 μg/kg BPA in corn oil or corn oil alone for 6 weeks. Mouse spleens were harvested and 
examined histologically at 10 weeks old (adulthood). RESULTS: We observed neurobehavioral impairments and a significant increase in peripheral monocyte and lymphocyte counts in mice (males and females). Moreover, 
several spleen abnormalities in both male and female mice were observed in adulthood. BPA-treated mice's histopathological results revealed toxicity in the form of significantly active germinal centers of the white pulp 
and a few apoptotic cells. There was also a notable invasion of the red pulp by eosinophils and lymphocytes that were significantly higher than normal. Agarose gel electrophoresis provided further evidence of 
internucleosomal DNA fragmentation and apoptosis in the splenic tissues of BPA-treated mice compared to controls. In addition, there were increased levels of the lipid peroxidation malondialdehyde end-product, a 
marker of oxidative lipid damage, in the spleens of BPA-treated mice compared to controls. CONCLUSION: Our study provides evidence that oxidative stress injury induced by early-life exposures to BPA could contribute 
to a range of splenic tissue damages during adulthood.

Open Vet J Vol.12 Issue 
1 Pages 23-32

10.5455/OVJ.2022.v12.i1.4 35342727 動物 - 1 0 1 1 0 50 µg/kg/⽇ - - - - - - - - - - - - - - - - - - - - -

統合_0964 N. F. S. Shafie, N. K. Nurul Bashar, N. A. Abd 
Aziz, R. Dasiman and N. H. Hashim 2025

Protective role of Cocos nucifera L. 
water on BPA-mediated oxidative 
stress and reproductive damage in 
male rats

Bisphenol A (BPA) may impair male fertility by inducing oxidative stress in the testis, though its effects on spermatogenesis and sperm quality remain unclear. Conversely, Cocos nucifera L. (coconut) water, rich in 
antioxidants, effectively inhibits oxidative stress. The aim of the study is to evaluate the protective effect of Cocos nucifera L. water against BPA-mediated oxidative stress in male rats. Thirty Sprague-Dawley rats were 
divided into control (C) received distilled water (0.5 mL/day), vehicle (V) received corn oil (0.5 mL/day), Bisphenol A (B) (50 mg/kg/day), Cocos nucifera L. water (CW) (10 mL/kg/day) and Cocos nucifera L. water plus 
bisphenol A (CW+B) groups. The testes and epididymis were harvested on day 31 for oxidative stress analysis, histological examination, immunofluorescence assay, and sperm motility. BPA administration reduced 
glutathione levels, increased malondialdehyde levels, and caused histopathological changes in the testis. Additionally, the grayscale intensity of actin and tubulin immunofluorescence, along with sperm motility, 
significantly decreased in the B group (p < 0.001). However, these parameters were notably improved by the administration of coconut water in CW+B group (p < 0.001). Conclusively, this study suggests that coconut 
water enhances antioxidant defences and supports male reproductive health in rats, potentially preventing BPA-induced reproductive damage.

Int J Environ Health Res 
Pages 1-13

10.1080/09603123.2025.2484782 40152287 動物 - 1 1 1 1 0 50 mg/kg/⽇ - - - - - - - - - - - - - - - - - - - - -

統合_0965
A. C. Sevastre-Berghian, C. Casandra, D. 
Gheban, D. Olteanu, M. C. Olanescu Vaida 
Voevod, L. Rogojan, G. A. Filip and I. Bâldea

2022

Neurotoxicity of Bisphenol A and the 
Impact of Melatonin Administration 
on Oxidative Stress, ERK/NF-kB 
Signaling Pathway, and Behavior in 
Rats

Bisphenol A (BPA) exposure can be associated with neurodevelopmental disorders due to impairment of cell proliferation and synaptic development. Our study evaluated the effects of melatonin (MEL) on ambulatory 
activity, lipid peroxidation, cytokines, ERK/NF-kB signaling pathway in the hippocampus and frontal lobe, and histopathological changes in the hippocampus of the BPA-treated rats. The animals were divided into 4 
groups: control, BPA, BPA + MEL I, and BPA + MEL II. MEL I (20 mg/kg b.w.) and MEL II (40 mg/kg b.w.) were orally administered for 28 days. On the 29th day, BPA (1 mg/kg b.w.) was intraperitoneally administered, and, 
after 24 h, an open field test (OFT) and an elevated plus maze (EPM) were conducted. The results showed that the MEL II group made significantly more entries in the open arms of EPM, traveled significantly greater 
distance, and spent more time in the central part of OFT. Malondialdehyde levels were diminished by MEL II in the hippocampus and by MEL I in the frontal lobe. In the hippocampus, the MAPK level was significantly 
lowered by both doses of MEL (p < 0.05) while in the frontal lobe, only MEL II reduced the MAPK activation. MEL I and II significantly decreased the γH2AX and upregulated the NFkB and pNFkB expressions in the 
hippocampus while MEL II downregulated the MCP1 expression. Both doses of MEL attenuated the BPA-evoked histopathological alterations in the hippocampus. These data indicate that MEL can mediate the 
neuroprotection against BPA-induced neurotoxicity and improves behavioral changes suggesting a real potential as a protective agent in brain toxicity.

Neurotox Res Vol.40 
Issue 6 Pages 1882-
1894

10.1007/s12640-022-00618-z 36515867 動物 - 1 0 1 不明 不明 1 mg/kg - - - - - - - - - - - - - - - - - - - - -

統合_0966 M. A. Selim, S. M. Mosaad and N. M. El-Sayed 2022

Lycopene protects against 
Bisphenol A induced toxicity on the 
submandibular salivary glands via 
the upregulation of PPAR-γ and 
modulation of Wnt/β-catenin 
signaling

BACKGROUND AND AIM: The submandibular salivary glands (SMG) represent a suitable model for studying epithelial cell growth and differentiation. Bisphenol A (BPA) is a xenoestrogen, synthesized to produce polymers 
such as polycarbonates and epoxy resins. There are concerns about the occurrence of BPA in food, water as well as its appearance in human tissues and body fluids. Lycopene (LYC) is a carotenoid compound that exerts 
antioxidant and anti-inflammatory properties. This work was performed to study possible protective effect of LYC against BPA toxicity in SMG. MATERIAL AND METHODS: 40 albino rats were divided into 4 groups; Group 
I: served as controls. Group II: rats received LYC (4 mg/kg, p.o), Group III: rats received BPA (10 mg/kg, p.o) and Group IV: rats received LYC (4 mg/kg, p.o) and BPA (10 mg/kg, p.o). All drugs were administered for 45 days 
then under anesthesia, rats were sacrificed. The SMG specimens were taken for histological and biochemical studies. RESULTS: BPA resulted in a significant rise of malondialdehyde, tumor necrosis factor-α and 
interleukine-1β. In contrast, the tissue levels of glutathione and PPAR-γ were significantly decreased. BPA activated Wnt/β-catenin pathway evidenced by upregulating WNT3a, β-catenin and c-myc expression. 
Moreover, SMG of BPA showed degenerative changes that affected the parenchymal and stromal elements of the glands. The immunohistochemical localization of cytokeratin 5,6 and 18 of BPA rats revealed weak 
immunostaining of the serous secretory cells, myoepithelial cells and ductal cells. Upon treatment with LYC, glutathione and PPAR-γ were restored. CONCLUSION: LYC acted as a protective agent against BPA-induced 
pathological changes in SMG.

Int Immunopharmacol 
Vol.112 Pages 109293

10.1016/j.intimp.2022.109293 36194983 動物 - 1 1 1 1 0 10 mg/kg - - - - - - - - - - - - - - - - - - - - -

統合_0967 S. Sattar, A. Nadeem, W. Shehzad, H. Ur 
Rehman and M. Javed 2024

A biochemical and histological 
evaluation of in vivo exposure of 
bisphenol P for multi-organ toxicity 
and pathology in rats

Bisphenol P (BPP) is a structural analog of bisphenol A (BPA) and is increasingly used as a substitute of BPA in commercial and household applications. In recent years, BPP has been frequently detected in terrestrial and 
aquatic ecosystems. Very little epidemiological and experimental information are available on the toxicity potential of BPP in human and animal systems, which is very concerning in view of its increasing use. The current 
study evaluated the biochemical and histopathological effects of BPP in rats. The seven experimental groups (n = 5 rats/group) included BPA5 (5 mg), BPA50 (50 mg), BPA100 (100 mg), BPP5 (5 mg), BPP50 (50 mg), and 
BPP100 (100 mg) while the remaining one group served as untreated control. At the end of treatment, the organs (liver, kidney, heart, and lung) of rats were harvested for oxidative stress and histopathological analyses. A 
significant (p < .05) decrease was observed in the weight of the liver, lungs, and kidneys in the BPP100 group similar to the BPA100 group compared with the control group. Further, a significant (p < .05) decrease was 
also observed for concentrations of antioxidant enzymes (catalase, peroxidase, superoxide dismutase, and glutathione peroxidase) in the liver, lungs, kidneys, and heart at the highest two doses of BPP similar to the 
respective BPA groups compared with the control group. The two highest doses of BPP induced histopathological changes in the liver such as nuclei distortion, excessive necrosis of hepatocytes, nuclei shrinkage and 
pyknosis of cells with disrupted cell structure (BPP100), and cellular congestion and degeneration of hepatocytes (BPP50) similar to the two respective doses of BPA. The BPP treated groups also showed varying 
histopathological changes in kidney tissue, heart tissue, and lung tissue similar to BPA treated rats. In conclusion, the present study indicated that BPP has the potential to induce oxidative stress and alter the 
histomorphological architecture of different organs and is as deleterious as BPA.

Toxicol Ind Health. 2024 
Apr;40(4):194-205.

10.1177/07482337241233312 38346931 動物 主に肝腎⼼肺 1 1 1 Wister rat 1 5,50,100 mg/kg:1 - - - - - - 1 1 - 1 - - - - - - - - - - -

統合_0968

A. Santoro, M. Scafuro, J. Troisi, G. Piegari, P. Di 
Pietro, E. Mele, D. Cappetta, M. Marino, A. De 
Angelis, C. Vecchione, O. Paciello, S. Fasano, R. 
Pierantoni, A. Viggiano and R. Meccariello

2021

Multi-Systemic Alterations by 
Chronic Exposure to a Low Dose of 
Bisphenol A in Drinking Water: 
Effects on Inflammation and 
NAD(+)-Dependent Deacetylase 
Sirtuin1 in Lactating and Weaned 
Rats

Bisphenol A (BPA) is largely used as a monomer in some types of plastics. It accumulates in tissues and fluids and is able to bypass the placental barrier, affecting various organs and systems. Due to huge developmental 
processes, children, foetuses, and neonates could be more sensitive to BPA-induced toxicity. To investigate the multi-systemic effects of chronic exposure to a low BPA dose (100 μg/L), pregnant Wistar rats were 
exposed to BPA in drinking water during gestation and lactation. At weaning, newborn rats received the same treatments as dams until sex maturation. Free and conjugated BPA levels were measured in plasma and 
adipose tissue; the size of cerebral ventricles was analysed in the brain; morpho-functional and molecular analyses were carried out in the liver with a focus on the expression of inflammatory cytokines and Sirtuin 1 
(Sirt1). Higher BPA levels were found in plasma and adipose tissue from BPA treated pups (17 PND) but not in weaned animals. Lateral cerebral ventricles were significantly enlarged in lactating and weaned BPA-exposed 
animals. In addition, apart from microvesicular steatosis, liver morphology did not exhibit any statistically significant difference for morphological signs of inflammation, hypertrophy, or macrovesicular steatosis, but the 
expression of inflammatory cytokines, Sirt1, its natural antisense long non-coding RNA (Sirt1-AS LncRNA) and histone deacetylase 1 (Hdac1) were affected in exposed animals. In conclusion, chronic exposure to a low 
BPA dose could increase the risk for disease in adult life as a consequence of higher BPA circulating levels and accumulation in adipose tissue during the neonatal period.

Int J Mol Sci Vol.22 
Issue 18

10.3390/ijms22189666 34575829 動物 - 1 1 1 1 0 100 µg/L（飲⽔中濃度） - - - - - - - - - - - - - - - - - - - - -

統合_0969
P. Sánchez, B. Castro, S. Martínez-Rodríguez, R. 
Ríos-Pelegrina, R. G. Del Moral, J. M. Torres and 
E. Ortega

2022

Impact of chronic exposure of rats to 
bisphenol A from perinatal period to 
adulthood on intraprostatic levels of 
5α-reductase isozymes, aromatase, 
and genes implicated in prostate 
cancer development

The synergetic effect of estrogens and androgens is known to play a crucial role in the physiopathology of the prostate gland. Bisphenol A (BPA) is an endocrine disrupting compound that can interfere with endocrine 
hormone functioning and thereby influence prostate development. The objective of this study was to examine the impact on prostate expression of aromatase, 5α-R isozymes, and prostate cancer-related genes of 
exposure to low doses of BPA from perinatal period to adulthood. Vehicle or BPA (2.5 μg/kg b.w./day) was administered to gestating Wistar rats from gestational day 12 (GD12) to parturition and then to their male pups 
from postnatal day 1 (PND1) until euthanization on PND90. Their prostate glands were examined by qRT-PCR, Western blot, PCR array, and morphological study. mRNA and protein levels of 5α-R2 were significantly 
reduced and mRNA and protein levels of aromatase were significantly increased in BPA-treated animals, which also showed modifications of 8 out of the 84 key genes implicated in the development of prostate cancer. 
Because BPA interferes with genes involved in intraprostatic androgen and estrogen production and others implicated in prostate cancer, research is warranted into the prostate disease risk associated with chronic low-
dose BPA exposure throughout life.

Environ Res Vol.212 
Issue Pt A Pages 
113142

10.1016/j.envres.2022.113142 35378123 動物 - 1 1 1 1 0 2.5 µg/kg/⽇ - - - - - - - - - - - - - - - - - - - - -

統合_0970
B. Sanannam, S. Looprasertkul, S. 
Kanlayaprasit, N. Kitkumthorn, T. Sarachana 
and D. Jindatip

2021

Alteration of Extracellular Matrix 
Components in the Anterior Pituitary 
Gland of Neonatal Rats Induced by 
a Maternal Bisphenol A Diet during 
Pregnancy

The extracellular matrix (ECM) plays crucial roles in the anterior pituitary gland via the mechanism of cell-ECM interaction. Since bisphenol A (BPA), a well-known endocrine disruptor, can cross through the placenta from 
mother to fetus and bind with estrogen receptors, cell populations in the neonatal anterior pituitary gland could be the target cells affected by this chemical. The present study treated maternal rats with 5000 µg/kg body 
weight of BPA daily throughout the pregnancy period and then investigated the changes in ECM-producing cells, i.e., pericytes and folliculostellate (FS) cells, including their ECM production in the neonatal anterior 
pituitary at Day 1. We found that pericytes and their collagen synthesis reduced, consistent with the increase in the number of FS cells that expressed several ECM regulators-matrix metalloproteinase (MMP) 9 and the 
tissue inhibitors of metalloproteinase (TIMP) family. The relative MMP9/TIMP1 ratio was extremely high, indicating that the control of ECM homeostasis was unbalanced. Moreover, transmission electron microscopy 
showed the unorganized cell cluster in the BPA-treated group. This study revealed that although the mother received BPA at the "no observed adverse effect" level, alterations in ECM-producing cells as well as collagen 
and the related ECM balancing genes occurred in the neonatal anterior pituitary gland.

Int J Mol Sci Vol.22 
Issue 23

10.3390/ijms222312667 34884472 動物 - 1 1 1 1 0 5 mg/kg - - - - - - - - - - - - - - - - - - - - -

統合_0971 S. M. M. Saleh, A. B. Mahmoud, M. B. Al-Salahy 
and F. A. Mohamed Moustafa 2023

Morphological, 
immunohistochemical, and 
biochemical study on the 
ameliorative effect of gallic acid 
against bisphenol A-induced 
nephrotoxicity in male albino rats

This study aimed to determine the effect of gallic acid (GA) on ameliorating bisphenol A (BPA) nephrotoxicity in male rat kidneys. Forty rats were assigned randomly into two groups: control (ten animals) and BPA (40 
mg/kg bwt) (thirty animals), the second group was divided into three subgroups: BPA alone, BPA + G50 (50 mg/kg bwt), and BPA + G200 (200 mg/kg bwt). The biochemical analysis included measurements of the contents 
of nitric oxide, lipid peroxidation, reactive oxygen species, and cytokines (interleukin-1α and interleukin-6) in the kidney. The antioxidant enzymes catalase and superoxide dismutase were also measured in the kidney. 
Kidney function was assessed by determining uric acid, urea, and creatinine levels. The morphological investigations included hematoxylin and eosin staining for assessing the general histology and determining the 
glomerular and corpuscular areas, the tubular cell degeneration mean area, and the mean leukocyte infiltration area. Also, collagen fiber intensity and polysaccharide content were analyzed. Furthermore, 
immunohistochemical, morphometric, and ultrastructural studies were carried out. The results revealed morphological, immunohistochemical, and biochemical alterations in the kidney. Most of these changes showed a 
satisfactory improvement of kidney damage when BPA-administered rats were treated with GA at both doses. In conclusion, GA exhibited a strong protective effect against BPA-induced nephrotoxicity.

Sci Rep Vol.13 Issue 1 
Pages 1732

10.1038/s41598-023-28860-1 36720896 動物 - 1 1 1 1 0 40 mg/kg - - - - - - - - - - - - - - - - - - - - -

統合_0972
M. A. Saifi, H. Khan, M. Javed, S. Ahmad, Z. 
Khan, A. Mangla, G. Jindal, S. Parvez, N. 
Agarwal and S. Raisuddin

2025
Neuroprotective effects of gastrodin 
against bisphenol A induced-ADHD-
like symptoms in rats

Gastrodin (GAS) is a potent pharmaceutical compound extracted from the dried roots of a Chinese medicinal herb, Gastrodia elata Blume. It has been used as a neuroprotective treatment for a range of neurological 
disorders. Bisphenol A (BPA) has been implicated in the induction of attention-deficit hyperactivity disorder (ADHD)-like symptoms. We investigated the neuroprotective effects of GAS against BPA-induced ADHD-like 
symptoms in the rat model. Weanling male Wistar rats treated with BPA (50 µg/kg b.w. × 30 days per os) on completion of treatment were subsequently treated with GAS at two doses (30 and 60 mg/kg b.w. i.p. × 7 
days). After 24 hours of completion of the treatment regimen, neurobehavioral parameters such as open field test (OFT), novel object recognition (NOR), and elevated plus maze (EPM) test were evaluated. Lipid 
peroxidation, reduced glutathione (GSH), monoamine oxidase (MAO) activity, and dopamine (DA) levels were measured in the cerebral cortex (CC) and hippocampus (HC) regions of the brain. Additionally, to asses 
astrocyte activatio the expression of glial fibrillary acidic protein (GFAP) was analyzed by immunostaining. Results show that GAS treatment ameliorated locomotory activity (OFT), memory dysfunction (NOR), and anxious 
(EPM) behavioral alterations in BPA-treated animals. GAS treatment also reduced lipid peroxidation, enhanced GSH, MAO activity, and DA levels, and reduced GFAP-positive cells in the CC and HC regions thus providing 
experimental evidence for a neuroprotective role for GAS against BPA-induced ADHD-like symptoms. GAS demonstrated potential preventive effects against BPA-induced ADHD-like symptoms in rats which highlights its 
therapeutic value.

Drug Chem Toxicol 
Pages 1-14

10.1080/01480545.2025.2473472 40062364 動物 - 1 1 1 1 0 50 µg/kg/⽇ - - - - - - - - - - - - - - - - - - - - -
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統合_0973 C. Sahu, S. Singla and G. Jena 2022
Studies on male gonadal toxicity of 
bisphenol A in diabetic rats: An 
example of exacerbation effect

Bisphenol A (BPA), a widely used organic synthetic chemical alters spermatogenesis and is a potential risk factor for male infertility. Diabetes-induced hyperglycemia has a negative impact on different vital organs 
including the testis. However, the effect of BPA on male fertility and gonadal development in diabetic (DIA) patients is unknown. This study explores the role of BPA exposure on testicular toxicity in a DIA rat. The DIA 
condition in male Sprague-Dawley (SD) rats (4 weeks aged) was induced with the administration of a single dose of streptozotocin (55 mg/kg ip, in cold citrate buffer pH 4.5). BPA was administered orally at the dose of 
40 mg/kg/day for 4 consecutive weeks. Various endpoints of the toxicity include biochemical estimations, histological evaluations, oxidative stress parameters, DNA damage assays (apoptosis and endonuclease III), 
expressions of 8-hydroxy-2'-deoxyguanosine (8-OHdG), nuclear factor-erythroid 2-related factor 2 (Nrf-2), catalase, superoxide dismutase 1 (SOD-1), octamer-binding transcription factor 4 (OCT4), and Sirtulin (silent 
mating type information regulation 2 homolog) 1 (SIRT 1). The results confirmed that BPA exacerbated the testicular toxicity by altering several biochemical parameters, increasing oxidative stress, cellular/tissue injury, 
DNA damage, apoptosis, and 8-OHdG expression, while decreasing the levels of Nrf-2, catalase, SOD-1, OCT4, and SIRT1 expressions in the testes of DIA rat. Linear regression analyses indicated a positive correlation 
between apoptosis and 8-OHdG, OCT4, and DNA damage (nuclear diffusion factor and tail length). The present study confirmed that BPA exposure in DIA conditions exacerbated the testicular damages in SD rats. 
Therefore, the DIA condition might have increased male gonadal toxicity due to BPA exposure and requires further attention to maintain their normal reproductive health.

J Biochem Mol Toxicol 
Vol.36 Issue 4 Pages 
e22996

10.1002/jbt.22996 35187753 動物 - 1 1 1 1 0 40 mg/kg/⽇ - - - - - - - - - - - - - - - - - - - - -

統合_0974 C. Sahu and G. Jena 2024

Combination treatment of zinc and 
selenium intervention ameliorated 
BPA-exposed germ cell damage in 
SD rats: elucidation of molecular 
mechanisms

Bisphenol A (BPA) is a commonly used environmental toxicant, is easily exposed to the human body and causes testicular damage, sperm abnormalities, DNA damage and apoptosis, and interferes in the process 
spermatogenesis and steroidal hormone production along with obstruction in testes and epididymis development. Zinc (Zn), a potent regulator of antioxidant balance, is responsible for cellular homeostasis, enzymes and 
proteins activities during spermatogenesis for cell defence mechanisms in the testes. Selenium (Se) is required for spermatogenesis, antioxidant action and in the activities of different selenoproteins. Both Zn and Se are 
essential simultaneously for the proper regulation of spermatogenesis and sperm maturation as well as protection against chemical and disease-associated germ cell toxicity. Thus, the study aimed to understand the 
importance and beneficial effect of Zn and Se co-treatment against BPA-exposed testicular damage in rats. BPA 100 and 200 mg/kg/day was exposed through an oral gavage. Zn (3 mg/kg/day) i.p. and Se (0.5 mg/kg/day) 
i.p. were injected for 8 weeks. The testicular toxicity was evaluated by measuring body and organs weight, biochemical investigations, sperm parameters, testicular and epididymal histopathology, quantification DNA 
damage by halo assay, DNA breaks (TUNEL assay), immunohistochemistry and western blot. Results revealed that Zn and Se co-treatment ameliorated BPA-associated male gonadal toxicity in rat as revealed by 
decreased SGPT, SGOT and BUN levels in serum, reduced testes and epididymis tissue injury, DNA breaks, apoptosis, expressions of 8-OHdG, γ-H2AX and NFκB with an increased serum testosterone and catalase 
levels. These findings suggest that Zn and Se co-treatment could be a beneficial and protective option against BPA-exposed testicular and epididymal toxicity.

Naunyn Schmiedebergs 
Arch Pharmacol Vol.397 
Issue 9 Pages 6685-
6704

10.1007/s00210-024-03044-4 38498059 動物 - 1 1 不明 不明 0 100、200 mg/kg/⽇ - - - - - - - - - - - - - - - - - - - - -

統合_0975 C. Sahu and G. Jena 2022
Dietary zinc deficient condition 
increases the Bisphenol A toxicity in 
diabetic rat testes

Bisphenol A (BPA) is a widely used endocrine disrupter that causes male reproductive dysfunction in humans and rodents. Diabetes-induced hyperglycemia alters spermatogenesis and antioxidant status, which negatively 
impacts male fertility in adults. Zinc (Zn) deficiency is a global health concern maintaining the testicular structure and functions in developing gonads. The present experiment was designed to investigate the role of Zn 
deficiency on BPA-induced germ cell and male gonadal toxicity in diabetic conditions. Rats were randomly divided into eight different groups - control (normal feed and water), BPA (10 mg/kg/day), ZDD (fed with a Zn-
deficient diet), DIA (diabetic), BPA+ZDD, BPA+DIA, ZDD+DIA and BPA+ZDD+DIA for four weeks. Animals' body and organ weight, sperm count, motility and sperm morphology were examined; testes and epididymis 
histopathology were investigated. Testicular DNA damage and sperm apoptosis were evaluated by halo and terminal deoxynucleotidyl transferase dUTP nick end labeling (TUNEL) assays respectively. Testicular catalase 
and octamer-binding transcription factor 4 (OCT4) expressions were evaluated by western blot analysis. The present results demonstrated that dietary Zn-deficient condition significantly increased the BPA-induced 
testicular, epididymal and sperm toxicity in diabetic rats due to hypogonadism, increased sperm abnormalities, epididymis, testicular structure and DNA damages, sperm apoptosis as well as decreased testicular catalase 
and OCT4 expressions. The present results revealed that dietary Zn-deficient condition exacerbated the BPA-induced testicular and epididymal toxicity as well as perturbed the general male reproductive health in diabetic 
rats.

Mutat Res Genet 
Toxicol Environ 
Mutagen Vol.882 Pages 
503547

10.1016/j.mrgentox.2022.503547 36155143 動物 - 1 1 1 不明 0 10 mg/kg/⽇ - - - - - - - - - - - - - - - - - - - - -

統合_0976 G. P. Sahoo, A. Pattnaik, V. Kumar and G. Jena 2025

Low-dose bisphenol A plus arsenite: 
Continuous or intermittent 
exposures in Sprague-Dawley rats; 
Effects on kidney oxidative stress, 
DNA damage, ferroptosis, and 
fibrosis

Arsenic and bisphenol A (BPA) are widespread environmental pollutants. We have studied the nephrotoxicity of arsenite (ARS), 10 mg/L in drinking water, plus BPA, 50 µg/kg oral dose, in juvenile Sprague-Dawley rats. 
Animals were randomized into seven groups and exposed to the chemicals either continuously or intermittently, for 8 weeks. The parameters evaluated were urine biomarkers, histopathological and transmission electron 
microscopic (TEM) examinations, DNA damage (halo assay), and protein expressions. Continuous exposure to AS and BPA significantly increased urinary creatinine, albumin, and total protein, and decreased blood urea 
nitrogen (BUN). Histopathological and TEM data showed brush border detachment, iron accumulation, podocyte injury, increased slit diaphragm space, and collagen deposition in both exposure groups. Significantly 
greater DNA damage was seen in the combined-exposure group than in the other experimental groups. Combination exposure in the continuous and intermittent groups showed renal fibrosis and ferroptosis and gene 
expression analysis revealed a significant increase in Bax and decrease in SIRT 1. Combination exposure was more harmful than the individual exposures in causing kidney injury in these animals.

Mutat Res Genet 
Toxicol Environ 
Mutagen Vol.904 Pages 
503871

10.1016/j.mrgentox.2025.503871 40382190 動物 - 1 1 不明 1 0 50 µg/kg - - - - - - - - - - - - - - - - - - - - -

統合_0977 M. F. S. Saad, M. N. H. Abdullah, V. Lim, H. 
Bahari, B. Y. Khoo, J. J. Tan and Y. K. Yong 2025

Exploring the role of Bisphenol A in 
obesity-driven colorectal cancer 
progression: network toxicology and 
multi-organ pathology in animal 
models

Bisphenol A (BPA), an endocrine disruptor, is linked to cancer progression in estrogen-responsive tissues, but its role in promoting colorectal cancer (CRC) progression in the context of obesity remains underexplored. 
This study examines BPA's influence on CRC in obese Sprague-Dawley rats using network toxicology and experimental models. Computational analysis using the Database for Annotation, Visualization, and Integrated 
Discovery identified pathways such as "CRC" and "chemical carcinogenesis-receptor activation", implicating the PI3K-AKT pathway in IL-1 beta upregulation and BPA's role in CRC during obesity. Thirty male rats were 
grouped (n = 6) as follows: N (normal diet), NC (normal diet + CRC), HC (high-fat diet + CRC), NCB (normal diet + CRC + BPA), and HCB (high-fat diet + CRC + BPA). CRC was induced with 1,2-dimethylhydrazine (40 
mg/kg), and BPA (25 mg/kg) was administered for 19 weeks. Although BPA exposure did not affect body weight or biochemical parameters, the HCB group exhibited significant histopathological changes in the colon, 
including lymphoid hyperplasia, liver damage, and increased IL-1β levels. Furthermore, diet influenced adipocyte size, exacerbating BPA's effects on CRC progression. Findings suggest BPA may worsen CRC progression 
in obese rats through identified pathways, promoting multi-organ pathology and underscoring the need for stricter regulations, especially for vulnerable populations. ENVIRONMENTAL IMPLICATION: Bisphenol A (BPA), a 
widespread environmental contaminant, is increasingly linked to serious health issues, including cancer, in susceptible populations. Our study highlights BPA's role in promoting obesity-driven colorectal cancer (CRC) 
progression, demonstrating its carcinogenic potential in high-risk contexts. These findings emphasize the urgent need for regulatory scrutiny of BPA exposure, particularly in obese individuals, and support the development 
of safer alternatives. Addressing BPA's impact can contribute to preventive health strategies and inform policies aimed at reducing environmental and public health risks associated with endocrine-disrupting chemicals.

Toxicol Appl Pharmacol 
Vol.495 Pages 117227

10.1016/j.taap.2025.117227 39788208 動物 - 1 1 1 1 0 25 mg/kg - - - - - - - - - - - - - - - - - - - - -

統合_0978 D. Y. Ryu, W. K. Pang, E. O. Adegoke, M. S. 
Rahman, Y. J. Park and M. G. Pang 2023

Bisphenol-A disturbs hormonal 
levels and testis mitochondrial 
activity, reducing male fertility

STUDY QUESTION: How does bisphenol-A (BPA) influence male fertility, and which mechanisms are activated following BPA exposure? SUMMARY ANSWER: BPA exposure causes hormonal disruption and alters 
mitochondrial dynamics and activity, ultimately leading to decreased male fertility. WHAT IS KNOWN ALREADY: As public health concerns following BPA exposure are rising globally, there is a need to understand the 
exact mechanisms of BPA on various diseases. BPA exposure causes hormonal imbalances and affects male fertility by binding the estrogen receptors (ERs), but the mechanism of how it mediates the hormonal 
dysregulation is yet to be studied. STUDY DESIGN SIZE DURATION: This study consisted of a comparative study using mice that were separated into a control group and a group exposed to the lowest observed adverse 
effect level (LOAEL) (n = 20 mice/group) after a week of acclimatization to the environment. For this study, the LOAEL established by the US Environmental Protection Agency of 50 mg/kg body weight (BW)/day of BPA 
was used. The control mice were given corn oil orally. Based on the daily variations in BW, both groups were gavaged every day from 6 to 11 weeks (6-week exposure). Before sampling, mice were stabilized for a week. 
Then, the testes and spermatozoa of each mouse were collected to investigate the effects of BPA on male fertility. IVF was carried out using the cumulus-oocyte complexes from female hybrid B6D2F1/CrljOri mice (n = 3) 
between the ages of eight and twelve weeks. PARTICIPANTS/MATERIALS SETTING METHODS: Signaling pathways, apoptosis, and mitochondrial activity/dynamics-related proteins were evaluated by western blotting. 
ELISA was performed to determine the levels of sex hormones (FSH, LH, and testosterone) in serum. Hematoxylin and eosin staining was used to determine the effects of BPA on histological morphology and stage VII/VIII 
testicular seminiferous epithelium. Blastocyst formation and cleavage development rate were evaluated using IVF. MAIN RESULTS AND THE ROLE OF CHANCE: BPA acted by binding to ERs and G protein-coupled 
receptors and activating the protein kinase A and mitogen-activated protein kinase signaling pathways, leading to aberrant hormone levels and effects on the respiratory chain complex, ATP synthase and protein-related 
apoptotic pathways in testis mitochondria (P < 0.05). Subsequently, embryo cleavage and blastocyst formation were reduced after the use of affected sperm, and abnormal morphology of seminiferous tubules and stage 
VII and VIII seminiferous epithelial cells (P < 0.05) was observed. It is noteworthy that histopathological lesions were detected in the testes at the LOAEL dose, even though the mice remained generally healthy and did not 
exhibit significant changes in BW following BPA exposure. These observations suggest that testicular toxicity is more than a secondary outcome of compromised overall health in the mice due to systemic effects. LARGE 
SCALE DATA: Not applicable. LIMITATIONS REASONS FOR CAUTION: Since the protein expression levels in the testes were validated, in vitro studies in each testicular cell type (Leydig cells, Sertoli cells, and 
spermatogonial stem cells) would be required to shed further light on the exact mechanism resulting from BPA exposure. Furthermore, the BPA doses employed in this study significantly exceed the typical human exposure 
levels in real-life scenarios. Consequently, it is imperative to conduct experiments focusing on the effects of BPA concentrations more in line with daily human exposures to comprehensively assess their impact on 
testicular toxicity and mitochondrial activity. WIDER IMPLICATIONS OF THE FINDINGS: These findings demonstrate that BPA exposure impacts male fertility by disrupting mitochondrial dynamics and activities in the 
testes and provides a solid foundation for subsequent investigations into the effects on male reproductive function and fertility following BPA exposure, and the underlying mechanisms responsible for these effects. In 
addition, these findings suggest that the LOAEL concentration of BPA demonstrates exceptional toxicity, especially when considering its specific impact on the testes and its adverse consequences for male fertility by 
impairing mitochondrial activity. Therefore, it is plausible to suggest that BPA elicits distinct toxicological responses and mechanistic endpoints based on the particular concentration levels for each target organ. STUDY 
FUNDING/COMPETING INTERESTS: This work was supported by the Basic Science Research Program through the National Research Foundation of Korea (NRF) funded by the Ministry of Education (NRF-
2018R1A6A1A03025159). No competing interests are declared.

Hum Reprod Open 
Vol.2023 Issue 4 Pages 
hoad044

10.1093/hropen/hoad044 38021376 動物 - 1 1 1 B6D2F1/CrljOri 0 50 mg/kg/⽇ - - - - - - - - - - - - - - - - - - - - -

統合_0979 D. Y. Ryu, W. K. Pang, E. O. Adegoke, M. S. 
Rahman, Y. J. Park and M. G. Pang 2022

Abnormal histone replacement 
following BPA exposure affects 
spermatogenesis and fertility 
sequentially

Bisphenol A (BPA) is an endocrine-disrupting chemical widely distributed in the environment. Its exposure has been linked to male infertility in animals and humans due to its ability to induce epigenetic modification. 
Despite extensive research confirming the impact of BPA on epigenetic regulation, fundamental concerns about how BPA causes epigenetic changes and the underlying mechanism of BPA on the male reproductive system 
remain unresolved. Therefore, we sought to investigate the effects of BPA on epigenetic regulation and the histone-to-protamine (PRM) transition, which is fundamental process for male fertility in testes and 
spermatozoa by exposing male mice to BPA for 6 weeks while giving the mice in the control group corn oil by oral gavage. Our results demonstrated that the mRNA levels of the histone family and PRMs were significantly 
altered by BPA exposure in testes and spermatozoa. Subsequently, core histone proteins, the PRM1/PRM2 ratio, directly linked to male fertility, and transition proteins were significantly reduced. Furthermore, we 
discovered that BPA significantly caused abnormal histone-to-protamine replacement during spermiogenesis by increased histone variants-related to histone-to-PRM transition. The levels of histone H3 modification in 
the testes and DNA methylation in spermatozoa were significantly increased. Consequently, sperm concentration/motility/hyperactivation, fertilization, and early embryonic development were adversely affected as a 
consequence of altered signaling proteins following BPA exposure. To our knowledge, this is the first study to indicate that BPA exposure influences the histone-to-PRM transition via altering epigenetic modification and 
eventually causing reduced male fertility.

Environ Int Vol.170 
Pages 107617

10.1016/j.envint.2022.107617 36347119 動物 - 1 1 1 1 0 50 mg/kg/⽇ - - - - - - - - - - - - - - - - - - - - -

統合_0980 L. Rytel, L. Könyves and S. Gonkowski 2022

Endocrine Disruptor Bisphenol a 
Affects the Neurochemical Profile of 
Nerve Fibers in the Aortic Arch Wall 
in the Domestic Pig

Bisphenol A (BPA) is a synthetic compound utilized in industry for the production of various plastics. BPA penetrates into the environment and adversely affects living organisms. Therefore, the influence of various BPA 
dosages on the neurochemical characteristics of nerve fibers located in the aortic branch wall was investigated in this study utilizing a double immunofluorescence method. It was found that BPA in concentration of 0.5 
mg/kg body weight/day causes a clear increase in the density of nerves within aortic branch walls immunoreactive to cocaine- and amphetamine-regulated transcript (CART), calcitonin gene-related peptide (CGRP), 
neuronal isoform of nitric oxide synthase (nNOS), pituitary adenylate cyclase-activating peptide (PACAP), and vasoactive intestinal polypeptide (VIP). Nerves containing galanin (GAL) and/or somatostatin (SOM) did not 
change when BPA was introduced into the system. Changes noted after administration of BPA at a dose of 0.05 mg/kg body weight/day were less visible and concerned fibers immunoreactive to CART, CGRP, and/or 
PACAP. The obtained results show that BPA affects the neurochemical coding of nerves in the aortic branch wall. These fluctuations may be the first signs of the influence of this substance on blood vessels and may also 
be at the root of the disturbances in the cardiovascular system.

Int J Environ Res Public 
Health Vol.19 Issue 10

10.3390/ijerph19105964 35627499 動物 - 1 1 1 Piétrain × Duroc 0 0.036、0.36 mg/kg - - - - - - - - - - - - - - - - - - - - -

統合_0981 L. Rytel and S. Gonkowski 2020
The Influence of Bisphenol a on the 
Nitrergic Nervous Structures in the 
Domestic Porcine Uterus

Bisphenol A (BPA) is one of the most common environmental pollutants among endocrine disruptors. Due to its similarity to estrogen, BPA may affect estrogen receptors and show adverse effects on many internal organs. 
The reproductive system is particularly vulnerable to the impact of BPA, but knowledge about BPA-induced changes in the innervation of the uterus is relatively scarce. Therefore, this study aimed to investigate the 
influence of various doses of BPA on nitrergic nerves supplying the uterus with the double immunofluorescence method. It has been shown that even low doses of BPA caused an increase in the number of nitrergic nerves 
in the uterine wall and changed their neurochemical characterization. During the present study, changes in the number of nitrergic nerves simultaneously immunoreactive to substance P, vasoactive intestinal polypeptide, 
pituitary adenylate cyclase-activating peptide, and/or cocaine- and amphetamine-regulated transcript were found under the influence of BPA. The obtained results strongly suggest that nitrergic nerves in the uterine wall 
participate in adaptive and/or protective processes aimed at homeostasis maintenance in the uterine activity under the impact of BPA.

Int J Mol Sci Vol.21 
Issue 12

10.3390/ijms21124543 32604714 動物 - 1 1 1 Piétrain x Duroc 0 0.05、0.5 mg/kg/⽇ - - - - - - - - - - - - - - - - - - - - -

統合_0982
T. F. R. Ruiz, E. C. R. Leonel, S. J. Colleta, C. M. 
Bedolo, S. G. Pegorin de Campos and S. R. 
Taboga

2022

Gestational and lactational 
xenoestrogen exposure disrupts 
morphology and inflammatory 
aspects in mammary gland of gerbil 
mothers during involution

In the mammary gland (MG), the developmental window for gestational/lactational differentiation and growth is highly vulnerable to hormonal disruption. Here we describe that the MG involution process in female gerbil 
mothers is delayed by bisphenol A (BPA) exposure during gestation and lactation. The process is directly influenced by changes in expression of extracellular matrix proteases MMP-2, MMP-9, and FAP, and the incidence 
of collagen and elastin is reduced after 7 and 14 days of weaning. A pro-inflammatory environment in the late involution process was confirmed by higher expression of TNF-α, COX-2 and phospho-STAT3 n the MG 
stroma, allied to increases in the incidence of macrophages and mast cells. These aspects impacted the proliferative pattern of epithelial cells, which decreased on the 14th post-weaning day. These data confirm that the 
milk production window of susceptibility is vulnerable to the impact of BPA, which promotes a suggestive pro-tumoral microenvironment during mammary involution.

Environ Toxicol 
Pharmacol. 2022 
Jan:89:103785.

10.1016/j.etap.2021.103785 34896274 動物 発がん性 1 1 1 0: スナネズミ（⼊⼿先不明） 0: 2⽤量（50, 5000 µg/kg) 1 - - - - - - 1 1 - 1 - - - - - - - - - - -

統合_0983
T. F. R. Ruiz, V. Grigio, L. J. Ferrato, L. G. de 
Souza, S. J. Colleta, G. M. Amaro, R. M. Góes, P. 
S. L. Vilamaior, E. C. R. Leonel and S. R. Taboga

2023

Impairment of steroidogenesis and 
follicle development after bisphenol 
A exposure during pregnancy and 
lactation in the ovaries of Mongolian 
gerbils aged females

The ovaries regulate fertility and hormonal control in females, and aging is a crucial factor in this process, when ovarian function is drastically impacted. Exogenous endocrine disruptors may accelerate this process, 
acting as the main agents in decreased female fertility and hormonal imbalance, since they impact different features related to reproduction. In the present study, we demonstrate the implications of exposure of adult 
mothers to the endocrine disruptor bisphenol A (BPA) during pregnancy and lactation on their ovarian function during the transition to later in life (aging). The follicle population of BPA exposed ovaries showed impairment 
in the development of follicles to the mature stages, with growing follicles being halted in the early stages. Atretic and early-atretic follicles were also enhanced. Expression of estrogen and androgen receptors in the 
follicle population demonstrated impairment in signaling function: ERβ was highly expressed in follicles from BPA exposed females, which also showed a higher incidence of early atresia of developed follicles. ERβ1 
wild-type isoform was also enhanced in BPA-exposed ovaries, compared to its variant isoforms. In addition, steroidogenesis was targeted by BPA exposure: aromatase and 17-β-HSD were reduced, whereas 5-α 
reductase was enhanced. This modulation was reflected in serum levels of estradiol and testosterone, which decreased in BPA-exposed females. Imbalances in steroidogenesis impair the development of follicles and 
play an important role in follicular atresia. Our study demonstrated that BPA exposure in two windows of susceptibility - gestation and lactation - had implications during aging, enhancing perimenopausal and infertile 
features.

Mol Cell Endocrinol. 
2023 May 1:566-
567:111892.

10.1016/j.mce.2023.111892 36813021 動物 卵巣 1 1 1 0: スナネズミ（⼊⼿先不明） 0: 1⽤量（50 µg/kg) 1 - - - - - - 1 1 - 1 - - - - - - - - - - -

統合_0984 T. F. R. Ruiz, S. J. Colleta, D. Zuccari, P. S. L. 
Vilamaior, E. C. R. Leonel and S. R. Taboga 2021

Hormone receptor expression in 
aging mammary tissue and 
carcinoma from a rodent model after 
xenoestrogen disruption

AIMS: Hormone receptors are the main markers applied for prognosis of breast cancer subtypes. Among modulators, exogenous chemical agents known as endocrine disruptors interact with certain receptors, triggering 
molecular pathways or increasing their expression. Bisphenol A (BPA), a xenoestrogen, interacts with several hormone receptors. Thus, our aim was to characterize the hormone receptor status in the mammary gland 
(MG) of aged female Mongolian gerbils exposed to BPA in pregnancy and lactation. METHODS: We evaluated the expression of receptors for estrogens (ERα and ERβ), progesterone (PR), prolactin (PRL-R), 
HER2/ErbB2, and androgen (AR) in normal and hyperplastic mammary tissue and in carcinomas developed after BPA exposure. KEY FINDINGS: BPA-exposed MG presented increased ERα, whereas ERβ, PR, and PRL-R 
showed lower expression. AR and HER2/ErbB2 showed similar expression in normal and hyperplastic tissue from control, vehicle, and BPA groups. Both receptors were found in cytoplasm and nucleus in BPA-induced 
carcinoma. We demonstrate the presence of EZH2 expression, an epigenetic and epithelial-mesenchymal transition (EMT) marker, with a high H-score in BPA-exposed MG, which was associated with poor prognosis of 
cancer. Co-localization of ERα and EZH2 was present in normal and carcinoma features, corroborating the installation of ERα-positive mammary cancer associated with the EMT process. Enhanced EZH2 in BPA-
exposed mammary tissue could decrease ERβ expression and promote tumorigenesis progress through HER2/ErbB2. SIGNIFICANCE: The present study proposes the Mongolian gerbil as an experimental model for 
mammary carcinogenesis studies, based on BPA disruption that triggers a phenotype of increased ERα/HER2 positivity and depletion of ERβ/PR expression.

Life Sci Vol.285 Pages 
120010

10.1016/j.lfs.2021.120010 34606849 動物 - 1 1 1 Mongolian gerbils 0 50、5000 µg/kg - - - - - - - - - - - - - - - - - - - - -
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統合_0985 T. F. R. Ruiz, S. J. Colleta, E. C. R. Leonel and S. 
R. Taboga 2021

Mammary carcinoma in aged gerbil 
mothers after endocrine disruption 
in pregnancy and lactation

Compounds that trigger breast cancer onset and establishment are of great interest in biological research. Endocrine disruptors are relevant because they initiate carcinogenesis by changing endocrine pathways. 
Bisphenol A (BPA), as a ubiquitous xenoestrogen, is largely associated with dysfunctions in the female reproductive system and associated organs. This study proposes an investigation of the mammary gland (MG) in 
aged Mongolian gerbil (Meriones unguiculatus) mothers after their exposure to BPA in two windows of morphophysiological plasticity: pregnancy and lactation. A low dose (50 μg/kg) and a high dose (5000 μg/kg) of 
BPA were considered, and results showed few differences between them. As expected, we observed contrasts among control and BPA-exposed MG. The control groups presented a regressive phase with high apoptotic 
activity and elastic stroma. However, BPA damaged mammary tissue and provoked multifocal carcinoma development supported by an apparent epithelial-mesenchymal transition (EMT) and reactive stroma establishment. 
BPA remodeled stromal fibers deposition and enhanced the recruitment of tumor-associated cells, contributing to a tumoral microenvironment. Overexpression of TGF-β1 was induced by BPA in the epithelial 
compartment of exposed MG, and increased expression of metalloproteinases (MMP-2, MMP-3, MMP-9) was present in carcinoma cells. In conclusion, exposure of mothers to BPA during the gestational/lactational 
window of susceptibility leads to carcinogenic impacts with aging.

Endocr Relat Cancer 
Vol.28 Issue 11 Pages 
715-730

10.1530/erc-21-0198 34486980 動物 - 1 1 1 Mongolian gerbils 0 50、5000 µg/kg - - - - - - - - - - - - - - - - - - - - -

統合_0986

T. F. R. Ruiz, S. J. Colleta, D. D. Dos Santos, N. 
F. C. Castro, S. Cabral Á, M. F. Calmon, P. Rahal, 
C. D. Gil, A. P. Girol, P. S. L. Vilamaior, E. C. R. 
Leonel and S. R. Taboga

2023

Bisphenol A disruption promotes 
mammary tumor microenvironment 
via phenotypic cell polarization and 
inflammatory response

Inflammation in the established tumor microenvironment (TME) is often associated with a poor prognosis of breast cancer. Bisphenol A (BPA) is an endocrine-disrupting chemical that acts as inflammatory promoter and 
tumoral facilitator in mammary tissue. Previous studies demonstrated the onset of mammary carcinogenesis at aging when BPA exposure occurred in windows of development/susceptibility. We aim to investigate the 
inflammatory repercussions of BPA in TME in mammary gland (MG) during neoplastic development in aging. Female Mongolian gerbils were exposed to low (50 µg/kg) or high BPA (5000 µg/kg) doses during pregnancy and 
lactation. They were euthanized at 18 months of age (aging) and the MG were collected for inflammatory markers and histopathological analysis. Contrarily to control MG, BPA induced carcinogenic development mediated 
by COX-2 and p-STAT3 expression. BPA was also able to promote macrophage and mast cell (MC) polarization in tumoral phenotype, evidenced by pathways for recruitment and activation of these inflammatory cells and 
tissue invasiveness triggered by tumor necrosis factor-alpha and transforming growth factor-beta 1 (TGF-β1). Increase of tumor-associated macrophages, M1 (CD68 + iNOS+) and M2 (CD163+) expressing pro-tumoral 
mediators and metalloproteases was observed; this aspect greatly contributed to stromal remodeling and invasion of neoplastic cells. In addition, the MC population drastically increased in BPA-exposed MG. Tryptase-
positive MCs increased in disrupted MG and expressed TGF-β1, contributing to EMT process during carcinogenesis mediated by BPA. BPA exposure interfered in inflammatory response by releasing and enhancing the 
expression of mediators that contribute to tumor growth and recruitment of inflammatory cells that promote a malignant profile.

Cell Biol Int Vol.47 Issue 
6 Pages 1136-1146

10.1002/cbin.12007 36906806 動物 - 1 不明 1 Mongolian gerbils 0 50、5000 µg/kg - - - - - - - - - - - - - - - - - - - - -

統合_0987 A. M. Rubin and F. Seebacher 2022
Bisphenols impact hormone levels in 
animals: A meta-analysis

Bisphenols are used in the manufacture of plastics and are endocrine disrupting compounds detectable in free living organisms and environments globally. The original bisphenol, bisphenol A (BPA), is best known as a 
xenoestrogen, but it also disrupts other steroid hormones and other classes of hormones including thyroid and pituitary hormones. When its toxicity became better known, BPA was replaced by presumably less toxic 
alternatives, including bisphenols S, F, and AF. However, recent data suggest that all bisphenols can have endocrine disrupting effects, although their impacts remain unresolved particularly in non-human animals. Our 
aim was to establish the current state-of-knowledge of the effects of different bisphenols on circulating hormone levels in non-human animals. Our meta-analysis showed that a diverse range of hormones (including 
thyroid hormones, corticosterone, follicle stimulating hormone, luteinizing hormone, and estradiol) are strongly impacted by exposure to any bisphenol type, and that in laboratory rats (Rattus norvegicus) the effect was 
modified by life-stage. Although there were qualitative differences, BPA alternatives had as great or greater effects on hormone levels as BPA. However, data coverage across hormones was uneven, and most studies 
measured the effects of BPA on vertebrate reproductive hormones. Similarly, taxonomic coverage was poor. Over 80% of data originated from laboratory rats and zebrafish (Danio rerio) and there are no data for whole 
classes of invertebrates and vertebrates (e.g., amphibians). Our results show that all bisphenols alter circulating levels of a broad range of hormones. However, the current state-of-knowledge is incomplete so that the 
ecological impacts of bisphenols are difficult to gauge, although based on the available data bisphenols are likely to be detrimental to a broad range of taxa and ecosystems.

Sci Total Environ 
Vol.828 Pages 154533

10.1016/j.scitotenv.2022.154533 35288143 動物 - 1 不明 不明 不明 不明 不明 - - - - - - - - - - - - - - - - - - - - -

統合_0988
D. Reyes-Camacho, E. Vinyeta, J. F. Pérez, T. 
Aumiller, L. Criado, L. M. Palade, I. Taranu, J. M. 
Folch, M. A. Calvo, J. D. Van der Klis and D. Solà
-Oriol

2020

Phytogenic actives supplemented in 
hyperprolific sows: effects on 
maternal transfer of phytogenic 
compounds, colostrum and milk 
features, performance and 
antioxidant status of sows and their 
offspring, and piglet intestinal gene 
expression

Phytogenic actives (PA) are plant-derived natural bioactive compounds that may promote livestock health and well-being, as well as improve growth performance and production efficiency. The current study aims to 
evaluate their effects on sows and their offspring. Eighty-one hyperprolific sows (up to parity 7) were assigned to 3 experimental treatments. Control sows were offered a nonsupplemented diet during gestation and 
lactation, and treated sows were fed the control diet supplemented with 1 g/kg of a blend of PA (BPA) in lactation (L) or during gestation and lactation (GL). An evaluation was made of placental and milk maternal 
transfer of these BPA and colostrum-milk features, sows and piglets antioxidant status, reproductive performance (litter size), body weight (BW) changes, weaning-estrus interval, and litter performance. Finally, piglet´s 
jejunum gene expression was measured. The BPA supplementation during gestation (GL) increased the number of piglets born alive (P = 0.020) and reduced (P < 0.05) the newborn piglets BW, while there were no 
differences among treatments on the suckling (day 20) and weaned (day 7) piglets BW (P > 0.05). Dietary phytogenic volatile compounds reached GL placental fluid, and milk of L and GL sows (P < 0.05). Moreover, 
colostrum protein in GL and milk fat content in L and GL were increased (P < 0.05). Milk of GL showed inhibitory activity against Bacillus subtilis and Staphylococcus aureus (P < 0.05). Antioxidant status of GL sows 
showed an enhanced (P < 0.05) of catalase (CAT) and total antioxidant capacity levels at early gestation (day 35), whereas higher levels of superoxide dismutase (SOD) and glutathione peroxidase (GSH-Px) enzymes at 
late gestation (day 110). Likewise, GL newborn piglets showed higher CAT levels, whereas both CAT and SOD levels in suckling piglets, as well as CAT, SOD, and GSH-Px in weaned piglets, were increased in L and GL 
(P < 0.05). Jejunum messenger ribonucleic acid abundance of suckling piglets in L and GL groups showed overexpression of barrier function MUC2, digestive enzyme IDO, and immune response PPARGC-α, TNF-α, 
TGF-β1, and IL-10 genes (P < 0.05). In conclusion, dietary BPA supplementation in hyperprolific sows increased the litter size (born alive) and improved the composition and bioactivity of colostrum and milk, besides, 
modified the antioxidant status of sows and their offspring, as well as the suckling piglets gut health gene expression. Several BPA volatile compounds were prenatal and postnatal maternally transferred (placental fluid 
and milk).

J Anim Sci Vol.98 Issue 
1

10.1093/jas/skz390 31910258 動物 - 1 1 0 不明 0 1 g/kg - - - - - - - - - - - - - - - - - - - - -

統合_0989
P. Reventun, S. Sanchez-Esteban, A. Cook, I. 
Cuadrado, C. Roza, R. Moreno-Gomez-Toledano, 
C. Muñoz, C. Zaragoza, R. J. Bosch and M. Saura

2020

Bisphenol A induces coronary 
endothelial cell necroptosis by 
activating RIP3/CamKII dependent 
pathway

Epidemiological studies link long term exposure to xenoestrogen Bisphenol-A to adverse cardiovascular effects. Our previous results show that BPA induces hypertension by a mechanism involving CamKII activation and 
increased redox stress caused by eNOS uncoupling. Recently, CamKII sustained activation has been recognized as a central mediator of programmed cell death in cardiovascular diseases, including necroptosis. However, 
the role of necroptosis in cardiac response to BPA had not yet been explored. Mice exposed to BPA for 16 weeks showed altered heart function, electrical conduction, and increased blood pressure. Besides, a stress test 
showed ST-segment depression, indicative of cardiac ischemia. The hearts exhibited cardiac hypertrophy and reduced vascularization, interstitial edema, and large hemorrhagic foci accompanied by fibrinogen deposits. 
BPA initiated a cardiac inflammatory response, up-regulation of M1 macrophage polarization, and increased oxidative stress, coinciding with the increased expression of CamKII and the necroptotic effector RIP3. In 
addition, cell death was especially evident in coronary endothelial cells within hemorrhagic areas, and Evans blue extravasation indicated a vascular leak in response to Bisphenol-A. Consistent with the in vivo findings, 
BPA increased the necroptosis/apoptosis ratio, the expression of RIP3, and CamKII activation in endothelial cells. Necrostatin-1, an inhibitor of necroptosis, alleviated BPA induced cardiac dysfunction and prevented the 
inflammatory and hemorrhagic response in mice. Mechanistically, silencing of RIP3 reversed BPA-induced necroptosis and CamKII activation in endothelial cells, while inhibition of CamKII activation by KN-93 had no 
effect on RIP3 expression but decreased necroptotic cell death suggesting that BPA induced necroptosis is mediated by a RIP 3/CamKII dependent pathway. Our results reveal a novel pathogenic role of BPA on the 
coronary circulation. BPA induces endothelial cell necroptosis, promotes the weakening of coronary vascular wall, which caused internal ventricular hemorrhages, delaying the reparative process and ultimately leading to 
cardiac dysfunction.

Sci Rep Vol.10 Issue 1 
Pages 4190

10.1038/s41598-020-61014-1 32144343 動物 - 1 1 1 1 0 ≤ 50 mg/kg（飲⽔中濃度） - - - - - - - - - - - - - - - - - - - - -

統合_0990 X. Ren, X. Zhang, X. Chen, T. Zhang, G. Li, X. 
Zhou, S. Su, W. Zhang, C. Qin and S. Wang 2021

Evaluation of post-adolescence 
exposure to bisphenol A on 
reproductive outcomes of male 
rodent models

The effect of post-adolescence bisphenol A (BPA) exposure on the reproductive system is not well-defined. We therefore performed this meta-analysis to elucidate the associations between post-adolescence BPA 
exposure and reproductive-related outcomes. A search was performed on the PubMed, EMBASE, and Web of science databases to identify relevant literature. The standardized mean differences (SMDs) and the 95 % 
confidence intervals (CIs) were measured by fixed-effects or random-effects models. Publication bias was assessed using funnel plots and Egger's regression test. A total of 40 studies were included in the final analysis. 
The results showed that post-adolescence BPA exposure was negatively associated with reproductive-related organ weighty (Testis weight: SMD: -0.61; 95 % Cl: -0.85, -0.36; epididymis weight; SMD: -0.43; 95 % Cl: -
0.69, -0.17; seminal vesicles weight; SMD: -0.77; 95 % Cl: -1.05, -0.49) and sperm parameters (Sperm motility: SMD: -1.44; 95 % Cl: -1.95, -0.93; epididymal sperm concentration: SMD: -2.26; 95 % Cl: -2.79, -1.72; and 
abnormal sperm morphology: SMD: 2.41; 95 % Cl: 1.41, 2.86). Moreover, BPA exposure decreased the level of testosterone (T) and superoxide dismutase (SOD), but increased the ratio of serum estradiol (E2) to T. This 
systematic review demonstrates that post-adolescence exposure to BPA may adversely affect reproductive functions in male rodents.

Reprod Toxicol Vol.101 
Pages 124-136

10.1016/j.reprotox.2021.03.004 33757772 動物 - 1 不明 不明 不明 不明 不明 - - - - - - - - - - - - - - - - - - - - -

統合_0991 X. Ren, T. Zhang, X. Chen, X. Wei, Y. Tian, G. Li, 
X. Zhang, W. Zhang, Z. You, S. Wang and C. Qin 2020

Early-life exposure to bisphenol A 
and reproductive-related outcomes 
in rodent models: a systematic 
review and meta-analysis

We performed this meta-analysis to elucidate the associations between early-life BPA exposure and reproductive-related outcome indicators. The standardized mean differences (SMDs) and its 95% confidence intervals 
(CIs) were measured by fixed-effects or random-effects models. The results revealed that BPA exposure at extremely-high dose (>50mg/kg/day) was significantly associated with negative reproductive-related outcomes 
(Prostate weight: SMD: -4.21; 95% Cl: -5.97, -2.44; Testis weight: SMD: -1.92; 95% Cl: -2.61, -1.23; Epididymis weight: SMD: -2.16; 95% Cl: -3.47, -0.86; Daily sperm production; SMD: -1.90; 95% Cl: -3.27, -0.53; 
Epididymal sperm count; SMD: -3.42; 95% Cl: -3.87, -2.97). Meanwhile, regardless of the dose, early-life BPA exposure could result in an adverse effect on sperm parameters of F1 generation male rodents at any period. 
Also, we found the non-monotonic dose response curves of BPA in specific tissues or organs, which may challenge the traditional mindset of "safe dose". This study demonstrated that bisphenol A exposure was relevant 
to adverse reproductive-related outcomes at specially appointed dose and period of life. Yet the assumption that no adverse effects can occur below the "safe" dose is suspected.

Aging (Albany NY) 
Vol.12 Issue 18 Pages 
18099-18126

10.18632/aging.103620 32996894 動物 - 1 不明 不明 不明 不明 不明 - - - - - - - - - - - - - - - - - - - - -

統合_0992 J. Ren, W. Bai, Y. Guo, Q. Liu, Y. Wang and C. 
Wang 2025

Maternal Bisphenol A Exposure 
Induces Hippocampal-Dependent 
Learning and Memory Deficits 
Through the PI3K/Akt/mTOR 
Pathway in Male Offspring Rats

Bisphenol A (BPA), an environmental endocrine disrupting chemical, is one of the most widely used chemicals in the world and is widely distributed in the external environment, specifically in food, water, dust, and soil. 
BPA exposure is associated with abnormal cognitive behaviors. However, the underlying mechanism remains unclear. In this study, pregnant female Sprague Dawley rats were orally exposed to BPA at a low dose of 0, 
0.04, 0.4, or 4 mg per kg·of body weight per day from embryonic Day 0 (ED 0) to postnatal Day 21 (PND 21). Spatial learning and memory were measured via a Morris water maze test on PND 22. PI3K/Akt/mTOR signaling 
pathway protein expression was detected in the hippocampi of male offspring using a western blot. The water maze test demonstrated that BPA exposure considerably reduced the learning and memory capacities of the 
male offspring exposure groups when compared to the control group. The male offspring rats' latency to escape increased significantly, the time taken to traverse a platform reduced, and latency to find a hidden platform 
showed an increasing trend. Meanwhile, maternal exposure to BPA downregulated the expression of PI3K/Akt/mTOR/p70S6K pathway in the hippocampi of the offspring. Moreover, BPA exposure improved the GSK3β 
and phosphorylated tau protein (T231) levels, increased malondialdehyde levels, and activated caspase-3 expression in the hippocampi of the male offspring rats. Taken together, these findings indicate that maternal 
exposure to BPA causes learning and memory impairment and that the PI3K/Akt/mTOR pathway participates in the mechanism of BPA-induced neurocognitive decline.

J Biochem Mol Toxicol. 
2025 Jan;39(1):e70100.

10.1002/jbt.70100 39799553 動物 神経 1 1 1 1 1 1 - - - - - - 1 1 - 1 - 1 - - - - - - - - -

統合_0993 A. Rehman, T. Akhtar, N. Hameed and N. Sheikh 2021

In vivo assessment of bisphenol A 
induced histopathological alterations 
and inflammatory gene expression in 
lungs of male Wistar rats

Bisphenol A (BPA), an imperative environmental contaminant used in polycarbonate plastics. Due to limited information concerning the effect of BPA on lungs, this study design to assess whether BPA cause alterations in 
histopathology and trace metal content in lungs of rats. They were divided into five groups with five rats per group. Group I was named as control group. Group L6 and L12 were received BPA (10 mg/kg body weight/day) 
for 6 weeks and 12 weeks respectively. Group H6 and L12 were given BPA (25 mg/kg body weight/day) for 6 weeks and 12 weeks respectively. Considerable alteration in Cu, Zn and Fe was detected in experimental 
groups. BPA also caused significant increase in the expression of tumor necrosis factor α that mediate the pulmonary inflammatory response. Comparative study of resolved proteins i.e. 72 KDa (matrix metalloproteinase 
2 fragment) and 109 KDa (nucleolin) on SDS-PAGE showed their altered expression in experimental groups. Histopathology of experimental groups revealed altered architecture of lungs. Special staining of BPA treated 
groups showed significant number of mast cells in alveoli and bronchioles. Prolonged administration of BPA causes deleterious aggravating lung damage even at extremely low dose, so the use of BPA should be prohibited 
in plastic synthesizing industries.

Hum Exp Toxicol Vol.40 
Issue 3 Pages 538-549

10.1177/0960327120958459 33645299 動物 - 1 1 1 不明 0 10、25 mg/kg体重/⽇ - - - - - - - - - - - - - - - - - - - - -

統合_0994 J. M. Reed, P. Spinelli, S. Falcone, M. He, C. M. 
Goeke and M. Susiarjo 2022

Evaluating the Effects of BPA and 
TBBPA Exposure on Pregnancy Loss 
and Maternal-Fetal Immune Cells in 
Mice

BACKGROUND: Bisphenol A (BPA) exposure has been linked to miscarriages and pregnancy complications in humans. In contrast, the potential reproductive toxicity of BPA analogs, including tetrabromobisphenol A 
(TBBPA), is understudied. Furthermore, although environmental exposure has been linked to altered immune mediators, the effects of BPA and TBBPA on maternal-fetal immune tolerance during pregnancy have not been 
studied. The present study investigated whether exposure resulted in higher rates of pregnancy loss in mice, lower number of regulatory T cells (Tregs), and lower indoleamine 2,3 deoxygenase 1 (Ido1) expression, which 
provided evidence for mechanisms related to immune tolerance in pregnancy. OBJECTIVES: The purpose of this investigation was to characterize the effects of BPA and TBBPA exposure on pregnancy loss in mice and to 
study the percentage and number of Tregs and Ido1 expression and DNA methylation. METHODS: Analysis of fetal resorption and quantification of maternal and fetal immune cells by flow cytometry were performed in 
allogeneic and syngeneic pregnancies. Ido1 mRNA and protein expression, and DNA methylation in placentas from control and BPA- and TBBPA-exposed mice were analyzed using real-time quantitative polymerase chain 
reaction, immunofluorescence, and bisulfite sequencing analyses. RESULTS: BPA and TBBPA exposure resulted in higher rates of hemorrhaging in early allogeneic, but not syngeneic, conceptuses. In allogeneic 
pregnancies, BPA and TBBPA exposure was associated with higher fetal resorption rates and lower maternal Treg number. Importantly, these differences were associated with lower IDO1 protein expression in 
trophoblast giant cells and higher mean percentage Ido1 DNA methylation in embryonic day 9.5 placentas from BPA- and TBBPA-exposed mice. DISCUSSION: BPA- and TBBPA-induced pregnancy loss in mice was 
associated with perturbed IDO1-dependent maternal immune tolerance. https://doi.org/10.1289/EHP10640.

Environ Health Perspect 
Vol.130 Issue 3 Pages 
37010

10.1289/ehp10640 35343813 動物 - 1 1 1 不明 0 50mg/kg - - - - - - - - - - - - - - - - - - - - -

統合_0995
H. Rashid, M. S. Akhter, S. Alshahrani, M. Qadri, 
Y. Nomier, M. Sageer, A. Khan, M. F. Alam, T. 
Anwer, R. Ayoub and R. J. H. Bahkali

2023

Mitochondrial oxidative damage by 
co-exposure to bisphenol A and 
acetaminophen in rat testes and its 
amelioration by melatonin

OBJECTIVE: Human exposure to multiple xenobiotics, over various developmental windows, results in adverse health effects arising from these concomitant exposures. Humans are widely exposed to bisphenol A, and 
acetaminophen is the most commonly used over-the-counter drug worldwide. Bisphenol A is a well-recognized male reproductive toxicant, and increasing evidence suggests that acetaminophen is also detrimental to the 
male reproductive system. The recent recognition of male reproductive system dysfunction in conditions of suboptimal reproductive outcomes makes it crucial to investigate the contributions of toxicant exposures to 
infertility and sub-fertility. We aimed to identify toxicity in the male reproductive system at the mitochondrial level in response to co-exposure to bisphenol A and acetaminophen, and we investigated whether melatonin 
ameliorated this toxicity. METHODS: Male Wistar rats were divided into six groups (n=10 each): a control group and groups that received melatonin, bisphenol A, acetaminophen, bisphenol A and acetaminophen, and 
bisphenol A and acetaminophen with melatonin treatment. RESULTS: Significantly higher lipid peroxidation was observed in the testicular mitochondria and sperm in the treatment groups than in the control group. Levels 
of glutathione and the activities of catalase, glutathione peroxidase, glutathione reductase, and manganese superoxide dismutase decreased significantly in response to the toxicant treatments. Likewise, the toxicant 
treatments significantly decreased the sperm count and motility, while significantly increasing sperm mortality. Melatonin mitigated the adverse effects of bisphenol A and acetaminophen. CONCLUSION: Co-exposure to 
bisphenol A and acetaminophen elevated oxidative stress in the testicular mitochondria, and this effect was alleviated by melatonin.

Clin Exp Reprod Med 
Vol.50 Issue 1 Pages 
26-33

10.5653/cerm.2022.05568 36935409 動物 - 1 1 1 1 0 10 ppm（飲⽔中） - - - - - - - - - - - - - - - - - - - - -

統合_0996 C. S. Rashid, A. Bansal, C. Mesaros, M. S. 
Bartolomei and R. A. Simmons 2020

Paternal bisphenol A exposure in 
mice impairs glucose tolerance in 
female offspring

Humans are ubiquitously exposed bisphenol A (BPA), and epidemiological studies show a positive association between BPA exposure and diabetes risk, but the impact of parental exposure on offspring diabetes risk in 
humans is unknown. Our previous studies in mice show disruption of metabolic health upon maternal BPA exposure. The current study was undertaken to determine whether exposure in fathers causes adverse metabolic 
consequences in offspring. Male C57BL/6 J mice were exposed to BPA in the diet beginning at 5 weeks of age resulting in the following dietary exposure groups: Control (0 μg/kg/day), Lower BPA (10 μg/kg/day) and 
Upper BPA (10 mg/kg/day). After 12 weeks of dietary exposure, males were mated to control females. Mothers and offspring were maintained on the control diet. Post-pubertal paternal BPA exposure did not affect 
offspring body weight, body composition or glucose tolerance. However, when fathers were exposed to BPA during gestation and lactation, their female offspring displayed impaired glucose tolerance in the absence of 
compromised in vivo insulin sensitivity or reduced ex vivo glucose-stimulated insulin secretion. Male offspring exhibited normal glucose tolerance. Taken together, these studies show there is an early window of 
susceptibility in which paternal BPA exposure can cause sex-specific impairments in glucose homeostasis.

Food Chem Toxicol 
Vol.145 Pages 111716

10.1016/j.fct.2020.111716 32890688 動物 - 1 1 1 1 0 10、10000 µg/kg/⽇ - - - - - - - - - - - - - - - - - - - - -

統合_0997

Z. Rasdi, R. Kamaludin, S. Ab Rahim, S. B. Syed 
Ahmad Fuad, M. H. D. Othman, R. Siran, N. S. 
Mohd Nor, N. Abdul Hamid Hasani and S. H. 
Sheikh Abdul Kadir

2020

The impacts of intrauterine 
Bisphenol A exposure on pregnancy 
and expression of miRNAs related to 
heart development and diseases in 
animal model

This study aimed to examine the impact of BPA exposure on pregnancy and foetuses on cardiac tissues and the expression of cardiac microRNAs (miRNAs) related to heart development and diseases. Pregnancy is known 
to be the "critical windows" in determining the offspring physical and cells development in their life after birth. The increment of the risk of cardiovascular disease (CVD) in a later stage of life has been reported by few 
studies demonstrated from prenatal exposure of BPA. BPA has been shown to alter miRNAs expression profiles for organ development, regeneration and metabolic functions. These alterations have been associated with 
the risk of CVDs. However, the associations between pregnancy outcomes and miRNAs expression in cardiac of mother- and foetuses-exposed to BPA are still not entirely explored. In BPA-exposed pregnant rat groups, a 
significant weight gained was observed in comparison to control (p < 0.05). Interestingly, significant changes in systolic and diastolic blood pressure between the first and third trimester of BPA-exposed pregnant rats 
were also observed (p < 0.05). In BPA-exposed pregnant rats, miR-499-5p was significantly altered in the heart (p < 0.01). Meanwhile, altered miR-17-5p, -208-3p, and -210-3p expressions were observed in all heart of the 
foetuses from BPA-exposed pregnant rats (p < 0.05). In H&E staining, BPA-exposed foetal hearts showed a sign of fibrosis while BPA-exposed pregnant rats showed muscle remnant. Masson trichrome staining further 
confirmed the presence of fibrosis observed in BPA-exposed foetal heart and reduced expression of cardiac troponin I (cTnI) was also observed in BPA-exposed foetal heart. In summary, altered cardiac miRNAs with 
histological changes were observed in both mother- and foetus-exposed BPA These findings put forward the importance of future work to further understand how prenatal BPA exposure affect foetuses in their later stage 
of life.

Sci Rep Vol.10 Issue 1 
Pages 5882

10.1038/s41598-020-62420-1 32246001 動物 - 1 1 1 1 0 0.05、0.2 mg/mL（飲⽔中） - - - - - - - - - - - - - - - - - - - - -

77



別添-2 統合⽂献リスト  

統合No. 著者名 発⾏年 タイトル アブストラクト 書誌情報 doi PMID
ヒト/動物/in vitro/ex 

vivo/in silico
分野

（疫学/動物） 哺乳動物 経⼝投与
BPA

単独ばく露

⼀般的な動物
種及び系統の
無処置動物

対照群と
3⽤量以上の
BPA投与群

10 mg/kg/⽇
以下の

⽤量設定

コホート研究/症例対照研究
/メタアナリシス

全ての
集団

全ての
ばく露経路

BPA
単独ばく露

遺伝毒性
試験

遺伝毒性試験以外
については100nM
以下の濃度設定の

試験

適格性評価基準
通過

（1534報）

信頼性評価対象
⽂献

(1012報)

疫学納品
⽂献(716報)

動物納品
⽂献(299報)

※１報取得不
可を含む

疫学情報
抽出⽂献

（170報）

動物情報
抽出⽂献

（123報）

EFSA
2023

EFSA
2016

EFSA
2015 BfR KEMI ANSES FDA NIFDS

CLARITY
-BPA

 適格性評価（動物）1：該当、0：該当しない  適格性評価（疫学）1：該当、0：該当しない  適格性評価（in vitro）1：該当、0：該当しない

適格性評価はタイトル及び要旨の情報に基づ
き可能な範囲で実施。明らかに適格性基準不
適合と判断されるもの以外を信頼性評価へ進
め、信頼性評価段階で原著に基づき精査。

引⽤評価機関
●：該当

統合_0998 S. Rajaura, N. Bhardwaj, A. Singh, R. Babu, N. 
Gupta and M. Z. Ahmed 2024

Bisphenol A-induced oxidative 
stress increases the production of 
ovarian cancer stem cells in mice

Bisphenol A (BPA) belongs to the endocrine disruptor chemicals (EDCs) causing various reproductive disorders in females. We analysed the toxic effects of BPA in the uterus and ovaries. The BPA was administered orally 
with the repeated low dose (LD, 1 mg/kg) and high dose (HD, 5 mg/kg) of body weight on alternate days for 4 months via oral gavage to Swiss mice. BPA administration decreases body weight, ovarian weight and size at 
LD, but increases ovarian weight and size at HD. The uterus weight, length, and diameter were increased in both the treated groups. The histopathological data show decreased ovarian follicle size, epithelial hyperplasia, 
and lymphocytic infiltration in the ovary. The BPA-treated uterus shows increased vascularization, atrophied endometrium and myometrium, and endometrial hyperplasia (EH) with aberrant glandular growth. The cancer 
stem cells (CSCs) in the ovaries were identified based on staining with anti-mouse CD44 and anti-mouse CD133 antibodies and analysed by flow cytometry. Three different populations of ovarian CSCs: CD44(+)CD133(-
), CD44(+)CD133(+), and CD44-CD133+, can be recognised based on the intensity of these receptors. CD44(+)CD133(-) and CD44(+)CD133(+) cell percentages were increased in BPA-treated groups. CD44(-
)CD133(+) were increased in LD but decreased in HD. The BPA administration also induces ROS production, which decreases the expression of antioxidant genes Superoxide dismutase 1 (SOD1), Superoxide dismutase 2 
(SOD2), Catalase (CAT), Glutathione peroxidase 1 (GPX1), and Forkhead box O3 (FOXO3) in ovarian cells. In conclusion, BPA exposure induced an inflammatory response, increased CSC proportions, induced ROS, and 
decreased antioxidant responses in the ovaries.

Reprod Toxicol Vol.130 
Pages 108724

10.1016/j.reprotox.2024.108724 39322090 動物 - 1 1 1 1 0 1、5 mg/kg - - - - - - - - - - - - - - - - - - - - -

統合_0999 G. L. Raja, C. Lite, K. D. Subhashree, W. Santosh 
and S. Barathi 2020

Prenatal bisphenol-A exposure 
altered exploratory and anxiety-like 
behaviour and induced non-
monotonic, sex-specific changes in 
the cortical expression of CYP19A1, 
BDNF and intracellular signaling 
proteins in F1 rats

Bisphenol-A (BPA) is one of the extensively studied estrogenic endocrine disrupting chemicals (EDC) with ubiquitous exposure among humans and wildlife. While there are literature reporting the association of 
dysregulated Brain-derived neurotrophic factor (BDNF) expression levels with altered cognitive and emotional behaviour such as anxiety-like and stress behaviour in animal models, there are no studies in BPA that 
investigate these altered neurobehavioural outcomes in parallel with the expression of intracellular proteins involved in BDNF signaling pathway. In this study, pregnant Wistar rats were exposed to BPA through water (25 
μg/L, 250 μg/L, and 2.5 mg/L) during gestation day (GD) 9-21. Prenatal BPA exposure, increased anxiety-like behaviour in males and decreased exploratory behaviour in both male and female offspring. Downregulation 
of both BDNF and CYP19A1 genes were observed in male BPA-exposed offspring, whereas in females, the expression was upregulated. The expression of p-AKT, p-MEK and p-ERK proteins were increased in males, 
while in females, it decreased. Both the male and the female BPA-exposed offspring exhibited elevated levels of DNMT1 protein. The sex-specific alteration in the expression of CYP19A1 and DNA methyltransferase 1 
(DNMT1) suggests that both hormonal and epigenetic dysregulation could underlie the long-term BPA-induced effect on anxiety-like behaviour in the offspring.

Food Chem Toxicol. 
2020 Aug:142:111442.

10.1016/j.fct.2020.111442 32450286 動物 神経 1 1 (飲⽔） 1 1 1 1 (ただし飲⽔中濃度） - - - - - - 1 1 - 1 - 1 - - - - - - - - -

統合_1000

S. Rahmani, F. Vakhshiteh, M. Hodjat, P. 
Sahranavardfard, S. Hassani, E. Ghafour 
Broujerdi, M. Rahimifard, M. Gholami, M. Baeeri 
and M. Abdollahi

2020

Gene-Environmental Interplay in 
Bisphenol A Subchronic Animal 
Exposure: New Insights into the 
Epigenetic Regulation of Pancreatic 
Islets

Endocrine-disrupting chemicals (EDCs) such as bisphenol A (BPA), which is widely used in the plastic industry, have recently been considered to be involved in the pathogenesis of metabolic disorders, including obesity 
and diabetes. The present study aimed to examine the potentially detrimental effects of BPA on glucose and energy metabolism at the epigenetic level. The blood glucose profile of Wistar rats receiving different oral doses 
of BPA over 28 days was assessed. At the end of the treatment, the islets of Langerhans were isolated and purified, and their RNA content was extracted. MicroRNA (miRNA) profiling was evaluated using the next 
generation sequencing (NGS) method. After performing bioinformatic analysis of the NGS data, the gene ontology and data enrichment in terms of significantly disturbed miRNAs were evaluated through different 
databases, including Enrichr and DIANA tools. Additionally, the DNA methylation and the level of expression of two critical genes in glucose metabolism (PPARγ, Pdx1) were assessed. Subchronic BPA exposure (406 
mg/kg/day) disturbed the blood glucose profile (fasting blood glucose and oral glucose tolerance) of Wistar rats and resulted in considerable cytotoxicity. NGS data analyses revealed that the expression of some crucial 
miRNAs involved in β-cell metabolism and diabetes occurrence and development, including miR-375, miR-676, miR-126-a, and miR-340-5p, was significantly disrupted. According to the DNA methylation evaluation, both 
PPARγ and Pdx1 genes underwent changes in the methylation level at particular loci on the gene's promoter. The expression levels of these genes were upregulated and downregulated, respectively. Overall, subchronic 
BPA exposure could cause epigenetic dysregulation at the gene level and interfere with the expression of key miRNAs and the methylation process of genes involved in glucose homeostasis. Understanding the exact 
underlying mechanisms by which BPA and other EDCs induce endocrine disturbance could be of great importance in the way of finding new preventive and therapeutic approaches.

Chem Res Toxicol. 2020 
Sep 21;33(9):2338-
2350.

10.1021/acs.chemrestox.0c00109 32701268 動物 代謝 1 1 1 1 1 0 - - - - - - 1 1 - 1 - - - - - - - - - - -

統合_1001 M. S. Rahman, W. K. Pang, D. Y. Ryu, Y. J. Park 
and M. G. Pang 2020

Multigenerational and 
transgenerational impact of paternal 
bisphenol A exposure on male 
fertility in a mouse model

STUDY QUESTION: How does paternal exposure to bisphenol A (BPA) affect the fertility of male offspring in mice in future generations? SUMMARY ANSWER: Paternal exposure to BPA adversely affects 
spermatogenesis, several important sperm functions and DNA methylation patterns in spermatozoa, which have both multigenerational (in F0 and F1) and partial transgenerational (mainly noticed in F2, but F3) impacts on 
the fertility of the offspring. WHAT IS KNOWN ALREADY: BPA, a synthetic endocrine disruptor, is used extensively to manufacture polycarbonate plastics and epoxy resins. Growing evidence suggests that exposure to 
BPA during the developmental stages results in atypical reproductive phenotypes that could persist for generations to come. STUDY DESIGN, SIZE, DURATION: CD-1 male mice (F0) were treated with BPA (5 or 50 mg/kg 
body weight per day (bw/day)) or ethinylestradiol (EE) (0.4 μg/kg bw/day) for 6 weeks. Control mice were treated with vehicle (corn oil) only. The treated male mice were bred with untreated female mice to produce first 
filial generation (F1 offspring). The F2 and F3 offspring were produced similarly, without further exposure to BPA. PARTICIPANTS/MATERIALS, SETTING, METHODS: Histological changes in the testis along with 
functional, biochemical and epigenetic (DNA methylation) properties of spermatozoa were investigated. Subsequently, each parameter of the F0-F3 generations was compared between BPA-treated mice and control mice. 
MAIN RESULTS AND THE ROLE OF CHANCE: Paternal BPA exposure disrupted spermatogenesis by decreasing the size and number of testicular seminiferous epithelial cells, which eventually led to a decline in the total 
sperm count of F0-F2 offspring (P < 0.05). We further showed that a high BPA dose decreased sperm motility in F0-F2 males by mediating the overproduction of reactive oxygen species (F0-F1) and decreasing 
intracellular ATP (F0-F2) in spermatozoa (P < 0.05). These changes in spermatozoa were associated with altered global DNA methylation patterns in the spermatozoa of F0-F3 males (P < 0.05). Furthermore, we noticed 
that BPA compromised sperm fertility in mice from the F0-F2 (in the both dose groups) and F3 generations (in the high-dose group only). The overall reproductive toxicity of BPA was equivalent to or higher (high dose) 
than that of the tested dose of EE. LARGE SCALE DATA: N/A. LIMITATIONS, REASONS FOR CAUTION: Further research is required to determine the variables (e.g. lowest BPA dose) that are capable of producing 
changes in sperm function and fertility in future generations. WIDER IMPLICATIONS OF THE FINDINGS: These results may shed light on how occupational exposure to BPA can affect offspring fertility in humans. STUDY 
FUNDING/COMPETING INTEREST(S): This research was supported by Basic Science Research Program through the National Research Foundation of Korea (NRF) funded by the Ministry of Education (Grant No. NRF-
2018R1A6A1A03025159). M.S.R. was supported by Korea Research Fellowship Program through the NRF funded by the Ministry of Science and ICT (Grant No. 2017H1D3A1A02013844). There are no competing interests.

Hum Reprod Vol.35 
Issue 8 Pages 1740-
1752

10.1093/humrep/deaa139 32644108 動物 - 1 不明 1 1 0 5、50 mg/kg/⽇ - - - - - - - - - - - - - - - - - - - - -

統合_1002 M. S. Rahman, W. K. Pang, S. Amjad, D. Y. Ryu, 
E. O. Adegoke, Y. J. Park and M. G. Pang 2022

Hepatic consequences of a mixture 
of endocrine-disrupting chemicals in 
male mice

The global epidemic of metabolic syndrome has been partially linked to ubiquitous exposure to endocrine-disrupting chemicals (EDCs). Although the impacts of exposure to single EDCs have been thoroughly studied, the 
consequences of simultaneous uncontrolled exposure to multiple EDCs require further investigations. Therefore, in this study, we evaluated how exposure to mixtures containing bisphenol A and seven phthalates impacts 
liver functions and metabolic homeostasis. Male mice were gavaged with either EDCs at four different dose combinations or corn oil (control) for six weeks. The results showed that exposure to EDCs at the human daily 
exposure limit had a negligible impact on liver function. However, EDC at ≥ 25 orders of magnitude of human-relevant doses had detrimental impacts on overall liver function, leading to metabolic abnormalities, 
steatohepatitis, and hepatic fibrosis via the activation of both genomic and non-genomic pathways. The metabolic phenotype was linked to alterations in key genes involved in hepatic lipid and glucose metabolism. In 
contrast, alterations in cytokine expression, oxidative stress, and apoptosis impacted steatohepatitis and fibrosis. Because EDC exposure does not occur independently, the findings of the combined effects of exposure to 
multiple EDCs have significant relevance for public health.

J Hazard Mater. 2022 
Aug 15:436:129236.

10.1016/j.jhazmat.2022.129236 35739755 動物 代謝 1 1 0 1 1 1 (ただし混合物） - - - - - - 1 1 - 1 - - - - - - - - - - -

統合_1003
A. E. R, M. Alaa Edeen, M. A. Soltan, M. Al-
Shraim, A. Z. M. Samir, M. A.-Q. S, E. Fayad, T. 
S. E, K. A. W, H. Emam and M. H. H

2023

Integration of Ultrastructural and 
Computational Approaches Reveals 
the Protective Effect of Astaxanthin 
against BPA-Induced Nephrotoxicity

BACKGROUND: Bisphenol A (BPA) is an environmental contaminant that can induce deleterious organ effects. Human Cytochrome P450 CYP2C9 enzyme belongs to the essential xenobiotic-metabolizing enzymes, 
producing ROS as a byproduct. Astaxanthin (ATX) is a powerful antioxidant that protects organs and tissues from the damaging effects of oxidative stress caused by various diseases. AIM OF THE STUDY: This study 
investigated the possible protective impacts of ATX against BPA-induced nephrotoxicity and its underlying mechanism. MATERIALS AND METHODS: Kidney tissues were isolated and examined microscopically from 
control, protected, and unprotected groups of rats to examine the potential protective effect of ATX against nephrotoxicity. Moreover, a molecular dynamic (MD) simulation was conducted to predict the performance of 
ATX upon binding to the active site of P450 CYP2C9 protein receptor as a potential mechanism of ATX protective effect. RESULTS: Implemented computational methods revealed the possible underlying mechanism of 
ATX protection; the protective impact of ATX is mediated by inhibiting P450 CYP2C9 through binding to its dimeric state where the RMSF value for apo-protein and ATX-complex system were 5.720.57 and 1.040.41, 
respectively, implicating the ATX-complex system to have lesser variance in its residues, leading to the prevention of ROS excess production, maintaining the oxidant-antioxidant balance and re-establishing the proper 
mitochondrial functionality. Furthermore, the experimental methods validated in silico outcomes and revealed that ATX therapy effectively restored the typical histological architecture of pathological kidney tissues. 
CONCLUSIONS: ATX prevents BPA-induced nephrotoxicity by controlling oxidative imbalance and reversing mitochondrial dysfunction. These outcomes shed new light on the appropriate use of ATX as a treatment or 
prophylactic agent for these severe conditions.

Biomedicines Vol.11 
Issue 2

10.3390/biomedicines11020421 36830956 動物 - 1 1 1 1 0 50 mg/kg - - - - - - - - - - - - - - - - - - - - -

統合_1004 J. Qiu, Y. Sun, W. Sun, Y. Wang, T. Fan and J. Yu 2020
Neonatal exposure to bisphenol A 
advances pubertal development in 
female rats

Neonatal exposure to bisphenol A (BPA) is hypothesized to advance pubertal development. However, the effects of neonatal BPA exposure on pubertal development has not been described. In this study, female Sprague-
Dawley rats were exposed to 0.05, 0.5, 5, or 10 mg·kg(-1) ·day(-1) BPA, or corn oil vehicle alone from postnatal day 1 (PND1) to PND10 via subcutaneous injection. We evaluated day of vaginal opening (DVO), ovarian 
morphology, serum hormone concentrations, and hypothalamic expression of Gnrh1 and Kiss1 in female rats at PND35. DVO was significantly advanced in rats exposed to 5 and 10 mg·kg(-1) ·day(-1) BPA. Serum hormone 
concentrations increased as BPA dose increased. Additionally, hypothalamic Gnrh1 and Kiss1 expression were increased with BPA exposure; rats exposed to 10 mg·kg(-1) ·day(-1) BPA had significantly upregulated 
hypothalamic Gnrh1 and Kiss1 expressions in terms of both messenger RNA and protein levels. Our results suggest that exposure to a 10 mg·kg(-1) ·day(-1) dose of BPA might advance pubertal development significantly. 
In addition, within the range of 0 to 10 mg·kg(-1) ·day(-1) , neonatal exposure to BPA may affect pubertal development in a dose-dependent manner.

Mol Reprod Dev Vol.87 
Issue 4 Pages 503-511

10.1002/mrd.23329 32109339 動物 - 1 0 1 1 1 0.05, 0.5, 5, 10 mg/kg/⽇ - - - - - - - - - - - - - - - - - - - - -

統合_1005 P. Qin, S. Ma, C. Li, Y. Di, Z. Liu, H. Wang, Y. Li, 
S. Jiang, W. Yang and N. Jiao 2023

Cysteine Attenuates the Impact of 
Bisphenol A-Induced Oxidative 
Damage on Growth Performance 
and Intestinal Function in Piglets

Bisphenol A (BPA), a kind of environmental toxin, widely impacts daily life. Cysteine (Cys) is a nutritionally important amino acid for piglets. However, it remains unclear whether Cys can alleviate BPA-induced oxidative 
damage in piglets. The aim of the present study was to explore the protective effects of Cys in BPA-challenged piglets. A total of twenty-four piglets were divided into four groups that were further subdivided based on the 
type of exposure (with or without 0.1% BPA) in a basal or Cys diet for a 28 d feeding trial. The results showed that BPA exposure decreased the piglets' average daily weight gain by 14.9%, and decreased dry matter, crude 
protein and ether extract digestibility by 3.3%, 4.5% and 2.3%, respectively; these decreases were attenuated by Cys supplementation. Additionally, Cys supplementation restored BPA-induced decreases in superoxide 
dismutase (SOD) and glutathione (GSH), and increases in malondialdehyde (MDA) levels, in the serum and jejunum (p < 0.05). Moreover, BPA decreased the jejunal mRNA expression of antioxidant genes, which were 
restored by Cys supplementation (p < 0.05). Cys also restored BPA and increased serum D-lactate levels and diamine oxidase (DAO) activity, and BPA decreased jejunal disaccharidase activity (p < 0.05). Further 
investigations in this study showed that the protective effects of Cys were associated with restoring intestinal barrier integrity by improving the jejunal morphology and enhancing the mRNA expression of tight junction 
proteins (p < 0.05). Collectively, the results herein demonstrated that Cys supplementation attenuated the impact of BPA-induced oxidative damage on growth performance, nutrient digestibility and intestinal function.

Toxics Vol.11 Issue 11 10.3390/toxics11110902 37999554 動物 - 1 1 1 Duroc × Landrace × Yorkshire 0 飼料0.1％ - - - - - - - - - - - - - - - - - - - - -

統合_1006 Q. Qi, J. Yang, S. Li, J. Liu, D. Xu, G. Wang, L. 
Feng and X. Pan 2024

Melatonin alleviates oxidative stress 
damage in mouse testes induced by 
bisphenol A

We investigated the effect of melatonin on bisphenol A (BPA)-induced oxidative stress damage in testicular tissue and Leydig cells. Mice were gavaged with 50 mg/kg BPA for 30 days, and concurrently, were injected 
with melatonin (10 mg/kg and 20 mg/kg). Leydig cells were treated with 10 μmol/L of BPA and melatonin. The morphology and organ index of the testis and epididymis were observed and calculated. The sperm viability 
and density were determined. The expressions of melatonin receptor 1A and luteinizing hormone receptor, and the levels of malonaldehyde, antioxidant enzymes, glutathione, steroid hormone synthases, aromatase, 
luteinizing hormone, testosterone, and estradiol were measured. TUNEL assay was utilized to detect testicular cell apoptosis. The administration of melatonin at 20 mg/kg significantly improved the testicular index and 
epididymis index in mice treated with BPA. Additionally, melatonin promoted the development of seminiferous tubules in the testes. Furthermore, the treatment with 20 mg/kg melatonin significantly increased sperm 
viability and sperm density in mice, while also promoting the expressions of melatonin receptor 1A and luteinizing hormone receptor in Leydig cells of BPA-treated mice. Significantly, melatonin reduced the level of 
malonaldehyde in testicular tissue and increased the expression of antioxidant enzymes (superoxide dismutase 1, superoxide dismutase 2, and catalase) as well as the content of glutathione. Moreover, melatonin also 
reduced the number of apoptotic Leydig cells and spermatogonia, aromatase expression, and estradiol level, while increasing the expression of steroid hormone synthases (steroidogenic acute regulatory protein, 
cytochrome P450 family 17a1, cytochrome P450 17α-hydroxylase/20-lyase, and, 17β-hydroxysteroid dehydrogenase) and the level of testosterone. Melatonin exhibited significant potential in alleviating testicular 
oxidative stress damage caused by BPA. These beneficial effects may be attributed to melatonin's ability to enhance the antioxidant capacity of testicular tissue, promote testosterone synthesis, and reduce testicular cell 
apoptosis.

Front Cell Dev Biol 
Vol.12 Pages 1338828

10.3389/fcell.2024.1338828 38440074 動物 - 1 1 1 Kunming 0 50 mg/kg - - - - - - - - - - - - - - - - - - - - -

統合_1007 Q. Qi, L. Feng, J. Liu, D. Xu, G. Wang and X. Pan 2024
Melatonin Alleviates BPA-Induced 
Testicular Apoptosis and 
Endoplasmic Reticulum Stress

BACKGROUND: The impact of melatonin on bisphenol A (BPA)-induced testicular apoptosis and endoplasmic reticulum (ER) stress was explored. METHODS: The mice received BPA (50 mg/kg) by gavage for 30 days 
while being injected with 20 mg/kg melatonin. Protein expressions were detected with western blotting. The Terminal Deoxynucleotidyl Transferase dUTP Nick End Labeling (TUNEL) assay measured testicular cell 
apoptosis. Testosterone was quantified by employing enzyme-linked immunosorbent assay (ELISA). RESULTS: Melatonin promoted the development of seminiferous tubules, restored the orderly arrangement of the germ 
cells, and increased epithelial layers in the seminiferous tubules in BPA-treated mice. Moreover, in BPA-treated mouse testicular cells, melatonin markedly upregulated melatonin receptor 1A (MTNR1A) and melatonin 
Receptor 2 (MTNR2) expressions while downregulating ER molecular chaperones glucose-regulated protein 78 (GRP78) and glucose-regulated protein 94 (GRP94). Furthermore, it decreased p-PERK, p-IRE1, and ATF6α, 
as well as the apoptotic proteins cysteine-containing aspartate-specific proteases-12 (caspase-12) and cleaved cysteine-containing aspartate-specific proteases-3 (cleaved caspase-3), causing the suppression of 
testicular cell apoptosis. Additionally, melatonin increased the levels of cytochrome P450 17α-hydroxylase/20-lyase (CYP17A1), 17β-hydroxysteroid dehydrogenase 3 (17β-HSD3), and 3β-hydroxysteroid dehydrogenase 
4 (3β-HSD4), in the ER, and elevated testosterone levels in testicular tissue. CONCLUSIONS: Melatonin can significantly alleviate testicular apoptosis and ER stress induced by BPA, which is because of the 
upregulation of melatonin receptor expression in testicular cells, inhibition of ER stress-related pathways, and enhancement of testosterone synthesis.

Front Biosci (Landmark 
Ed) Vol.29 Issue 3 
Pages 95

10.31083/j.fbl2903095 38538260 動物 - 1 1 不明 不明 0 50 mg/kg - - - - - - - - - - - - - - - - - - - - -

統合_1008 H. M. Qi, Y. E. Dai, W. Chen and Q. Q. Liu 2019
SOCS-3 contributes to bisphenol a 
exposure-induced insulin resistance 
in hepatocytes

-
Sci China Life Sci. 2019 
Dec;62(12):1597-1600.

10.1007/s11427-018-1560-2 31802416 in vitro 代謝 - - - - - - - - - 不明 不明 不明 1 1 - 1 - - - - - - - - - - -

統合_1009 M. Puttabyatappa, N. Saadat, V. R. Elangovan, J. 
Dou, K. Bakulski and V. Padmanabhan 2022

Developmental programming: Impact 
of prenatal bisphenol-A exposure on 
liver and muscle transcriptome of 
female sheep

Gestational Bisphenol A (BPA) exposure leads to peripheral insulin resistance, and hepatic and skeletal muscle oxidative stress and lipotoxicity during adulthood in the female sheep offspring. To investigate 
transcriptional changes underlying the metabolic outcomes, coding and non-coding (nc) RNA in liver and muscle from 21-month-old control and prenatal BPA-treated (0.5 mg/kg/day from days 30 to 90 of gestation; Term: 
147 days) female sheep were sequenced. Prenatal BPA-treatment dysregulated: expression of 194 genes (138 down, 56 up) in liver and 112 genes (32 down, 80 up) in muscle (FDR < 0.05 and abs log2FC > 0.5); 155 
common gene pathways including mitochondrial-related genes in both tissues; 1415 gene pathways including oxidative stress and lipid biosynthetic process specifically in the liver (FDR < 0.01); 192 gene pathways 
including RNA biosynthetic processes in muscle (FDR < 0.01); 77 lncRNA (49 down, 28 up), 14 microRNAs (6 down, 8 up), 127 snoRNAs (63 down, 64 up) and 55 snRNAs (15 down, 40 up) in the liver while upregulating 6 
lncRNA and dysregulating 65 snoRNAs (47 down, 18 up) in muscle (FDR < 0.1, abs log2FC > 0.5). Multiple ncRNA correlated with LCORL, MED17 and ZNF41 mRNA in liver but none of them in the muscle. Discriminant 
analysis identified (p < 0.05) PECAM, RDH11, ABCA6, MIR200B, and MIR30B in liver and CAST, NOS1, FASN, MIR26B, and MIR29A in muscle as gene signatures of gestational BPA exposure. These findings provide 
mechanistic clues into the development and/or maintenance of the oxidative stress and lipid accumulation and potential for development of mitochondrial and fibrotic defects contributing to the prenatal BPA-induced 
metabolic dysfunctions.

Toxicol Appl Pharmacol 
Vol.451 Pages 116161

10.1016/j.taap.2022.116161 35817127 動物 - 1 0 1 Suffolk 0 2.6 ng/mL - - - - - - - - - - - - - - - - - - - - -

統合_1010 Q. Pu, F. Yang, R. Zhao, S. Jiang, Y. Tang and T. 
Han 2023

Investigation of the potential 
ameliorative effects of DHA-
enriched phosphatidylserine on 
bisphenol A-induced murine 
nephrotoxicity

In order to investigate the amelioration of docosahexaenoic acid-enriched phosphatidylserine (DHA-PS) on bisphenol A (BPA)-induced nephrotoxicity, the murine nephrotoxicity model was established by intragastric 
administration of BPA (5 mg/kg/B.W.) for 6 weeks. The biochemical indices, hematoxylin-eosin (H&E) staining, kidney metabolomics, and related protein expression levels of SIRT1-AMPK pathway were then determined. 
Our results indicated that DHA-PS (100 mg/kg/B.W.) ameliorated the BPA-induced nephrotoxicity after 6 weeks of intragastric administration, primarily by decreasing the serum creatinine (CRE) and blood urea nitrogen 
(BUN), renal inflammatory cytokines and lipid levels, and increasing the antioxidant enzyme activities. In addition, the untargeted metabolomics of the kidney indicated that BPA perturbed the tryptophan metabolism, 
pyridine metabolism, and valine, leucine, and isoleucine biosynthesis, while DHA-PS administration significantly affected the glycerophospholipid metabolism, valine, leucine, and isoleucine biosynthesis to ameliorate the 
BPA-induced metabolic disorder. Moreover, DHA-PS administration could ameliorate the BPA-induced lipid disturbance by upregulating the expressions of AMPKα1, SIRT1, and PPARα while downregulating the 
expression of SREBP-1c through the SIRT1-AMPK pathway. This is the first time that the amelioration effects of DHA-PS on BPA-induced nephrotoxicity have been investigated from multiple perspectives, suggesting 
that DHA-PS might be a potential dietary supplement for reducing BPA-induced nephrotoxicity.

Food Chem Toxicol 
Vol.180 Pages 114012

10.1016/j.fct.2023.114012 37666289 動物 - 1 1 1 不明 0 5 mg/kg - - - - - - - - - - - - - - - - - - - - -
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統合_1011 A. R. Priego, E. G. Parra, S. Mas, J. L. Morgado-
Pascual, M. Ruiz-Ortega and S. Rayego-Mateos 2021

Bisphenol A Modulates Autophagy 
and Exacerbates Chronic Kidney 
Damage in Mice

BACKGROUND: Bisphenol A (BPA) is a ubiquitous environmental toxin that accumulates in chronic kidney disease (CKD). Our aim was to explore the effect of chronic exposition of BPA in healthy and injured kidney 
investigating potential mechanisms involved. METHODS: In C57Bl/6 mice, administration of BPA (120 mg/kg/day, i.p for 5 days/week) was done for 2 and 5 weeks. To study BPA effect on CKD, a model of subtotal 
nephrectomy (SNX) combined with BPA administration for 5 weeks was employed. In vitro studies were done in human proximal tubular epithelial cells (HK-2 line). RESULTS: Chronic BPA administration to healthy mice 
induces inflammatory infiltration in the kidney, tubular injury and renal fibrosis (assessed by increased collagen deposition). Moreover, in SNX mice BPA exposure exacerbates renal lesions, including overexpression of the 
tubular damage biomarker Hepatitis A virus cellular receptor 1 (Havcr-1/KIM-1). BPA upregulated several proinflammatory genes and increased the antioxidant response [Nuclear factor erythroid 2-related factor 2 (Nrf2), 
Heme Oxygenase-1 (Ho-1) and NAD(P)H dehydrogenase quinone 1 (Nqo-1)] both in healthy and SNX mice. The autophagy process was modulated by BPA, through elevated autophagy-related gene 5 (Atg5), autophagy-
related gene 7 (Atg7), Microtubule-associated proteins 1A/1B light chain 3B (Map1lc3b/Lc3b) and Beclin-1 gene levels and blockaded the autophagosome maturation and flux (p62 levels). This autophagy deregulation 
was confirmed in vitro. CONCLUSIONS: BPA deregulates autophagy flux and redox protective mechanisms, suggesting a potential mechanism of BPA deleterious effects in the kidney.

Int J Mol Sci Vol.22 
Issue 13

10.3390/ijms22137189 34281243 動物 - 1 0 1 1 0 120 mg/kg/⽇ - - - - - - - - - - - - - - - - - - - - -

統合_1012 T. Prasse, I. Stratos, A. Niehoff, H. Christ, V. 
Heck, C. Meyer and T. Mittlmeier 2022

Bisphenol A-Related Effects on 
Bone Morphology and 
Biomechanical Properties in an 
Animal Model

Bisphenol A (BPA), which is contained in numerous plastic products, is known to act as an endocrine-disruptive, toxic, and carcinogenic chemical. This experimental series sought to determine the influence of BPA 
exposure on the femoral bone architecture and biomechanical properties of male and female Wistar rats. BPA was applied subcutaneously by using osmotic pumps. After 12 weeks, the bones were analyzed by micro-
computed tomography (micro-CT) and a three-point bending test. Comparing the female low- and high-dose groups, a significantly greater marrow area (p = 0.047) was identified in the group exposed to a higher BPA 
concentration. In addition, the trabecular number tended to be higher in the female high-dose group when compared to the low-dose group (p > 0.05). The area moment of inertia also tended to be higher in the male high-
dose group when compared to the male low-dose group (p > 0.05). Considering our results, BPA-related effects on the bone morphology in female Wistar rats are osteoanabolic after high-dose exposure, while, in male 
rats, a tendency toward negative effects on the bone morphology in terms of a reduced cross-sectional cortical area and total area could be demonstrated.

Toxics Vol.10 Issue 2 10.3390/toxics10020086 35202272 動物 - 1 0 1 1 0 10.2、156 µg/kg/⽇ - - - - - - - - - - - - - - - - - - - - -

統合_1013 N. B. Prabhu, D. Adiga, S. P. Kabekkodu, S. K. 
Bhat, K. Satyamoorthy and P. S. Rai 2022

Bisphenol A exposure modulates 
reproductive and endocrine system, 
mitochondrial function and cellular 
senescence in female adult rats: A 
hallmarks of polycystic ovarian 
syndrome phenotype

Bisphenol A (BPA) mimics estrogen and consequently suspected to be detrimental to female reproductive system. Biomonitoring confirms the BPA burden in body leading to a complex condition called polycystic ovarian 
syndrome (PCOS) which is frequently attributed to female infertility. Due to unclear precise molecular pathomechanisms of BPA in PCOS, we intend to examine the molecular mechanisms of the reproductive, endocrine, 
mitochondrial features, and cellular senescence in BPA-treated rats. We analyzed vaginal smears and ovarian follicles using microscope, assessed sex hormones by ELISA, analyzed BPA target gene expression by semi-
quantitative RT-PCR, assessed senescence induction by β-galactosidase staining and immunofluorescence in BPA-treated rats. Our data showed hormonal imbalance, impaired folliculogenesis, abnormal expression 
patterns of target genes, CDKN2A overexpression and enhanced ROS levels in BPA-treated rats. This study provides insights on the effects of BPA exposure on ovulatory, hormonal, mitochondrial dysfunction, and 
senescence that benefit in better understanding of PCOS induced by BPA.

Environ Toxicol 
Pharmacol. 2022 
Nov:96:104010.

10.1016/j.etap.2022.104010 36334871 動物 卵巣 1 1 1 1 0: 2⽤量（1, 100 µg/kg) 1 - - - - - - 1 1 - 1 - - - - - - - - - - -

統合_1014
J. M. Poska, C. Wormsbaecher, B. M. Cumbia, 
M. R. Price, M. Cortes-Medina, J. Holter, S. 
Agarwal, X. M. Mo, J. W. Song and C. J. Burd

2025
In utero exposure to estrogenic 
bisphenol analogues increases 
mammary tissue stiffness

In utero exposures to estrogenic endocrine disrupting compounds (EDCs) can increase breast cancer risk in adulthood. It has previously been shown that the estrogenic plasticizer bisphenol A (BPA) alters development of 
the mammary gland and increases both mammary gland stiffness and tumor susceptibility in rodent models following in utero exposure. Because of its endocrine disrupting properties, BPA has been substituted with 
structural analogues with varying abilities to activate estrogen receptor alpha (ERα). However, the impact of in utero exposure to many of these analogues is unknown. In the present study, we aimed to analyze the 
impact of bisphenol analogues on collagen deposition and mammary gland stiffness and characterize mammary epithelial development following exposure to these compounds. With the exception of bisphenol S, all 
analogues significantly increased mammary gland stiffness at a 25 µg/kg body weight dose in a manner that correlated to estrogenic activity. In contrast, significant effects on epithelial development endpoints were 
limited and did not follow a clear pattern. These results add to the growing literature on the hazard of bisphenol analogues and support the idea that these compounds promote abnormal mammary gland development. 
Furthermore, these data support a model that bisphenol compounds induce a microenvironment that may promote breast cancer development in an estrogen-dependent manner.

Reprod Toxicol. 2025 
Sep:136:108974.

10.1016/j.reprotox.2025.108974 40513842 動物 次世代影響(⼦宮内暴露による雌仔動物の乳腺発達への影響) 1 1; gavage、⺟動物にdaily from E9.5 through E18.5. 1; 他の類似化合物群もあり 1; CD 1 mice 1; 0.25, 25, or 250 μg/kg body weight (bw)/day 1 - - - - - - 1 1 - 1 - 1 - - - - - - - - -

統合_1015 D. Ponzi, L. Gioiosa, S. Parmigiani and P. 
Palanza 2020

Effects of Prenatal Exposure to a 
Low-Dose of Bisphenol A on Sex 
Differences in Emotional Behavior 
and Central Alpha(2)-Adrenergic 
Receptor Binding

Prenatal exposure to bisphenol A (BPA) influences the development of sex differences neurologically and behaviorally across many species of vertebrates. These effects are a consequence of BPA's estrogenic activity and 
its ability to act as an endocrine disrupter even, at very low doses. When exposure to BPA occurs during critical periods of development, it can interfere with the normal activity of sex steroids, impacting the fate of 
neurons, neural connectivity and the development of brain regions sensitive to steroid activity. Among the most sensitive behavioral targets of BPA action are behaviors that are characterized by a sexual dimorphism, 
especially emotion and anxiety related behaviors, such as the amount of time spent investigating a novel environment, locomotive activity and arousal. Moreover, in some species of rodents, BPA exposure affected males' 
sexual behaviors. Interestingly, these behaviors are at least in part modulated by the catecholaminergic system, which has been reported to be a target of BPA action. In the present study we investigated the influence of 
prenatal exposure of mice to a very low single dose of BPA on emotional and sexual behaviors and on the density and binding characteristics of alpha(2) adrenergic receptors. Alpha(2) adrenergic receptors are widespread 
in the central nervous system and they can act as autoreceptors, inhibiting the release of noradrenaline and other neurotransmitters from presynaptic terminals. BPA exposure disrupted sex differences in behavioral 
responses to a novel environment, but did not affect male mice sexual behavior. Importantly, BPA exposure caused a change in the binding affinity of alpha(2) adrenergic receptors in the locus coeruleus and medial 
preoptic area (mPOA) and it eliminated the sexual dimorphism in the density of the receptors in the mPOA.

Int J Mol Sci Vol.21 
Issue 9

10.3390/ijms21093269 32380724 動物 - 1 1 1 1 0 10 µg/kg/⽇ - - - - - - - - - - - - - - - - - - - - -

統合_1016

C. Pirozzi, A. Lama, C. Annunziata, G. Cavaliere, 
C. Ruiz-Fernandez, A. Monnolo, F. Comella, O. 
Gualillo, M. Stornaiuolo, M. P. Mollica, G. M. 
Raso, M. C. Ferrante and R. Meli

2020

Oral Bisphenol A Worsens Liver 
Immune-Metabolic and 
Mitochondrial Dysfunction Induced 
by High-Fat Diet in Adult Mice: 
Cross-Talk between Oxidative 
Stress and Inflammasome Pathway

Lines of evidence have shown the embryogenic and transgenerational impact of bisphenol A (BPA), an endocrine-disrupting chemical, on immune-metabolic alterations, inflammation, and oxidative stress, while BPA toxic 
effects in adult obese mice are still overlooked. Here, we evaluate BPA's worsening effect on several hepatic maladaptive processes associated to high-fat diet (HFD)-induced obesity in mice. After 12 weeks HFD 
feeding, C57Bl/6J male mice were exposed daily to BPA (50 μg/kg per os) along with HFD for 3 weeks. Glucose tolerance and lipid metabolism were examined in serum and/or liver. Hepatic oxidative damage (reactive 
oxygen species, malondialdehyde, antioxidant enzymes), and mitochondrial respiratory capacity were evaluated. Moreover, liver damage progression and inflammatory/immune response were determined by histological and 
molecular analysis. BPA amplified HFD-induced alteration of key factors involved in glucose and lipid metabolism, liver triglycerides accumulation, and worsened mitochondrial dysfunction by increasing oxidative stress 
and reducing antioxidant defense. The exacerbation by BPA of hepatic immune-metabolic dysfunction induced by HFD was shown by increased toll-like receptor-4 and its downstream pathways (i.e., NF-kB and NLRP3 
inflammasome) amplifying inflammatory cytokine transcription and promoting fibrosis progression. This study evidences that BPA exposure represents an additional risk factor for the progression of fatty liver diseases 
strictly related to the cross-talk between oxidative stress and immune-metabolic impairment due to obesity.

Antioxidants (Basel) 
Vol.9 Issue 12

10.3390/antiox9121201 33265944 動物 - 1 1 1 1 0 50 µg/kg - - - - - - - - - - - - - - - - - - - - -

統合_1017 C. Pinteur, B. Julien, N. Véga, H. Vidal, D. Naville 
and B. Le Magueresse-Battistoni 2021

Impact of Estrogen Withdrawal and 
Replacement in Female Mice along 
the Intestinal Tract. Comparison of 
E2 Replacement with the Effect of a 
Mixture of Low Dose Pollutants

Postmenopausal women represent a vulnerable population towards endocrine disruptors due to hormonal deficit. We previously demonstrated that chronic exposure of ovariectomized C57Bl6/J mice fed a high-fat, high-
sucrose diet to a low-dose mixture of chemicals with one dioxin, one polychlorobiphenyl, one phthalate, and bisphenol A triggered metabolic alterations in the liver but the intestine was not explored. Yet, the 
gastrointestinal tract is the main route by which pollutants enter the body. In the present study, we investigated the metabolic consequences of ovarian withdrawal and E2 replacement on the various gut segments along 
with investigating the impact of the mixture of pollutants. We showed that genes encoding estrogen receptors (Esr1, Gper1 not Esr2), xenobiotic processing genes (e.g., Cyp3a11, Cyp2b10), and genes related to gut 
homeostasis in the jejunum (e.g., Cd36, Got2, Mmp7) and to bile acid biosynthesis in the gut (e.g., Fgf15, Slc10a2) and liver (e.g., Abcb11, Slc10a1) were under estrogen regulation. Exposure to pollutants mimicked some 
of the effects of E2 replacement, particularly in the ileum (e.g., Esr1, Nr1c1) suggesting that the mixture had estrogen-mimetic activities. The present findings have important implications for the understanding of 
estrogen-dependent metabolic alterations with regards to situations of loss of estrogens as observed after menopause.

Int J Environ Res Public 
Health Vol.18 Issue 16

10.3390/ijerph18168685 34444432 動物 - 1 1 0 1 0 5 µg/kg - - - - - - - - - - - - - - - - - - - - -

統合_1018 X. Piao, Z. Liu, Y. Li, D. Yao, L. Sun, B. Wang, Y. 
Ma, L. Wang and Y. Zhang 2019

Investigation of the effect for 
bisphenol A on oxidative stress in 
human hepatocytes and its 
interaction with catalase

Bisphenol A (BPA) as a chemical raw material, is widely used in the manufacturing process of daily necessities. It was reported that BPA could induce oxidative stress, and catalase (CAT) can protect the body from 
oxidative stress. In this paper, the effect of BPA on CAT was carried out in vitro and in vivo. Firstly, we studied the effects of BPA on oxidative stress, cell viability and CAT activity in human hepatocytes, and the results of 
vitro experiments show that the survival rate of hepatocytes significant decreased along with the increase of BPA concentration. And when the BPA concentration was 100 μM, the hepatocyte survival decreased by 
13.2%, ROS levels in the cells increased by 85%. However, the activity of intracellular CAT increased with the increasing concentration of BPA in 24 h. The results of vivo experiments showed that the activity of CAT in the 
high-dose group decreased by 29.1% compared with the control group. The long-term effects of BPA on rats reduced the CAT activity in liver, which reduced the resistance to oxidative stress. Meanwhile, the interaction 
mechanism between BPA and CAT at the molecule level was performed via multiple spectra methods and molecular docking, and the results illustrated that the structural change of CAT is mainly due to the strong 
combination of BPA with the residues of Trp185. In addition, the interaction mechanism between BPA and CAT were hydrophobic and electrostatic effect. This study provided experimental evidence for better 
understanding the toxicity of BPA.

Spectrochim Acta A Mol 
Biomol Spectrosc. 2019 
Oct 5:221:117149.

10.1016/j.saa.2019.117149 31153119 動物、in vitro 肝 1 不明 単独 1 1 30, 50, 80 mg/kg:0 - - - 不明 不明 不明 1 1 - 1 - - - - - - - - - - -

統合_1019
A. E. Peters, E. A. Ford, S. D. Roman, E. G. 
Bromfield, B. Nixon, K. G. Pringle and J. M. 
Sutherland

2024
Impact of Bisphenol A and its 
alternatives on oocyte health: a 
scoping review

BACKGROUND: Bisphenol A (BPA) is an endocrine disrupting chemical released from plastic materials, including food packaging and dental sealants, persisting in the environment and ubiquitously contaminating 
ecosystems and human populations. BPA can elicit an array of damaging health effects and, alarmingly, 'BPA-free' alternatives mirror these harmful effects. Bisphenol exposure can negatively impact female fertility, 
damaging both the ovary and oocytes therein. Such damage can diminish reproductive capacity, pregnancy success, and offspring health. Despite global government regulations in place to indicate 'safe' BPA exposure 
levels, these policies have not considered the effects of bisphenols on oocyte health. OBJECTIVE AND RATIONALE: This scoping review was conducted to evaluate evidence on the effects of BPA and BPA alternatives on 
standardized parameters of oocyte health. In doing so, this review addresses a critical gap in the literature providing a comprehensive, up-to-date synthesis of the effects of bisphenols on oocyte health. SEARCH 
METHODS: This scoping review was conducted in accordance with PRISMA guidelines. Four databases, Medline, Embase, Scopus, and Web of Science, were searched twice (23 February 2022 and 1 August 2023) to 
capture studies assessing mammalian oocyte health post-bisphenol exposure. Search terms regarding oocytes, ovarian follicles, and bisphenols were utilized to identify relevant studies. Manuscripts written in English 
and reporting the effect of any bisphenol on mammalian oocyte health from all years were included. Parameters for toxicological studies were evaluated, including the number of bisphenol concentrations/doses tested, 
dosing regimen, biological replicates and/or animal numbers, and statistical information (for human studies). Standardized parameters of oocyte health including follicle counts, oocyte yield, oocyte meiotic capacity, 
morphology of oocyte and cumulus cells, and oocyte meiotic spindle integrity were extracted across the studies. OUTCOMES: After screening 3147 studies, 107 studies of either humans or mammalian animal models or 
humans were included. Of the in vitro exposure studies, 96.3% (26/27) and 94.1% (16/17) found at least one adverse effect on oocyte health using BPA or BPA alternatives (including BHPF, BPAF, BPB, BPF, and BPS), 
respectively. These included increased meiotic cell cycle arrest, altered morphology, and abnormal meiotic spindle/chromosomal alignment. In vivo, 85.7% (30/35) of studies on BPA and 92.3% (12/13) on BPA alternatives 
documented adverse effects on follicle development, morphology, or spindle/chromosome alignment. Importantly, these effects were recorded using levels below those deemed 'safe' for human exposure. Over half (11/21) 
of all human observational studies showed associations between higher urinary BPA levels and reduced antral follicle counts or oocyte yield in IVF patients. Recommendations are presented based on the identified 
shortcomings of the current evidence, incorporating elements of FDA requirements for future research in the field. WIDER IMPLICATIONS: These data highlight the detrimental impacts of low-level BPA and BPA 
alternative exposure, contributing to poor oocyte quality and reduced fertility. These outcomes are valuable in promoting the revision of current policies and guidelines pertaining to BPA exposure internationally. This study 
serves as a valuable resource to scientists, providing key recommendations on study design, reporting elements, and endpoint measures to strengthen future studies. Ultimately, this review highlights oocyte health as a 
fundamentally important endpoint in reproductive toxicological studies, indicating an important direction for future research into endocrine disrupting chemicals to improve fertility outcomes.

Hum Reprod Update 
Vol.30 Issue 6 Pages 
653-691

10.1093/humupd/dmae025 39277428 動物 - 不明 不明 不明 不明 不明 不明 - - - - - - - - - - - - - - - - - - - - -

統合_1020 B. Peng, H. Zhao, T. P. Keerthisinghe, Y. Yu, D. 
Chen, Y. Huang and M. Fang 2022

Gut microbial metabolite p-cresol 
alters biotransformation of bisphenol 
A: Enzyme competition or gene 
induction?

Recent studies on pharmaceuticals have revealed the direct and indirect mechanisms that link human gut microbiome to xenobiotic biotransformation. Though environmental contaminants compose a vital portion of 
xenobiotics and share overlapping biotransformation pathways with gut microbial metabolites, the possible interplay between gut microbiome and biotransformation of environmental contaminants remains obscure. This 
study utilized bisphenol A (BPA) and p-cresol as model compounds to explore whether gut microbial metabolites could affect environmental phenol metabolism on both in vitro and in vivo models. We have observed some 
distinct biotransformation behavior, where in vivo mouse examination using 171 & 1972 μg/kg bw p-cresol injection exhibited enhancing effect on BPA metabolism, but p-cresol was found as a strong inhibitor from 10/5 
μM in a non-competitive pattern for BPA biotransformation in in vitro models of liver S9 fractions and HepG2 cell line, respectively. A further investigation revealed that the expression of biotransformation enzyme genes 
including Ugt1a1, Ugt2b1, or Sult1a1 of p-cresol treated mice were dynamically induced. In silico docking approach was also utilized to explore the non-competitive inhibition mechanism by estimating the binding affinity 
of key enzyme SULT 1A1. Overall, our results provided a novel insight into the biotransformation interaction between gut microbiome and environmental contaminants.

J Hazard Mater. 2022 
Mar 15:426:128093.

10.1016/j.jhazmat.2021.128093 34952505 動物、in vitro - 1 0 1 1 0 50 µg/kg - - - 不明 0 不明 1 - - - - - - - - - - - - - -

統合_1021 R. Penalba, J. M. Gamez, N. Cardoso, R. M. 
Bilbao, O. J. Ponzo and R. Reynoso 2025

Effect of Bisphenol A on the neuro-
immune-endocrine mechanisms 
controlling the reproductive axis 
response during an inflammatory 
event

Endotoxin-induced toxicity could increase with previous exposure to sensitizing agents like endocrine disruptors (EDs). We studied the effects on the reproductive axis on adult male rat pups exposed to BPA since 
gestation day (GD) 1 to final lactation and its response to LPS before sacrifice. The decrease in GnRH release caused by LPS and BPA was more pronounced in the BPA + LPS group compared to the LPS-only group. 
While LPS increased nitrate production, the addition of BPA lowered it compared to both the control and LPS groups. A reduction in plasma LH levels was observed in the control, BPA + LPS, and LPS groups. Plasma 
testosterone decreased in the LPS, BPA, and BPA + LPS groups compared to the control, and in the BPA + LPS group compared to the LPS group. In conclusion, BPA disrupts the reproductive function and sensitizes it to 
LPS-induced toxicity.

Environ Toxicol 
Pharmacol. 2025 
Jun:116:104702.

10.1016/j.etap.2025.104702 40254243 動物 ⽣殖軸への影響 1 1 1 1 0 1 - - - - - - 1 1 - 1 - - - - - - - - - - -

統合_1022
S. I. Peña-Corona, D. Vargas-Estrada, I. Juárez-
Rodríguez, S. Retana-Márquez and C. A. 
Mendoza-Rodríguez

2023

Bisphenols as promoters of the 
dysregulation of cellular junction 
proteins of the blood-testis barrier in 
experimental animals: A systematic 
review of the literature

Daily, people are exposed to chemicals and environmental compounds such as bisphenols (BPs). These substances are present in more than 80% of human fluids. Human exposure to BPs is associated with male 
reproductive health disorders. Some of the main targets of BPs are intercellular junction proteins of the blood-testis barrier (BTB) in Sertoli cells because BPs alter the expression or induce aberrant localization of these 
proteins. In this systematic review, we explore the effects of BP exposure on the expression of BTB junction proteins and the characteristics of in vivo studies to identify potential gaps and priorities for future research. To 
this end, we conducted a systematic review of articles. Thirteen studies met our inclusion criteria. In most studies, animals treated with bisphenol-A (BPA) showed decreased occludin expression at all tested doses. 
However, bisphenol-AF treatment did not alter occludin expression. Cx43, ZO-1, β-catenin, nectin-3, cortactin, paladin, and claudin-11 expression also decreased in some tested doses of BP, while N-cadherin and FAK 
expression increased. BP treatment did not alter the expression of α and γ catenin, E-cadherin, JAM-A, and Arp 3. However, the expression of all these proteins was altered when BPA was administered to neonatal 
rodents in microgram doses. The results show significant heterogeneity between studies. Thus, it is necessary to perform more research to characterize the changes in BTB protein expression induced by BPs in animals 
to highlight future research directions that can inform the evaluation of risk of toxicity in humans.

J Biochem Mol Toxicol 
Vol.37 Issue 9 Pages 
e23416

10.1002/jbt.23416 37352109 動物 - 不明 不明 不明 不明 不明 不明 - - - - - - - - - - - - - - - - - - - - -

統合_1023

S. I. Peña-Corona, J. I. Chávez-Corona, L. E. Pé
rez-Caltzontzin, D. Vargas-Estrada, C. A. 
Mendoza-Rodríguez, E. Ramos-Martínez, J. L. 
Cerbón-Gutiérrez, J. A. Herrera-Barragán, D. 
Quintanar-Guerrero and G. Leyva-Gómez

2023

Melatonin and Vitamins as 
Protectors against the Reproductive 
Toxicity of Bisphenols: Which Is the 
Most Effective? A Systematic Review 
and Meta-Analysis

Bisphenols such as bisphenol A (BPA), S (BPS), C (BPC), F (BPF), AF (BPAF), tetrabromobisphenol, nonylphenol, and octylphenol are plasticizers used worldwide to manufacture daily-use articles. Exposure to these 
compounds is related to many pathologies of public health importance, such as infertility. Using a protector compound against the reproductive toxicological effects of bisphenols is of scientific interest. Melatonin and 
vitamins have been tested, but the results are not conclusive. To this end, this systematic review and meta-analysis compared the response of reproductive variables to melatonin and vitamin administration as protectors 
against damage caused by bisphenols. We search for controlled studies of male rats exposed to bisphenols to induce alterations in reproduction, with at least one intervention group receiving melatonin or vitamins (B, C, 
or E). Also, molecular docking simulations were performed between the androgen (AR) and estrogen receptors (ER), melatonin, and vitamins. About 1234 records were initially found; finally, 13 studies were qualified for 
review and meta-analysis. Melatonin plus bisphenol improves sperm concentration and viability of sperm and increases testosterone serum levels compared with control groups; however, groups receiving vitamins plus 
bisphenols had lower sperm concentration, total testis weight, and testosterone serum levels than the control. In the docking analysis, vitamin E had the highest negative MolDock score, representing the best binding 
affinity with AR and ER, compared with other vitamins and melatonin in the docking. Our findings suggest that vitamins could act as an endocrine disruptor, and melatonin is most effective in protecting against the toxic 
effects of bisphenols.

Int J Mol Sci Vol.24 
Issue 19

10.3390/ijms241914930 37834378 動物 - 1 不明 不明 不明 不明 不明 - - - - - - - - - - - - - - - - - - - - -
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統合_1024

G. Pellegrino, M. Martin, C. Allet, T. Lhomme, S. 
Geller, D. Franssen, V. Mansuy, M. Manfredi-
Lozano, A. Coutteau-Robles, V. Delli, S. Rasika, 
D. Mazur, A. Loyens, M. Tena-Sempere, J. 
Siepmann, F. P. Pralong, P. Ciofi, G. Corfas, A. S. 
Parent, S. R. Ojeda, A. Sharif and V. Prevot

2021
GnRH neurons recruit astrocytes in 
infancy to facilitate network 
integration and sexual maturation

Neurons that produce gonadotropin-releasing hormone (GnRH), which control fertility, complete their nose-to-brain migration by birth. However, their function depends on integration within a complex neuroglial network 
during postnatal development. Here, we show that rodent GnRH neurons use a prostaglandin D(2) receptor DP1 signaling mechanism during infancy to recruit newborn astrocytes that 'escort' them into adulthood, and that 
the impairment of postnatal hypothalamic gliogenesis markedly alters sexual maturation by preventing this recruitment, a process mimicked by the endocrine disruptor bisphenol A. Inhibition of DP1 signaling in the 
infantile preoptic region, where GnRH cell bodies reside, disrupts the correct wiring and firing of GnRH neurons, alters minipuberty or the first activation of the hypothalamic-pituitary-gonadal axis during infancy, and 
delays the timely acquisition of reproductive capacity. These findings uncover a previously unknown neuron-to-neural-progenitor communication pathway and demonstrate that postnatal astrogenesis is a basic 
component of a complex set of mechanisms used by the neuroendocrine brain to control sexual maturation.

Nat Neurosci. 2021 
Dec;24(12):1660-1672.

10.1038/s41593-021-00960-z 34795451 動物 神経 1 0 (⽪下） 1 1 0 0 - - - - - - 1 1 - 1 - - - - - - - - - - -

統合_1025 M. T. Peiris, Y. Chen, G. Shaw and M. B. 
Renfree 2025

Early ovarian differentiation in the 
tammar wallaby and the effects of 
exposure to bisphenol A

IN BRIEF: Ovarian differentiation in tammar wallabies begins after birth, allowing direct experimental manipulation during the period of differentiation. Using this unique model, we demonstrate that the environmental 
endocrine-disrupting chemical bisphenol A (BPA) interferes with normal morphological development and gene expression in the developing ovary. ABSTRACT: BPA, an environmental endocrine disruptor, is used widely in 
the manufacturing of various plastics. While BPA can have detrimental effects on fertility and reproductive health, the effects of BPA on early ovarian differentiation in mammals remain unclear. Marsupials have 
undifferentiated gonads at birth, so this study investigated the gross morphology, protein localisation of FOXL2 and FST and the expression profile of key ovarian differentiating genes FOXL2, WNT4, FST, ESR1 and ESR2 
every 2 days from the day of birth to day 10 postpartum (pp) in the marsupial tammar wallaby. A second group of newborn female pouch young were treated with 50 μg/kg of BPA daily from day 0 to day 10 pp, and the 
morphology and gene expression were examined at day 10 pp. Ovigerous cords in tammar ovaries were first formed between day 2 and day 4 pp. FOXL2 localisation became nuclear by day 4 in pre-granulosa cells. FST 
was initially in the cytoplasm of pre-granulosa cells at day 2 pp but was then secreted into the extracellular matrix in ovaries by day 10 pp. FOXL2, FST, ESR1 and ESR2 mRNA were upregulated in ovaries around day 2-4 
pp, indicating that ovarian differentiation in the tammar begins from day 2 to day 4 pp. Interestingly, BPA treatment from day 0 to day 10 pp blocked the morphological differentiation of the cortex and medulla and ovigerous 
cord formation and downregulated the expression of FST and FOXL2 at day 10 pp.

Reproduction Vol.169 
Issue 1

10.1530/rep-24-0259 39569971 動物 - 1 不明 1 tammar 0 50 µg/kg - - - - - - - - - - - - - - - - - - - - -

統合_1026 W. Peerapanyasut, A. Kobroob, S. Palee, N. 
Chattipakorn and O. Wongmekiat 2020

Bisphenol A aggravates renal 
ischemia-reperfusion injury by 
disrupting mitochondrial 
homeostasis and N-acetylcysteine 
mitigates the injurious outcomes

Exposure to bisphenol A (BPA), a chemical generally used in consumer products, becomes a global public health concern, as humans are increasingly exposed through their daily consuming activities. Renal ischemia-
reperfusion (RIR) is the major cause of acute kidney injury with high prevalence and increased long-term risks for multiple comorbidities and mortality. As the kidney is susceptible to these conditions, we explored 
whether the outcomes following the RIR episode could be influenced by BPA exposure, and investigated the therapeutic possibility by N-acetylcysteine (NAC) including the mechanisms involved. Three groups of male 
Wistar rats were fed with vehicle, BPA 5, and 50 mg/kg, respectively, for five consecutive weeks then underwent the sham operation. Three other groups with identical treatment underwent bilateral renal IR induction (45-
min ischemia followed by 24-hr reperfusion). An additional RIR group was treated with BPA 50 plus NAC 100 mg/kg. BPA-exposed rats that encountered RIR episode showed dose-dependent worsening of RIR injury as 
evidenced by augmentations of renal dysfunction and histopathological abnormalities, oxidative stress, apoptosis, mitochondrial functional impairment, mitochondrial dynamic, and mitophagy disproportion compared with 
the vehicle-exposed RIR group. The NAC therapy considerably attenuated the exacerbated effects of BPA, which was associated with increased AMP-activated protein kinase (AMPK), PGC-1α, silent information 
regulator 3 or sirtuin 3 (SIRT3), and mitofusin 2 (MFN2) expressions but decreased Phosphorylated dynamin-related protein 1 (p-DRP1)/Dynamin-related protein 1 (DRP1), PTEN-induced putative kinase (PINK), and 
PARKIN expressions. These findings reveal the detrimental effect of repeated BPA exposure on the renal outcomes following the IR episode, and further demonstrate the protective efficacy of NAC by maintaining 
mitochondrial homeostasis, which is, partly, mediated through the AMPK-PGC-1α-SIRT3 axis.

IUBMB Life Vol.72 
Issue 4 Pages 758-770

10.1002/iub.2175 31587481 動物 - 1 1 1 1 0 5、50 mg/kg - - - - - - - - - - - - - - - - - - - - -

統合_1027 W. Peerapanyasut, A. Kobroob, S. Palee, N. 
Chattipakorn and O. Wongmekiat 2019

N-Acetylcysteine Attenuates the 
Increasing Severity of Distant Organ 
Liver Dysfunction after Acute Kidney 
Injury in Rats Exposed to Bisphenol 
A

Distant organ liver damage after acute kidney injury (AKI) remains a serious clinical setting with high mortality. This undesirable outcome may be due to some hidden factors that can intensify the consequences of AKI. 
Exposure to bisphenol A (BPA), a universal chemical used in plastics industry, is currently unavoidable and can be harmful to the liver. This study explored whether BPA exposure could be a causative factor that increase 
severity of remote liver injury after AKI and examined the preventive benefit by N-acetylcysteine (NAC) in this complex condition. Male Wistar rats were given vehicle, BPA, or BPA + NAC for 5 weeks then underwent 45 
min renal ischemia followed by 24 h reperfusion (RIR), a group of vehicle-sham-control was also included. RIR not only induced AKI but produced liver injury, triggered systemic oxidative stress as well as inflammation, 
which increasing severity upon exposure to BPA. Given NAC to BPA-exposed rats diminished the added-on effects of BPA on liver functional impairment, oxidative stress, inflammation, and apoptosis caused by AKI. NAC 
also mitigated the abnormalities in mitochondrial functions, dynamics, mitophagy, and ultrastructure of the liver by improving the mitochondrial homeostasis regulatory signaling AMPK-PGC-1α-SIRT3. The study 
demonstrates that NAC is an effective adjunct for preserving mitochondrial homeostasis and reducing remote effects of AKI in environments where BPA exposure is vulnerable.

Antioxidants (Basel) 
Vol.8 Issue 10

10.3390/antiox8100497 31640182 動物 - 1 1 1 1 0 5、50 mg/kg - - - - - - - - - - - - - - - - - - - - -

統合_1028 Y. J. Park, M. S. Rahman, W. K. Pang, D. Y. Ryu, 
B. Kim and M. G. Pang 2020

Bisphenol A affects the maturation 
and fertilization competence of 
spermatozoa

Although there are numerous studies on bisphenol A (BPA) on the testis and spermatozoa, the effect of BPA on the physiological link between the testis and maturation of spermatozoa has not been studied. To provide an 
optimal environment (acidic pH) for sperm maturation in the epididymis, clear cells secrete protons and principal cells reabsorb bicarbonate and the secreted proton. Because of its crucial role in sperm maturation and 
fertility, functional changes in the epididymis following BPA exposure must be considered to fully understand the mechanisms of BPA on male fertility. Here, we identified the adverse effects of BPA exposure during 
puberty in male mice. CD-1 male mice were gavaged daily with vehicle (corn oil) and 50 mg BPA/kg-BW for 6 weeks. We determined the changes in epididymis, functional sperm parameters including motility, capacitation 
status, tyrosine phosphorylation, and fertility-related protein expression and in vitro and in vivo fertility rate following BPA exposure. Expression of vacuolar-type H + -ATPase is necessary for the secretion of protons by 
clear cells of the caput epididymis and was directly down-regulated following BPA exposure, while there were no changes in the other epithelial cell types in the epididymis. Also, pERK 1/2 signaling pathway was 
increased significantly in the caput epididymis following BPA exposure. Consequently, the luminal pH slightly increased, resulting in premature capacitation of spermatozoa. Moreover, there was a significant loss of the 
acrosomal membrane following an increase of protein tyrosine phosphorylation, while PKA activity decreased during sperm capacitation. Fertility-related proteins also showed aberrant expression upon BPA exposure. 
These modifications resulted in decreased male fertility in vitro and in vivo.

Ecotoxicol Environ Saf 
Vol.196 Pages 110512

10.1016/j.ecoenv.2020.110512 32244115 動物 - 1 不明 1 1 0 50 mg/kg - - - - - - - - - - - - - - - - - - - - -

統合_1029 Y. J. Park, W. K. Pang, D. Y. Ryu, E. O. Adegoke, 
M. S. Rahman and M. G. Pang 2021

Bisphenol A exposure increases 
epididymal susceptibility to infection 
in mice

Male fertility is linked with several well-orchestrated events including spermatogenesis, epididymal maturation, capacitation, the acrosome reaction, fertilization, and beyond. However, the detrimental effects of bisphenol 
A (BPA) on sperm maturation compared to spermatogenesis and sperm cells remain unclear. Therefore, this study was to investigate whether pubertal exposure to BPA induces male infertility via interruption of the 
immune response in the epididymis. CD-1 male mice (5 weeks old) were treated daily with vehicle (corn oil) and 50 mg BPA/kg-BW for 6 weeks by oral gavage. Following BPA exposure, we observed decreased 
intraepithelial projection of basal cells, indicative of changes to the luminal environment. We also observed decreased projection of macrophages and protrusion of apoptotic cells into the lumen induced by incomplete 
phagocytosis of apoptotic cells in the caput epididymis. Exposure to BPA also reduced the anti- and pro-inflammatory cytokines IL-10, IL-6, IFN-γ, and IL-7 in the epididymis, while the chemotaxis-associated cytokines 
CCL12, CCL17, CXCL16, and MCP-1 increased. This study suggests two possible mechanisms for BPA induction of male infertility. First, exposure to BPA may induce an imbalance of immune homeostasis by disrupting 
the ability of basal cells to perceive environmental changes. Second, exposure to BPA may lead to collapse of macrophage phagocytosis via downregulation of intraepithelial projection and inflammatory-related cytokines. 
In conclusion, the observed potential pathways can lead to autoimmune disorders such epididymitis and orchitis.

Ecotoxicol Environ Saf 
Vol.208 Pages 111476

10.1016/j.ecoenv.2020.111476 33091778 動物 - 1 1 1 1 0 50 mg/kg/⽇ - - - - - - - - - - - - - - - - - - - - -

統合_1030 Y. J. Park, W. K. Pang, S. M. Hwang, D. Y. Ryu, 
M. S. Rahman and M. G. Pang 2024

Establishment of tumor 
microenvironment following 
bisphenol A exposure in the testis

Although detrimental roles of bisphenol A (BPA) in xenoestrogen target organs, testis and epididymis, and male fertility are well-documented, disruption of the immune privilege system in the male reproductive tract 
following BPA exposure remains poorly understood. Therefore, this study aimed to explore the precise mechanisms of BPA in interfering immune privilege in the testis on RNA sequencing results. CD-1 male mice were 
daily treated no-observed-adverse-effect (NOAEL, 5 mg BPA/kg BW) and lowest-observed-adverse-effects (LOAEL, 50 mg BPA/kg BW) of BPA by oral gavage for 6 weeks. Following the LOAEL exposure, the expression 
of immune response-associated transcripts was upregulated in the testis. Moreover, BPA switch the testicular microenvironment to tumor friendly through the recruitment of tumor associated macrophages (TAMs), 
which can produce both anti- and pro-inflammatory cytokines, such as TNF-α, TLR2, IL-10, and CXCL9. Number of testicular blood vessels were approximately 2-times increased by upregulation of matrix 
metallopeptidase 2 in TAMs and upregulation of AR expression in the nucleus of Leydig cells. Moreover, we found that the tumor-supportive environment can also be generated even though NOAEL BPA concentration due 
to the individual's variability in cancer susceptibility.

Ecotoxicol Environ Saf 
Vol.285 Pages 117071

10.1016/j.ecoenv.2024.117071 39303638 動物 - 1 1 1 1 0 5、50 mg/kg - - - - - - - - - - - - - - - - - - - - -

統合_1031 Y. J. Park, S. M. Hwang, W. K. Pang, D. Y. Ryu, 
G. Gedda and M. G. Pang 2025

Bisphenol A-induced testicular 
immune dysfunction leads to 
suppressed steroidogenesis and 
excessive histamine production

Bisphenol A (BPA), as environmentally ubiquitous endocrine-disrupting chemical, adversely affects the male reproductive system, contributing to male infertility. The effects of BPA on the immunological mechanisms in 
the testis associated with testicular immune privileges and steroidogenesis, are less studied. Therefore, this study aimed to investigate the potential impact of BPA on immunological mechanisms in the testis that are 
critical for male fertility. Five-week-old male CD-1 mice (30 mice/ group) were divided into control (corn oil), no observed adverse effects level (NOAEL, 5 mg/kg -BW), and lowest-observed adverse effects level (LOAEL, 
50 mg/kg -BW) groups. BPA was orally administered for six weeks, beginning at the onset of puberty (five-week-old) and continuing through the entire period of puberty until ten-week-old. In the LOAEL group, expression 
of protease activated receptor 2 was increased by mast cell tryptase activation, which promoted fibroblast proliferation in the LOAEL group. Additionally, we observed that α-smooth muscle actin expression, a marker of 
myofibroblast activation, was increased in the LOAEL group. Additionally, collagen accumulation was observed in the seminiferous tubules adjacent to the blood vessels. This resulted in increased testicular germ cell 
apoptosis along with decreased sperm concentration and motility in the LOAEL group. BPA exposure also led to excessive mast cell activation and histamine overproduction, which resulted in reduced expression of 
steroidogenic enzymes and decreased testosterone levels. In conclusion, this study highlighted that the role of BPA in male infertility by disrupting testicular immune cell composition, which impaired spermatogenesis and 
steroidogenesis, creating an unsuitable environment for germ cells.

Ecotoxicol Environ Saf 
Vol.303 Pages 118790

10.1016/j.ecoenv.2025.118790 40753778 動物 - 1 1 1 1 0 5、50 mg/kg - - - - - - - - - - - - - - - - - - - - -

統合_1032 Y. Park, M. J. Jang, D. Y. Ryu, B. Lim, R. K. 
Pathak, M. G. Pang and J. M. Kim 2024

Integrative transcriptomic profiling 
uncovers immune and functional 
responses to bisphenol a across 
multiple tissues in male mice

Bisphenol A (BPA), an endocrine-disrupting substance commonly found in plastics and receipts, is associated with adverse effects, including endocrine disorders, reduced fertility, and metabolic issues. To gain insights 
into its effects on biological systems, we observed the adverse effects of BPA in male Institute of Cancer Research (ICR) mice exposed to BPA at the lowest observed adverse effect level for 6 weeks, in comparison with 
the control groups. We constructed a comprehensive transcriptome profile using 20 different tissues to analyze the changes in the whole-body systems. This involved employing differential gene expression, tissue-
specific gene, and gene co-expression network analyses. The study revealed that BPA exposure led to significant differences in the transcriptome in the thymus, suggesting activation of T-cell differentiation and 
maturation in response to BPA treatment. Furthermore, various tissues exhibited immune response activation, potentially due to the migration of immune cells from the thymus. BPA exposure also caused immune-related 
functional changes in the colon, liver, and kidney, as well as abnormal signaling responses in the sperm. The transcriptome analysis serves as a valuable resource for understanding the functional impact of BPA, providing 
profound insights into the effects of BPA exposure and emphasizing the need for further research on potential associated health risks.

Anim Cells Syst (Seoul) 
Vol.28 Issue 1 Pages 
519-535

10.1080/19768354.2024.2419473 39464840 動物 - 1 1 1 1 0 50 mg/kg/⽇ - - - - - - - - - - - - - - - - - - - - -

統合_1033 J. Park, H. Lee, D. W. Choi and K. Park 2023

The mixture effect of propyl paraben 
and bisphenol A on the uterotrophic 
response in the ovariectomized rats 
after oral administration

Recent studies reported bisphenol A (BPA) and propyl paraben (PrP) are found in human urine, blood, and breast milk samples as well as in food, packaging, socks, and clothes. This means that the two chemicals co-exist 
in consumer products, and humans are exposed simultaneously to the mixture chemicals. However, the studies on the mixture effects of the two chemicals on human health are not enough. This study was designed to 
elucidate the effects of orally administered PrP, BPA, and their mixture effects on the uterotrophic response using ovariectomized rats. In addition, the correlation between the uterotrophic response and tissue 
concentrations of the two chemicals was studied to investigate whether one chemical has any effect on the absorption, distribution, or excretion of the other chemical. Histopathology, hematology, and plasma 
biochemistry analysis were also performed to evaluate the chemicals' toxicological effects in the treated rats. Although a significant increase in uterus weight (absolute and relative) was observed in the positive chemical 
(17β-estradiol) treated group, there were no statistical differences in the uterus weight between the vehicle control and the chemical-treated groups. However, a slight increase in the endometrial glands and a change in 
the cuboidal to columnar epithelium of the endometrial epithelium were observed in the mixture-treated group. There was no significant toxicity in all treated groups by the hematology and plasma biochemistry analysis 
results. The results of tissue distribution showed that BPA was mostly detected in the liver while PrP was not detected in most tissues, and the BPA level was higher when the rats were treated with PrP than without 
PrP, suggesting that PrP may increase the absorption of BPA after oral administration.

Environ Anal Health 
Toxicol Vol.38 Issue 1 
Pages e2023006-0

10.5620/eaht.2023006 37100401 動物 - 1 1 1 1 0 400、800 mg/kg - - - - - - - - - - - - - - - - - - - - -

統合_1034 J. Park, K. Choi, J. Lee, J. M. Jung and Y. Lee 2020

The Effect of Korean Red Ginseng 
on Bisphenol A-Induced Fatty Acid 
Composition and Lipid Metabolism-
Related Gene Expression Changes

Bisphenol A (BPA), which is known to be an endocrine-disrupting chemical (EDC), is associated not only with estrogen activity and reproductive toxicity but also with a variety of metabolic disorders. BPA affects glucose 
tolerance, cholesterol biosynthesis, and fatty acid synthesis. Ginseng is a traditional medicinal plant that has been widely used in East Asia for more than 2000 years, and a number of health effects have been reported. 
Korean Red Ginseng (KRG) has also been shown to have effects on lipid metabolism and body weight reduction in vivo in obese mice. In this study, we administered BPA and KRG to ovariectomized (OVX) ICR mice. BPA 
(800 mg/kg/day) and KRG (1.2 g/kg/day) were orally administered to OVX mice for 3 days. KRG inhibited the increase in total fatty acid level by BPA as determined by lipid profiling in the liver of OVX mice. In addition, 
transcriptome analysis showed that KRG inhibited BPA-induced changes in lipid metabolic process-related genes. Our findings suggest that KRG can regulate BPA-induced changes in lipid metabolism.

Am J Chin Med Vol.48 
Issue 8 Pages 1841-
1858

10.1142/s0192415x20500925 33300480 動物 - 1 1 不明 ovariectomized (OVX) ICR 0 800 mg/kg/⽇ - - - - - - - - - - - - - - - - - - - - -

統合_1035 M. K. Pant, A. H. Ahmad, M. Naithani, H. S. 
Pandey, M. Pandey and J. Pant 2020

Effect of Exposure of Plastic Infant 
Feeding Bottle Leached Water on 
Biochemical, Morphological and 
Oxidative Stress Parameters in Rats

Bisphenol A (BPA) is leached out from plastic infant feeding bottles that are filled with warm milk/water due to high temperatures, exposing the infants to BPA. The present study aims to understand the effects of 
ingestion of BPA leached from plastic infant feeding bottle and delineate the underlying mechanisms in rats. In this study, adult rats of Wistar strain were divided into 3 groups. In the first group, the rats consumed normal 
food and tap water ad libitum. In the second group, the rats ingested BPA (20 µg/kg bodyweight/day, orally). In the third group, the rats drank water leached from plastic infant feeding bottles. After 30days, tests involving 
biochemical parameters, histopathological examination, and oxidative stress enzyme markers were performed, and the levels of BPA in plastic-leached water were estimated by HPLC analysis. There were significant 
biochemical changes in the form of increased alkaline phosphatase (ALP), creatine kinase-muscle/brain (CK-MB), and lactate dehydrogenase (LDH) levels in both treated groups as compared to control group, 
accompanied by structural damage to the vital organs, and lipid peroxidation, glutathione reductase, and catalase activity were also high in the treated groups. Further, the BPA concentration in plastic leached water was 
estimated to be 0.1 ± 0.02 µg/mL.

Toxics Vol.8 Issue 2 10.3390/toxics8020034 32414073 動物 - 1 1 1 1 0 20 µg/kg - - - - - - - - - - - - - - - - - - - - -

統合_1036 S. Pande, R. Ranjan, M. Ryazanova, A. N. 
Shuvaev, A. B. Salmina and V. A. Kratasyuk 2022

Buckwheat-enriched diet alleviates 
bisphenol A mediated oxidative 
stress via modulation of sirtuin 1 
and antioxidant status in 
experimental rats

Present study investigated effect of dietary buckwheat in alleviating bisphenol A (BPA) mediated oxidative stress, concomitant sirtuin1 levels in serum, stomach, and liver of rats. Experimental group A and B ingested 
standard diet, C and D consumed buckwheat (30%); group A and C drank normal water, B and C had BPA contamination (10 mg L(-1)). Sirtuin1 mean B/A ratio nearing unity in all tissues reveals inertness of BPA towards 
sirtuin1. Dietary buckwheat improved sirtuin1 levels both in normal (mean C/A ratio of serum, 1.65; liver, 1.24; stomach, 1.78) and BPA fed state (mean D/B ratio of serum, 1.9; liver, 1.26; stomach, 1.75). Buckwheat 
augmented antioxidant status in BPA fed rats as seen in mean D/B ratio of serum (catalase, 2.4; glutathione reductase (GR), 1.33; Thiols, 1.2), liver (catalase, 2; GR, 2.5; Thiols, 1.36) and stomach (catalase, 1.31; GR, 1.5; 
Thiols, 1.33). Therefore, buckwheat counters BPA-led oxidative stress and modulates sirtuin1.

Food Chem Vol.373 
Issue Pt B Pages 
131507

10.1016/j.foodchem.2021.131507 34763933 動物 - 1 1 1 1 0 10 mg/L（飲⽔中濃度） - - - - - - - - - - - - - - - - - - - - -
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統合_1037

M. I. Palacios-Arreola, N. A. Moreno-Mendoza, 
K. E. Nava-Castro, M. Segovia-Mendoza, A. 
Perez-Torres, C. A. Garay-Canales and J. 
Morales-Montor

2022

The Endocrine Disruptor Compound 
Bisphenol-A (BPA) Regulates the 
Intra-Tumoral Immune 
Microenvironment and Increases 
Lung Metastasis in an Experimental 
Model of Breast Cancer

Breast cancer (BC) metastasis represents the main physiopathology leading to poor prognosis and death. Bisphenol A (BPA) is a pollutant, classified as an endocrine-disrupting chemical compound with estrogenic 
properties, their exposure in the early stages of neonatal life leads to an increase in the size and weight of breast tumors and induces cellular changes in the tumoral immune microenvironment where cytokines play a key 
role. Thus, we used female BALB/c mice exposed neonatally to a single dose of BPA. Once mice reached sexual maturity, a mammary tumor was induced, injecting 4T1 cells in situ. After 25 days of injection, we evaluated 
endocrine alterations, cytokine expression, tissue alterations denoted by macro or micro-metastasis in the lung, and cell infiltration induced by metastasis. We found that BPA neonatal treatment did not show significant 
endocrine alterations. Noteworthy, BPA led to an augmented rate of metastasis to the lung associated with higher intratumoral expression of IL-1β, IL-6, IFN-γ, TNF-α, and VEGF. Our data suggest that cytokines are 
key players in the induction of BC metastasis and that BPA (an environmental pollutant) should be considered as a risk factor in the clinical history of patients as a possible inductor of BC metastasis.

Int J Mol Sci Vol.23 
Issue 5

10.3390/ijms23052523 35269666 動物 - 1 0 1 BALB/cAnN (H2-d) 0 250 µg/kg - - - - - - - - - - - - - - - - - - - - -

統合_1038

R. Pagotto, C. G. Santamaría, M. B. Harreguy, J. 
Abud, M. L. Zenclussen, L. Kass, M. Crispo, M. 
M. Muñoz-de-Toro, H. A. Rodriguez and M. 
Bollati-Fogolín

2020
Perinatal exposure to Bisphenol A 
disturbs the early differentiation of 
male germ cells

Understanding the effects of Bisphenol A (BPA) on early germ cell differentiation and their consequences in adult life is an area of growing interest in the field of endocrine disruption. Herein, we investigate whether 
perinatal exposure to BPA affects the differentiation of male germ cells in early life using a transgenic mouse expressing the GFP reporter protein under the Oct4 promoter. In this model, the expression of GFP reflects the 
expression of the Oct4 gene. This pluripotency gene is required to maintain the spermatogonial stem cells in an undifferentiated stage. Thus, GFP expression was used as a parameter to evaluate the effect of BPA on 
early germ cell development. Female pregnant transgenic mice were exposed to BPA by oral gavage, from embryonic day 5.5 to postnatal day 7 (PND7). The effects of BPA on male germ cell differentiation were evaluated 
at PND7, while sperm quality, testicular morphology, and protein expression of androgen receptor and proliferating cell nuclear antigen were studied at PND130. We found that perinatal/lactational exposure to BPA up-
regulates the expression of Oct4-driven GFP in testicular cells at PND7. This finding suggests a higher proportion of undifferentiated spermatogonia in BPA-treated animals compared with non-exposed mice. Moreover, in 
adulthood, the number of spermatozoa per epididymis was reduced in those animals perinatally exposed to BPA. This work shows that developmental exposure to BPA disturbed the normal differentiation of male germ 
cells early in life, mainly by altering the expression of Oct4 and exerted long-lasting sequelae at the adult stage, affecting sperm count and testis.

Reprod Toxicol Vol.98 
Pages 117-124

10.1016/j.reprotox.2020.09.004 32956838 動物 - 1 1 不明 transgenic 不明 不明 - - - - - - - - - - - - - - - - - - - - -

統合_1039 G. Ozkemahli, A. Balci Ozyurt, P. Erkekoglu, N. 
D. Zeybek, N. Yersal and B. Kocer-Gumusel 2022

The effects of prenatal and 
lactational bisphenol A and/or di(2-
ethylhexyl) phthalate exposure on 
female reproductive system

Bisphenol A (BPA) and di(2-ethylhexyl) phthalate (DEHP) are endocrine disrupting chemicals (EDCs) that are abundantly used in polyvinyl chloride plastics, polycarbonates and epoxy resins. Prenatal and early postnatal 
exposures to EDCs are suggested to be more critical. Such exposures can lead to reprotoxic effects, hormonal and metabolic consequences in adulthood. Moreover, combined exposure to different EDCs can lead to more 
serious adverse effects, some of which cannot be predicted by examining their individual toxicity profiles. This study aimed to evaluate effects of single and combined prenatal and lactational exposures to BPA and/or 
DEHP on female reproductive hormones and ovarian follicle development. Pregnant Sprague-Dawley rats were divided randomly to four groups (n = 3/group): Control (received vehicle only); DEHP (30 mg/kg/day); BPA (50 
mg/kg/day) and BPA + DEHP (30 mg/kg/day DEHP; 50 mg/kg/day BPA) through 6-21 gestational days and lactation by intra-gastric lavage. Female offspring (n = 6/group) were fed until the end of twelfth postnatal week 
and then euthanized. Reproductive hormones, ovarian follicle numbers and ovarian development were determined. Plasma testosterone and estradiol levels of BPA and BPA + DEHP groups were significantly lower than 
control. In BPA group, the number of tertiary ovarian follicles decreased significantly compared to control. In the combined exposure group, the number of corpus luteum (29%), as well as the number of primordial follicles 
(36%), showed marked decreases compared to control group. It can be suggested that early life exposure to BPA and DEHP may cause late life adverse effects in female reproductive system, especially after combined 
exposure.

Toxicol Mech Methods 
Vol.32 Issue 8 Pages 
597-605

10.1080/15376516.2022.2057265 35321620 動物 - 1 1 1 1 0 50 mg/kg/⽇ - - - - - - - - - - - - - - - - - - - - -

統合_1040 Ö. Özden Akkaya, A. Yağci, B. Zik, A. Kibria, S. G
üler, S. Çelik and K. Altunbaş 2024

The effect of bisphenol A on the 
Notch (Notch2 and Jagged2) 
signaling pathway in the follicular 
development of the neonatal rat 
ovary

The formation of primordial follicles determines the pool size of follicles in the ovary, and is crucial for female reproductivity. Oocyte nest breakdown, and the formation of primordial follicles, largely depend upon the 
communication between oocytes and the surrounding pregranulosa cells. The neurogenic locus notch homolog protein (Notch) signaling pathway is the key player for this cell-to-cell communication, and is responsible for 
primordial folliculogenesis. However, different endocrine disruptors, including bisphenol A (BPA; a plasticizer and a constituent of reusable plastic containers) may affect the Notch signaling pathway, and might induce 
ovary dysfunction via Notch signaling. Consequently, we investigated the possible influence of BPA treatment on the proportional distribution of the follicular stages, follicle numbers, levels of apoptosis, and on Notch2 
and Jagged2 expressions in the ovary. BPA was administered at doses of either 50 µg/kg/day or 50 mg/kg/day, at different time intervals, during neonatal and fetal periods in vivo. After collecting the ovaries from the 
various experimental groups, follicles were counted, and frequency of apoptosis was determined by TUNEL assay. In addition, Notch2 and Jagged2 expressions were assessed by immunohistochemical staining and qPCR. 
In summary, BPA treatment affected the follicle numbers and apoptosis level, and Notch2 and Jagged2 expressions varied with follicular stage. It was also observed that these parameters were dose and time dependent 
with respect to BPA exposure.

Biotech Histochem 
Vol.99 Issue 5 Pages 
238-259

10.1080/10520295.2024.2361313 39382141 動物 - 1 不明 不明 不明 0 50、50000 µg/kg/⽇ - - - - - - - - - - - - - - - - - - - - -

統合_1041 Z. Ouyang, W. Zhu, Y. Xie, W. Yang, J. Liu, Q. 
Pang and R. Fan 2024

Green Tea Diet Can Effectively 
Antagonize the Toxicity Induced by 
Environmental-Related 
Concentrations of BPA: An 
Implication from In Vivo and In Silico 
Studies

The neurotoxicity of bisphenol A (BPA) exposure has been confirmed in vitro and in vivo, and inflammatory response is considered the main pathway. Green tea is a healthy life habit as it is rich in various anti-inflammatory 
components. To confirm that green tea diet is an effective measure to antagonize BPA-induced neurotoxicity, mice were treated with 0.5 and 5000 μg/kg/day of BPA from postnatal days (PNDs) 10-50 and supplemented 
with green tea on PND 21. From PND 51, behavioral tests were conducted on mice to assess their emotional, cognitive, and spatial learning memory capabilities. The open field test and elevated plus maze test indicated 
anxiety-like behaviors induced by BPA. Interestingly, green tea diet significantly alleviated BPA-induced anxiety-like behaviors. Meanwhile, the green tea diet effectively reversed BPA-induced microglia activation and 
morphological changes in the hippocampus of mice. Molecularly, green tea inhibited hippocampal neuroinflammation of mice by reducing BPA-induced expressions of NLRP3, ASC, cleaved-caspase-1, GSDMD-N, IL-6, 
and IL-1β, as well as significantly reducing the expression of Bak1, Bax, caspase-9, and Cytc c genes (p < 0.05). Molecular docking suggests that various anti-inflammatory components of green tea can competitively 
bind to the estrogen receptors with BPA. In general, a green tea diet alleviates BPA-induced emotional disorders by inhibiting microglial polarization and hippocampal pyroptosis, indicating its effective antagonistic ability 
against the neurotoxicity induced by environmental BPA exposure.

J Agric Food Chem 
Vol.72 Issue 37 Pages 
20633-20645

10.1021/acs.jafc.4c05627 39230979 動物 - 1 不明 1 不明 0 0.5、5000 µg/kg/⽇ - - - - - - - - - - - - - - - - - - - - -

統合_1042 A. P. Ortega-García, V. Díaz-Hernández, P. 
Collazo-Saldaña and H. Merchant-Larios 2021

Bisphenol A alters differentiation of 
Leydig cells in the rabbit fetal testis

The endocrine disruptor Bisphenol A (BPA) crosses the placental barrier and reaches the fetal organs, including the gonads. In the testis, fetal Leydig cells (FLC) produce testosterone required for the male phenotype and 
homeostatic cell-cell signaling in the developing testis. Although it is known that BPA affects cell proliferation and differentiation in FLC, results concerning the mechanism involved are contradictory, mainly due to 
differences among species. Fast developing fetal gonads of rodents lack cortex and medulla, whereas species with more extended gestation periods form these two tissue compartments. The rabbit provides a good 
subject for studying the disruptive effect of BPA in fetal Leydig and possible postnatal endocrine consequences in adult Leydig cells. Here, we investigated the impact of BPA administered to pregnant rabbits on the FLC 
population of the developing testes. Using qRT-PCR, we assessed the levels of SF1, CYP11A1, 3β-HSD, and androgen receptor genes, and levels of fetal serum testosterone were measured by ELISA. These levels 
correlated with both the mitotic activity and the ultrastructural differentiation of the FLC by confocal and electron microscopy, respectively. Results indicate that BPA alters the expression levels of essential genes 
involved in androgen paracrine signaling, modifies the proliferation and differentiation of the FLCs, and alters the levels of serum testosterone after birth. Thus, BPA may change the postnatal levels of serum testosterone 
due to the impaired FLC population formed by the proliferating stem and non-proliferating cytodifferentiated FLC.

Int J Dev Biol. 
2021;65(4-5-6):403-
412.

10.1387/ijdb.200185hm 32930364 動物 精巣 - - - - - - - - - - - - 1 1 - 納品対象だが⼊ - - - - - - - - - - -

統合_1043 O. I. Oluranti, B. A. Alabi, O. S. Michael, A. O. 
Ojo and B. P. Fatokun 2021

Rutin prevents cardiac oxidative 
stress and inflammation induced by 
bisphenol A and dibutyl phthalate 
exposure via NRF-2/NF-κB 
pathway

AIM: Environmental pollutants such as plastic-component substances (phthalates and bisphenol A) that coexist in natural ecosystems have been linked to an increase in the occurrence of human health hazards, 
particularly cardiovascular health. This study was designed to investigate single and combined cardio-toxic effects of dibutyl phthalate and bisphenol-A and the possible interventional role of rutin. MATERIALS AND 
METHODS: Forty-two rats were randomized into 7 groups of 6 animals each and were treated as follows for 28 days: Control (0.1% DMSO), Bisphenol-A (BPA, 25 mg/kg, p.o), Dibutyl phthalate (DBP, 25 mg/kg, p.o), BPA 
+ Rutin (25 mg/kg, Rt 50 mg/kg), DBP + Rt (25 mg/kg, Rt 50 mg/kg), BPA + DBP, BPA + DBP + Rt. Cardiac lipid peroxidation, antioxidants and inflammatory markers activities were measured. KEY FINDINGS: The result 
showed that BPA reduced the superoxide dismutase (SOD) activity, DBP and DBP+ BPA reduced the catalase (CAT) activity, DBP reduced glutathione (GSH) and nuclear factor erythroid 2-related factor 2 (Nrf2) while 
malondialdehyde (MDA) increased in DBP + BPA group. Also, DBP increased tissue C-reactive protein (CRP); DBP, DBP + BPA increased tissue nuclear factor kappa B (NF-κB); DBP + BPA increased plasma CRP; BPA 
increased plasma NF-κB. However, rutin efficiently reduced MDA level, CRP and NF-κB; increasing SOD, GSH and Nrf2 levels in DBP and BPA exposed rats. SIGNIFICANCE: These results revealed that bisphenol and 
dibutyl phthalate exposure caused oxidative stress and inflammation in the heart through Nrf2/NF-κB signaling pathway while oral administration of rutin prevents these effects via upregulation of Nrf2 and suppression 
of NF-κB signaling pathway.

Life Sci Vol.284 Pages 
119878

10.1016/j.lfs.2021.119878 34384828 動物 - 1 1 1 不明 0 25 mg/kg - - - - - - - - - - - - - - - - - - - - -

統合_1044 S. G. Olukole, E. O. Ola-Davies, D. O. Lanipekun 
and B. O. Oke 2020

Chronic exposure of adult male 
Wistar rats to bisphenol A causes 
testicular oxidative stress: Role of 
gallic acid

OBJECTIVES: Bisphenol A (BPA) has been reported that among other male reproductive dys-functions, it can cause marked estrogenic effects including alteration in serum hormones as well as testicular lesions in 
exposed animals. This work sought to study the role of gallic acid (GA), a known antioxidant, on the BPA-induced testicular oxidative stress in adult male Wistar rats using serum hormone analysis, histopathology, and 
biochemical assays. METHODS: Adult male rats were divided into four groups (n=10) including control (0.2 ml of corn oil), GA (20 mg/kg/day), BPA (10 mg/kg/day), BPA+GA (BPA, 10 mg/kg/day + GA, 20 mg/kg/day). All 
medications were given by oral gavage for 45 consecutive days. The body and testicular weights were measured. Blood and organ samples were collected for the serum hormonal assay: testosterone (T), luteinizing 
hormone (LH), follicle stimulating hormone (FSH) and prolactin (PRL), and tissue biochemistry analysis: superoxide dismutase (SOD), reduced glutathione (GSH), glutathione-S-transferase (GST), malondialdehyde 
(MDA), hydrogen peroxide (H2O2), respectively. RESULTS: The BPA-treated rats showed significant reduction in the gonadosomatic index. BPA also caused significant decrease in the levels of the serum testosterone 
and prolactin. Furthermore, BPA induced testicular oxidative stress by decreasing the activities of antioxidant enzymes and increasing reactive oxygen species. However, co-treatment with GA protected against these 
alterations. CONCLUSION: Findings from the present study confirmed the previously reported data and show that the ability of GA, as a potent antioxidant, may protect against BPA-induced alterations in the male 
reproductive function. Hence, GA protects against testicular oxidative stress in adult male Wistar rats following chronic exposure to BPA.

Endocr Regul Vol.54 
Issue 1 Pages 14-21

10.2478/enr-2020-0003 32597147 動物 - 1 1 1 1 0 10 mg/kg/⽇ - - - - - - - - - - - - - - - - - - - - -

統合_1045 S. G. Olukole, D. O. Lanipekun, E. O. Ola-Davies 
and B. O. Oke 2019

Maternal exposure to 
environmentally relevant doses of 
bisphenol A causes reproductive 
dysfunction in F1 adult male rats: 
protective role of melatonin

This study investigated the protective effects of melatonin (MLT), a potent antioxidant, in male Wistar rats exposed to environmentally relevant doses of bisphenol A (BPA) in utero. Pregnant Wistar rats were randomly 
assigned into five groups. Group 1 (control) received 0.2 mL 1% dimethyl sulfoxide (DMSO)/99% canola oil as vehicle; group 2 received BPA at 25 μg/kg/day; group 3 received BPA at 250 μg/kg/day; group 4 received BPA 
at 25 μg/kg/day with concurrent MLT 1 mg/kg/day while group 5 received BPA at 250 μg/kg/day with concurrent MLT 1 mg/kg/day. Treatments were by gavage from gestational day (GD) 10-21. The BPA-treated rats 
showed dose-dependent significant reduction in body weight, gonosomatic index, sperm motility, livability and count. Also, BPA caused significant reduction in the levels of serum testosterone and luteinizing hormone 
while it caused significant increases in the levels of follicle stimulating hormone as well as estradiol. Furthermore, BPA induced testicular oxidative stress including significant decreases in the activities of testicular 
SOD, GSH and GPx as well as GST, increasing the levels of testicular MDA and H(2)O(2). It further induced interstitial necrosis and germinal cell degeneration in the testis with a subsequent diminution of the tubular and 
luminal diameter. However, co-treatment with MLT offered protection against testicular damage induced by BPA. Melatonin is likely to protect against alterations of the male reproductive system caused by BPA through a 
direct action on the mechanism of anti-oxidants as well as through the inhibition of necrosis.

Environ Sci Pollut Res 
Int Vol.26 Issue 28 
Pages 28940-28950

10.1007/s11356-019-06153-3 31388950 動物 - 1 1 1 1 0 25、250 µg/kg/⽇ - - - - - - - - - - - - - - - - - - - - -

統合_1046
K. M. Oliveira, L. S. Figueiredo, T. R. Araujo, I. N. 
Freitas, J. N. Silva, A. C. Boschero and R. A. 
Ribeiro

2020

Prolonged bisphenol-A exposure 
decreases endocrine pancreatic 
proliferation in response to 
obesogenic diet in ovariectomized 
mice

Research on the deleterious actions of bisphenol (BP)-A have focused on its effects on insulin secretion during pre/perinatal periods or adulthood. Estrogens also modulate endocrine pancreas physiology in females 
during aging; however, the effects of BPA on islet morphophysiology after menopause have not been investigated. We evaluated the effects of BPA exposure on glucose homeostasis and islet morphofunction in 
ovariectomized (OVX) mice fed on a high-fat diet (HFD). Adult Swiss female mice were underwent to bilateral ovariectomy, and with the confirmation of the establishment of surgical menopause, the females were then 
submitted, or not,to a normolipidic diet or HFD [control (CTL) and HFD groups, respectively] without or with 1 μg/mL BPA in their drinking water (CBPA and HBPA groups) for 90 days. HFD females displayed obesity, 
hyperglycemia, hyperinsulinemia, glucose intolerance and insulin resistance. BPA did not modulate HFD-induced obesity or body glucose impairments in HBPA females, and islets isolated from both the HFD and HBPA 
groups exhibited insulin hypersecretion. The HBPA islets, however, displayed enlarged islet cells and reduced proliferation, in association with the downregulation of mRNAs encoding PDX-1, NGN3 and CCND2 and 
upregulation of mRNAs encoding ER-β, GPR30, TNF-α and IL-1β in HBPA islets. BPA consumption in OVX mice impaired the islet-cell hyperplasia response to the HFD, partly mediated by increased expression of ER-β 
and GPR30, which impaired the expression of major genes involved in islet-cell survival and functionality. Together with higher pro-inflammatory cytokines expression in the islet milieu, these alterations may accelerate β
-cell failure in postmenopause.

Steroids Vol.160 Pages 
108658

10.1016/j.steroids.2020.108658 32442623 動物 - 1 1 1 Swiss ovariectomized (OVX) 0 1 µg/mL（飲⽔中濃度） - - - - - - - - - - - - - - - - - - - - -

統合_1047 O. S. Okoh, J. K. Akintunde, A. J. Akamo and U. 
Akpan 2025

Thymoquinone inhibits 
Neuroinflammatory mediators and 
vasoconstriction injury via NF-κB 
dependent NeuN/GFAP/Ki-67 in 
hypertensive Dams and F1 male 
pups on exposure to a mixture of 
Bisphenol-A analogues

Bisphenol-A (BPA) analogues seem inevitable components of numerous domestic products, but these have been identified as agents of teratogenic disorders. This study, therefore, investigated the effect of thymoquinone 
(TMQ) on the striatum of hypertensive female rats and their F1 male offsprings, on exposure to a mixture of Bisphenol-B, Bisphenol-F and Bisphenol-S (MBFS). Female rats were divided into normotensive and 
hypertensive groups; and both were treated with MBFS only, MBFS + TMQ, and TMQ only. Exposure to MBFS and co-treatment with TMQ lasted at least 63 days. Neurobehavioural assessments were conducted using 
Open Field (OF). A spectrophotometer was used for cholinergic, dopaminergic and adenosinergic enzyme assays; Real-Time PCR for gene expression; and immunohistochemistry for protein quantification; while H&E, 
cresyl fast violent, and congo red stains were used for histological assessments. From the results, maternal exposure to MBFS mediated striatal dysfunction via p53 and NF-kB upregulation; decreased BCl-2, Ki-67 and 
NeuN; increased GFAP, nissl bodies and β-amyloid. Dysregulation of cholinergic, dopaminergic and adenosinergic enzymes in addition to decreased nitric oxide levels were also associated with MBFS toxicity. 
Hypertension was found to exacerbate MBFS toxicity. From OF test; increased anxiety and decreased psychomotor activity were associated with maternal exposure to MBFS. However, co-treatment with thymoquinone 
prevented striatal dysfunction in hypertensive dams and their F1 male offspring. In conclusion, disruption of the delicate balance between apoptosis and cell proliferation culminating in the reduction of mature neurons is 
responsible for neurodegeneration and neuropathy associated with MBFS exposure. However, these can be prevented through regular consumption of natural products and supplements rich in thymoquinone.

Toxicol Appl Pharmacol 
Vol.494 Pages 117162

10.1016/j.taap.2024.117162 39577800 動物 - 1 不明 不明 不明 不明 不明 - - - - - - - - - - - - - - - - - - - - -

統合_1048

H. A. Ogwoni, P. M. Aja, E. D. Eze, P. C. Agu, A. 
A. Moyosore, B. A. Ale, E. U. Ekpono, J. N. 
Awoke, P. N. Ogbu, O. U. Ukachi, O. U. Orji, P. 
C. Nweke, C. O. Egwu, E. U. Ekpono, G. O. Ewa, 
I. O. Igwenyi, E. U. Alum, D. C. Chukwu, L. Aja, 
G. O. Ani, C. E. Offor, O. E. Yakubu, E. 
Maduagwuna, J. B. Akobi, S. Noreen and C. G. 
Awuchi

2024

Cucumeropsis mannii seed oil 
(CMSO) restores testicular 
mitochondrial dysfunctions by 
modulating the activities of 
dysregulated testicular 
mitochondrial enzymes in male 
albino rats exposed to bisphenol A

Bisphenol A, a traditional endocrine disruptor, has been implicated in male infertility. This study investigated the effect of Cucumeropsis mannii seed oil (CMSO) on bisphenol A (BPA)-induced biochemical toxicity in the 
testicular mitochondria of male albino rats. The rats were assigned randomly to six experimental groups (n = 6), A, B, C, D, E, and F. Group A received 1 mL of olive oil. Groups B and C received 100 mL/kg body weight 
(BW) of BPA and 7.5 mL/kg BW CMSO, respectively. Rats in groups D, E, and F received preadministered doses of 100 mL/kg BW of BPA, 5 mL/kg BW of BPA, and 2.5 mL/kg BW of CMSO, respectively, followed by 6 
weeks of exposure to those doses. Some mitochondrial enzymes, mitochondrial membrane potential (MMP), mitochondria testicular protein, and body weight of rats were determined using standard methods. BPA 
significantly reduced succinate dehydrogenase, malate dehydrogenase, isocitrate dehydrogenase, NADH dehydrogenase, and monoamine oxidase activity. Also, BPA prominently decreased the MMP, mitochondrial 
testicular protein, and body weight of rats. Interestingly, coadministration of BPA and CMSO restored the dysregulated activities of the enzymes and levels of other biomarkers. We postulated that CMSO may be a 
promising drug for treating systemic toxicity caused by environmental toxicants such as BPA.

Food Sci Nutr Vol.12 
Issue 10 Pages 7854-
7863

10.1002/fsn3.4379 39479659 動物 - 1 1 1 1 0 100 mg/kg - - - - - - - - - - - - - - - - - - - - -

統合_1049 P. Nuñez, J. Arguelles and C. Perillan 2023
Effects of short-term exposure to 
low doses of bisphenol A on cellular 
senescence in the adult rat kidney

Bisphenol A (BPA) is one of the primary chemicals produced by volume worldwide. Extensive literature has raised many concerns about its possible involvement in the pathogenesis of kidney diseases, but its contribution 
has not been extensively studied. During cellular senescence, the interference of lipofuscin with cellular functions promotes further senescence, causing cellular malfunction. Insulin-like growth factor-1 (IGF-1) plays an 
important protective role in the setting of kidney injury. The goal of the present work was to evaluate the effects of short-term treatment with low doses of BPA on cellular senescence in adult rat kidneys. Male Wistar 
rats were injected with vehicle (CONTROL group) or 50 or 500 μg/kg/day of BPA for 1 week (BPA50 and BPA500 groups, respectively). The kidneys were fixed in 4% buffered formaldehyde and embedded in paraffin. 
Immunohistochemical analyses were performed, and an immunoreactive score (IRS) was calculated. Lipofuscin autofluorescence was used for the study of cellular senescence. The renal cortex showed diffuse 
autofluorescent lipofuscin signal in the proximal convoluted tubules (PCTs) of males in the BPA50-treated (weak intensity) and BPA500-treated (strong intensity) groups, but not in CONTROL males. Labeling of cortical 
PCTs with anti-IGF-1 antibodies showed an IRS of 0 in the CONTROL group, but IRSs of 4 and 6 in the BPA50- and BPA500-treated groups, respectively. The present results suggest that low, "safe" doses of BPA induce 
renal injury, as measured by histological signs of renal changes, increased cellular senescence, and activation of cellular repair systems in PCTs.

Histochem Cell Biol 
Vol.159 Issue 5 Pages 
453-460

10.1007/s00418-022-02178-x 36622388 動物 - 1 0 1 1 0 50 µg/kg/⽇ - - - - - - - - - - - - - - - - - - - - -
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統合_1050 P. Nuñez, J. Arguelles and C. Perillan 2022

Sex-specific influence of maternal 
exposure to bisphenol A on sodium 
and fluid balance in response to 
dipsogenic challenges in rats

The plasticizer bisphenol A (BPA) is one of the highest volume chemicals produced worldwide. Human exposure to BPA occurs almost constantly. BPA is an endocrine disruptor that interferes in estrogen receptor 
functions. This is important for the developing brain, which is particularly sensitive to the estrogenic effects of BPA. Body fluid balance is maintained by a complex network of systems that regulate sodium and water 
intakes and electrolyte excretion. The development of these control systems occurs during early life and therefore, may be susceptible to changes in the uterine environment. The aim of this work was to study the effects 
of two low BPA doses in the dam, during pregnancy and lactation, on adult offspring drinking and sodium and urine excretion after dipsogenic challenge. Dams were exposed to BPA in drinking water to mimic the most 
likely route of human exposure. The results showed that BPA did not disrupt spontaneous fluid balance, but altered sodium and fluid intakes in the BPA offspring under osmotic challenges. In experiments, both 24h fluid 
deprivation and sodium depletion modified fluid ingestive response in BPA offspring compared to control offspring. The increased preference for 2.7% NaCl solution in male BPA offspring is similar to female control 
offspring, altered ingestive behavior appears to be due to feminization of males and "hyperfeminization" of female BPA offspring, as they drink more than female control offspring. Our results indicate that exposure to low 
doses of BPA in early life may disrupt the development of sex-specific drinking behaviors by altering the steroid programming of the brain, and this disruption affects males and females differently.

Appetite Vol.176 Pages 
106091

10.1016/j.appet.2022.106091 35644309 動物 - 1 1 1 1 0 5、10  mg/L（飲⽔中濃度） - - - - - - - - - - - - - - - - - - - - -

統合_1051 P. Nuñez, J. Arguelles and C. Perillan 2021
Chronic exposure to low doses of 
bisphenol A alters hydromineral 
responses in rats

Bisphenol A (BPA) is a chemical commonly used in the industrial sectors, hence humans are exposed to the compound repetitively. BPA is an endocrine disruptor and has been anticipated to interfere on chemical estrogen 
receptor functions and other nuclear hormone receptors. Estrogens are steroid hormones that, in addition to their neuroendocrine roles, affect water and salt intakes in numerous species, including humans and rodents. 
Changes in the hydrosaline balance produce compensatory behavioral and physiological responses, which serve to preserve or restore osmolarity and blood volume to optimal levels, thus preventing cardiovascular disease. 
The aim of the present work was to determine for first time the effect of long-term and low-dose BPA treatment on thirst and sodium appetite. Wistar rats were exposed to BPA via drinking water to mimic the most likely 
route of human exposure, and different dipsogenic and natriorexigenic stimuli were assessed. The BPA-treated rats tend to drink less water that control rats following 24-h fluid restriction, but there was no statistically 
significant decrease. Perhaps the BPA dose does not have enough estrogenic potency to affect water intake. In the extracellular fluid depletion test, the control rats significantly increased 2.7% NaCl solution intake on 
repeated testing, showing sodium appetite sensitization, i.e. the capacity to enhance sodium intake produced by stimulus repetition; whereas BPA-treated rats did not. In this study, fluid and electrolyte balance in BPA-
treated rats is generally adequate but impaired in osmotic challenges, for example by sodium depletion. Thus, neuroendocrine systems involved in maintaining body fluid and electrolyte homeostasis were altered in BPA-
treated rats.

Appetite. 2021 Dec 
1:167:105594.

10.1016/j.appet.2021.105594 34273420 動物 ⼀般毒性(⽔分摂取量） 1 1 単独 Wister rat 0 5 µg/L 飲料⽔（250 µg/kg相当）:1 - - - - - - 1 1 - 1 - - - - - - - - - - -

統合_1052 Y. Ni, L. Hu, S. Yang, L. Ni, L. Ma, Y. Zhao, A. 
Zheng, Y. Jin and Z. Fu 2021

Bisphenol A impairs cognitive 
function and 5-HT metabolism in 
adult male mice by modulating the 
microbiota-gut-brain axis

Bisphenol A (BPA) has been found to promote hepatotoxicity, reproductive toxicity, and developmental toxicity. However, the neurotoxicity and mechanism of BPA on cognitive function are still unclear. To that end, eight-
week-old adult male and female C57BL/6J mice were exposed to 0.05, 0.5, 5, and 50 mg/kg BPA by dietary supplementation for 22 weeks. BPA exposure impaired learning and memory in male mice, associated with 
increased neuroinflammation and damaged blood-brain barrier. BPA exposure reduced the tight junctions in the colon, resulting in dysfunction of the gut barrier. The levels of neurotransmitters in the serum, hippocampus, 
and colon of male mice, including tryptophan, 5-hydroxytryptamine (5-HT) and 5-hydroxyindoleacetic acid, were all decreased by BPA, together with reduced expression of tryptophan and 5-HT metabolism-related genes. 
Cecal microbiota analysis revealed that the diversity and composition of the microbiota in male mice were markedly altered by BPA, leading to functional profile changes in the microbial community. These results suggest 
that the neurotoxicity of BPA in male mice may be partly regulated by the interactions of the microbiota-gut-brain axis. However, BPA has little effect on the cognitive function in female mice, which might be caused by the 
microbial differences and the role of estrogen receptors.

Chemosphere. 2021 
Nov:282:130952.

10.1016/j.chemosphere.2021.1309
52

34082316 動物 神経 1 1 1 1 1 1 - - - - - - 1 1 - 1 - 1 - - - - - - - - -

統合_1053 M. Nguyen, R. Sabry, O. S. Davis and L. A. 
Favetta 2022

Effects of BPA, BPS, and BPF on 
Oxidative Stress and Antioxidant 
Enzyme Expression in Bovine 
Oocytes and Spermatozoa

Bisphenol A (BPA) and its analogs, bisphenol S (BPS) and bisphenol F (BPF), might impact fertility by altering oxidative stress pathways. Here, we hypothesize that bisphenols-induced oxidative stress is responsible for 
decreased gamete quality. In both female (cumulus-oocyte-complexes-COCs) and male (spermatozoa), oxidative stress was measured by CM-H(2)DCFDA assay and key ROS scavengers (SOD1, SOD2, GPX1, GPX4, 
CAT) were quantified at the mRNA and protein levels using qPCR and Western blot (COCs)/immunofluorescence (sperm). Either gamete was treated in five groups: control, vehicle, and 0.05 mg/mL of BPA, BPS, or BPF. 
Our results show elevated ROS in BPA-treated COCs but decreased production in BPS- and BPF-treated spermatozoa. Additionally, both mRNA and protein expression of SOD2, GPX1, and GPX4 were decreased in BPA-
treated COCs (p < 0.05). In sperm, motility (p < 0.03), but not morphology, was significantly altered by bisphenols. SOD1 mRNA expression was significantly increased, while GPX4 was significantly reduced. These 
results support BPA's ability to alter oxidative stress in oocytes and, to a lesser extent, in sperm. However, BPS and BPF likely act through different mechanisms.

Genes (Basel). 2022 Jan 
14;13(1):142.

10.3390/genes13010142 35052481 ex vivo - - - - - - - - - - 1 0 不明 1 - - - - - - - - - - - - - -

統合_1054
J. L. Nguyen, E. A. Ricke, T. T. Liu, R. Gerona, L. 
MacGillivray, Z. Wang, B. G. Timms, D. E. 
Bjorling, F. S. Vom Saal and W. A. Ricke

2022
Bisphenol-A analogs induce lower 
urinary tract dysfunction in male 
mice

Bisphenol-A (BPA), an estrogenic endocrine disrupting chemical, significantly impacts numerous diseases and abnormalities in mammals. Estrogens are known to play an important role in the biology of the prostate; 
however, little is known about the role of bisphenols in the etiology of prostate pathologies, including benign prostate hyperplasia (BPH) and associated lower urinary tract dysfunction (LUTD). Bisphenol-F (BPF) and 
bisphenol-S (BPS) are analogs often used as substitutes for BPA; they are both reported to have in vitro and in vivo estrogenic effects similar to or more potent than BPA. The objective of this study was to assess the role 
of these bisphenols in the development of LUTD in adult male mice. In adult mice exposed to BPA, BPS or BPF, we examined urinary tract histopathology and physiological events associated with urinary dysfunction. Mice 
treated with bisphenols displayed increased bladder (p < 0.005) and prostate (p < 0.0001) mass, and there was an increased number of prostatic ducts in the prostatic urethra (p < 0.05) and decreased size of the urethra 
lumen (p < 0.05) compared to negative controls. After two months of bisphenol exposure, mice displayed notable differences in cystometric tracings compared to controls, consistent with LUTD. Treatment of male mice 
with all bisphenols also induced voiding dysfunction manifested by detrusor instability and histologic changes in the prostatic urethra of male rodents, consistent with LUTD. Our results implicate BPA and its 
replacements in the development and progression LUTD in mice and provide insights into the development and progression of BPH/LUTS in men.

Biochem Pharmacol 
Vol.197 Pages 114889

10.1016/j.bcp.2021.114889 34979091 動物 - 1 0 0 1 0 0.1 ng/mL（⾎清中） - - - - - - - - - - - - - - - - - - - - -

統合_1055 H. T. T. Nguyen, S. H. Jang, S. J. Park, D. H. Cho 
and S. K. Han 2020

Potentiation of the Glycine 
Response by Bisphenol A, an 
Endocrine Disrupter, on the 
Substantia Gelatinosa Neurons of 
the Trigeminal Subnucleus Caudalis 
in Mice

Lamina II, also called the substantia gelatinosa (SG) of the medullary dorsal horn (the trigeminal subnucleus caudalis, Vc), is thought to play an essential role in the control of orofacial nociception because it receives the 
nociceptive signals from primary afferents, including thin myelinated Aδ- and unmyelinated C-fibers. Glycine, the main inhibitory neurotransmitter in the central nervous system, plays an essential role in the transference 
of nociceptive messages from the periphery to higher brain regions. Bisphenol A (BPA) is reported to alter the morphological and functional characteristics of neuronal cells and to be an effector of a great number of ion 
channels in the central nervous system. However, the electrophysiological effects of BPA on the glycine receptors of SG neurons in the Vc have not been well studied. Therefore, in this study, we used the whole-cell 
patch-clamp technique to determine the effect of BPA on the glycine response in SG neurons of the Vc in male mice. We demonstrated that in early neonatal mice (0-3 postnatal day mice), BPA did not affect the glycine-
induced inward current. However, in the juvenile and adult groups, BPA enhanced the glycine-mediated responses. Heteromeric glycine receptors were involved in the modulation by BPA. The interaction between BPA and 
glycine appears to have a significant role in regulating transmission in the nociceptive pathway.

Chem Res Toxicol. 2020 
Mar 16;33(3):782-788.

10.1021/acs.chemrestox.9b00405 31997638 ex vivo 神経 - - - - - - - - - 1 0 不明 1 1 - 1 - - - - - - - - - - -

統合_1056
H. T. Nguyen, K. Yamamoto, M. Iida, T. Agusa, 
M. Ochiai, J. Guo, R. Karthikraj, K. Kannan, E. Y. 
Kim and H. Iwata

2020

Effects of prenatal bisphenol A 
exposure on the hepatic 
transcriptome and proteome in rat 
offspring

Developmental exposure to bisphenol A (BPA) is associated with liver dysfunction and diseases in adulthood. The aims of this study were to assess the effects of prenatal BPA exposure on the hepatic transcriptome and 
proteome in female and male offspring and to understand adverse outcome pathways (AOPs) to observed phenotypic effects. Pregnant Wistar rats were exposed to 50 or 5000 μg BPA/kg bw/day, or 17β-estradiol (E2, 50
 μg/kg bw/day) from embryonic day 3 to 18. The liver transcriptome and proteome profiles were analyzed in the newborn (postnatal day 1; PND1) and weaning (PND21) rat offspring. Based on the differentially expressed 
genes/proteins derived from transcriptome and proteome profiles, we performed pathway, transcription factor, and disease enrichment analyses. A principal component analysis of transcriptome data demonstrated that 
prenatal BPA exposure caused masculinization of the hepatic transcriptome in females. Both of transcriptomic and proteomic data showed that prenatal BPA exposure led to the disruption of cell cycle, lipid homeostasis, 
and hormone balance in offspring. Most of the effects at the transcript level were extended from newborn to weaning in males, but were moderated until weaning in females. The alterations at the transcript and protein 
levels were accordant with the observation of increases in body weight and anogenital distance and changes in hepatosomatic index in the offspring. Collectively, we constructed AOPs with evidence of sex- and age-
specific actions of prenatal BPA exposure in the offspring.

Sci Total Environ 
Vol.720 Pages 137568

10.1016/j.scitotenv.2020.137568 32145629 動物 - 1 不明 1 1 0 50、5000 µg/kg/⽇ - - - - - - - - - - - - - - - - - - - - -

統合_1057 H. T. Nguyen, L. Li, A. Eguchi, K. Kannan, E. Y. 
Kim and H. Iwata 2021

Effects on the liver lipidome of rat 
offspring prenatally exposed to 
bisphenol A

Bisphenol A (BPA) is a well-known endocrine disruptor that has obesogenic properties. We have previously reported sex- and age-dependent changes in hepatic transcriptome and proteome of several lipid homeostasis-
related genes in rat offspring prenatally exposed to BPA. To further understand the impacts of prenatal BPA exposure, we analyzed lipidomic profiles in the postnatal day (PND) 21 and 60 rats using a high-resolution QTOF 
mass spectrometer coupled with a HPLC system. We found that the total lipid content was significantly decreased in PND21 females prenatally exposed to 5000 μg/kg bw/day of BPA. Levels of total fatty acids, 
acylcarnitines, and monoacylglycerols significantly increased in both female and male BPA-exposed rats at PND21. An elevation in total cholesterol esters and reductions in triacylglycerols and monogalactosyl 
diacylglycerols were found only in PND21 females prenatally exposed to BPA. Interestingly, opposite responses were observed for phospholipids and sphingolipids between PND21 females and males following BPA 
exposure. The effects on the body weight and total lipid content were mitigated in the latter stage, although the alterations of lipid profiles continued until PND60. A Data Integration Analysis for Biomarker discovery using 
Latent cOmponents (DIABLO) revealed a high correlation of the lipidome with our previously published transcriptome data. DIABLO also identified potential biomarkers of prenatal exposure to BPA; glycerol-3-phosphate 
dehydrogenase 1 (Gpd1) and glyceronephosphate O-acyltransferase (Gnpat), which are involved in the glycerophospholipid metabolism, in females and males, respectively. Collectively, we highlighted the sex- and age-
dependent effects of prenatal BPA exposure on hepatic lipid homeostasis in rat offspring.

Sci Total Environ 
Vol.759 Pages 143466

10.1016/j.scitotenv.2020.143466 33243495 動物 - 1 不明 1 不明 0 5000 µg/kg - - - - - - - - - - - - - - - - - - - - -

統合_1058 H. T. Nguyen, L. Li, A. Eguchi, T. Agusa, K. 
Yamamoto, K. Kannan, E. Y. Kim and H. Iwata 2022

Effects of gestational exposure to 
bisphenol A on the hepatic 
transcriptome and lipidome of rat 
dams: Intergenerational comparison 
of effects in the offspring

Our previous studies demonstrated that prenatal bisphenol A (BPA) exposure affected the hepatic transcriptome and lipidome in rat offspring in a sex- and age-dependent manner. In this study, we investigated the effects 
of gestational exposure to BPA on the rat dams, after weaning period, and compared them with those of their offspring. Our results showed alterations in hepatic transcriptome related to insulin signaling, circadian 
rhythm, and infectious disease pathways in BPA-treated dams even 4 weeks after the exposure, whereas slight modifications on the lipid profile were found. Alterations in lipid and transcriptome profiles were more 
prominent in the prenatally BPA-exposed offspring at postnatal day (PND) 1 and 21 than those in the dams, suggesting that in utero exposure to BPA is more serious than exposure in the adulthood. Cryptochrome-1 (Cry1) 
and peroxisome proliferator-activated receptor delta (Ppard) were commonly altered in both dams and offspring. Nevertheless, the results of DIABLO (Data Integration Analysis for Biomarker discovery using Latent 
cOmponents), showed that multi-omics data successfully distinguished the exposed dams from the corresponding controls and their offspring with a high level of accuracy. The accuracy rates in BPA50 models (including 
control and 50 μg BPA/kg bw/day exposed groups) were smaller than those in BPA5000 models (control and 5000 μg BPA/kg bw/day exposed groups), suggesting dose-dependent severity in BPA effects. Palmitic acid 
and genes related to circadian rhythm, insulin responses, and lipid metabolism (e.g., 1-acylglycerol-3-phosphate O-acyltransferase 2 (Agpat2), B-cell CLL/lymphoma 10 (Bcl10), Cry1, Harvey rat sarcoma virus oncogene 
(Hras), and NLR family member X1 (Nlrx1)) were identified through DIABLO models as novel biomarkers of effects of BPA across two generations.

Sci Total Environ 
Vol.826 Pages 153990

10.1016/j.scitotenv.2022.153990 35192832 動物 - 1 1 1 1 0 50、5000 µg/kg/⽇ - - - - - - - - - - - - - - - - - - - - -

統合_1059 D. Nesan, K. M. Feighan, M. C. Antle and D. M. 
Kurrasch 2021

Gestational low-dose BPA exposure 
impacts suprachiasmatic nucleus 
neurogenesis and circadian activity 
with transgenerational effects

Critical physiological processes such as sleep and stress that underscore health are regulated by an intimate interplay between the endocrine and nervous systems. Here, we asked how fetal exposure to the endocrine 
disruptor found in common plastics, bisphenol A (BPA), causes lasting effects on adult animal behaviors. Adult mice exposed to low-dose BPA during gestation displayed notable disruption in circadian activity, social 
interactions, and associated neural hyperactivity, with some phenotypes maintained transgenerationally. Gestational BPA exposure increased vasopressin(+) neurons in the suprachiasmatic nucleus (SCN), the region that 
regulates circadian rhythms, of F1 and F3 generations. Mechanistically, BPA increased proliferation of hypothalamic neural progenitors ex vivo and caused precocious neurogenesis in vivo. Co-antagonism of both estrogen 
and androgen receptors was necessary to block BPA's effects on hypothalamic neural progenitors, illustrating a dual role for these endocrine targets. Together, gestational BPA exposure affects development of circadian 
centers, with lasting consequences across generations.

Sci Adv Vol.7 Issue 22 10.1126/sciadv.abd1159 34049886 動物 - 1 1 1 1 0 50 µg/kg - - - - - - - - - - - - - - - - - - - - -

統合_1060 M. M. Nazmy, N. A. Noor, F. F. Mohammed, Y. A. 
Khadrawy and N. M. Radwan 2025

Taurine protection attenuates 
bisphenol-A-induced behavioral, 
neurochemical, and 
histopathological alterations in male 
rats

Due to the continuous exposure to bisphenol-A (BPA), the current study was conducted to evaluate taurine's neuroprotective action against BPA's adverse effect on the brain. Rats were grouped into control, BPA-treated 
rats, and taurine + BPA-treated rats. At the end of the 35-day treatment period, the memory of the rats was evaluated using the novel object test and the Y-maze test. An open-field test was used to measure motor 
activity. The changes in monoamines, monoamine oxidase (MAO), acetylcholinesterase (AChE), Na(+),K(+),ATPase, oxidative stress, caspase-3, and histopathology were evaluated in the cortical and hippocampal tissues 
of all groups. Data analysis by ANOVA revealed that BPA treatment induced motor hyperactivity and short- and long-term memory impairment. In the cortex, BPA decreased serotonin (5-HT), norepinephrine (NE), MAO, 
Na(+),K(+),ATPase, and nitric oxide (NO) and increased dopamine (DA), AChE, lipid peroxidation (MDA), glutathione (GSH), and caspase-3. In the hippocampus, BPA increased 5-HT, DA, NE, MAO, AChE, MDA, NO, GSH, 
and caspase-3 and decreased Na(+),K(+),ATPase. These neurochemical changes were accompanied by significant histopathological alterations. Taurine treatment prevented memory impairment and motor hyperactivity 
induced by BPA. Taurine attenuated the neurochemical changes, oxidative stress, and caspase-3 level. Taurine improved the histopathological change induced by BPA. In conclusion, taurine significantly prevented BPA-
induced cognitive deficits, motor coordination impairments, neurotransmitter imbalances, histopathological alterations, oxidative stress, and apoptosis.

Naunyn Schmiedebergs 
Arch Pharmacol Vol.398 
Issue 7 Pages 8525-
8542

10.1007/s00210-024-03767-4 39820545 動物 - 1 1 1 1 0 25mg/kg - - - - - - - - - - - - - - - - - - - - -

統合_1061 N. M. Nayan, S. Kadir, A. Husin and R. Siran 2024

Neurodevelopmental effects of 
prenatal Bisphenol A exposure on 
the role of microRNA regulating 
NMDA receptor subunits in the male 
rat hippocampus

Maternal bisphenol A (BPA) exposure has been reported to cause learning and memory deficits in born offspring. However, little is known that this impairment is potentially caused by epigenetic modulation on the 
development of NMDA receptor subunits. This study investigates the effect of prenatal BPA exposure on the hippocampal miR-19a and miR-539, which are responsible for regulating NMDA receptor subunits as well as 
learning and memory functions. Pregnant Sprague Dawley rats were orally administered with 5 mg/kg/day of BPA from pregnancy day 1 (PD1) until gestation day 21 (GD21), while control mothers received no BPA. The 
mothers were observed daily until GD21 for either a cesarean section or spontaneous delivery. The male offspring were sacrificed when reaching GD21 (fetus), postnatal days 7, 14, 21 (PND7, 14, 21) and adolescent age 
35 (AD35) where their hippocampi were dissected from the brain. The expression of targeted miR-19a, miR-539, GRIN2A, and GRIN2B were determined by qRT-PCR while the level of GluN2A and GluN2B were estimated 
by western blot. At AD35, the rats were assessed with neurobehavioral tests to evaluate their learning and memory function. The findings showed that prenatal BPA exposure at 5 mg/kg/day significantly reduces the 
expression of miR-19a, miR-539, GRIN2A, and GRIN2B genes in the male rat hippocampus at all ages. The level of GluN2A and GluN2B proteins is also significantly reduced when reaching adolescent age. Consequently, 
the rats showed spatial and fear memory impairments when reaching AD35. In conclusion, prenatal BPA exposure disrupts the role of miR-19a and miR-539 in regulating the NMDA receptor subunit in the hippocampus 
which may be one of the causes of memory and learning impairment in adolescent rats.

Physiol Behav Vol.280 
Pages 114546

10.1016/j.physbeh.2024.114546 38583549 動物 - 1 1 1 1 0 5 mg/kg/⽇ - - - - - - - - - - - - - - - - - - - - -

統合_1062
K. E. Nava-Castro, H. Solleiro-Villavicencio, V. H. 
D. Río-Araiza, M. Segovia-Mendoza, A. Pérez-
Torres and J. Morales-Montor

2019

Sex-associated protective effect of 
early bisphenol-A exposure during 
enteric infection with Trichinella 
spiralis in mice

Bisphenol A (BPA) is an endocrine disruptor compound with estrogenic activity, possessing affinity for both nuclear (ERα and ERβ) and membrane estrogen receptors. The main source of BPA exposure comes from the 
contamination of food and water by plastic storage containers or disposable bottles, among others, in which case BPA is easily ingested. Exposure to BPA during early pregnancy leads to lifelong effects; however, its 
effect on the immune system has not been fully studied. Since endocrine and immune systems interact in a bidirectional manner, the disruption of the former may cause permanent alterations of the latter, thus affecting a 
future anti-parasitic response. In this study, neonate BALB/c mice were exposed to a single dose of BPA (250 μg/kg); once sexual maturity was reached, they were orally infected with Trichinella spiralis (T. spiralis). The 
analyses performed after 5 days of infection revealed a decreased parasitic load in the duodenum of mice in the BPA-treated group. Flow cytometry analyses also revealed changes in the immune cell subpopulations of the 
infected animals when compared to the BPA-treated group. RT-PCR analyses of duodenum samples showed an increased expression of TNF-α, IFN-γ, IL-4, IL-5, and IL-9 in the BPA-treated group. These findings show 
a new aspect whereby early-life exposure to BPA contributes to the protection against T. spiralis by modulating the anti-parasitic immune response.

PLoS One Vol.14 Issue 
7 Pages e0218198

10.1371/journal.pone.0218198 31291264 動物 - 1 0 1 BALB/c AnN (H2-d) 0 250 µg/kg - - - - - - - - - - - - - - - - - - - - -
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統合_1063

K. E. Nava-Castro, R. Ramírez-Nieto, L. A. Mé
ndez-García, M. I. Girón-Pérez, M. Segovia-
Mendoza, M. S. Navidad-Murrieta and J. 
Morales Montor

2019

Environmental Pollution as a Risk 
Factor in Testicular Tumour 
Development: Focus on the 
Interaction between Bisphenol A 
and the Associated Immune 
Response

Bisphenol A (BPA) is an endocrine disruptor to which animals and humans are highly exposed. Many reports have established a relationship between BPA exposure and breast cancer incidence, especially during critical 
periods of development. However, its effects on the immune response in testicular tumour growth have not yet been described. Thus, we wanted to analyse the effect of perinatal BPA exposure in pregnant female mice 
and the immune response modulation and tumour growth in an intratesticular cancer model in offspring male mice. Pregnant female mice were exposed to a dose of 250 mg/kg/day/body weight of BPA in their drinking 
water. In adulthood, male offspring underwent intrascrotal inoculation with 4T1 cancer cells. On day 21 after inoculation, mice were euthanised, and serum was obtained to measure BPA levels using HPLC coupled to 
mass spectrometry. The percentages of immune cell populations in peripheral lymph nodes (PLN), the spleen and tumours were evaluated by flow cytometry. In addition, the tumour expression of IL-10, TNF-α and TGF-
β was analysed by RT-PCR. Of note, we found detectable circulating levels of BPA in the offspring of mothers exposed to it while pregnant. Remarkably, BPA treatment promoted tumour growth by about 75% compared to 
mice coming from female mice that did not receive the compound. Perinatal exposure to BPA modulated the percentages of different immune cells in the spleen and PLN. In addition, the expression of inflammatory-related 
cytokines (IL-10 and TNF-α) in the tumours was significantly enhanced compared to control and vehicle groups. In conclusion, the perinatal BPA administration in pregnant female mice modulated different cellular and 
molecular immune components that resulted in outstanding testicular tumour size in male offspring.

Int J Environ Res Public 
Health Vol.16 Issue 21

10.3390/ijerph16214113 31731436 動物 - 1 1 1 BALB/c AnN (H2-d) 0 250 mg/kg/⽇ - - - - - - - - - - - - - - - - - - - - -

統合_1064 M. Nagarajan, B. Raja and J. Manivannan 2021

Exposure to a "safe" dose of 
environmental pollutant bisphenol A 
elevates oxidative stress and 
modulates vasoactive system in 
hypertensive rats

Due to the prevalence of hypertension (one of the major risk factors of CVD) in the population, it is necessary to explore the adverse effects of daily tolerable and "safe" dose of bisphenol A (BPA) under hypertensive 
conditions. The current study exposed the Nω-nitro-l-arginine methyl ester (L-NAME, 40 mg/kg b.w/day) induced hypertensive Wistar rats to BPA (50 μg/kg b.w/day) by oral administration along with appropriate 
controls for 30 days period. The results illustrate that a 'safe' dose of BPA does not influence the systolic blood pressure (SBP) and levels of circulatory biomarkers of tissue damage. On the other hand, BPA exposure 
significantly (p < 0.05) elevates the thiobarbituric acid reactive substances (TBARS) content in plasma and tissues (heart, aorta, liver and kidney) in hypertensive rats when compared with respective control (BPA alone 
exposed) rats. Similarly, a significant modulation of ROS generation in RBC, plasma nitric oxide (NO) level and angiotensin-converting enzyme (ACE) activity was observed only under hypertensive milieu. In conclusion, the 
observed adverse effects during 'safe' dose of BPA exposure are specific to the hypertensive condition. Therefore, a precise investigation to explore the effects of BPA exposure in vulnerable hypertensive populations is 
highly suggested.

Hum Exp Toxicol Vol.40 
Issue 12_suppl Pages 
S654-s665

10.1177/09603271211053285 34797181 動物 - 1 1 1 1 0 50 µg/kg/⽇ - - - - - - - - - - - - - - - - - - - - -

統合_1065 M. Nagarajan, G. B. Maadurshni and J. 
Manivannan 2024

Exposure to low dose of Bisphenol A 
(BPA) intensifies kidney oxidative 
stress, inflammatory factors 
expression and modulates 
Angiotensin II signaling under 
hypertensive milieu

Humans are constantly exposed to low concentrations of ubiquitous environmental pollutant, Bisphenol A (BPA). Due to the prevalence of hypertension (one of the major risk factors of cardiovascular disease [CVD]) in the 
population, it is necessary to explore the adverse effect of BPA under hypertension associated pathogenic milieu. The current study exposed the Nω-nitro-l-arginine methyl ester (L-NAME) induced hypertensive Wistar 
rats to low dose BPA (50 μg/kg) for 30 days period. In tissue samples immunohistochemistry, real-time quantitative polymerase chain reaction and enzymatic assays were conducted. Moreover, studies on primary kidney 
cell culture were employed to explore the impact of low dose of BPA exposure at nanomolar level (20-80 nM range) on renal cells through various fluorescence assays. The observed results illustrate that BPA exposure 
potentiates/aggravates hypertension induced tissue abnormalities (renal fibrosis), oxidative stress (ROS generation), elevated angiotensin-converting enzyme activity, malfunction of the antioxidant and tricarboxylic acid 
cycle enzymes, tissue lipid abnormalities and inflammatory factor expression (both messenger RNA and protein level of TNF-α and IL-6). Further, in vitro exposure of nM levels of BPA to primary kidney cells modulates 
oxidative stress (both superoxide and total ROS), mitochondrial physiology (reduced mitochondrial transmembrane potential-∆ψm) and lipid peroxidation in a dose dependent manner. In addition, angiotensin II induced 
ROS generation was aggravated further by BPA during coexposure in kidney cells. Therefore, during risk assessment, a precise investigation on BPA exposure in hypertensive (CVD vulnerable) populations is highly 
suggested.

J Biochem Mol Toxicol 
Vol.38 Issue 1 Pages 
e23533

10.1002/jbt.23533 37718616 動物 - 1 1 1 1 0 50 µg/kg/⽇ - - - - - - - - - - - - - - - - - - - - -

統合_1066 M. Nagarajan, G. B. Maadurshni and J. 
Manivannan 2024

Bisphenol A (BPA) exposure 
aggravates hepatic oxidative stress 
and inflammatory response under 
hypertensive milieu - Impact of low 
dose on hepatocytes and influence 
of MAPK and ER stress pathways

Human exposure to the hazardous chemical, Bisphenol A (BPA), is almost ubiquitous. Due to the prevalence of hypertension (CVD risk factor) in the aged human population, it is necessary to explore its adverse effect in 
hypertensive subjects. The current study exposed the Nω-nitro-l-arginine methyl ester (L-NAME) induced hypertensive Wistar rats to human exposure relevant low dose of BPA (50 μg/kg) for 30 days period. The liver 
biochemical parameters, histopathology, immunohistochemistry, gene expression (RT-qPCR), trace elements (ICP-MS), primary rat hepatocytes cell culture and metabolomic (1H NMR) assessments were performed. 
Results illustrate that BPA exposure potentiates/aggravates hypertension induced tissue abnormalities (hepatic fibrosis), oxidative stress, ACE activity, malfunction of the antioxidant system, lipid abnormalities and 
inflammatory factor (TNF-α and IL-6) expression. Also, in cells, BPA increased ROS generation, mitochondrial dysfunction and lipid peroxidation without any impact on cytotoxicity and caspase 3 and 9 activation. Notably, 
BPA exposure modulate lipid metabolism (cholesterol and fatty acid) in primary hepatocytes. Finally, the influence of ERK1/2, p38MAPK, ER stress and oxidative stress during relatively high dose of BPA elicited 
cytotoxicity was observed. Therefore, a precise hazardous risk investigation of BPA exposure in hypertensive populations is highly recommended.

Food Chem Toxicol 
Vol.183 Pages 114197

10.1016/j.fct.2023.114197 38029875 動物 - 1 不明 1 1 0 50 µg/kg/⽇ - - - - - - - - - - - - - - - - - - - - -

統合_1067
V. Naffaa, J. Van Steenwinckel, R. Magny, A. 
Regazzetti, C. Keime, P. Gressens, O. Laprévote, 
N. Auzeil and A. L. Schang

2025

Bisphenol A exposure during 
gestation and lactation in mice: Sex-
specific consequences on 
oligodendrocytes and myelination

Bisphenol A (BPA), a ubiquitous environmental endocrine disruptor, is suspected of disturbing brain development through largely unknown cellular and molecular mechanisms. In the central nervous system, 
oligodendrocytes are responsible for forming myelin sheaths, which enhance the propagation of action potentials along axons. Disruption of axon myelination can have lifelong consequences, making oligodendrocyte 
differentiation and myelination critical stages of brain development. In the present study, mice were exposed to BPA during gestation and lactation through drinking water at concentrations of 25 and 250 μg.L(-1). These 
doses, corresponding to estimated exposures of 4 μg.kg(-1).d(-1) and 40 μg.kg(-1).d(-1), respectively, led to disturbances in lipid remodeling associated with myelination in the offspring. Importantly, changes in myelin 
lipid composition were selectively observed in female mice and were transient, being visible only at post-natal day P15 but not at later stages (P30 and P60). In females exposed to BPA, myelin exhibited a lower proportion 
of phosphatidylcholines and higher proportions of other glycerophospholipid subclasses, thus resembling more mature myelin. Conversely, male myelin was not affected, likely due to its already more mature lipid 
composition. Additionally, transcriptomic analysis of female oligodendrocytes at P15 did not reveal any transcriptional changes in genes related to lipid metabolism, further suggesting post-transcriptional effects of BPA 
via chaperone-mediated protein folding and RNA splicing. In males, the altered genes were mainly associated with synaptic transmission. Finally, alterations in chromatin accessibility were also largely sex dependent and 
did not correlate with transcription, with the exception of the Cwc22. At this locus, BPA exposure increased chromatin accessibility in half of mice of both sexes, leading to an "unchanged/open" bimodal profile correlated 
with "unchanged/upregulated" gene expression. Together, these results open new insights into the sex-dependent mechanisms of BPA's effects on brain development.

Toxicology Vol.512 
Pages 154041

10.1016/j.tox.2024.154041 39742910 動物 - 1 1 1 OF1 0 25、250 µg/L（飲⽔中濃度） - - - - - - - - - - - - - - - - - - - - -

統合_1068 A. Mustari, M. Alam, M. A. Miah, M. 
Nooruzzaman, K. M. Sujan and E. H. Chowdhury 2022

Retrieval action of zinc and folic acid 
for the restoration of normal 
reproductive function in bisphenol-A 
exposed male albino mice

Bisphenol-A (BPA) has become a great concern due to its toxic effects. The present study investigated the retrieval action of zinc (Zn) and folic acid (FA) supplementation against BPA-induced reproductive toxicities in 
male albino mice. A total of seventy-five 25-28 day-old mice were divided into five equal groups (group A-E, 15 mice in each group). The mice were given normal rations (control, group A) or administered with daily doses 
of BPA at 50 mg/kg body weight (b.w.) (group B-E). The mice from groups C, D and E were supplemented with Zn (10 mg/kg b.w.), FA (3 mg/kg b.w.) and both in the feed, respectively, daily for 12 weeks. Blood samples 
were collected, and the sera were separated for biochemical and hormonal analyses. The standard method was followed to test the sperm motility and sperm count. The testis samples were processed for a routine 
histopathological study using haematoxylin and eosin staining. The sperm counts, motility, and serum testosterone significantly declined in the BPA-exposed animals, but dramatically increased after the Zn and FA 
supplementation. There was significant degeneration of the seminiferous tubules in the testes of the BPA-exposed mice, which was recovered moderately by the Zn and FA supplementation. The study shows the retrieval 
action of zinc and folic acid in the restoration of normal reproductive function in bisphenol-A exposed male mice.

Vet Med (Praha) Vol.67 
Issue 9 Pages 479-486

10.17221/13/2022-vetmed 38715971 動物 - 1 1 1 1 0 50 mg/⽇ - - - - - - - - - - - - - - - - - - - - -

統合_1069 G. Motta, S. V. Thangaraj and V. Padmanabhan 2023

Developmental Programming: 
Impact of Prenatal Exposure to 
Bisphenol A on Senescence and 
Circadian Mediators in the Liver of 
Sheep

Prenatal exposure to endocrine disruptors such as bisphenol A (BPA) plays a critical role in the developmental programming of liver dysfunction that is characteristic of nonalcoholic fatty liver disease (NAFLD). Circadian 
and aging processes have been implicated in the pathogenesis of NAFLD. We hypothesized that the prenatal BPA-induced fatty-liver phenotype of female sheep is associated with premature hepatic senescence and 
disruption in circadian clock genes. The expression of circadian rhythm and aging-associated genes, along with other markers of senescence such as telomere length, mitochondrial DNA copy number, and lipofuscin 
accumulation, were evaluated in the liver tissue of control and prenatal BPA groups. Prenatal BPA exposure significantly elevated the expression of aging-associated genes GLB1 and CISD2 and induced large magnitude 
differences in the expression of other aging genes-APOE, HGF, KLOTHO, and the clock genes PER2 and CLOCK-in the liver; the other senescence markers remained unaffected. Prenatal BPA-programmed aging-related 
transcriptional changes in the liver may contribute to pathological changes in liver function, elucidating the involvement of aging genes in the pathogenesis of liver steatosis.

Toxics Vol.12 Issue 1 10.3390/toxics12010015 38250971 動物 - 1 0 1 Suffolk 0 0.5 mg/kg/⽇ - - - - - - - - - - - - - - - - - - - - -

統合_1070 M. M. Morsy, M. M. Ahmad and N. H. Hassan 2024

Maternal exposure to low-dose 
bisphenol A and its potential 
neurotoxic impact on male pups: A 
histological, immunohistochemical, 
and ultrastructural study

BACKGROUND: Bisphenol A (BPA) is a widely used chemical with a harmful effect on animal and human. The neonatal and juvenile period is a highly risky neurodevelopmental period. AIM: This study aimed to determine 
how male albino rat pups' cerebral cortex was altered by low doses of BPA given to mothers and the role of the oxidative stress. METHODS: Thirty pregnant rats were randomly split into three equal groups, negative 
control, and positive control: received 1 cc of corn oil once a day through gastric tube and BPA treated: a dose of 200 µg/kg/day (dissolved in 1 cc corn oil). The male rat pups of each group were sacrificed at 1 week, 3 
weeks and 6 weeks. The cerebra were then separated from the brain for histological and biochemical studies. RESULTS: Rats administered BPA had raised levels of lipid peroxidation marker (MDA), lower levels of 
enzymatic antioxidants (SOD and CAT) with decreased body, cerebral weights, and decreased levels of non-enzymatic antioxidant defense (GSH). Histo-pathologically, shrunken pyramidal cells with congested blood 
vessels appeared. GFAP displayed increased number of positive immune-reactive astrocytes with high statistically significant increase in the area % in BPA treated group when compared to the control groups, on contrary 
to MBP. Semi-thin and ultra-thin BPA-sections revealed degenerative changes in myelinated axons with tiny nucleus and broken nuclear membranes. Lysosomes, dilated endoplasmic reticulum cisternae with noticeable 
increase in unmyelinated nerve fibers were also observed. CONCLUSION: The structure of the developing cerebral cortex is negatively impacted by BPA due to oxidative stress.

Tissue Cell Vol.90 
Pages 102503

10.1016/j.tice.2024.102503 39137535 動物 - 1 1 1 不明 0 200 µg/kg/⽇ - - - - - - - - - - - - - - - - - - - - -

統合_1071

A. A. Morsi, E. A. Mersal, A. O. Alsabih, S. 
Alakabawy, R. G. Elfawal, E. M. Sakr, E. M. 
Faruk, M. Abu-Rashed, F. Alhaddad, Z. 
Alkhawajah, A. Hasari, K. E. I. Ibrahim and A. M. 
Abdelmoneim

2023

Bisphenol-A exposure alters liver, 
kidney, and pancreatic Klotho 
expression by HSP60-activated 
mTOR/autophagy pathway in male 
albino rats

The effect of bisphenol-A (BPA) on Klotho protein (aging-suppressing protein) expression in different body organs has not been sufficiently addressed by literature studies. The study investigated the impact of BPA on 
Klotho expression in multiple organs including the liver, kidney, and pancreas and suggested the involved molecular pathways. Twenty-seven male Wistar albino rats were divided into 3 equal groups: control, low-dose 
BPA (4.5 µg/L), and high-dose BPA (8 µg/L) groups in drinking water for 45 consecutive days. Liver, kidney, and pancreatic specimens were prepared for a gene study of Klotho, HSP60, mTOR, and ULK1 mRNA 
expressions. Also, the tissue specimens were measured for malondialdehyde (MDA), superoxide dismutase (SOD), and nitric oxide (NO) levels. Paraffin-embedded sections were also prepared and subjected to 
Hematoxylin and Eosin (H&E) staining and immunohistochemical detection of Klotho and HSP60. The results revealed an alteration in the MDA, SOD, NO tissue levels, disturbed gene expression profile, and apoptotic 
changes in the histological findings of the examined organs which were obvious (p < 0.05) in the high-dose group. The anti-aging Klotho gene/protein expression was reduced (p < 0.05) more in the high-dose BPA group 
than in the low dose. In contrast, HSP60 gene/protein expression was significantly increased (p < 0.05) more in the high dose. It was concluded that BPA exposure contributed to cell stress and markedly reduced Klotho 
protein expression in liver, kidney, and pancreatic tissues, possibly by modulation of the HSP60-activated mTOR/autophagy signaling.

Cell Mol Biol (Noisy-le-
grand) Vol.69 Issue 7 
Pages 109-117

10.14715/cmb/2023.69.7.18 37715411 動物 - 1 1 1 1 0 4.5、8 µg/L（飲⽔中濃度） - - - - - - - - - - - - - - - - - - - - -

統合_1072

A. A. Morsi, E. A. Mersal, A. O. Alsabih, A. M. 
Abdelmoneim, E. M. Sakr, S. Alakabawy, R. G. 
Elfawal, M. Naji, H. J. Aljanfawe, F. H. Alshateb 
and T. M. Shawky

2022

Apoptotic susceptibility of 
pancreatic alpha cells to 
environmentally relevant dose levels 
of bisphenol-A versus dibutyl 
phthalate is mediated by 
HSP60/caspase-3 expression in 
male albino rats

Unfortunately, humanity is exposed to mixed plasticizers such as bisphenol-A (BPA) and dibutyl phthalate (DBP) that are leached from the daily used plastic products. Previous studies have demonstrated their potential in 
pancreatic beta cell injury and diabetes induction. The study hypothesized that both compounds would affect the pancreatic alpha cells in albino rats when administered at environmentally relevant doses. Heat shock 
protein 60 (HSP60) and caspase-3 protein expression was also investigated as potential mechanisms. Thirty-six male Wistar albino rats were separated into four equal groups: control, BPA alone, DBP alone, and BPA + 
DBP combined groups. BPA and DBP were given in drinking water for 45 days in a dose of 4.5 and 0.8 µg/L, respectively. Fasting blood glucose, serum insulin, pancreatic tissue levels of malondialdehyde, and superoxide 
dismutase were measured. Pancreatic sections were subjected to hematoxylin & eosin (H & E) staining, glucagon, HSP60, and caspase-3 immunohistochemistry. Although all three experimental groups showed diffuse 
islet cell HSP60 immunoreactivity, rats exposed to BPA alone showed α-cell-only apoptosis, indicated by H & E changes and caspase-3 immunoreactivity, associated with reduced glucagon immunoreaction. However, 
rats exposed to DBP alone showed no changes in either α or β-cells. Both combined-exposed animals displayed α and β apoptotic changes associated with islet atrophy and reduced glucagon expression. In 
conclusion, the study suggested HSP60/caspase-3 interaction, caspase-3 activation, and initiation of apoptosis in α-cell only for BPA-alone exposure group, meanwhile DBP alone did not progress to apoptosis. 
Interestingly, both α/β cell effect was observed in the mixed group implying synergetic/additive action of both chemicals when combined.

Cell Biol Int Vol.46 Issue 
12 Pages 2232-2245

10.1002/cbin.11909 36168861 動物 - 1 1 1 1 0 0.8、4.5 µg/L（飲⽔中濃度） - - - - - - - - - - - - - - - - - - - - -

統合_1073

A. A. Morsi, E. A. Mersal, A. M. Abdelmoneim, E. 
M. Faruk, M. M. Sofii, N. A. Sadek, K. E. Ibrahim, 
H. J. Aljanfawe, I. Elmadhoun, W. Mubarak, M. 
M. Mahmoud and M. S. Salim

2023

ACE2/ACE imbalance mediates 
bisphenol A-induced lung injury in 
Wistar rats: Results from captopril 
versus losartan histo-biochemical 
study

Bisphenol-A (BPA) is a synthetic chemical compound broadly used in the plastic and epoxy resin industries with a considerable potential for food contamination. Literary reports have suggested that the altered renin-
angiotensin system (RAS) is a mechanism for lung injury and inflammation caused by variable agents. The current study sought to investigate the contribution of RAS to BPA-induced lung damage. Moreover, the study 
assessed whether angiotensin II and/or bradykinin pathways were involved. For this aim, the angiotensin-converting enzyme (ACE) inhibitor captopril (Cap), either alone or combined with bradykinin receptor antagonist 
icatibant (Icat), was attempted versus the angiotensin receptor blocker losartan (Los). An eight-week study was conducted on forty Wistar male albino rats randomly divided into five equal groups: control, BPA, BPA/Cap, 
BPA/Los, and BPA/Cap/Icat groups. Captopril (100 mg/mL) and losartan (200 mg/mL) were given orally in drinking water, but icatibant (Icat) was injected subcutaneously (250 μg/kg) during the last two weeks of 
captopril treatment. Biochemical analysis of bronchoalveolar lavage fluid (BALF) and lung tissues, polymerase chain reaction (PCR) assay for ACE, ACE2, and caspase-3 genes expression, and histological and 
immunohistochemical studies were carried out to evaluate BPA-mediated pulmonary inflammation/apoptosis. BPA impaired the histological structure of the lungs, increased ACE, ACE2, and caspase-3 expressions at 
both gene/protein levels, and increased BALF inflammatory cytokines and lung oxidative markers. Inhibiting the ACE activity by captopril maintained the histological lung injury score, restored inflammation and the 
ACE2/ACE balance, and decreased apoptosis. Further improvement was obtained by the angiotensin II receptor (ATR1) blocker losartan. Icatibant (bradykinin B2 receptor blocker) didn't counteract the observed captopril 
effects. It was strongly suggested that RAS contributed to BPA-induced lung damage via alteration of ACE2 and ACE expression mediating angiotensin II generation rather than bradykinin.

Heliyon Vol.9 Issue 11 
Pages e22056

10.1016/j.heliyon.2023.e22056 38027817 動物 - 1 1 1 1 0 10 µg/kg/⽇ - - - - - - - - - - - - - - - - - - - - -

統合_1074
J. Morris, E. J. Bealer, I. D. S. Souza, L. 
Repmann, H. Bonelli, J. F. Stanzione Iii and M. 
M. Staehle

2022

Chemical Exposure-Induced 
Developmental Neurotoxicity in 
Head-Regenerating Schmidtea 
mediterranea

The growing number of commercially used chemicals that are under-evaluated for developmental neurotoxicity (DNT) combined with the difficulty in describing the etiology of exposure-related neurodevelopmental toxicity 
has created a reticent threat to human health. Current means of screening chemicals for DNT are limited to expensive, time-consuming, and labor-intensive traditional laboratory animal models. In this study, we 
hypothesize that exposed head-regenerating planarian flatworms can effectively and efficiently categorize DNT in known developmental neurotoxins (ethanol and bisphenol A [BPA]). Planarian flatworms are an 
established alternative animal model for neurodevelopmental studies and have remarkable regenerative abilities allowing neurodevelopment to be induced via head resection. Here, we observed changes in photophobic 
behavior and central nervous system (CNS) morphology to evaluate the impact of exposure to low concentrations of ethanol, BPA, and BPA industry alternatives bisphenol F, and bisguaiacol on neurodevelopment. Our 
studies show that exposure to 1% v/v ethanol during regeneration induces a recoverable 48-h delay in the development of proper CNS integrity, which aligns with behavioral assessments of cognitive ability. Exposure to 
BPA and its alternatives induced deviations to neurodevelopment in a range of severities, distinguished by suppressions, delays, or a combination of the 2. These results suggest that quick and inexpensive behavioral 
assessments are a viable surrogate for tedious and costly immunostaining studies, equipping more utility and resolution to the planarian model for neurodevelopmental toxicity in the future of mass chemical screening. 
These studies demonstrate that behavioral phenotypes observed following chemical exposure are classifiable and also temporally correlated to the anatomical development of the CNS in planaria. This will facilitate and 
accelerate toxicological screening assays with this alternative animal model.

Toxicol Sci Vol.185 
Issue 2 Pages 220-231

10.1093/toxsci/kfab132 34791476 動物 - 0 不明 不明 不明 不明 不明 - - - - - - - - - - - - - - - - - - - - -

統合_1075 A. Morin, L. Van de Beeck, E. Person and H. 
Plamondon 2021

Adult Male Rats Show Resilience to 
Adolescent Bisphenol A Effects on 
Hormonal and Behavioral Responses 
While Co-Exposure With Hop 
Extracts Supports Synergistic 
Actions

The adolescence period, marked by sexual and brain maturation, has shown sensitivity to various environmental disruptors. Exposure to the xenoestrogen bisphenol A (BPA) is known to alter physiological and behavioral 
responses although its role at this critical period remains largely unknown. Recent research further suggests biochemical and genomic effects of BPA to be mitigated by various natural compounds, while effects on 
behavior have not been examined. This study aimed to characterize (1) the effects of dietary BPA during adolescence on endogenous corticosterone (CORT) secretion, emotional behavior, and testosterone (T) in 
adulthood, and (2) the impact of combined exposure to BPA with hop extracts (Hop), a phytoestrogen with anxiolytic properties. To do so, four groups of male Wistar rats [postnatal day (PND) 28] were administered corn 
oil (control), BPA (40 mg/kg), hops (40 mg/kg), or BPA-hops by oral gavage for 21 days (PND 28-48). Blood droplets collected on PND 28, 48, and 71 served to measure CORT and T changes. As adults, rats were tested in 
the elevated plus maze (EPM), the social interaction test, and the forced swim test. Our findings demonstrated elevated anxiety and a trend toward depressive-like behaviors in BPA- compared to hops-exposed rats. 
However, BPA intake had no impact on basal CORT levels, or adulthood T secretion and sociability. Of note, BPA's anxiogenic effect manifested through decreased EPM open arm entries was abolished by hops co-
supplementation. Together, our observations suggest the adolescence period to be less sensitive to deleterious effects of BPA than what has been reported upon gestational and perinatal exposure.

Front Toxicol Vol.3 
Pages 639820

10.3389/ftox.2021.639820 35295120 動物 - 1 1 1 1 0 40 mg/kg - - - - - - - - - - - - - - - - - - - - -
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統合_1076

R. Moreno-Gómez-Toledano, S. Sánchez-
Esteban, A. Cook, M. Mínguez-Moratinos, R. 
Ramírez-Carracedo, P. Reventún, M. Delgado-
Marín, R. J. Bosch and M. Saura

2021
Bisphenol A Induces Accelerated 
Cell Aging in Murine Endothelium

Bisphenol A (BPA) is a widespread endocrine disruptor affecting many organs and systems. Previous work in our laboratory demonstrated that BPA could induce death due to necroptosis in murine aortic endothelial cells 
(MAECs). This work aims to evaluate the possible involvement of BPA-induced senescence mechanisms in endothelial cells. The β-Gal assays showed interesting differences in cell senescence at relatively low doses 
(100 nM and 5 µM). Western blots confirmed that proteins involved in senescence mechanisms, p16 and p21, were overexpressed in the presence of BPA. In addition, the UPR (unfolding protein response) system, which is 
part of the senescent phenotype, was also explored by Western blot and qPCR, confirming the involvement of the PERK-ATF4-CHOP pathway (related to pathological processes). The endothelium of mice treated with 
BPA showed an evident increase in the expression of the proteins p16, p21, and CHOP, confirming the results observed in cells. Our results demonstrate that oxidative stress induced by BPA leads to UPR activation and 
senescence since pretreatment with N-acetylcysteine (NAC) in BPA-treated cells reduced the percentage of senescent cells prevented the overexpression of proteins related to BPA-induced senescence and reduced the 
activation of the UPR system. The results suggest that BPA participates actively in accelerated cell aging mechanisms, affecting the vascular endothelium and promoting cardiovascular diseases.

Biomolecules. 2021 Sep 
29;11(10):1429.

10.3390/biom11101429 34680063 in vitro - - - - - - - - - - 不明 0 1 1 - - - - - - - - - - - - - -

統合_1077

R. Moreno-Gómez-Toledano, M. I. Arenas, C. 
Muñoz-Moreno, N. Olea-Herrero, P. Reventun, 
A. Izquierdo-Lahuerta, A. Antón-Cornejo, M. 
González-Santander, C. Zaragoza, M. Saura and 
R. J. Bosch

2022

Comparison of the renal effects of 
bisphenol A in mice with and 
without experimental diabetes. Role 
of sexual dimorphism

Bisphenol-A (BPA), a chemical -xenoestrogen- used in the production of the plastic lining of food and beverage containers, is present in the urine of almost the entire population. Recent studies have shown that BPA 
exposure is associated with podocytopathy, increased urinary albumin excretion (UAE), and hypertension. Since these changes are characteristic of early diabetic nephropathy (DN), we explored the renal effects of BPA 
and diabetes including the potential role of sexual dimorphism. Male and female mice were included in the following animals' groups: control mice (C), mice treated with 21.2 mg/kg of BPA in the drinking water (BPA), 
diabetic mice induced by streptozotocin (D), and D mice treated with BPA (D + BPA). Male mice form the D + BPA group died by the tenth week of the study due probably to hydro-electrolytic disturbances. Although BPA 
treated mice did not show an increase in serum creatinine, as observed in D and D + BPA groups, they displayed similar alteration to those of the D group, including increased in kidney damage biomarkers NGAL and KIM-
1, UAE, hypertension, podocytopenia, apoptosis, collapsed glomeruli, as well as TGF-β, CHOP and PCNA upregulation. UAE, collapsed glomeruli, PCNA staining, TGF-β, NGAL and animal survival, significantly impaired 
in D + BPA animals. Moreover, UAE, collapsed glomeruli and animal survival also displayed a sexual dimorphism pattern. In conclusion, oral administration of BPA is capable of promoting in the kidney alterations that 
resemble early DN. Further translational studies are needed to clarify the potential role of BPA in renal diseases, particularly in diabetic patients.

Biochim Biophys Acta 
Mol Basis Dis Vol.1868 
Issue 1 Pages 166296

10.1016/j.bbadis.2021.166296 34718120 動物 - 1 1 1 1 0 21.2 mg/kg/⽇ - - - - - - - - - - - - - - - - - - - - -

統合_1078 M. A. Moralia, B. Bothorel, V. Andry, Y. Goumon 
and V. Simonneaux 2025

Bisphenol A induces sex-dependent 
alterations in the neuroendocrine 
response of Djungarian hamsters to 
photoperiod

In nature, species synchronize reproduction and energy metabolism with seasons to optimize survival and growth. This study investigates the effect of oral exposure to bisphenol A (BPA) on phenotypic and neuroendocrine 
seasonal adaptations in the Djungarian hamster, which in contrast to conventional laboratory rodents, is a well-recognized seasonal model. Adult female and male hamsters were orally exposed to BPA (5, 50, or 500 μ
g/kg/d) or vehicle during a 10-week transition from a long (LP) to short (SP) photoperiod (winter transition) or vice versa (summer transition). Changes in body weight, food intake, and pelage color were monitored weekly 
and, at the end of the exposure, expression of hypophysio-hypothalamic markers of photoperiodic (TSHβ, deiodinases), reproductive (Rfrp, kisspeptin) and metabolic (somatostatin, Pomc) integration, reproductive organ 
activity, and glycemia were assessed. Our results revealed sex-specific effects of BPA on acquiring SP and LP phenotypes. During LP to SP transition, females exposed to 500 μg/kg/d BPA exhibited delayed body weight 
loss and reduced feed efficiency associated with a lower expression of somatostatin, while males exposed to 5 μg/kg/d BPA showed an accelerated acquisition of SP-induced metabolic parameters. During SP to LP 
transition, females exposed to 5 μg/kg/d BPA displayed a faster LP adaptation in reproductive and metabolic parameters, along with kisspeptin downregulation occurring 5 weeks earlier and Pomc upregulation delayed 
for up to 10 weeks. In males, BPA exposure led to decreased expression of central photoperiodic integrators, with no effect on the acquisition of the LP phenotype. This pioneering study investigating EDCs' effects on 
mammalian seasonal physiology shows that BPA alters the dynamics of metabolic adaptation to both SP and LP transitions with marked sex dimorphism, causing temporal discordance in seasonal adaptation between 
males and females. These findings emphasize the importance of investigating EDCs' effects on non-conventional animal models, providing insights into wildlife physiology.

Chemosphere. 2025 
Feb:370:143955.

10.1016/j.chemosphere.2024.1439
55

39701315 動物 内分泌 1 1 1 0（Djungarian） 1 1 - - - - - - 1 1 - 1 - - - - - - - - - - -

統合_1079
A. M. Molina-López, F. Bujalance-Reyes, M. T. 
Urbano, A. Lora-Benítez, N. Ayala-Soldado and 
R. Moyano-Salvago

2022

Analysis of Blood Biochemistry and 
Pituitary-Gonadal Histology after 
Chronic Exposure to Bisphenol-A of 
Mice

Bisphenol-A is an emerging pollutant that is widespread in the environment, and to which live beings are continuously and inadvertently exposed. It is a substance with an endocrine-disrupting capacity, causing alterations 
in the reproductive, immunological, and neurological systems, among others, as well as metabolic alterations. Our study aimed to assess its clinical signs, and effects on the most relevant blood biochemical parameters, 
and to evaluate pituitary and gonadal histology after a chronic exposure of adult mice to different BPA doses (0.5, 2, 4, 50 and 100 µg/kg BW/day) through their drinking water. The biochemical results showed that a 
marked significant reduction (p < 0.05) was produced in the levels of serum glucose, hypoproteinaemia and hypoalbuminemia in the groups exposed to the highest doses, whereas in the group exposed to 50 µg/kg BW/day 
the glucose and total protein levels dropped, and the animals exposed to 100 µg/kg BW/day experienced a diminution in albumin levels. In the case of the group exposed to 50 µg/kg BW/day, however, hypertriglyceridemia 
and hypercholesterolemia were determined, and the blood parameters indicating kidney alterations such as urea and creatinine experienced a significant increase (p < 0.05) with respect to the controls. Regarding the 
pituitary and gonads, none of the animals exposed presented histological alterations at the doses tested, giving similar images to those of the control group. These results suggest that continuous exposure to low BPA 
doses could trigger an inhibition of hepatic gluconeogenesis, which would result in a hypoglycaemic state, together with an induction of the enzymes responsible for lipidic synthesis, a mechanism by which the increase in 
the lipid and serum cholesterol levels could be explained. Likewise, the decline in the protein and albumin levels would be indicative of a possible hepatic alteration, and the increase in urea and creatinine would point to a 
possible renal perturbation, derived from continuous exposure to this xenobiotic. Based on our results, it could be said that chronic exposure to low BPA doses would not produce any clinical signs or histological pituitary-
gonadal effects, but it could cause modifications in some blood biochemical parameters, that could initially indicate a possible hepatic and renal effect.

Int J Environ Res Public 
Health. 2022 Oct 
26;19(21):13894.

10.3390/ijerph192113894 36360773 動物 ⼀般毒性,多臓器 1 1 1 C57BL/6:1 5⽤量：1 0.5, 2,4,50,100 µg/kgBW: 1 - - - - - - 1 1 - 1 - 1 - - - - - - - - -

統合_1080 I. Molayousefian, B. Karim, S. M. Hosseini, A. A. 
Moghadamnia and S. Kazemi 2024

Kaempferol alleviates bisphenol A 
reproductive toxicity in rats in a 
dose-dependent manner

BACKGROUND: Endocrine-disrupting chemicals (EDCs), including bisphenol A (BPA), are a major cause of male infertility by disrupting spermatogenesis. OBJECTIVE: Here, we examined the potential protective benefits 
of kaempferol (KMF), a flavonol known for its antioxidant properties, on BPA-induced reproductive toxicity in adult male rats. METHODS: Human skin fibroblast cells (HNFF-P18) underwent cell viability assays. Thirty-
five male Wistar rats were assigned to four groups: 1) control, 2) BPA (10 mg/kg), 3,4) BPA, and different dosages of KMF (1 and 10 mg/kg). The study examined the rats' testosterone serum level, antioxidant enzymes 
catalase (CAT) and superoxide dismutase (SOD), oxidative markers malondialdehyde (MDA) and total antioxidant capacity (TAC), body weight, weight ratios of testis and prostate, and histopathological examinations. 
RESULTS: The study revealed that using KMF to treat rats exposed to BPA increased cell viability. Moreover, the rats' testosterone levels, which BPA reduced, showed a significant increase after KMF was included in 
the treatment regimen. Treatment with BPA led to oxidative stress and tissue damage, but simultaneous treatment with KMF restored the damaged tissue to its normal state. Histopathology studies on testis and prostate 
tissues showed that KMF had an ameliorative impact on BPA-induced tissue damage. CONCLUSIONS: The research suggests that KMF, a flavonol, could protect male rats from the harmful effects of BPA on 
reproductive health, highlighting its potential healing properties.

Biochem Biophys Res 
Commun Vol.704 Pages 
149674

10.1016/j.bbrc.2024.149674 38387328 動物 - 1 不明 1 1 0 10 mg/kg - - - - - - - - - - - - - - - - - - - - -

統合_1081 A. Molangiri, S. Varma, N. S. Boga, P. Das, A. K. 
Duttaroy and S. Basak 2024

Gestational exposure to BPA alters 
the expression of glucose and lipid 
metabolic mediators in the placenta: 
Role in programming offspring for 
obesity

Bisphenol A (BPA) exposure during pregnancy is known to predispose offspring to obesity in later life. Our previous studies demonstrated obesogenic effects in BPA-exposed offspring, including excess body fat, increased 
feed efficiency, adipocyte hypertrophy, and altered leptin signaling. However, the role of the placenta in mediating these effects remained unclear. This study investigates the mechanisms by which BPA exposure affects 
placental glucose and lipid transporters and their impact on offspring adiposity in Wistar rats. Dams were orally gavaged with BPA [0.4 (low dose-LD) and 4.0 (high dose-HD) μg/kg body weight] from gestational day (gD) 
4-14. Gestational exposure to LD BPA increased the expression of 11β hydroxysteroid dehydrogenase 1 (11β HSD1) and estrogen receptor alpha (ERα) proteins (p<0.05) in the placenta compared to control and HD BPA. 
Similar changes were observed in the expression of mTOR signaling mediators, fatty acid transporters, and intracellular fatty acid-binding proteins. There were no changes in the dam's body weight or lipid and glucose 
profiles. However, there was a dose dependent increase in glucose transporter (GLUT1) expression in the placenta. While LD BPA increased hexokinase 2 expression in the placenta, HD BPA had no effect. Both doses of 
BPA increased IL6 expression, but only LD BPA exposure increased PPAR-gamma expression. Additionally, BPA exposure induced ADRP expression and localization, suggesting potential lipid overload in the placenta. 
Furthermore, BPA exposure altered the placental epigenetic profile, with increased expression of DNA methyltransferases (DNMTs). Overall, gestational BPA exposure led to dose-specific alterations in placental glucose 
and lipid metabolic activities, possibly playing an role in increasing the supply of these macronutrients to the fetus and predisposing the offspring to obesity.

Toxicology Vol.509 
Pages 153957

10.1016/j.tox.2024.153957 39307384 動物 - 1 1 1 1 0 0.4、4.0 µg/kg - - - - - - - - - - - - - - - - - - - - -

統合_1082
M. S. Mohsenzadeh, B. M. Razavi, M. 
Imenshahidi, S. A. Tabatabaee Yazdi, S. A. 
Mohajeri and H. Hosseinzadeh

2021

Potential role of green tea extract 
and epigallocatechin gallate in 
preventing bisphenol A-induced 
metabolic disorders in rats: 
Biochemical and molecular evidence

BACKGROUND: Bisphenol A (BPA) is an artificial chemical widely used in the production of polycarbonate plastics and epoxy resins. Accumulating evidence indicates that BPA exposure is associated with metabolic 
disorders. The beneficial effects of green tea and epigallocatechin gallate (EGCG), major catechin present in green tea, on alleviating BPA-induced metabolic disorders have been shown in various studies. PURPOSE: 
Protective effects of green tea extract and EGCG on BPA-induced metabolic disorders and possible underlying mechanisms were investigated. METHODS: Rats were randomly divided into control, green tea extract (50 
and 100 mg/kg, IP), EGCG (20 and 40 mg/kg, IP), BPA (10 mg/kg, gavage), BPA plus green tea extract (25, 50, and 100 mg/kg, IP), BPA plus EGCG (10, 20, and 40 mg/kg, IP), and BPA plus vitamin E (200 IU/kg, IP). After 
two months, body weight, blood pressure, biochemical blood tests, hepatic malondialdehyde (MDA), and glutathione (GSH) were assessed. By enzyme-linked immunosorbent assay, serum levels of insulin, leptin, 
adiponectin, TNFα, and IL-6, and by western blotting, hepatic insulin signaling (IRS-1, PI3K, Akt) were measured. RESULTS: BPA increased body weight, blood pressure, and MDA, decreased GSH, elevated serum levels 
of low-density lipoprotein cholesterol, total cholesterol, triglyceride, glucose, insulin, leptin, TNFα, IL-6, and liver enzymes including alanine aminotransferase and alkaline phosphatase, and lowered high-density 
lipoprotein cholesterol and adiponectin levels. In western blot, decreased phosphorylation of IRS-1, PI3K, and Akt was obtained. Administration of green tea extract, EGCG, or vitamin E with BPA reduced the detrimental 
effects of BPA. CONCLUSION: These findings indicate that green tea extract and EGCG can be effective in preventing or reducing metabolic disorders induced by BPA linked to their antioxidant and anti-inflammatory 
activity, regulating the metabolism of lipids, and improving insulin signaling pathways.

Phytomedicine Vol.92 
Pages 153754

10.1016/j.phymed.2021.153754 34607205 動物 - 1 不明 1 不明 0 10 mg/kg - - - - - - - - - - - - - - - - - - - - -

統合_1083
M. S. Mohsenzadeh, B. M. Razavi, M. 
Imenshahidi, S. A. Mohajeri, M. Rameshrad and 
H. Hosseinzadeh

2021

Evaluation of green tea extract and 
epigallocatechin gallate effects on 
bisphenol A-induced vascular 
toxicity in isolated rat aorta and 
cytotoxicity in human umbilical vein 
endothelial cells

This study was designed to assess bisphenol A (BPA)-induced vascular toxicity, the effectiveness of green tea extract and epigallocatechin gallate (EGCG) against BPA toxicity, and possible underlying mechanisms. In 
isolated rat aorta, contractile and relaxant responses as well as malondialdehyde levels were evaluated. Cell viability and effects on the protein levels of apoptotic (bax, bcl2, and caspase-3), autophagic (LC3), and cell 
adhesion molecules were calculated using the MTT method and western blotting in human umbilical vein endothelial cells (HUVECs). BPA increased aorta MDA levels (p < .0001) and decreased vascular responses to KCl 
[20 and 40 mM (p < .0001), 80 mM (p < .001)], phenylephrine [10(-8) , 10(-6) , and 10(-5) M (p < .001), 10(-7) and 10(-4) M (p < .0001)], and acetylcholine [10(-6) M (p < .01), 10(-5) and 10(-4) M (p < .0001)]. In HUVECs, 
BPA enhanced the levels of LC3A/B, bax/bcl2 ratio, cleaved caspase-3, and vascular cell adhesion molecule-1. Green tea extract, EGCG, and vitamin E co-treatment with BPA diminished the toxic effects of BPA. These 
findings provide evidence that green tea extract and EGCG possess beneficial effects in preventing BPA-induced vascular toxicity through increasing the antioxidant activities and the regulation of signaling pathways.

Phytother Res. 2021 
Feb;35(2):996-1009.

10.1002/ptr.6861 32893422 ex vivo - - - - - - - - - - 不明 0 不明 1 - - - - - - - - - - - - - -

統合_1084 T. Midoro-Horiuti, Y. Murakami, K. Kuzume, R. 
M. Toler and K. Zhang 2025

Maternal exposure to bisphenol A 
has transgenerational effects on the 
development of experimental 
asthma through bromodomain-
containing protein 4-zinc finger 
DHHC-type containing 1-stimulators 
of interferon genes axis

Perinatal exposures to the environmental estrogen bisphenol A (BPA) are associated with increased asthma prevalence. We tested the hypothesis that perinatal BPA exposure transgenerationally enhances allergic asthma 
development through the bromodomain-containing protein 4 (BRD4) - zinc finger HHC-1 (ZDHHC1) - stimulators of IFN genes (STING) axis. Female BALB/c mice (F0) were exposed to 10 μg/mL BPA in their drinking 
water during pregnancy until F1 pups were weaned. Pups were sensitized with low doses of ovalbumin (OVA) on postnatal day 4 (PND 4) and 1% OVA inhaler on PND 18-20. Asthma phenotype was assessed on PND 22. 
Non-sensitized female pups were bred with non-exposed male mice at 8 weeks of age. Subsequent pups were sensitized, and asthma phenotypes were examined for four generations (F1-F4). Maternal BPA exposure 
significantly enhanced airway hyperresponsiveness, eosinophilic inflammation, and allergen-specific IgE production in F1-3 pups. Further, treatment of F0 dams with STING inhibitor C-176 yielded pups with decreased 
response to sensitization. Thus, prenatal exposure to environmental estrogens such as BPA may promote development of experimental asthma through the BRD4-ZDHHC1-STING axis, causing immune alterations with 
multigenerational effects.

Int J Environ Health Res 
Pages 1-11

10.1080/09603123.2025.2473016 40036137 動物 - 1 1 1 BALB/c 0 10 µg/mL - - - - - - - - - - - - - - - - - - - - -

統合_1085
B. Miao, Y. Zhang, W. Shao, S. Fu, M. S. 
Bartolomei, C. Walker, C. Coarfa, B. A. Zhang 
and T. Wang

2025

The impact of environmental 
exposures on the epigenomic and 
transcriptomic landscape of 
transposable elements

Transposable elements (TEs) are mobile DNA sequences that constitute a significant portion of mammalian genomes. While typically silenced by epigenetic mechanisms, mounting evidence indicates TEs can regulate 
gene expression and chromatin architecture. However, their regulatory roles under various environmental exposures remain largely unexplored. In this study, we investigate the regulatory functions of TEs in mouse liver 
tissue following early-life exposure to environmental toxicants, including arsenic (As), lead (Pb), bisphenol A (BPA), tributyltin (TBT), di-2-ethylhexyl phthalate (DEHP), tetrachlorodibenzo-p-dioxin (TCDD), and particulate 
matter less than 2.5 micrometers (PM2.5). These toxicants are linked to various health issues, including neurodevelopmental deficits, metabolic and immune dysfunction, and increased cancer risks. Integrative analysis of 
351 multi-omics datasets from liver tissues of 5-month-old mice indicated that early-life environmental exposures significantly altered chromatin accessibility and expression of TEs in later life stage, revealing distinct 
exposure-specific signatures and sex-dependent responses. 6,699 TEs were identified with altered chromatin accessibility, mostly in non-coding regions, suggesting potential impact on gene regulation. Within these TEs, 
LINE elements were enriched in genes involved in metabolic pathways, while LTR elements, particularly the ORR1E subfamily, were predominantly associated with immune-related genes. Additionally, we identified 140 
TE-gene chimeric transcripts with TE-derived novel transcription start sites, highlighting TE-contributed transcriptional plasticity. Our findings depict a comprehensive landscape of TE regulation under early-life toxicant 
exposures, offering insights into TEs biology and their impact on health and disease.

bioRxiv 10.1101/2025.07.28.667212 40766346 動物 - 1 0 1 non-agouti (a/a) 0 PM2.5 - - - - - - - - - - - - - - - - - - - - -

統合_1086
A. K. Merrill, T. Anderson, K. Conrad, E. Marvin, 
T. James-Todd, D. A. Cory-Slechta and M. 
Sobolewski

2021

Protracted Impairment of Maternal 
Metabolic Health in Mouse Dams 
Following Pregnancy Exposure to a 
Mixture of Low Dose Endocrine-
Disrupting Chemicals, a Pilot Study

Pregnancy, a period of increased metabolic demands coordinated by fluctuating steroid hormones, is an understudied critical window of disease susceptibility for later-life maternal metabolic health. Epidemiological 
studies have identified associations between exposures to various endocrine-disrupting chemicals (EDCs) with an increased risk for metabolic syndrome, obesity, and diabetes. Whether such adverse outcomes would be 
heightened by concurrent exposures to multiple EDCs during pregnancy, consistent with the reality that human exposures are to EDC mixtures, was examined in the current pilot study. Mouse dams were orally exposed to 
relatively low doses of four EDCs: (atrazine (10 mg/kg), bisphenol-A (50 µg/kg), perfluorooctanoic acid (0.1 mg/kg), 2,3,7,8-tetrachlorodibenzo-p-dioxin (0.036 µg/kg)), or the combination (MIX), from gestational day 7 
until birth or for an equivalent 12 days in non-pregnant females. Glucose intolerance, serum lipids, weight, and visceral adiposity were assessed six months later. MIX-exposed dams exhibited hyperglycemia with a 
persistent elevation in blood glucose two hours after glucose administration in a glucose tolerance test, whereas no such effects were observed in MIX-exposed non-pregnant females. Correspondingly, MIX dams showed 
elevated serum low-density lipoprotein (LDL). There were no statistically significant differences in weight or visceral adipose; MIX dams showed an average visceral adipose volume to body volume ratio of 0.09, while the 
vehicle dams had an average ratio of 0.07. Collectively, these findings provide biological plausibility for the epidemiological associations observed between EDC exposures during pregnancy and subsequent maternal 
metabolic dyshomeostasis, and proof of concept data that highlight the importance of considering complex EDC mixtures based of off common health outcomes, e.g., for increased risk for later-life maternal metabolic 
effects following pregnancy.

Toxics Vol.9 Issue 12 10.3390/toxics9120346 34941779 動物 - 1 1 1 1 0 50 µg/kg - - - - - - - - - - - - - - - - - - - - -

統合_1087 M. H. Merii, M. M. Fardoun, K. El Asmar, M. I. 
Khalil, A. H. Eid and H. R. Dhaini 2022

Effect of BPA on CYP450s 
expression, and nicotine modulation, 
in fetal rat brain

Human exposure to bisphenol A (BPA) is mainly due to migration from plastic packaging into food and beverages. Studies reported BPA endocrine disruptions through interactions with different nuclear receptors, including 
the arylhydrocarbon receptor (AhR). AhR mediates xenobiotic responses and regulates expression of drug-metabolizing enzymes (DMEs), including many CYP450s. This study aimed to assess the effects of BPA maternal 
exposure on CYP450s expression in fetal brain. Sprague-Dawley dams were exposed to BPA concentrations of 0, 0.5, 5, and 50 mg/L in drinking water, individually, and with nicotine. Fetal brains were isolated at 
gestational days GD14 and GD19, and protein expression was assessed by Western blotting. Results showed a BPA-induced significant decrease in CYP1B1 expression levels at GD14 (p = 0.001), and CYP19A1 
(aromatase) expression at both mid- and late-stage development (p < 0.001). In addition, nicotine individually decreased expression levels of all examined protein targets, significantly for CYP1B1 (p < 0.001), CYP19A1 (p 
= 0.010), AhRR (p = 0.042), and ARNT (p < 0.001), compared to control. When combined with BPA, nicotine suppressive effects were attenuated at both GD14 and GD19. In conclusion, BPA suppresses CYP1B1 and 
CYP19A1 expression in fetal brain, and attenuates the suppressive effects of nicotine. Observed effects may be mediated by AhR-ARNT independent mechanisms that need further examination.

Neurotoxicol Teratol. 
2022 Jul-
Aug:92:107095.

10.1016/j.ntt.2022.107095 35577041 動物 神経 1 1 1 1 1 1 (ただし飲⽔中濃度） - - - - - - 1 1 - 1 - - - - - - - - - - -

統合_1088 Y. Meng, Z. Yannan, L. Ren, S. Qi, W. Wei and J. 
Lihong 2020

Adverse reproductive function 
induced by maternal BPA exposure 
is associated with abnormal 
autophagy and activating 
inflamation via mTOR and 
TLR4/NF-κB signaling pathways in 
female offspring rats

Bisphenol A (BPA) can affect reproductive function, but its mechanism of reproductive toxicity is unclear, and the effect of BPA on the onset of puberty was inconsistent. The main purpose of this study is to investigate 
the effects of perinatal exposure to BPA on the onset of puberty and reproductive function, and its mechanism from the aspect of autophagy and inflammation in ovarian and uterus tissues of female offspring. Twenty-one 
pregnant SD rats were randomly divided into three groups: Control group, 1 μg/mL BPA (LBPA) and 10 μg/mL BPA group (HBPA) via drinking water from gestational day 6 to the end of lactation. After weaning, female 
offspring rats were fed a normal diet and drinking water for 5 weeks. The levels of E2, LH, FSH, T, and IL-6 and TNF-α, and the onset of puberty, and morphological changes in ovarian and uterine were determined in 
female offspring at 8 weeks. The levels of TLR4, NF-κB, PI3K/Akt/mTOR and autophagy related protein in uterine tissue were also detected. Our results indicated that perinatal exposure to BPA advanced puberty, which 
was associated with increased serum E2, LH and FSH levels. There was a significantly thin endometrium epithelium in HBPA group compared with control group, which may affect reproductive function. The adverse 
effect of perinatal BPA exposure on reproductive function maybe was associated with the activation of inflammation and abnormal autophagy via TLR4/NF-κB and mTOR signaling pathways respectively in female 
offspring.

Reprod Toxicol Vol.96 
Pages 185-194

10.1016/j.reprotox.2020.07.001 32634549 動物 - 1 1 1 1 0 1、10 µg/mL - - - - - - - - - - - - - - - - - - - - -
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統合_1089 L. Y. Meng, W. F. Tao, J. Li, M. Zhu, B. Zhong, J. 
Zhou, X. Qin and R. G. Wei 2024

Effects of Bisphenol A and Its 
Substitute, Bisphenol F, on the Gut 
Microbiota in Mice

OBJECTIVE: The aim of this study was to assess the impact of bisphenol A (BPA) and its substitute, bisphenol F (BPF), on the colonic fecal community structure and function of mice. METHODS: We exposed 6-8-week-
old male C57BL/6 mice to 5 mg/(kg·day) and 50 μg/(kg·day) of BPA or BPF for 14 days. Fecal samples from the colon were analyzed using 16S rRNA sequencing. RESULTS: Gut microbiome community richness and 
diversity, species composition, and function were significantly altered in mice exposed to BPA or BPF. This change was characterized by elevated levels of Ruminococcaceae UCG-010 and Oscillibacter and decreased 
levels of Prevotella 9 and Streptococcus. Additionally, pathways related to carbohydrate and amino acid metabolism showed substantial enrichment. CONCLUSION: Mice exposed to different BP analogs exhibited distinct 
gut bacterial community richness, composition, and related metabolic pathways. Considering the essential role of gut bacteria in maintaining intestinal homeostasis, our study highlights the intestinal toxicity of BPs in 
vertebrates.

Biomed Environ Sci 
Vol.37 Issue 1 Pages 
19-30

10.3967/bes2024.003 38326718 動物 - 1 1 1 1 0 5 mg/kg、 50 µg/kg - - - - - - - - - - - - - - - - - - - - -

統合_1090 L. Meng, Z. Ouyang, Y. Chen, C. Huang, Y. Yu 
and R. Fan 2024

Low-dose BPA-induced neuronal 
energy metabolism dysfunction and 
apoptosis mediated by 
PINK1/parkin mitophagy pathway in 
juvenile rats

Bisphenol A (BPA) is related to neurological disorders involving mitochondrial dysfunction, while the mechanism remains elusive. Therefore, we explored it through in vitro and in vivo experiments. In vitro, hippocampal 
neurons derived from neonatal rats of different genders were exposed to 1-100 nM and 100 μM BPA, autophagy activator Rapa and inhibitor 3-MA for 7 d. The results suggested that even nanomolar BPA (1-100 nM) 
disturbed Ca(2+) homeostasis and damaged the integrity of mitochondrial cristae in neurons (p < 0.05). Furthermore, BPA increased the number of autophagic lysosomes, LC3II/LC3I ratio, and p62 expression, and 
decreased parkin expression (p < 0.05), suggesting that the entry of damaged mitochondria into autophagic pathway was prompted, while the autophagic degradation pathway was blocked. This further disrupts neuronal 
energy metabolism and promotes neuronal apoptosis. However, Rapa attenuated the adverse effects caused by BPA, while 3-MA exacerbated these reactions. In vivo, exposure of juvenile rats to 0.5, 50, 5000 μg/kg‧
bw/day BPA during PND 7-21 markedly impaired the structure of hippocampal mitochondria, increased the number of autophagosomes, the rate of neuronal apoptosis, and the expression levels of pro-apoptotic proteins 
Cyt C, Bax, Bak1, and Caspase3, and decreased the expression of anti-apoptotic protein Bcl2 (p < 0.05). Particularly, male rats are more sensitive to low-dose BPA than females. Overall, environmental-doses BPA can 
induce the imbalance of energy metabolism in hippocampal neurons via PINK1/parkin mitophagy, thereby inducing their apoptosis. Importantly, this study provides a theoretical basis for attenuating BPA-related 
neurological diseases.

Sci Total Environ. 2024 
Jun 15:929:172655.

10.1016/j.scitotenv.2024.172655 38653419 動物 神経 1 0 (腹腔内） 1 1 1 1 - - - - - - 1 1 - 1 - - - - - - - - - - -

統合_1091 L. Meng, S. Gui, Z. Ouyang, Y. Wu, Y. Zhuang, 
Q. Pang and R. Fan 2023

Low-dose bisphenols exposure sex-
specifically induces 
neurodevelopmental toxicity in 
juvenile rats and the antagonism of 
EGCG

Bisphenols (BPs) can negatively affect neurobehaviors in rats, whereas the mechanism remains unclear. Here, the mechanism of BPs-induced neurodevelopmental toxicity and its effective detoxification measures were 
investigated in vitro and in vivo. In in vitro experiments, primary hippocampal neurons from neonatal rats of different genders were treated with bisphenol A (BPA), bisphenol S (BPS) and bisphenol B (BPB) at 1 nM-100 μ
M, epigallocatechin gallate (EGCG) and G15, an antagonist of G protein-coupled estrogen receptor (GPER) for 7 d. Results indicated that BPs affected neuronal morphogenesis, impaired GABA synthesis and Glu/GABA 
homeostasis. Neuronal morphogenetic damage induced by low-doses BPA may be mediated by GPER. Neurotoxicity of BPS is weaker than BPA and BPB. In in vivo studies, exposure to BPA (0.5 μg/kg·bw/day) on PND 10-
40 caused oxidative stress and inflammation in rat hippocampus, disrupted neuronal morphogenesis and neurotransmitter homeostasis, ultimately impaired spatial memory of rats. Males are more sensitive to BPA 
exposure than females. Both in vivo and in vitro studies indicated that EGCG, a phytoestrogen, can alleviate BPA-induced neurotoxicity. Taken together, low-doses BPA exposure sex-specifically disrupted 
neurodevelopment and further impaired learning and memory ability in rats, which may be mediated by GPER. Promisingly, EGCG effectively mitigated the BPA-induced neurodevelopmental toxicity.

J Hazard Mater Vol.459 
Pages 132074

10.1016/j.jhazmat.2023.132074 37473573 動物 - 1 不明 1 不明 0 0.5 µg/kg/⽇ - - - - - - - - - - - - - - - - - - - - -

統合_1092
S. J. Melebary, M. S. AlGhamdi, M. E. A. 
Elhalwagy, S. A. Alsolmy and A. J. A. Bin 
Dohaish

2022

Disturbance in Some Fertility 
Biomarkers Induced and Changes in 
Testis Architecture by Chronic 
Exposure to Various Dosages of 
Each of Nonylphenol or Bisphenol A 
and Their Mix

This investigation was conducted to demonstrate the potential impacts of different doses of Bisphenol A (BPA) or Nonylphenol (NP) and their mixtures on some biological activities in male albino rats. Seventy male albino 
rats were allocated to the control group (GI) and were given 1 mL of ethanol. G II and G III were given 100 mg/kg of each of BPA and NP, G IV and G V were given 25 mg/kg of each of BPA and NP, G VI was given a high 
dose of BPA and NP, and G VII was given a low dose of BPA and NP. All animals were treated orally for 60 days. Serum biomarkers of oxidative stress, antioxidants, immune-inflammatory mediators, and apoptotic markers 
were determined, as well as a histopathological examination of the testis at the end of the experimental period. The results obtained showed a pronounced increase in malondialdehyde (MDA), protein carbonyl (PC), and 
4-hydroxynonenol (4-HNE), concomitant with a significant reduction in serum Superoxide dismutase (SOD), catalase enzyme (CAT), and total antioxidant capacity (TAC) in all treated groups. A significant elevation in TNF 
Alpha, TNF Beta, and Caspase 3 serum was recorded individually and in the groups treated with high doses. The disturbance is represented by histological damage in the testis in the germinal epithelium and a decrease in 
spermatozoa inside the lumen of seminiferous tubules. The effects on testis tissues were dose-dependent, pronounced in mixture doses, and remarkable in higher doses. In conclusion, exposure to BPA and NP strongly 
impacts antioxidants, immune-inflammatory mediators, and testis tissue architecture. Furthermore, the data from this investigation support the idea that exposure to BPA and NP in daily life has multiple damages.

Life (Basel) Vol.12 
Issue 10

10.3390/life12101555 36294990 動物 - 1 1 1 1 0 25、100 mg/kg - - - - - - - - - - - - - - - - - - - - -

統合_1093
K. Mashay Al-Anazi, M. Jabr Aljuaid, M. Abul 
Farah, A. Hossam Mahmoud, A. I. Algefare, M. 
Ajmal Ali and F. M. Abou-Tarboush

2022
Maternal and developmental toxicity 
of Bisphenol-A in SWR/J mice

Bisphenol-A (BPA), an organic compound with two phenol functional groups, is a widely used industrial plasticizer with known estrogenic properties. It is used in the manufacture of epoxy resins and polycarbonate 
plastics. This study was designed to evaluate and assess the possible toxicity arising from the oral administration of BPA to pregnant mice. Pregnant SWR/J mice (15 mice/group) were administrated oral doses of BPA 
(125, 250 and 500 mg/kg/day) over the course of five-day intervals during gestation (D1-5, D6-10 and D11-15), while control groups received only corn oil. The results indicated that BPA was associated with a reduction 
in the body weight of the pregnant mice from around 2-3 days after administration until the end of gestation. The greatest effects were evident when the BPA was given during the later stages of pregnancy, and with 
higher doses. They also showed marked reduction in food intake and, to a lesser extent, in water intake. Furthermore, doses of BPA induced a reduction in implantation sites, lower foetal body weight and increased 
mortality rates. Abortion and foetal resorption rates were not affected by BPA administration, however. The above findings were concluded by discussing the possible mechanisms involved in producing these effects.

Saudi J Biol Sci Vol.29 
Issue 3 Pages 1543-
1549

10.1016/j.sjbs.2021.11.014 35280563 動物 - 1 1 1 SWR/J 1 125、250、500 mg/kg/⽇ - - - - - - - - - - - - - - - - - - - - -

統合_1094

A. A. Martínez-Peña, A. Peña-Castillo, L. Y. 
Parra-Forero, I. Hernández-Ochoa, L. R. Herná
ndez-Barrientos, S. Morimoto and C. A. 
Mendoza-Rodríguez

2019

Parental perinatal exposure to 
bisphenol A reduces the threshold 
to disrupt blastocyst implantation 
via decreasing talin, occudin and E-
cadherin levels

The aim was to evaluate the effect of perinatal BPA exposure of one or both parents on the implantation index and expression of talin, occludin and E-cadherin in the uterine epithelial cells (UEC) of the offspring. Pregnant 
Wistar dams (F0) received BPA or vehicle from gestational day (GD) 6 to lactation day 21. F1 animals were mated forming four groups: Control dam-Control sire (C♀-C♂), BPA dam -Control sire (B♀-C♂), Control dam -
BPA sire (C♀-B♂), BPA dam -BPA sire (B♀-B♂). F1 dams were sacrificed at GD 6. Significantly decreased number of implantation sites was observed in the B♀-B♂ group as compared to the C♀-C♂ group, which 
correlated with decreased talin apical/basal expression ratio, occludin apical expression, and E-cadherin apical/lateral expression ratio in the UEC. Furthermore, decreased E-cadherin expression in the blastocyst was 
observed. Our data suggest that reduced protein expressions in F1 BPA offspring could result from decreased progesterone serum levels.

Reprod Toxicol. 2019 
Jun:86:86-97.

10.1016/j.reprotox.2019.04.005 31028817 動物 ⼦宮 1 1 1 1 0 1 - - - - - - 1 1 - 1 - - - - - - - - - - -

統合_1095
A. Marrone, A. De Bartolo, V. Rago, F. Conforti, 
L. Urlandini, T. Angelone, R. Mazza, M. Mandalà 
and C. Rocca

2025

Prenatal Bisphenol A Exposure 
Impairs Fetal Heart Development: 
Molecular and Structural Alterations 
with Sex-Specific Differences

Cardiovascular diseases (CVDs) remain the leading cause of morbidity and mortality worldwide, with increasing evidence suggesting that their origins may lie in prenatal life. Endocrine-disrupting chemicals (EDCs), such 
as bisphenol A (BPA), have been implicated in the alteration of fetal programming mechanisms that cause a predisposition to long-term cardiovascular vulnerability. However, the impact of prenatal endocrine disruption on 
fetal heart development and its sex-specific nature remains incompletely understood. This study investigates the molecular and structural effects of low-dose prenatal BPA exposure on fetal rat hearts. Our results reveal 
that BPA disrupts estrogen receptor (ER) signaling in a sex-dependent manner, with distinct alterations in ERα, ERβ, and GPER expression. BPA exposure also triggers significant inflammation, oxidative stress, and 
ferroptosis; this is evidenced by elevated NF-κB, IL-1β, TNF-α, and NLRP3 inflammasome activation, as well as impaired antioxidant defenses (SOD1, SOD2, CAT, and SELENOT), increased lipid peroxidation (MDA) 
and protein oxidation, decreased GPX4, and increased ACSL4 levels. These alterations are accompanied by increased markers of cardiac distension (ANP, BNP), extracellular matrix remodeling mediators, and pro-fibrotic 
regulators (Col1A1, Col3A1, TGF-β, and CTGF), with a more pronounced response in males. Histological analyses corroborated these molecular findings, revealing structural alterations as well as glycogen depletion in 
male fetal hearts, consistent with altered cardiac morphogenesis and metabolic stress. These effects were milder in females, reinforcing the notion of sex-specific vulnerability. Moreover, prenatal BPA exposure affected 
myocardial fiber architecture and vascular remodeling in a sex-dependent manner, as evidenced by reduced expression of desmin alongside increased levels of CD34 and Ki67. Overall, our findings provide novel insights 
into the crucial role of prenatal endocrine disruption during fetal heart development and its contribution to the early origins of CVD, underscoring the urgent need for targeted preventive strategies and further research into 
the functional impact of BPA-induced alterations on postnatal cardiac function and long-term disease susceptibility.

Antioxidants (Basel) 
Vol.14 Issue 7

10.3390/antiox14070863 40722967 動物 - 1 1 1 1 0 2.5 µg/kg/⽇ - - - - - - - - - - - - - - - - - - - - -

統合_1096
M. Marraudino, E. Bo, E. Carlini, A. Farinetti, G. 
Ponti, I. Zanella, D. Di Lorenzo, G. C. Panzica 
and S. Gotti

2021

Hypothalamic Expression of 
Neuropeptide Y (NPY) and Pro-
OpioMelanoCortin (POMC) in Adult 
Male Mice Is Affected by Chronic 
Exposure to Endocrine Disruptors

In the arcuate nucleus, neuropeptide Y (NPY) neurons, increase food intake and decrease energy expenditure, and control the activity of pro-opiomelanocortin (POMC) neurons, that decrease food intake and increase 
energy expenditure. Both systems project to other hypothalamic nuclei such as the paraventricular and dorsomedial hypothalamic nuclei. Endocrine disrupting chemicals (EDCs) are environmental contaminants that alter 
the endocrine system causing adverse health effects in an intact organism or its progeny. We investigated the effects of long-term exposure to some EDCs on the hypothalamic NPY and POMC systems of adult male mice 
that had been previously demonstrated to be a target of some of these EDCs after short-term exposure. Animals were chronically fed for four months with a phytoestrogen-free diet containing two different concentrations 
of bisphenol A, diethylstilbestrol, tributyltin, or E(2). At the end, brains were processed for NPY and POMC immunohistochemistry and quantitatively analyzed. In the arcuate and dorsomedial nuclei, both NPY and POMC 
immunoreactivity showed a statistically significant decrease. In the paraventricular nucleus, only the NPY system was affected, while the POMC system was not affected. Finally, in the VMH the NPY system was 
affected whereas no POMC immunoreactive material was observed. These results indicate that adult exposure to different EDCs may alter the hypothalamic circuits that control food intake and energy metabolism.

Metabolites Vol.11 
Issue 6

10.3390/metabo11060368 34207679 動物 - 1 1 0 1 0 0.15〜15 mg/kg - - - - - - - - - - - - - - - - - - - - -

統合_1097
E. Marchlewicz, C. McCabe, Z. Djuric, M. 
Hoenerhoff, J. Barks, L. Tang, P. X. Song, K. 
Peterson, V. Padmanabhan and D. C. Dolinoy

2022

Gestational exposure to high fat 
diets and bisphenol A alters 
metabolic outcomes in dams and 
offspring, but produces hepatic 
steatosis only in dams

The prevalence of non-alcoholic fatty liver disease (NAFLD) is increasing worldwide. Perinatal development is a critical window for altered, lifelong health trajectory, and evidence supports the role of perinatal 
programming in chronic metabolic diseases. To examine the impact of diet and bisphenol A (BPA) on the developmental trajectory of NAFLD in offspring, we exposed dams from pre-gestation through lactation to a human-
relevant dose of oral BPA coupled with intake of high fat Western or Mediterranean-style diets. We assessed hepatic steatosis by quantifying hepatic triglycerides (TGs) and metabolic health by measuring body weight, 
relative organ weights, and serum hormone levels in dams and offspring at postnatal day 10 (PND10) and 10-months of age. In dams, consumption of the Western or Mediterranean diet increased hepatic TGs 1.7-2.4-fold, 
independent of BPA intake. Among offspring, both perinatal diet and BPA exposure had a greater impact on metabolic outcomes than on hepatic steatosis. At PND10, serum leptin levels were elevated 2.6-4.8-fold in pups 
exposed to the Mediterranean diet, with a trend for sex-specific effects on body and organ weights. At 10-months, sex-specific increases in organ weight and hormone levels were observed in mice perinatally exposed to 
Western + BPA or Mediterranean + BPA. These findings suggest lifestage-specific interaction of perinatal exposures to experimental diets and BPA on offspring metabolic health without effects on NAFLD later in life. 
Importantly, alterations in dam phenotype by diet and BPA exposure appear to impact offspring health trajectory, emphasizing the need to define dam diet in assessing effects of environmental exposures on offspring 
health.

Chemosphere. 2022 
Jan;286(Pt 2):131645.

10.1016/j.chemosphere.2021.1316
45

34426127 動物 代謝 1 1 1 0 0 1 - - - - - - 1 1 - 1 - - - - - - - - - - -

統合_1098 Y. Mao, D. Li, Q. Yang, X. Pei, Z. Duan and M. 
Ma 2023

Prenatal BPA exposure disrupts 
male reproductive functions by 
interfering with DNA methylation 
and GDNF expression in the testes 
of male offspring rats

BPA is a ubiquitous environmental endocrine-disrupting chemical, and maternal exposure to BPA is associated with impaired male reproductive functions; however, the mechanisms remain to be elucidated. Glial cell line-
derived neurotrophic factor (GDNF) plays an important role in maintaining normal spermatogenesis and fertility. However, the effect of prenatal BPA exposure on GDNF expression and its mechanism in the testis has not 
been reported. In this study, pregnant Sprague-Dawley rats were respectively exposed to 0, 0.05, 0.5, 5, and 50 mg/kg/day BPA via oral gavage from gestational day (GD) 5 to GD 19, with 6 pregnant rats in each group. 
ELISA, histochemistry, real-time PCR, western blot, and methylation-specific PCR (MSP) were used to detect the sex hormone levels, testicular histopathology, mRNA and protein expression of DNA methyltransferases 
(DNMTs) and GDNF, and the promoter methylation of Gdnf in the testes of male offspring at postnatal day (PND) 21 and PND 56. Prenatal BPA exposure increased body weight; decreased sperm counts and serum levels 
of testosterone (T), follicle-stimulating hormone (FSH), and luteinizing hormone (LH); and induced testicular histological damage, which indicated the damage of male reproductive function. Prenatal BPA exposure also 
upregulated Dnmt1 in 5 mg/kg group and Dnmt3b in 0.5 mg/kg group, but down-regulated Dnmt1 in 50 mg/kg group at PND 21. At PND 56, Dnmt1 was significantly increased in 0.05 mg/kg group but decreased in 0.5, 5, 
and 50 mg/kg groups, Dnmt3a was decreased, and Dnmt3b was markedly increased in 0.05 and 0.5 mg/kg groups but decreased in 5 and 50 mg/kg groups. The mRNA and protein expression levels of Gdnf were decreased 
markedly in 0.5 and 50 mg/kg groups at PND 21. And the methylation level of Gdnf promoter was significantly increased in 0.5 mg/kg group, but decreased in 5 and 50 mg/kg groups at PND 21. In conclusion, our study 
indicates that prenatal BPA exposure disrupts male reproductive functions, interferes with the expression of DNMTs, and decreases Gdnf expression in the testes of male offspring. Gdnf expression may be regulated by 
DNA methylation; however, the detailed mechanism needs to be further investigated.

Environ Sci Pollut Res 
Int. 2023 
Apr;30(18):53741-
53753.

10.1007/s11356-023-26154-7 36864339 動物 内分泌/精⼦/精巣 1 1 1 1 1 1 - - - - - - 1 1 - 1 - 1 - - - - - - - - -

統合_1099 W. Mao, L. Mao, F. Zhou, J. Shen, N. Zhao, H. 
Jin, J. Hu and Z. Hu 2023

Influence of Gut Microbiota on 
Metabolism of Bisphenol A, a Major 
Component of Polycarbonate 
Plastics

Bisphenol A (BPA) is a major component of polycarbonate plastics and epoxy resins. While many studies have investigated the effect BPA exposure has upon changes in gut microbial communities, the influence of gut 
microbiota on an organism's ability to metabolize BPA remains comparatively unexplored. To remedy this, in this study, Sprague Dawley rats were intermittently (i.e., at a 7-day interval) or continuously dosed with 500 μg 
BPA/kg bw/day for 28 days, via oral gavage. In the rats which underwent the 7-day interval BPA exposure, neither their metabolism of BPA nor their gut microbiota structure changed greatly with dosing time. In contrast, 
following continuous BPA exposure, the relative level of Firmicutes and Proteobacteria in the rats' guts significantly increased, and the alpha diversity of the rats' gut bacteria was greatly reduced. Meanwhile, the mean 
proportion of BPA sulfate to total BPA in rat blood was gradually decreased from 30 (on day 1) to 7.4% (by day 28). After 28 days of continuous exposure, the mean proportion of BPA glucuronide to total BPA in the rats' 
urine elevated from 70 to 81%, and in the rats' feces the mean proportion of BPA gradually decreased from 83 to 65%. Under continuous BPA exposure, the abundances of 27, 25, and 24 gut microbial genera were 
significantly correlated with the proportion of BPA or its metabolites in the rats' blood, urine, and feces, respectively. Overall, this study principally aimed to demonstrate that continuous BPA exposure disrupted the rats' 
gut microbiota communities, which in turn altered the rats' metabolism of BPA. These findings contribute to the better understanding of the metabolism of BPA in humans.

Toxics Vol.11 Issue 4 10.3390/toxics11040340 37112567 動物 - 1 1 1 1 0 500 µg/kg - - - - - - - - - - - - - - - - - - - - -

統合_1100 N. Mao, Q. Gao, H. Hu, T. Zhu and L. Hao 2019

BPA disrupts the cardioprotection by 
17β-oestradiol against 
ischemia/reperfusion injury in 
isolated guinea pig hearts

Bisphenol A (BPA) is an environmental oestrogen or xenoestrogen (XEs). XEs represent a health risk due to their potential for endocrine disruption and ability to mimic estrogenic activity. The effects of BPA on isolated 
hearts under normal and ischemia/reperfusion (I/R) conditions were investigated for the first time, with a focus on the effects of BPA and 17β-oestradiol (E(2)) co-administration on I/R injury. Our results indicated that 
BPA at 10(-7) M and 10(-5) M did not significantly affect heart rate (HR), coronary flow (CF), lactate dehydrogenase (LDH) or creatine kinase (CK) release in normal or I/R isolated hearts within the 90 min. However, E(2) 
exerted a protective effect against I/R injury, whereas, BPA inhibited the cardio-protective effects of E(2) on HR, CF, and LDH and CK release. Furthermore, BPA in combination with E(2) aggravated I/R injury by 
increasing infarct size and causing a more severe ultrastructural disruption as compared to treatment with E(2) alone. Based on our results, we conclude that BPA inhibits the cardio-protective effects of E(2) on I/R-
injured hearts, despite not significantly affecting normal or I/R isolated hearts.

Steroids. 2019 
Jun:146:50-56.

10.1016/j.steroids.2019.03.006 30904504 ex vivo - - - - - - - - - - 不明 0 1 1 - - - - - - - - - - - - - -

統合_1101 L. Mao, S. Fang, M. Zhao, W. Liu and H. Jin 2021

Effects of Bisphenol A and 
Bisphenol S Exposure at Low Doses 
on the Metabolome of Adolescent 
Male Sprague-Dawley Rats

Toxic effects induced upon exposure to low-dose bisphenol A (BPA) or bisphenol S (BPS) remains controversial. In this study, metabolomics was used to examine the metabolomic perturbation arising from 28 days of 
exposure to BPA or BPS at 50 μg/kg bw/day in Sprague-Dawley (SD) rats. Endogenous metabolite profiling revealed a clear discrimination of metabolome in the rat plasma among BPA-treatment, BPS-treatment, and 
control groups. BPA exposure induced the up-regulation of 19 metabolites and down-regulation of 32 metabolites in plasma of SD rats, compared with the control. BPS exposure induced the up-regulation of 15 
metabolites and the down-regulation of 33 metabolites in the plasma of SD rats, compared with the control. Joint pathway analysis suggested marked perturbations in the citrate cycle, butanoate metabolism, and alanine, 
aspartate, and glutamate metabolism for BPA-exposed rats as well as glycerophospholipid metabolism for BPS-exposed rats. These findings provide novel insights into associations between the metabolomic perturbation 
and phenotypic changes arising from BPA and BPS exposure.

Chem Res Toxicol 
Vol.34 Issue 6 Pages 
1578-1587

10.1021/acs.chemrestox.1c00018 34019419 動物 - 1 不明 不明 1 0 50 µg/kg/⽇ - - - - - - - - - - - - - - - - - - - - -
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統合_1102 J. Mao, J. A. Kinkade, N. J. Bivens and C. S. 
Rosenfeld 2021

miRNA changes in the mouse 
placenta due to bisphenol A 
exposure

Aim: To determine small RNA expression changes in mouse placenta induced by bisphenol A (BPA) exposure. Methods: Exposing female mice to BPA two weeks prior to conception through gestational day 12.5; whereupon 
fetal placentas were collected, frozen in liquid nitrogen and stored at -80°C. Small RNAs were isolated and used for small RNA-sequencing. Results: 43 small RNAs were differentially expressed. Target mRNAs were 
closely aligned to those expressed by thymus and brain, and pathway enrichment analyses indicated that such target mRNAs regulate neurogenesis and associated neurodevelopment processes. Conclusions: BPA induces 
several small RNAs in mouse placenta that might provide biomarkers for BPA exposure. Further, the placenta might affect fetal brain development through the secretion of miRNAs.

Epigenomics Vol.13 
Issue 24 Pages 1909-
1919

10.2217/epi-2021-0339 34841895 動物 - 1 1 1 1 0 ＜200 µg/kg/⽇ - - - - - - - - - - - - - - - - - - - - -

統合_1103

J. Mao, A. Jain, N. D. Denslow, M. Z. Nouri, S. 
Chen, T. Wang, N. Zhu, J. Koh, S. J. Sarma, B. W. 
Sumner, Z. Lei, L. W. Sumner, N. J. Bivens, R. M. 
Roberts, G. Tuteja and C. S. Rosenfeld

2020

Bisphenol A and bisphenol S 
disruptions of the mouse placenta 
and potential effects on the 
placenta-brain axis

Placental trophoblast cells are potentially at risk from circulating endocrine-disrupting chemicals, such as bisphenol A (BPA). To understand how BPA and the reputedly more inert bisphenol S (BPS) affect the placenta, 
C57BL6J mouse dams were fed 200 μg/kg body weight BPA or BPS daily for 2 wk and then bred. They continued to receive these chemicals until embryonic day 12.5, whereupon placental samples were collected and 
compared with unexposed controls. BPA and BPS altered the expression of an identical set of 13 genes. Both exposures led to a decrease in the area occupied by spongiotrophoblast relative to trophoblast giant cells 
(GCs) within the junctional zone, markedly reduced placental serotonin (5-HT) concentrations, and lowered 5-HT GC immunoreactivity. Concentrations of dopamine and 5-hydroxyindoleacetic acid, the main metabolite of 
serotonin, were increased. GC dopamine immunoreactivity was increased in BPA- and BPS-exposed placentas. A strong positive correlation between 5-HT(+) GCs and reductions in spongiotrophoblast to GC area 
suggests that this neurotransmitter is essential for maintaining cells within the junctional zone. In contrast, a negative correlation existed between dopamine(+) GCs and reductions in spongiotrophoblast to GC area ratio. 
These outcomes lead to the following conclusions. First, BPS exposure causes almost identical placental effects as BPA. Second, a major target of BPA/BPS is either spongiotrophoblast or GCs within the junctional 
zone. Third, imbalances in neurotransmitter-positive GCs and an observed decrease in docosahexaenoic acid and estradiol, also occurring in response to BPA/BPS exposure, likely affect the placental-brain axis of the 
developing mouse fetus.

Proc Natl Acad Sci U S 
A Vol.117 Issue 9 Pages 
4642-4652

10.1073/pnas.1919563117 32071231 動物 - 1 1 1 1 0 200 µg/kg - - - - - - - - - - - - - - - - - - - - -

統合_1104 S. Z. Mansour, F. S. M. Moawed, M. M. M. 
Badawy and H. E. Mohamed 2020

Boswellic Acid Synergizes With 
Low-Level Ionizing Radiation to 
Modulate Bisphenol Induced-Lung 
Toxicity in Rats by Inhibiting 
JNK/ERK/c-Fos Pathway

Bisphenol A (BPA) is a low molecular weight chemical compound that has a deleterious effect on the endocrine system. It was used in plastics manufacturing with injurious effects on different body systems. 
Occupational exposure to low-level ionizing radiation (<1 Gy) is shown to attenuate an established inflammatory process and therefore enhance cell protection. Therefore, the objective of this study was to investigate the 
protective effect of boswellic acid (BA) accompanied by whole-body low-dose gamma radiation (γ-R) against BPA-induced lung toxicity in male albino rats. BPA intoxication induced with 500 mg/kg BW. Rats received 50 
mg BA/kg BW by gastric gavage concomitant with 0.5 Gy γ-R over 4 weeks. The immunoblotting and biochemical results revealed that BA and/or γ-R inhibited BPA-induced lung toxicity by reducing oxidative damage 
biomolecules; (MDA and NADPH oxidase gene expression), inflammatory indices (MPO, TNF-α, IL-6, and gene expression of CXCR-4). Moreover, BA and or/γ-R ameliorated the lung inflammation via regulation of the 
JNK/ERK/c-Fos and Nrf2/ HO-1 signaling pathways. Interestingly, our data demonstrated that BA in synergistic interaction with γ-R is efficacious control against BPA-induced lung injury via anti-oxidant mediated anti-
inflammatory activities.

Dose Response Vol.18 
Issue 4 Pages 
1559325820969597

10.1177/1559325820969597 33192203 動物 - 1 1 1 1 0 500 mg/kg - - - - - - - - - - - - - - - - - - - - -

統合_1105 M. Maniradhan, N. Sivagurunathan, A. K. 
Unnikrishnan, V. S. Anbiah and L. Calivarathan 2024

Selenium ameliorates oxidized 
phospholipid-mediated testicular 
dysfunction and epididymal sperm 
abnormalities following Bisphenol A 
exposure in adult Wistar rats

Bisphenol A (BPA) is an endocrine-disrupting compound extensively utilized in the production of polycarbonate polymers and epoxy resins that, upon exposure, pose a significant threat to male reproductive health because 
of its estrogenic properties. Accumulating evidence suggests that BPA exposure disrupts the normal process of spermatogenesis, alters testicular morphology and function, and interferes with testicular steroidogenesis 
and hormonal signaling. However, the precise mechanism by which BPA affects testicular function remains unclear. In this study, we explored the mechanism underlying BPA-induced testicular abnormalities and 
evaluated the protective effects of Selenium (Se). Thirty-two adult male albino Wistar rats were divided into four groups, and BPA was administered at 50 mg/kg body weight, with or without Se supplementation, for 30 
days. Se supplementation (2.5 mg/kg body weight) was initiated 1 week before BPA administration. BPA administration resulted in alterations in testicular architecture, characterized by basement membrane disintegration 
in the seminiferous tubules, reduced spermatogenic cell counts, and increased interstitial tubule noncellular space. Furthermore, BPA exposure increased the levels of oxidized phospholipids, lipid peroxides, and hydroxyl 
radicals and decreased the activities of the antioxidant enzymes superoxide dismutase, catalase, glutathione peroxidase, and glutathione reductase. In addition, BPA significantly reduced the activities of 3β- and 17β-
hydroxysteroid dehydrogenases, interfering with testicular steroidogenesis. In rats, coadministration of Se and BPA reduced the levels of oxidized phospholipids and increased the activities of antioxidant enzymes, leading 
to improved testicular function and epididymal sperm parameters, suggesting that Se plays a critical role in alleviating endocrine disruptor-induced testicular dysfunctions in rats.

Reprod Toxicol Vol.130 
Pages 108751

10.1016/j.reprotox.2024.108751 39549767 動物 - 1 不明 1 1 0 50 mg/kg - - - - - - - - - - - - - - - - - - - - -

統合_1106
A. Mangla, P. Goswami, B. Sharma, S. Suramya, 
G. Jindal, M. Javed, M. A. Saifi, S. Parvez, T. C. 
Nag and S. Raisuddin

2024

Obesity aggravates 
neuroinflammatory and 
neurodegenerative effects of 
bisphenol A in female rats

Bisphenol A (BPA), a common plasticizer, is categorized as a neurotoxic compound. Its impact on individuals exhibits sex-linked variations. Several biological and environmental factors impact the degree of toxicity. 
Moreover, nutritional factors have profound influence on toxicity outcome. BPA has been demonstrated to be an obesogen. However, research on the potential role of obesity as a confounding factor in BPA toxicity is 
lacking. We studied the neurodegenerative effects in high-fat diet (HFD)-induced obese female rats after exposure to BPA (10 mg/L via drinking water for 90 days). Four groups were taken in this study - Control, HFD, 
HFD + BPA and BPA. Cognitive function was evaluated through novel object recognition (NOR) test. Inflammatory changes in brain, and changes in hormonal level, lipid profile, glucose tolerance, oxidative stress, and 
antioxidants were also determined. HFD + BPA group rats showed a significant decline in memory function in NOR test. The cerebral cortex (CC) of the brain showed increased neurodegenerative changes as measured by 
microtubule-associated protein-2 (MAP-2) accompanied by histopathological confirmation. The increased level of neuroinflammation was demonstrated by microglial activation (Iba-1) and protein expression of nuclear 
factor- kappa B (NF-КB) in the brain. Obesity also caused significant (p < 0.05) increase in lipid peroxidation accompanied by reduced activities of antioxidant enzymes (glutathione S-transferase, catalase and 
glutathione peroxidase) and decrease in reduced-glutathione (p < 0.05) when compared to non-obese rats with BPA treatment. Overall, study revealed that obesity serves as a risk factor in the toxicity of BPA which may 
exacerbate the progression of neurological diseases.

Toxicol Mech Methods 
Vol.34 Issue 7 Pages 
781-794

10.1080/15376516.2024.2349538 38699799 動物 - 1 1 1 不明 0 10 mg/L - - - - - - - - - - - - - - - - - - - - -

統合_1107

W. K. Mandler, W. McKinney, T. A. Stueckle, A. 
K. Knepp, S. E. Anderson, L. G. Jackson, S. 
Keeley, K. Krajnak, A. P. Shirzadi, M. T. Farcas, 
L. Battelli, S. A. Friend, A. B. Stefaniak, T. A. 
Thomas, J. Matheson and Y. Qian

2025
Assessment of pulmonary toxicity of 
inhaled polycarbonate 3D printer 
emissions in rats

This study investigated the potential pulmonary toxicity of polycarbonate (PC) emissions from fused filament fabrication (FFF) three-dimensional printing (3DP) via inhalation in Sprague Dawley rats. Previously, our 
results demonstrated no significant pulmonary effects following exposure to a 0.5 mg/m(3) PC. A new exposure apparatus was developed that exposed animals at a concentration of 2.5 mg/m(3). Sixty rats were 
randomized into control (filtered air) and exposure groups (n = 30/group). Each group was further divided into five subgroups (n = 6/subgroup) with exposure durations of 1, 4, 8, 15, or 30 days (4 hr/day, 4 days/week). 
Following a 24-hr post-exposure period, body weight was measured, and blood samples were collected for hematological and biochemical analysis. Bronchoalveolar lavage fluid (BALF) was obtained from the right lung for 
cytology. The left lung and head/nasal tissues were preserved for histopathological evaluation. Lung deposition was estimated using the Multiple-Path Particle Dosimetry model, electron microscopy, and enhanced 
darkfield microscopy. In addition, filter samples were collected to measure bisphenol A. Exposure resulted in an estimated deposition of 0.28 µg/day within the alveoli and small airways. Microscopy indicated limited 
evidence of macrophage uptake. No significant changes were observed in BALF cell counts, lactate dehydrogenase activity, or hematological parameters. BALF levels of tissue inhibitor of metalloproteinases-1 and 
protein were elevated in the 30-day exposure group, although histopathology revealed no exposure-related changes in the lungs. In conclusion, this study found no marked pulmonary inflammation or toxicity in rats exposed 
to 2.5 mg/m(3) of PC 3D printing emissions for up to 30 days (4 hr/day).

J Toxicol Environ Health 
A Vol.88 Issue 16 Pages 
627-646

10.1080/15287394.2025.2473559 40071543 動物 - 1 0 不明 1 0 2.5 mg/m³ - - - - - - - - - - - - - - - - - - - - -

統合_1108
M. A. Malloy, J. J. Kochmanski, T. R. Jones, J. A. 
Colacino, J. M. Goodrich, D. C. Dolinoy and L. K. 
Svoboda

2019
Perinatal Bisphenol A Exposure and 
Reprogramming of Imprinted Gene 
Expression in the Adult Mouse Brain

Genomic imprinting, a phenomenon by which genes are expressed in a monoallelic, parent-of-origin-dependent fashion, is critical for normal brain development. Expression of imprinted genes is regulated via epigenetic 
mechanisms, including DNA methylation (5-methylcytosine, 5mC), and disruptions in imprinting can lead to disease. Early-life exposure to the endocrine disrupting chemical bisphenol A (BPA) is associated with 
abnormalities in brain development and behavior, as well as with disruptions in epigenetic patterning, including 5mC and DNA hydroxymethylation (5-hydroxymethylcytosine, 5hmC). Using an established mouse model of 
perinatal environmental exposure, the objective of this study was to examine the effects of perinatal BPA exposure on epigenetic regulation of imprinted gene expression in adult mice. Two weeks prior to mating, dams 
were assigned to control chow or chow containing an environmentally relevant dose (50 µg/kg) of BPA. Exposure continued until offspring were weaned at post-natal day 21, and animals were followed until 10 months of 
age. Expression of three imprinted genes-Pde10a, Ppp1r9a, and Kcnq1, as well as three genes encoding proteins critical for regulation of 5mC and 5hmC-Dnmt1, Tet1, and Tet2, were evaluated in the right cortex and 
midbrain using qRT-PCR. Perinatal BPA exposure was associated with a significant increase in adult Kcnq1 (p = 0.04) and Dnmt1 (p = 0.02) expression in the right cortex, as well as increased expression of Tet2 in the 
midbrain (p = 0.03). Expression of Tet2 and Kcnq1 were positively correlated in the midbrain. Analysis of 5mC and 5hmC at the Kcnq1 locus was conducted in parallel samples using standard and oxidative bisulfite 
conversion followed by pyrosequencing. This analysis revealed enrichment of both 5mC and 5hmC at this locus in both brain regions. No significant changes in 5mC and 5hmC at Kcnq1 were observed with perinatal BPA 
exposure. Together, these data suggest that perinatal BPA exposure results in altered expression of Kcnq1, Dnmt1, and Tet2 in the adult mouse brain. Further studies with larger sample sizes are necessary to understand 
the mechanistic basis for these changes, as well as to determine the implications they have for brain development and function.

Front Genet Vol.10 
Pages 951

10.3389/fgene.2019.00951 31649729 動物 - 1 1 1 Avy/a 0 50 µg/kg - - - - - - - - - - - - - - - - - - - - -

統合_1109 Y. Malaisé, C. Lencina, C. Cartier, M. Olier, S. M
énard and L. Guzylack-Piriou 2021

Bisphenol A, S or F mother's dermal 
impregnation impairs offspring 
immune responses in a dose and 
sex-specific manner in mice

Bisphenol (BP)A is an endocrine disruptor (ED) widely used in thermal papers. Regulatory restrictions have been established to prevent risks for human health, leading to BPA substitution by structural analogues, like BPS 
and BPF. We previously demonstrated that oral perinatal exposure to BPA had long-term consequences on immune responses later in life. It appears now essential to enhance our understanding on immune impact of 
different routes of BP exposure. In this study, we aimed at comparing the impact of mother dermal exposure to BPs on offspring immune system at adulthood. Gravid mice were dermally exposed to BPA, BPS or BPF at 5 or 
50 μg/kg of body weight (BW)/day (d) from gestation day 15 to weaning of pups at post-natal day (PND)21. In offspring, BPs dermal impregnation of mothers led to adverse effects on immune response at intestinal and 
systemic levels that was dependent on the BP, the dose and offspring sex. These findings provide, for the first time, results on long-term consequences of dermal perinatal BPs exposure on immune responses in offspring. 
This work warns that it is mandatory to consider immune markers, dose exposure as well as sex in risk assessment associated with new BPA's alternatives.

Sci Rep Vol.11 Issue 1 
Pages 1650

10.1038/s41598-021-81231-6 33462300 動物 - 1 0 1 C3H/HeN 0 5 、50 µg/kg - - - - - - - - - - - - - - - - - - - - -

統合_1110 K. Makowska, K. Szymańska, J. Całka and S. 
Gonkowski 2021

The Influence of Bisphenol A (BPA) 
on the Occurrence of Selected 
Active Substances in Neuregulin 1 
(NRG1)-Positive Enteric Neurons in 
the Porcine Large Intestine

Bisphenol A (BPA) is a substance used in the manufacture of plastics which shows multidirectional adverse effects on living organisms. Since the main path of intoxication with BPA is via the gastrointestinal (GI) tract, 
the stomach and intestine are especially vulnerable to the impact of this substance. One of the main factors participating in the regulation of intestinal functions is the enteric nervous system (ENS), which is 
characterized by high neurochemical diversity. Neuregulin 1 (NRG1) is one of the lesser-known active substances in the ENS. During the present study (performed using the double immunofluorescence method), the co-
localization of NRG1 with other neuronal substances in the ENS of the caecum and the ascending and descending colon has been investigated under physiological conditions and after the administration of BPA. The 
obtained results indicate that NRG1-positive neurons also contain substance P, vasoactive intestinal polypeptide, a neuronal isoform of nitric oxide synthase and galanin and the degree of each co-localization depend on 
the type of enteric plexus and the particular fragment of the intestine. Moreover, it has been shown that BPA generally increases the degree of co-localization of NRG1 with other substances.

Int J Mol Sci Vol.22 
Issue 19

10.3390/ijms221910308 34638647 動物 - 1 1 1 Piétrain x Duroc 0 0.05 、0.5 mg/kg/⽇ - - - - - - - - - - - - - - - - - - - - -

統合_1111 K. Makowska, E. Lepiarczyk and S. Gonkowski 2022

The Comparison of the Influence of 
Bisphenol A (BPA) and Its Analogue 
Bisphenol S (BPS) on the Enteric 
Nervous System of the Distal Colon 
in Mice

Bisphenol A (BPA), commonly used as a plasticizer in various branches of industry has a strong negative effect on living organisms. Therefore, more and more often it is replaced in production of plastics by other 
substances. One of them is bisphenol S (BPS). This study for the first time compares the impact of BPA and BPS on the enteric neurons using double immunofluorescence technique. It has been shown that both BPA and 
BPS affect the number of enteric neurons containing substance P (SP), galanin (GAL), vasoactive intestinal polypeptide (VIP), neuronal isoform of nitric oxide synthase (nNOS-a marker of nitrergic neurons) and/or 
vesicular acetylcholine transporter (VAChT- a marker of cholinergic neurons). The changes noted under the impact of both bisphenols are similar and consisted of an increase in the number of enteric neurons 
immunoreactive to all neuronal factors studied. The impact of BPS on some populations of neurons was stronger than that noted under the influence of BPA. The obtained results clearly show that BPS (similarly to BPA) 
administered for long time is not neutral for the enteric neurons even in relatively low doses and may be more potent than BPA for certain neuronal populations.

Nutrients Vol.15 Issue 1 10.3390/nu15010200 36615857 動物 - 1 1 1 1 0 5 、50 mg/kg - - - - - - - - - - - - - - - - - - - - -

統合_1112 K. Makowska, P. Lech, M. Majewski, A. Rychlik 
and S. Gonkowski 2021

Bisphenol A affects vipergic nervous 
structures in the porcine urinary 
bladder trigone

Bisphenol A (BPA) is used in the production of plastics approved for contact with feed and food. Upon entering living organisms, BPA, as a potent endocrine disruptor, negatively affects various internal organs and 
regulatory systems, especially in young individuals. Although previous studies have described the neurotoxic effects of BPA on various tissues, it should be underlined that the putative influence of this substance on the 
chemical architecture of the urinary bladder intrinsic innervation has not yet been studied. One of the most important neuronal substances involved in the regulation of urinary bladder functions is vasoactive intestinal 
polypeptide (VIP), which primarily participates in the regulation of muscular activity and blood flow. Therefore, this study aimed to determine the influence of various doses of BPA on the distribution pattern of VIP-positive 
neural structures located in the wall of the porcine urinary bladder trigone using the double-immunofluorescence method. The obtained results show that BPA influence leads to an increase in the number of both neurons 
and nerve fibres containing VIP in the porcine urinary bladder trigone. This may indicate that VIP participates in adaptive processes of the urinary bladder evoked by BPA.

Sci Rep Vol.11 Issue 1 
Pages 12147

10.1038/s41598-021-91529-0 34108533 動物 - 1 1 1 Pietrain × Duroc 0 0.05、0.5 mg/kg - - - - - - - - - - - - - - - - - - - - -

統合_1113 K. Makowska, P. Lech and S. Gonkowski 2023

Bisphenol A Effects on Neurons' 
Neurochemical Character in the 
Urinary Bladder Intramural Ganglia 
of Domestic Pigs

Bisphenol A (BPA), a substance globally used to produce plastics, is part of many everyday items, including bottles, food containers, electronic elements, and others. It may penetrate the environment and living organisms, 
negatively affecting, among others, the nervous, immune, endocrine, and cardiovascular systems. Knowledge of the impact of BPA on the urinary bladder is extremely scarce. This study investigated the influence of two 
doses of BPA (0.05 mg/kg body weight (b.w.)/day and 0.5 mg/kg b.w./day) given orally for 28 days on the neurons situated in the ganglia located in the urinary bladder trigone using the typical double immunofluorescence 
method. In the study, an increase in the percentage of neurons containing substance P (SP), galanin (GAL), a neuronal isoform of nitric oxide synthase (nNOS-used as the marker of nitrergic neurons), and/or cocaine- and 
amphetamine-regulated transcript (CART) peptide was noted after BPA administration. The severity of these changes depended on the dose of BPA and the type of neuronal factors studied. The most visible changes were 
noted in the cases of SP- and/or GAL-positive neurons after administering a higher dose of BPA. The results have shown that oral exposure to BPA, lasting even for a short time, affects the intramural neurons in the 
urinary bladder wall, and changes in the neurochemical characterisation of these neurons may be the first signs of BPA-induced pathological processes in this organ.

Int J Mol Sci Vol.24 
Issue 23

10.3390/ijms242316792 38069115 動物 - 1 1 1 Piétrain × Duroc 0 0.05、0.5 mg/kg - - - - - - - - - - - - - - - - - - - - -

統合_1114 K. Makowska and S. Gonkowski 2024

Comparison of the Influence of 
Bisphenol A and Bisphenol S on the 
Enteric Nervous System of the 
Mouse Jejunum

Bisphenols are dangerous endocrine disruptors that pollute the environment. Due to their chemical properties, they are globally used to produce plastics. Structural similarities to oestrogen allow bisphenols to bind to 
oestrogen receptors and affect internal body systems. Most commonly used in the plastic industry is bisphenol A (BPA), which also has negative effects on the nervous, immune, endocrine, and cardiovascular systems. A 
popular analogue of BPA-bisphenol S (BPS) also seems to have harmful effects similar to BPA on living organisms. Therefore, with the use of double immunofluorescence labelling, this study aimed to compare the effect 
of BPA and BPS on the enteric nervous system (ENS) in mouse jejunum. The study showed that both studied toxins impact the number of nerve cells immunoreactive to substance P (SP), galanin (GAL), vasoactive 
intestinal polypeptide (VIP), the neuronal isoform of nitric oxide synthase (nNOS), and vesicular acetylcholine transporter (VAChT). The observed changes were similar in the case of both tested bisphenols. However, the 
influence of BPA showed stronger changes in neurochemical coding. The results also showed that long-term exposure to BPS significantly affects the ENS.

Int J Mol Sci Vol.25 
Issue 13

10.3390/ijms25136941 39000048 動物 - 1 1 1 1 0 5 、50 mg/kg - - - - - - - - - - - - - - - - - - - - -
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統合_1115 K. Makowska and S. Gonkowski 2023

Changes Caused by Bisphenols in 
the Chemical Coding of Neurons of 
the Enteric Nervous System of 
Mouse Stomach

Bisphenol A (BPA), an organic chemical compound which is widely used in the production of plastics, can severely damage live organisms. Due to these findings, the plastic industry has started to replace it with other 
substances, most often with bisphenol S (BPS). Therefore, during the present investigation, with the use of double immunofluorescence labeling, we compared the effect of BPA and BPS on the enteric nervous system 
(ENS) in the mouse corpus of the stomach. The obtained results show that both studied toxins impact the amount of nerve cells immunoreactive to substance P (SP), galanin (GAL), vesicular acetylcholine transporter 
(VAChT is used here as a marker of cholinergic neurons) and vasoactive intestinal polypeptide (VIP). Changes observed under the impact of both bisphenols depended on the neuronal factor, the type of the enteric 
ganglion and the doses of bisphenols studied. Generally, the increase in the percentage of neurons immunoreactive to SP, GAL and/or VIP, and the decrease in the percentage of VAChT-positive neurons, was noted. 
Severity of changes was more visible after BPA administration. However, the study has shown that long time exposure to BPS also significantly affects the ENS.

Int J Environ Res Public 
Health Vol.20 Issue 6

10.3390/ijerph20065125 36982030 動物 - 1 1 1 1 0 5 、50 mg/kg - - - - - - - - - - - - - - - - - - - - -

統合_1116 K. Makowska and S. Gonkowski 2022

Changes in the Enteric Neurons 
Containing Selected Active 
Substances in the Porcine 
Descending Colon after the 
Administration of Bisphenol A (BPA)

Bisphenol A (BPA) is an endocrine disruptor widely distributed in the environment due to its common use in the plastics industry. It is known that it has a strong negative effect on human and animal organisms, but a lot of 
aspects of this impact are still unexplored. This includes the impact of BPA on the enteric nervous system (ENS) in the large intestine. Therefore, the aim of the study was to investigate the influence of various doses of 
BPA on the neurons located in the descending colon of the domestic pig, which due to similarities in the organization of intestinal innervation to the human gastrointestinal tract is a good animal model to study processes 
occurring in human ENS. During this study, the double immunofluorescence technique was used. The obtained results have shown that BPA clearly affects the neurochemical characterization of the enteric neurons 
located in the descending colon. The administration of BPA caused an increase in the number of enteric neurons containing substance P (SP) and vasoactive intestinal polypeptide (VIP) with a simultaneously decrease in 
the number of neurons positive for galanin (GAL) and vesicular acetylcholine transporter (VAChT used as a marker of cholinergic neurons). Changes were noted in all types of the enteric plexuses, i.e., the myenteric 
plexus, outer submucous plexus and inner submucous plexus. The intensity of changes depended on the dose of BPA and the type of enteric plexus studied. The results have shown that BPA may affect the descending 
colon through the changes in neurochemical characterization of the enteric neurons located in this segment of the gastrointestinal tract.

Int J Environ Res Public 
Health Vol.19 Issue 23

10.3390/ijerph192316187 36498260 動物 - 1 1 1 Piétrain × Duroc 0 0.05、0.5 mg/kg - - - - - - - - - - - - - - - - - - - - -

統合_1117 K. Makowska and S. Gonkowski 2021

Changes Caused by Low Doses of 
Bisphenol A (BPA) in the Neuro-
Chemistry of Nerves Located in the 
Porcine Heart

Bisphenol A (BPA) contained in plastics used in the production of various everyday objects may leach from these items and contaminate food, water and air. As an endocrine disruptor, BPA negatively affects many internal 
organs and systems. Exposure to BPA also contributes to heart and cardiovascular system dysfunction, but many aspects connected with this activity remain unknown. Therefore, this study aimed to investigate the 
impact of BPA in a dose of 0.05 mg/kg body weight/day (in many countries such a dose is regarded as a tolerable daily intake-TDI dose of BPA-completely safe for living organisms) on the neurochemical characterization 
of nerves located in the heart wall using the immunofluorescence technique. The obtained results indicate that BPA (even in such a relatively low dose) increases the number of nerves immunoreactive to neuropeptide Y, 
substance P and tyrosine hydroxylase (used here as a marker of sympathetic innervation). However, BPA did not change the number of nerves immunoreactive to vesicular acetylcholine transporter (used here as a marker 
of cholinergic structures). These observations suggest that changes in the heart innervation may be at the root of BPA-induced circulatory disturbances, as well as arrhythmogenic and/or proinflammatory effects of this 
endocrine disruptor. Moreover, changes in the neurochemical characterization of nerves in the heart wall may be the first sign of exposure to BPA.

Animals (Basel) Vol.11 
Issue 3

10.3390/ani11030780 33799766 動物 - 1 1 1 Piétrain × Duroc 0 0.05 mg/kg - - - - - - - - - - - - - - - - - - - - -

統合_1118 K. Makowska and S. Gonkowski 2020
Bisphenol A (BPA) Affects the 
Enteric Nervous System in the 
Porcine Stomach

Bisphenol A (BPA) is widely utilized in plastic production process all over the world. Previous studies have shown that BPA, with its similarity to estrogen, may negatively affect living organisms. It is acknowledged that 
BPA distorts the activity of multiple internal systems, including the nervous, reproductive, urinary, and endocrine systems. BPA also affects the gastrointestinal tract and enteric nervous system (ENS), which is placed 
throughout the wall from the esophagus to the rectum. Contrary to the intestine, the influence of BPA on the ENS in the stomach is still little known. This study, performed using the double immunofluorescence method, 
has revealed that BPA affects the number of nervous structures in the porcine gastric wall immunoreactive to vesicular acetylcholine transporter (VAChT, a marker of cholinergic neurons), substance P (SP), vasoactive 
intestinal polypeptide (VIP), galanin (GAL) and cocaine- and amphetamine-regulated transcript peptide (CART). The character and severity of noted alterations depended on the part of the ENS, the BPA dose, and the type 
of neuronal substance. Administration of BPA resulted in an increase in the number of nervous structures containing SP, GAL, and/or CART, and a decrease in the number of cholinergic neurons in all parts of the gastric 
wall. The number of VIP-positive nervous structures increased in the enteric myenteric ganglia, along with the muscular and mucosal layers, whilst it decreased in the submucous ganglia. The exact mechanism of noted 
changes was not absolutely obvious, but they were probably related to the neuroprotective and adaptive processes constituting the response to the impact of BPA.

Animals (Basel) Vol.10 
Issue 12

10.3390/ani10122445 33419365 動物 - 1 1 1 Piétrain × Duroc 0 0.05、0.5 mg/kg - - - - - - - - - - - - - - - - - - - - -

統合_1119 K. Makowska, K. R. C. Fagundes and S. 
Gonkowski 2023

Influence of bisphenol A and its 
analog bisphenol S on cocaine- and 
amphetamine-regulated transcript 
peptide-positive enteric neurons in 
the mouse gastrointestinal tract

INTRODUCTION: Bisphenol A (BPA) is used in large quantities for the production of plastics and is present in various everyday objects. It penetrates living organisms and shows multidirectional adverse influence on many 
internal organs. For this reason, BPA is often replaced in plastic production by other substances. One of them is bisphenol S (BPS), whose effects on the enteric nervous system (ENS) have not been explained. 
METHODS: Therefore, the present study compares the influence of BPA and BPS on the number of enteric neurons immunoreactive to cocaine-and amphetamine-regulated transcript (CART) peptide located in the ENS of 
the stomach, jejunum and colon with the use of double immunofluorescence method. RESULTS: The obtained results have shown that both bisphenols studied induced an increase in the number of CART-positive enteric 
neurons, and the severity of changes depended on the type of enteric ganglion, the dose of bisphenols and the segment of the digestive tract. The most visible changes were noted in the myenteric ganglia in the colon. 
Moreover, in the colon, the changes submitted by BPS are more noticeable than those observed after BPA administration. In the stomach and jejunum, bisphenol-induced changes were less visible, and changes caused by 
BPS were similar or less pronounced than those noted under the impact of BPA, depending on the segment of the gastrointestinal tract and ganglion type studied. DISCUSSION: The results show that BPS affects the 
enteric neurons containing CART in a similar way to BPA, and the BPS impact is even stronger in the colon. Therefore, BPS is not neutral for the gastrointestinal tract and ENS.

Front Mol Neurosci 
Vol.16 Pages 1234841

10.3389/fnmol.2023.1234841 37675141 動物 - 1 1 1 1 0 5 、50 mg/kg - - - - - - - - - - - - - - - - - - - - -

統合_1120 K. Makowska, J. Całka and S. Gonkowski 2023

Effects of the long-term influence of 
bisphenol A and bisphenol S on the 
population of nitrergic neurons in 
the enteric nervous system of the 
mouse stomach

Bisphenol A (BPA) is an endocrine disruptor commonly used in the production of plastics. Due to its relatively well-known harmful effects on living organisms, BPA is often replaced by its various analogues. One of them is 
bisphenol S (BPS), widely used in the plastics industry. Until recently, BPS was considered completely safe, but currently, it is known that it is not safe for various internal organs. However, knowledge about the influence 
of BPS on the nervous system is scarce. Therefore, the aim of this study was to investigate the influence of two doses of BPA and BPS on the enteric nitrergic neurons in the CD1 strain mouse stomach using the double-
immunofluorescence technique. The study found that both substances studied increased the number of nitrergic neurons, although changes under the impact of BPS were less visible than those induced by BPA. 
Therefore, the obtained results, for the first time, clearly indicate that BPS is not safe for the innervation of the gastrointestinal tract.

Sci Rep Vol.13 Issue 1 
Pages 331

10.1038/s41598-023-27511-9 36609592 動物 - 1 1 1 1 0 5 、50 mg/kg - - - - - - - - - - - - - - - - - - - - -

統合_1121 M. Majid, A. Farhan, M. W. Baig, M. T. Khan, Y. 
Kamal, S. S. U. Hassan, S. Bungau and I. U. Haq 2022

Ameliorative Effect of Structurally 
Divergent Oleanane Triterpenoid, 3-
Epifriedelinol from Ipomoea batatas 
against BPA-Induced Gonadotoxicity 
by Targeting PARP and NF-κB 
Signaling in Rats

The pentacyclic triterpenoids (PTs) of plant origin are reputed to restrain prostate cancer (PCa) cell proliferation. This study aims to assess 3-epifriedelinol (EFD) isolated from aerial part of Ipomoea batatas against PCa 
and its potential mechanism, in vitro and in vivo. Molecular docking affirms good binding affinity of the compound with target proteins exhibiting binding energy of −7.9 Kcal/mol with BAX, −8.1 Kcal/mol (BCL-2), −1.9 
Kcal/mol (NF-κB) and −8.5 Kcal/mol with P53. In the MTT assay, EFD treatment (3−50 µM) showed a significant (p < 0.05 and p < 0.01) dose and time dependent drop in the proliferative graph of DU145 and PC3, and 
an upsurge in apoptotic cell population. EFD displayed substantial IC50 against DU145 (32.32 ± 3.72 µM) and PC3 (35.22 ± 3.47 µM). According to Western blots, EFD administration significantly enhanced the cleavage 
of caspases and PARP, elevated BAX and P53 and decreased BCL-2 and NF-κB expression, thereby triggering apoptosis in PCa cells. When male Sprague Dawley rats were intoxicated with Bisphenol A (BPA), an 
apparent increase in prostate mass (0.478 ± 0.08 g) in comparison to control (0.385 ± 0.03 g) indicates prostatitis. Multidose treatment of EFD (10 mg/kg) significantly reduced prostate size (0.404 ± 0.05 g). EFD 
exhibited substantial curative potential in vivo, as hematological, hormonal and histopathological parameters have been significantly improved. Reduced peroxidation (TBARS), and suppression of inflammatory markers i.e., 
NO, IL-6 and TNF-α, signposts substantial antiinflammatory potential of the compound. Overall, EFD has shown better binding affinity with target molecules, acceptable ADMET profile, potent antiproliferative and 
apoptotic nature and significant reduction in inflamed prostate mass of rats. The present study demonstrates acceptable physicochemical and pharmacokinetic properties of the compound with excellent drugable nature, 
hence EFD in the form of standardized formulation can be developed as primary or adjuvant therapy against PCa and toxins-induced gonadotoxicity.

Molecules Vol.28 Issue 
1

10.3390/molecules28010290 36615482 動物 - 1 不明 1 1 0 不明 - - - - - - - - - - - - - - - - - - - - -

統合_1122 A. Mahmoudi, F. Hadrich, Z. Bouallagui, I. Feki, 
H. Ghorbel, L. Ayadi, M. Chamkha and S. Sayadi 2023

Comparative study of the effect of 
oleuropein and hydroxytyrosol rich 
extracts on the reproductive toxicity 
induced by bisphenol A in male rats: 
biochemical, histopathological, and 
molecular analyses

Bisphenol A, or BPA, goes into the composition of a large number of products including sunglasses, infant's feeding bottles, receipts, or food packaging. Nowadays, there is a growing evidence that BPA may be at the 
origin of several physiological malignancies. Oleuropein and hydroxytyrosol extracted from olive leaves are highly investigated for numerous health benefits. The present work investigates the potential protective 
proprieties of olive leaf extracts against BPA-induced testicular damage in Wistar rats. Thirty-two animals were randomly divided into 4 groups: control, BPA-treated (10 mg/kg), BPA and oleuropein rich extract (16 
mg/kg) treatment, and the last group treated with BPA and hydroxytyrosol rich extract (16 mg/kg). Biochemical parameters and histological and molecular analyses were evaluated. Our data demonstrated that BPA 
treatment caused significant alteration in biochemical parameters, disorganization of germinal epithelium, an up-regulation of p53 and Bax, and a reduction of Bcl-2 protein levels. The ingestion of oleuropein- and 
hydroxytyrosol-rich extracts attenuated BPA-induced biochemical and histological changes. In fact, olive leaf extracts enhanced the enzymatic antioxidant system and the level of Bcl-2, and reduced the expression of p53 
and Bax. Fairly, our findings propose that olive leaf extracts may compete with BPA-induced reprotoxicity in vivo.

Environ Sci Pollut Res 
Int Vol.30 Issue 32 
Pages 78735-78749

10.1007/s11356-023-27836-y 37273043 動物 - 1 不明 1 1 0 10 mg/kg - - - - - - - - - - - - - - - - - - - - -

統合_1123 M. Mahdavinia, L. Khorsandi, S. Alboghobeish, 
A. Samimi, M. A. Dehghani and L. Zeidooni 2021

Liver histopathological alteration 
and dysfunction after bisphenol A 
administration in male rats and 
protective effects of naringin

OBJECTIVE: Bisphenol A (BPA) is an organic synthetic compound, often used in manufacturing polycarbonate plastics. Researches have shown the role of BPA as an endocrine disruptor. The present study intended to 
evaluate the hepatoprotective properties of naringin, an active flavanone glycoside present in many citrus fruit, against hepatotoxicity induced by BPA. MATERIALS AND METHODS: Male Wistar rats were orally treated 
with 50 mg/kg BPA for 30 consecutive days for induction of toxicity and 40, 80 and 160 mg/kg naringin for the same period along with BPA or alone. RESULTS: This study demonstrated that BPA significantly increased 
serum levels of triglyceride, lactate dehydrogenase (LDH), alkaline phosphatase (ALP), lipid peroxidation, and aspartate aminotransferase (AST) and significantly reduced catalase, glutathione peroxidase (GPx) and 
superoxide dismutase (SOD) activity, glutathione (GSH) and caused periportal inflammation and microvesicular steatosis in rat tissue. However, BPA did not change serum levels of high-density lipoprotein-cholesterol 
(HDL-C), total cholesterol, alanine aminotransferase (ALT), or low-density lipoprotein-cholesterol (LDL-C). Furthermore, the results displayed that administration of 80 and 160 mg/kg naringin improved hepatotoxicity 
and altered lipid peroxidation level, serum values of triglyceride and liver enzymes, and oxidative stress factors that were induced by BPA. The effect of two doses of 80 and 160 mg/kg naringin was more noticeable than 
that of dose 40 mg/kg. CONCLUSION: The findings suggested the protective effects of naringin against BPA-induced hepatotoxicity via ameliorating liver histopathological alteration, suppressing oxidative stress and 
lipid-lowering properties.

Avicenna J Phytomed 
Vol.11 Issue 4 Pages 
394-406

10.22038/ajp.2021.17649 34290970 動物 - 1 1 1 1 0 50 mg/kg - - - - - - - - - - - - - - - - - - - - -

統合_1124 W. A. H. Maduranga Karunarathne, Y. H. Choi, S. 
R. Park, C. M. Lee and G. Y. Kim 2022

Bisphenol A inhibits osteogenic 
activity and causes bone resorption 
via the activation of retinoic acid-
related orphan receptor α

Bisphenol A (BPA) has deleterious effects on bone metabolism; however, its underlying mechanism has not yet been comprehensively understood. Here, we investigated whether RORα plays an important role in BPA-
induced bone resorption both in vitro and in vivo. We found that BPA (0.1-1 μM) inhibited osteogenic activity (including ALP activity and mineralization), decreased the expression levels of osteoblast markers (such as 
RUNX2, OSX, and ALP) in human MG-63 osteoblast-like osteosarcoma cells, and inhibited spontaneous vertebral formation in zebrafish larvae. Additionally, BPA diminished β-glycerophosphate-induced osteoblast 
differentiation and vertebral formation, while simultaneously downregulating the expression levels of RUNX2a, OSX, and ALP. Furthermore, molecular docking data showed that a hydroxyl group of BPA dominantly binds to 
the H3 (ALA70) and/or H5 (ARG107) of RORα-ligand binding domain with hydrogen bonding (ALA330 and/or ARG367 in the full length of RORα, respectively), which another hydroxyl group of BPA fits into H3, H6, and H7 
elements with non-covalent interactions, resulting in the activation of RORα. However, an RORα inverse agonist potently inhibited BPA-induced anti-osteogenic activity and vertebral formation in zebrafish larvae, 
concomitant with inhibition of osteogenic gene expression. Overall, our findings reveal that BPA inhibits osteoblast differentiation and bone formation by activating RORα. These results suggest that BPA exposure (0.1-1 
μM) can cause various bone-resorptive diseases, such as osteoporosis.

J Hazard Mater. 2022 
Sep 15:438:129458.

10.1016/j.jhazmat.2022.129458 35780740 in vitro - - - - - - - - - - 1 0 1 1 - - - - - - - - - - - - - -

統合_1125 Z. Ma, A. B. Parris, E. W. Howard, M. Davis, X. 
Cao, C. Woods and X. Yang 2020

In Utero Exposure to Bisphenol a 
Promotes Mammary Tumor Risk in 
MMTV-Erbb2 Transgenic Mice 
Through the Induction of ER-erbB2 
Crosstalk

Bisphenol A (BPA) is the most common environmental endocrine disrupting chemical. Studies suggest a link between perinatal BPA exposure and increased breast cancer risk, but the underlying mechanisms remain 
unclear. This study aims to investigate the effects of in utero BPA exposure on mammary tumorigenesis in MMTV-erbB2 transgenic mice. Pregnant mice were subcutaneously injected with BPA (0, 50, 500 ng/kg and 250 µ
g/kg BW) daily between gestational days 11-19. Female offspring were examined for mammary tumorigenesis, puberty onset, mammary morphogenesis, and signaling in ER and erbB2 pathways. In utero exposure to low 
dose BPA (500 ng/kg) induced mammary tumorigenesis, earlier puberty onset, increased terminal end buds, and prolonged estrus phase, which was accompanied by proliferative mammary morphogenesis. CD24/49f-
based FACS analysis showed that in utero exposure to 500 ng/kg BPA induced expansion of luminal and basal/myoepithelial cell subpopulations at PND 35. Molecular analysis of mammary tissues at PND 70 showed that 
in utero exposure to low doses of BPA induced upregulation of ERα, p-ERα, cyclin D1, and c-myc, concurrent activation of erbB2, EGFR, erbB-3, Erk1/2, and Akt, and upregulation of growth factors/ligands. Our results 
demonstrate that in utero exposure to low dose BPA promotes mammary tumorigenesis in MMTV-erbB2 mice through induction of ER-erbB2 crosstalk and mammary epithelial reprogramming, which advance our 
understanding of the mechanism associated with in utero exposure to BPA-induced breast cancer risk. The studies also support using MMTV-erbB2 mouse model for relevant studies.

Int J Mol Sci Vol.21 
Issue 9

10.3390/ijms21093095 32353937 動物 - 1 0 1 0 1 50、500 ng/kg、250 µg/kg - - - - - - - - - - - - - - - - - - - - -

統合_1126 X. Ma, Y. Wang, W. Li, K. Wang and S. Zhang 2024
Bisphenol A Disrupts Ribosome 
Function during Ovarian 
Development of Mice

This study examines the impact of Bisphenol A (BPA), a prevalent environmental estrogenic toxicant, on the ovarian development of mice. Mice were exposed to varying BPA doses from in utero to postnatal stages, up to 
weaning (day 21, PND 21) and puberty (day 45, PND 45). The BPA content in the serum of the offspring mice on PND 45 was higher than that of the mice sacrificed at PND 21. However, the ovary organ index of the mice of 
PND 21 was significantly increased, and the ovarian structure was damaged when exposed to BPA. In contrast, the mice with PND 45 did not show apparent ovarian lesions. On the other hand, granulosa cell apoptosis 
was detected in both PND 21 and PND 45 mice ovaries, and ERβ was increased under the influence of BPA. Transcriptomic analysis revealed BPA's significant impact on ribosomal gene expression, marked 
downregulation of Rpl21 and Rpsa, and upregulation of Rps2 in both age groups. These transcriptomic alterations were further corroborated by real-time PCR, highlighting a dose-dependent effect of BPA on Rps2. Our 
findings confirm BPA's detrimental effects on ovarian health, with more pronounced damage in younger mice, suggesting heightened vulnerability in this group. The study underscores ribosomes as critical targets in BPA-
induced ovarian developmental disruptions.

Toxics. 2024 Aug 
26;12(9):627.

10.3390/toxics12090627 39330555 動物 卵巣 1 1 1 1 1 1 - - - - - - 1 1 - 1 - 1 - - - - - - - - -

統合_1127
Q. Ma, P. Deng, M. Lin, L. Yang, L. Li, L. Guo, L. 
Zhang, M. He, Y. Lu, H. Pi, Y. Zhang, Z. Yu, C. 
Chen and Z. Zhou

2021

Long-term bisphenol A exposure 
exacerbates diet-induced 
prediabetes via TLR4-dependent 
hypothalamic inflammation

Bisphenol A (BPA), an environmental endocrine-disrupting compound, has been revealed associated with metabolic disorders such as obesity, prediabetes, and type 2 diabetes (T2D). However, its underlying mechanisms 
are still not fully understood. Here, we provide new evidence that BPA is a risk factor for T2D from a case-control study. To explore the detailed mechanisms, we used two types of diet models, standard diet (SD) and 
high-fat diet (HFD), to study the effects of long-term BPA exposure on prediabetes in 4-week-old mice. We found that BPA exposure for 12 weeks exacerbated HFD-induced prediabetic symptoms. Female mice showed 
increased body mass, serum insulin level, and impaired glucose tolerance, while male mice only exhibited impaired glucose tolerance. No change was found in SD-fed mice. Besides, BPA exposure enhanced astrocyte-
dependent hypothalamic inflammation in both male and female mice, which impaired proopiomelanocortin (POMC) neuron functions. Moreover, eliminating inflammation by toll-like receptor 4 (TLR4) knockout significantly 
abolished the effects of BPA on the hypothalamus and diet-induced prediabetes. Taken together, our data establish a key role for TLR4-dependent hypothalamic inflammation in regulating the effects of BPA on 
prediabetes.

J Hazard Mater. 2021 
Jan 15:402:123926.

10.1016/j.jhazmat.2020.123926 33254826 動物 代謝 1 1 1 1 0 1 - - - - - - 1 1 - 1 - - - - - - - - - - -
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統合_1128 L. Ma, H. Yu, X. Wang, D. Li, Y. Zhang, X. Pei, Z. 
Duan and M. Ma 2020

The effects of maternal exposure to 
BPA during pregnancy on the male 
reproductive system and the 
testicular microRNA expression 
profile

The effect of prenatal bisphenol A (BPA) exposure is increasingly concerned. We investigated the effect of maternal BPA exposure during pregnancy on male offspring and its potential mechanism. Thirty pregnant Sprague 
Dawley (SD) rats were randomly divided into exposed and control groups. At PND56, the number of sperm, luteinizing hormone, and testosterone in the BPA-exposed group decreased, and testicular tissue structure was 
damaged in offsprings. At GD20, the miRNA profile in the testis of male offspring was examined and the expression levels of 28 deregulated miRNAs were validated by qRT-PCR. We found that miR-361-5p, miR-203a-3p, 
and miR-19b-2-5p had significantly different expression levels in the testis. These results suggest that maternal exposure to BPA can lead to differential changes in progeny miRNAs, which will provide direction for future 
in-depth mechanisms of reproductive injury.

Environ Sci Pollut Res 
Int. 2020 
May;27(14):17290-
17302.

10.1007/s11356-020-08156-x 32157532 動物 内分泌/精⼦/精巣 1 1 1 1 0 1 - - - - - - 1 1 - 1 - - - - - - - - - - -

統合_1129 M. Luo, L. Li, M. Ding, Y. Niu, X. Xu, X. Shi, N. 
Shan, Z. Qiu, F. Piao and C. Zhang 2023

Long-term potentiation and 
depression regulatory microRNAs 
were highlighted in Bisphenol A 
induced learning and memory 
impairment by microRNA 
sequencing and bioinformatics 
analysis

The mechanisms of Bisphenol A (BPA) induced learning and memory impairment have still not been fully elucidated. MicroRNAs (miRNAs) are endogenous non-coding small RNA molecules involved in the process of 
toxicant-induced neurotoxicity. To investigate the role of miRNAs in BPA-induced learning and memory impairment, we analyzed the impacts of BPA on miRNA expression profile by high-throughput sequencing in mice 
hippocampus. Results showed that mice treated with BPA displayed impairments of spatial learning and memory and changes in the expression of miRNAs in the hippocampus. Seventeen miRNAs were significantly 
differentially expressed after BPA exposure, of these, 13 and 4 miRNAs were up- and downregulated, respectively. Bioinformatic analysis of Gene Ontology (GO) and pathway suggests that BPA exposure significantly 
triggered transcriptional changes of miRNAs associated with learning and memory; the top five affected pathways involved in impairment of learning and memory are: 1) Long-term depression (LTD); 2) Thyroid hormone 
synthesis; 3) GnRH signaling pathway; 4) Long-term potentiation (LTP); 5) Serotonergic synapse. Eight BPA-responsive differentially expressed miRNAs regulating LTP and LTD were further screened to validate the 
miRNA sequencing data using Real-Time PCR. The deregulation expression levels of proteins of five target genes (CaMKII, MEK1/2, IP3R, AMPAR1 and PLCβ4) were investigated via western blot, for further verifying the 
results of gene target analysis. Our results showed that LTP and LTD related miRNAs and their targets could contribute to BPA-induced impairment of learning and memory. This study provides valuable information for 
novel miRNA biomarkers to detect changes in impairment of learning and memory induced by BPA exposure.

PLoS One. 2023 Jan 
19;18(1):e0279029.

10.1371/journal.pone.0279029 36656826 動物 神経 1 1 1 1 1 1 - - - - - - 1 1 - 1 - 1 - - - - - - - - -

統合_1130 L. Luo, Y. Chen, Q. Ma, Y. Huang, L. Xu, K. Shu, 
Z. Zhang and Z. Liu 2024

Ginger volatile oil inhibits the growth 
of MDA-MB-231 in the bisphenol A 
environment by altering gut 
microbial diversity

To examine the impact of ginger volatile oil (GVO) on the growth of MDA-MB-231 breast cancer cells in the presence of bisphenol A (BPA) by modulating the diversity of gut microbiota. METHODS: MDA-MB-231 breast 
cancer cells were injected subcutaneously into the right armpit of female BALB/c Nude (nu/nu) mice to create a triple negative breast cancer model. Thirty nude mice were randomly divided into 5 groups: control group 
(distilled water every day), BPA control group (distilled PEG-400+ DMSO + cyclodextrin every day), BPA + GVO (0.25 mL/kg) group, BPA + GVO (0.5 mL/kg) group, BPA + GVO (1 mL/kg) group, 6 mice in each group; The 
drug was given by gavage once a day for 4 weeks. At the end of the experiment, the changes of tumor mass and tumor volume were observed and compared in 5 groups of tumor-bearing mice. High-throughput sequencing 
(16S rRNA) was used to detect the changes of gut microflora in each group. RESULTS: The volume and weight of breast cancer decreased in the low, medium and high dose groups of GVO. Among them, the difference 
between the high-dose group and the BPA group reached a significant level (P < 0.05). The species and abundance of gut flora decreased following BPA treatment, but increased after combined treatment of BPA with 
GVO. In the tumor control group, the ratio of Firmicutes(F) and Bacteroidea(B) respectively was 0.10:0.79 at the phylum level, while the ratio of BPA group further decreased (0.04:0.88). After feeding GVO, the number of 
Firmicutes and Bacteroidea increased, the F/B ratio increased, and the level of Lactobacillus and alistipes increased. In the BPA and GVO treatment group, the predominant gut microflora functions are cell membrane 
biogenesis, carbohydrate transport and metabolism. This is followed by amino acid transport and metabolism, and transcription function. After GVO administration, the Gram-positive bacteria (G(+)) ratio had an 
increasing trend and the Gram-negative bacteria (G(-))ratio had a decreasing trend. CONCLUSION: The species and abundance of gut flora decreased following BPA treatment, but increased after combined treatment of 
BPA with GVO.

Heliyon Vol.10 Issue 2 
Pages e24388

10.1016/j.heliyon.2024.e24388 38298688 動物 - 1 1 1 Balb/c-nu/nu、NOG 0 0.2 mg/mL - - - - - - - - - - - - - - - - - - - - -

統合_1131 D. Luo, X. Tang, Y. Wang, S. Ying, Y. He, H. Lin, 
P. A. Khoso and S. Li 2024

Selenium deficiency exacerbated 
Bisphenol A-induced intestinal 
toxicity in chickens: Apoptosis and 
cell cycle arrest mediated by 
ROS/P53

Bisphenol A (BPA) is a phenolic organic synthetic compound that is used as the raw material of polycarbonate plastics, and its safety issues have recently attracted wide attention. Selenium (Se) deficiency has gradually 
developed into a global disease affecting intestinal function via oxidative stress and apoptosis. However, the toxic effects and potential mechanisms of BPA exposure and Se deficiency in the chicken intestines have not 
been studied. In this study, BPA exposure and/or Se deficiency models were established in vivo and in vitro to investigate the effects of Se deficiency and BPA on chicken jejunum. The results showed that BPA exposure 
and/or Se deficiency increased jejunum oxidative stress and DNA damage, activated P53 pathway, led to mitochondrial dysfunction, and induced apoptosis and cell cycle arrest. Using protein-protein molecular docking, 
we found a strong binding ability between P53 and peroxisome proliferator-activated receptor γ coactivator-1, thereby regulating mitochondrial dysfunctional apoptosis. In addition, we used N-acetyl-L-cysteine and 
pifithrin-α for in vitro intervention and found that N-acetyl-L-cysteine and pifithrin-α intervention reversed the aforementioned adverse effects. This study clarified the potential mechanism by which Se deficiency 
exacerbates BPA induced intestinal injury in chickens through reactive oxygen species/P53, which provides a new idea for the study of environmental combined toxicity of Se deficiency, and insights into animal intestinal 
health from a new perspective.

Sci Total Environ. 2024 
Feb 25:913:169730.

10.1016/j.scitotenv.2023.169730 38160834 動物、in vitro - 0 不明 不明 不明 0 0.05 g/kg - - - 不明 0 不明 1 - - - - - - - - - - - - - -

統合_1132 L. Lu, L. Shen, S. Cui, Y. Huang, Y. Gao, X. Zhu, 
S. Lu, C. Zhang and S. Zhuang 2023

Angiogenic Activity and Mechanism 
for Bisphenols on Endothelial Cell 
and Mouse: Evidence of a 
Structural-Selective Effect

Increased epidemiological evidence indicates the association of bisphenol exposure with human vascular disorders, while the underlying mechanism has not been clarified. Here, we sought to unveil the potential 
angiogenic effect and the underlying mechanism of bisphenols with different structural features using endothelial cells treated with an environmentally relevant concentration of bisphenols (range: 1 nM to 10 μM) and a 
C57BL/6 mouse model fed with doses of 0.002, 0.02, 2, and 20 mg/kg BW/day for 5 weeks. Bisphenol A (BPA) and bisphenol S (BPS) at a 1 nM level significantly increased tube formation by 45.1 and 30.2% and induced 
the microvessel sprouting, while tube length and microvessel sprouting were significantly inhibited by 37.2 and 55.7% after exposure to tetrabromobisphenol S (TBBPS) at 1 μM, respectively. Mechanistically, TBBPA and 
TBBPS significantly inhibited the interaction between phosphatidylinositol 3-kinase (PI3K) and thyroid receptor (TR), while BPA and BPS favored the interaction between PI3K and estrogen receptor (ER), resulting in 
abnormal PI3K signaling with consequent distinct angiogenic activity. BPA- and BPS-induced pro-angiogenic effects and TBBPS showed anti-angiogenic effects due to their distinct disruption on the TR/ER-PI3K 
pathway. Our work provided new evidence and mechanistic insight on the angiogenic activity of bisphenols and expanded the scope of endocrine disruptors with interference in vascular homeostasis.

Environ Sci Technol. 
2023 Aug 
15;57(32):11803-11813.

10.1021/acs.est.3c03883 37505069 動物 ⾎管障害 1 1 1 1 1 1 - - - - - - 1 1 - 1 - - - - - - - - - - -

統合_1133
D. López-Rodríguez, D. Franssen, E. Sevrin, A. G
érard, C. Balsat, S. Blacher, A. Noël and A. S. 
Parent

2019

Persistent vs Transient Alteration of 
Folliculogenesis and Estrous Cycle 
After Neonatal vs Adult Exposure to 
Bisphenol A

Exposure to bisphenol A (BPA), a ubiquitous endocrine-disrupting chemical (EDC), is known to produce variable effects on female puberty and ovulation. This variability of effects is possibly due to differences in dose and 
period of exposure. Little is known about the effects of adult exposure to environmentally relevant doses of this EDC and the differences in effect after neonatal exposure. This study sought to compare the effects of 
neonatal vs adult exposure to a very low dose or a high dose of BPA for 2 weeks on ovulation and folliculogenesis and to explore the hypothalamic mechanisms involved in such disruption by BPA. One-day-old and 90-day-
old female rats received daily subcutaneous injections of corn oil (vehicle) or BPA (25 ng/kg/d or 5 mg/kg/d) for 15 days. Neonatal exposure to both BPA doses significantly disrupted the estrous cycle and induced a 
decrease in primordial follicles. Effects on estrous cyclicity and folliculogenesis persisted into adulthood, consistent with a disruption of organizational mechanisms. During adult exposure, both doses caused a reversible 
decrease in antral follicles and corpora lutea. A reversible disruption of the estrous cycle associated with a delay and a decrease in the amplitude of the LH surge was also observed. Alterations of the hypothalamic 
expression of the clock gene Per1 and the reproductive peptide phoenixin indicated a disruption of the hypothalamic control of the preovulatory LH surge by BPA.

Endocrinology Vol.160 
Issue 11 Pages 2558-
2572

10.1210/en.2019-00505 31503316 動物 - 1 0 1 不明 0 25 ng/kg/⽇、5 mg/kg/⽇ - - - - - - - - - - - - - - - - - - - - -

統合_1134

D. López-Rodríguez, C. F. Aylwin, V. Delli, E. 
Sevrin, M. Campanile, M. Martin, D. Franssen, 
A. Gérard, S. Blacher, E. Tirelli, A. Noël, A. 
Lomniczi and A. S. Parent

2021

Multi- and Transgenerational 
Outcomes of an Exposure to a 
Mixture of Endocrine-Disrupting 
Chemicals (EDCs) on Puberty and 
Maternal Behavior in the Female Rat

BACKGROUND: The effects of endocrine-disrupting chemicals (EDCs) on fertility and reproductive development represent a rising concern in modern societies. Although the neuroendocrine control of sexual maturation is 
a major target of EDCs, little is known about the potential role of the hypothalamus in puberty and ovulation disruption transmitted across generations. OBJECTIVES: We hypothesized that developmental exposure to an 
environmentally relevant dose of EDC mixture could induce multi- and/or transgenerational alterations of sexual maturation and maternal care in female rats through epigenetic reprograming of the hypothalamus. We 
investigated the transmission of a disrupted reproductive phenotype via the maternal germline or via nongenomic mechanisms involving maternal care. METHODS: Adult female Wistar rats were exposed prior to and during 
gestation and until the end of lactation to a mixture of the following 13 EDCs: di-n-butyl phthalate (DnBP), di(2-ethylhexyl) phthalate (DEHP), bisphenol A (BPA), vinclozolin, prochloraz, procymidone, linuron, epoxynaxole, 
dichlorodiphenyldichloroethylene, octyl methoxynimmate, 4-methylbenzylidene camphor (4-MBC), butylparaben, and acetaminophen. Perinatally exposed offspring (F1) were mated with unexposed males to generate germ 
cell (F2) and transgenerationally exposed (F3 and F4) females. Sexual maturation, maternal behavior, and hypothalamic targets of exposure were studied across generations. RESULTS: Germ cell (F2) and 
transgenerationally (F3) EDC-exposed females, but not F1, displayed delayed pubertal onset and altered folliculogenesis. We reported a transgenerational alteration of key hypothalamic genes controlling puberty and 
ovulation (Kiss1, Esr1, and Oxt), and we identified the hypothalamic polycomb group of epigenetic repressors as actors of this mechanism. Furthermore, we found a multigenerational reduction of maternal behavior (F1-
F3) induced by a loss in hypothalamic dopaminergic signaling. Using a cross-fostering paradigm, we identified that the reduction in maternal phenotype was normalized in EDC-exposed pups raised by unexposed dams, 
but no reversal of the pubertal phenotype was achieved. DISCUSSION: Rats developmentally exposed to an EDC mixture exhibited multi- and transgenerational disruption of sexual maturation and maternal care via 
hypothalamic epigenetic reprogramming. These results raise concerns about the impact of EDC mixtures on future generations. https://doi.org/10.1289/EHP8795.

Environ Health Perspect 
Vol.129 Issue 8 Pages 
87003

10.1289/ehp8795 34383603 動物 - 1 1 0 1 0 1.5 µg/kg/⽇ - - - - - - - - - - - - - - - - - - - - -

統合_1135 A. López-Moreno, A. Torres-Sánchez, A. Suárez, 
A. Ruiz-Rodríguez and M. Aguilera 2025

Perinatal bisphenol A exposure 
impairs gut microbial colonization: 
Implications for offspring obesity 
and neurodevelopment

Exposure to plasticiser xenobiotics such as BPA has emerged as a significant health challenge due to globalised and industrial packaged food production. Toxicological approaches in animal models have revealed complex 
effects, using variable doses of BPA, on reproduction, development, obesity, immune function, metabolic and systemic toxicity. Besides, gut microbiota has emerged as a key player in regulating the impact of xenobiotic 
exposure on host metabolism. The effect that BPA may exert on the gut microbiota and its consequences for the host's health remains unclear. Exposure to BPA during the perinatal period requires special attention and 
prevention approaches since it is a particularly vulnerable period and highly implicated in the metabolic health of childhood and adulthood. The aim of this study was to assess the effects of the BPA administration during 
the perinatal period on promoting obesity phenotypes, altering the composition of the gut microbiota and neurocognitive development of the offspring in a murine model. In this study, pregnant mice and their offspring were 
administered BPA, and the increase in weight and fat accumulation, the gut microbiota composition, and the cognitive development of the offspring were analyzed. In addition, a high-fat diet (HFD) was given to the mice to 
test for the synergistic obesogenic effect of BPA. Our results demonstrated that BPA exposure impaired the natural remodelling of the gut microbiota during pregnancy. For instance, Akkermansia and Prevotellaceae 
decreased during natural remodelling of the gut microbiota during pregnancy, but they did not change in the BPA-exposed pregnant mice. Conversely, several members of the Dubosiella genus increased during normal 
pregnancy but not in BPA-exposed pregnant mice. Moreover, BPA exposure and HFD differentially affect gut microbial transfer from mothers to offspring and both synergistically impact the gut microbiota's establishment 
in the offspring. Perinatal BPA exposure imprinted changes during colonisation and maturation process of the offspring gut microbiota, identifying Lactobacillus, Eubacterium and Acetatifactor as signature genera 
enriched in BPA and BPA-exposed mice fed with HFD, taxa involved in a more efficient at energy harvesting from the diet. Moreover, perinatal BPA exposure seemed to alter fat and lean percentages and triggered 
Muribaculacea taxa imbalance that appears to be associated with disrupted activity, spatial learning, and memory, mimicking impulsivity and hyperactivity-like behavior in the offspring. In conclusion, BPA exposure and 
HFD exert an influence on the vertical transfer of gut microbiota from mothers to offspring and drive towards an altered establishment of gut microbiota taxa in early life, contributing to enhancing susceptibility to obesity 
and behavioural disorders.

Ecotoxicol Environ Saf 
Vol.298 Pages 118295

10.1016/j.ecoenv.2025.118295 40349470 動物 - 1 1 1 1 0 100 µg/kg - - - - - - - - - - - - - - - - - - - - -

統合_1136
A. López-Monteon, A. Sosa-Arróniz, M. 
Colorado-Zuñiga, E. Méndez-Bolaina, J. Torres-
Montero and A. Ramos-Ligonio

2025
Exposure to Bisphenol-A increases 
susceptibility to Trypanosoma cruzi 
infection

Bisphenol-A (BPA), an endocrine disruptor, disrupts hormonal and chemical signaling within the body, negatively impacting health. One target of this disruption is the immune system. While BPA has been implicated in 
increased susceptibility to some pathogen infections, its effects on protozoan parasite infections remain understudied. This work evaluated the effect of BPA exposure on experimental Trypanosoma cruzi parasitemia in 
BALB/c mice. Parasitemia was evaluated in BALB/c mice by counting parasites in a Neubauer chamber. Additionally, ELISA assays were used to identify the presence of antibodies, cytokine gene expression was analyzed 
by RT-PCR, and liver marker levels were quantified using enzymatic kinetic methods. Both pre- and post-exposure to BPA increased parasitemia during T. cruzi infection and decreased levels of IgG1, IgG2a, and IgG2b 
isotypes. Furthermore, BPA modulated the expression of pro-inflammatory cytokines in response to infection. In addition, all mice exposed to BPA showed alterations in liver enzymes compared to the control group. These 
results demonstrate that the immune system during critical periods of T. cruzi infection is highly sensitive to BPA exposure, increasing susceptibility to the parasite.

Exp Parasitol. 2025 
Aug:275:108990.

10.1016/j.exppara.2025.108990 40714029 動物 免疫 1 1 1 1 0 1 - - - - - - 1 1 - 1 - - - - - - - - - - -

統合_1137
Z. Long, J. Fan, G. Wu, X. Liu, H. Wu, J. Liu, Y. 
Chen, S. Su, X. Cheng, Z. Xu, H. Su, M. Cao, C. 
Zhang, C. Hai and X. Wang

2021

Gestational bisphenol A exposure 
induces fatty liver development in 
male offspring mice through the 
inhibition of HNF1b and 
upregulation of PPARγ

Bisphenol A (BPA) is an endocrine-disrupting chemical (EDC) associated with non-alcoholic fatty liver disease (NAFLD). The effects of gestational BPA exposure on hepatic lipid accumulation in offspring are not fully 
understood. Here, we investigate the sex-dependent effects of gestational BPA exposure on hepatic lipid and glucose metabolism in the offspring of mice to reveal the mechanisms underlying gestational BPA exposure-
associated NAFLD. Pregnant mice were administered gavage with or without 1 μg kg(-1) day(-1) BPA at embryonic day 7.5 (E7.5)-E16.5. Hepatic glucose and lipid metabolism were evaluated in these models. Both male 
and female offspring mice exhibited hepatic fatty liver after BPA treatment. Lipid accumulation and dysfunction of glucose metabolism were observed in male offspring. We revealed abnormal expression of lipid regulators 
in the liver and that inhibition of peroxisome proliferator-activated receptor γ (PPARγ) repressed hepatic lipid accumulation induced by gestational BPA exposure. We also found a sex-dependent decrease of hepatocyte 
nuclear factor 1b (HNF1b) expression in male offspring. The transcriptional repression of PPARγ by HNF1b was confirmed in L02 cells. Downregulation of HNF1b, upregulation of PPARγ, and subsequent upregulation of 
hepatic lipid accumulation were essential for NAFLD development in male offspring gestationally exposed to BPA as well as BPA-exposed adult male mice. Dysregulation of the HNF1b/PPARγ pathway may be involved in 
gestational BPA exposure-induced NAFLD in male offspring. These data provide new insights into the mechanism of gestational BPA exposure-associated sex-dependent glucose and lipid metabolic dysfunction. 
Graphical abstract Schematic of the mechanism of gestational BPA exposure-induced glucose and lipid metabolic dysfunction.

Cell Biol Toxicol. 2021 
Feb;37(1):65-84.

10.1007/s10565-020-09535-3 32623698 動物 代謝 1 1 1 1 1 1 - - - - - - 1 1 - 1 - 1 - - - - - - - - -

統合_1138 Z. Liu, M. Liu, H. Wang, P. Qin, Y. Di, S. Jiang, Y. 
Li, L. Huang, N. Jiao and W. Yang 2024

Glutamine attenuates bisphenol A-
induced intestinal inflammation by 
regulating gut microbiota and TLR4-
p38/MAPK-NF-κB pathway in 
piglets

Bisphenol A (BPA), as a kind of widely exerted environmental hazardous material, brings toxicity to both humans and animals. This study aimed to investigate the role of glutamine (Gln) in intestinal inflammation and 
microbiota in BPA-challenged piglets. Thirty-two piglets were randomly divided into four groups according to 2 factors including BPA (0 vs. 0.1%) and Gln (0 vs. 1%) supplemented in basal diet for a 42-day feeding 
experiment. The results showed BPA exposure impaired piglet growth, induced intestinal inflammation and disturbed microbiota balance. However, dietary Gln supplementation improved the growth performance, while 
decreasing serum pro-inflammatory cytokine levels in BPA-challenged piglets. In addition, Gln attenuated intestinal mucosal damage and inflammation by normalizing the activation of toll-like receptor 4 (TLR4)-
p38/MAPK-nuclear factor-kappa B (NF-κB) pathway caused by BPA. Moreover, dietary Gln supplementation decreased the abundance of Actinobacteriota and Proteobacteria, and attenuated the decreased abundance of 
Roseburia, Prevotella, Romboutsia and Phascolarctobacterium and the content of short-chain fatty acids in cecum contents caused by BPA exposure. Moreover, there exerted potential relevance between the gut 
microbiota and pro-inflammatory cytokines and cecal short-chain fatty acids. In conclusion, Gln is critical nutrition for attenuating BPA-induced intestinal inflammation, which is partially mediated by regulating microbial 
balance and suppressing the TLR4/p38 MAPK/NF-κB signaling.

Ecotoxicol Environ Saf 
Vol.270 Pages 115836

10.1016/j.ecoenv.2023.115836 38154151 動物 - 1 1 0 Duroc × Landrace × Yorkshire 0 500 mg/kg/⽇ - - - - - - - - - - - - - - - - - - - - -

統合_1139 X. Liu, L. Zeng, X. Liu, Y. Zhou, O. Rang and M. 
Wang 2025

Targeted Metabolomics and Widely 
Targeted Quantitative Lipidomics 
Reveal Synergistic Metabolic 
Interference in Adipose Tissue After 
the Combined Chronic Exposure to 
Bisphenol A Substitutes, Bisphenol 
S and Bisphenol F, and Fructose in 
Male Rats

The combined effect of environmental exposure and dietary behavior plays a vital role in the occurrence of diseases. Bisphenol S (BPS) and bisphenol F (BPF) are the most commonly used substitutes for bisphenol A 
(BPA). Previous studies have shown that the combined exposure to BPA and fructose caused significant disturbances in glycolipid metabolism in adipose tissue, however, the interference caused by the combined 
exposure to BPS and fructose or BPF and fructose on adipose tissue is still unclear. In the present study, we performed a integrated analysis of targeted energy metabolomics and widely targeted quantitative lipidomics 
on the adipose tissue of Sprague Dawley rats after combined exposure to 2 levels of BPS or BPF (lower dose: 0.25, and higher dose: 25 μg/kg every other day) and 5% fructose for 6 months. Based on the results, lower 
dose BPS combined with fructose increased succinate significantly, while higher dose BPS or lower dose BPF combined with fructose decreased succinate significantly. Additionally, lower dose BPS combined with 
fructose might lead to polyunsaturated lipid depletion, while higher dose BPS combined with fructose exposure might lead to choline and carnitine depletion; lower dose BPF combined with fructose might inhibit lipolysis, 
while higher dose BPF combined with fructose might cause accumulation of free fatty acids. These results indicated the response patterns of adipose tissue to different dose of BPS or BPF combined with fructose were 
significantly different, and the adipocyte succinate signaling pathway might be the important target for metabolic remodeling in adipose tissue.

J Biochem Mol Toxicol 
Vol.39 Issue 8 Pages 
e70440

10.1002/jbt.70440 40787705 動物 - 1 1 1 1 0 0.25、25 µg/kg - - - - - - - - - - - - - - - - - - - - -

統合_1140 X. Liu, Z. Wang and F. Liu 2021

Chronic exposure of BPA impairs 
male germ cell proliferation and 
induces lower sperm quality in male 
mice

BACKGROUND: Bisphenol A (BPA) is a well-known endocrine disruptor that affects male fertility. However, the main biological events through which BPA affects spermatogenesis remain to be identified. METHODS: 
Adult male mice were treated by feeding with drinking water containing BPA (0.2 μg/ml, 20 μg/ml, 200 μg/ml, respectively) for two months. Testes were collected for protein extraction or for immunohistochemical 
analysis. Epididymal spermatozoa were collected for sperm quality evaluation and male fertility assay by in vitro fertility (IVF). Serums were collected for detection of testosterone levels. Proteins associated with germ 
cell proliferation, meiosis, blood-testis barrier, and steroidogenesis production were examined in BPA-treated and control mice testes. CCK8 assay was used to detect the effect of BPA on the proliferation of GC-1 and 
GC-2 cells. RESULTS: The BPA-treated mice were characterized by decreased sperm quality, serum testosterone levels and, sub-fertile phenotype characterizing with low pregnancy rates and reduced fertilization 
efficiency. In lower BPA (0.2 μg/ml) treatment, PCNA and PLZF were down-expressed that indicated impaired germ cell proliferation. SYCP3 was down-expressed in BPA-treated mice, but expressions of other proteins 
associated with meiosis and blood-testis barrier were not significantly altered. CYP11A1 and HSD3B1 were down-expressed in BPA-treated mice that demonstrated reduced steroidogenesis activity. BPA has a 
concentration-dependent inhibition effect on the proliferation of GC-1 and GC-2 cells. Conclusively, low doses BPA exposure reduced mice sperm quality mainly by impairing germ cell proliferation, leading to reduced male 
fertility. The study would provide relevant information for investigation on molecular mechanisms and protective strategy on male production.

Chemosphere. 2021 
Jan:262:127880.

10.1016/j.chemosphere.2020.1278
80

32777607 動物 内分泌/精⼦/精巣 1 1 1 1 1 1（要確認→ 50 µg/kg bw /day (TDI ) ,  5 mg/kg bw /day (N OAEL) ,  and 50 mg/kg bw /day (LOAEL)相当量） - - - - - - 1 1 - 1 - 1 - - - - - - - - -
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統合_1141 X. Liu, G. Li, J. Zhong, O. Rang, G. Ou, X. Qin, Y. 
Tang and M. Wang 2023

Impact of combined chronic 
exposure to low-dose bisphenol A 
and fructose on serum 
adipocytokines and the energy 
target metabolome in white adipose 
tissue

Background: Adipose tissue is a dynamic endocrine organ that plays a key role in regulating metabolic homeostasis. Previous studies confirmed that bisphenol A (BPA) or fructose can interfere with the function of adipose 
tissue. Nonetheless, knowledge on how exposure to BPA and fructose impacts energy metabolism in adipose tissue remains limited.Purpose: To determine impact of combined chronic exposure to low-dose bisphenol A 
and fructose on serum adipocytokines and the energy target metabolome in white adipose tissue.Method: 57 energy metabolic intermediates in adipose tissue and 7 adipocytokines in serum from Sprague Dawley rats 
were examined after combined exposure to two levels of BPA (lower dose: 0.25, and higher dose: 25 μg/kg every other day) and 5% fructose for 6 months.Results: combined exposure to lower-dose BPA and fructose 
significantly increased omentin-1, pyruvic acid, adenosine triphosphate (ATP), adenosine monophosphate (AMP), inosine monophosphate (IMP), inosine, and l-lactate; however, these parameters were not significantly 
affected by higher-dose BPA combined with fructose. Interestingly, the level of succinate (an intermediate of the citric acid cycle) increased dose-dependently in adipose tissue, and the level of apelin 13 (a versatile 
adipocytokine) decreased dose-dependently in serum after combined exposure to BPA and fructose. Phosphoenolpyruvic acid, phenyl-lactate, and ornithine were significantly correlated with asprosin, omentin-1, apelin, 
apelin 13, and adiponectin, while l-tyrosine was significantly correlated with irisin and a-FABP under combined exposure to BPA and fructose.Conclusions: these findings indicated that lower-dose BPA combined with 
fructose could amplify the impact on glycolysis, energy storage, and purine nucleotide biosynthesis in adipose tissue, and adipocytokines, such as omentin-1 and apelin 13, may be related to metabolic interference induced 
by BPA and fructose exposure.

Hum Exp Toxicol Vol.42 
Pages 
9603271231217992

10.1177/09603271231217992 37990541 動物 - 1 不明 不明 1 0 0.25、25 µg/kg - - - - - - - - - - - - - - - - - - - - -

統合_1142 R. Liu, B. Liu, L. Tian, X. Wu, X. Li, D. Cai, X. 
Jiang, J. Sun, Y. Jin and W. Bai 2023

Induction of reproductive injury by 
bisphenol A and the protective 
effects of cyanidin-3-O-glucoside 
and protocatechuic acid in rats

Bisphenol A (BPA) has attracted growing attention as a well-known environmental pollutant due to its high risk of male reproductive toxicity. In this study, transcriptomics profiling combined with metabolomic techniques 
was applied to explore the intervention effects of BPA-induced male reproductive toxicity. We demonstrated that cyanidin-3-O-glucoside (C3G) and its main metabolite protocatechuic acid (PCA) significantly increased 
testosterone and luteinizing hormone (LH) levels in the serum of rats, and improved sperm quality. Furthermore, we identified and screened differentially expressed genes (DEGs) and metabolites (DMs) that functionally 
enriched in the steroidogenesis-related pathways. Next, the validated results found that C3G and PCA significantly up-regulated the gene expressions of Star, Cyp11a1, Cyp17a1, Cyp19a1, Cyp7a1, Hsd3b1, Hsd3b2, 
Hsd17b3, Scrab1, and Ass1 in testicular. In Leydig cells, C3G and PCA dramatically alleviated apoptosis, ROS accumulation, and cell cycle arrest caused by BPA. In addition, molecular docking and simulation results 
implied that C3G and PCA competitively with BPA bind to the estrogen receptors α and β (ERα and ERβ) and shared common key amino acids. The main interaction modes between small molecules and estrogen 
receptors included π-π stacking, salt bridges, hydrogen bonds, and hydrophobic interactions. Therefore, our study sheds light on C3G and PCA supplementation can protect male reproduction from BPA-induced injury.

Sci Total Environ. 2023 
Jul 20:883:163615.

10.1016/j.scitotenv.2023.163615 37105472 動物 ⽣殖ホルモン 1 1 1 1 0 0 - - - - - - 1 1 - 1 - - - - - - - - - - -

統合_1143 R. Liu, B. Liu, L. Tian, X. Jiang, X. Li, D. Cai, J. 
Sun, W. Bai and Y. Jin 2022

Exposure to Bisphenol A Caused 
Hepatoxicity and Intestinal Flora 
Disorder in Rats

Bisphenol A (BPA) is a globally utilized industrial chemical and is commonly used as a monomer of polycarbonate plastics and epoxy resins. Recent research reveals that BPA could cause potential adverse biological 
effects and liver dysfunction. However, the underlying mechanisms of BPA-induced hepatoxicity and gut dysbiosis remain unclear and deserve further study. In this study, male Sprague Dawley rats were exposed to 
different doses (0, 30, 90, and 270 mg/kg bw) of BPA by gavage for 30 days. The results showed that the high dose of BPA decreased superoxide dismutase (SOD), glutathione (GSH), and increased malondialdehyde 
(MDA) levels. Moreover, a high dose of BPA caused a significant increase in serum alanine aminotransferase (ALT), aspartate aminotransferase (AST), total cholesterol (TC), and low-density lipoprotein cholesterol 
(LDL-C), while high-density lipoprotein cholesterol (HDL-C) was significantly decreased in BPA-treated rats. The gene expression of PGC-1α and Nrf1 were decreased in the liver of high doses of BPA-administrated 
rats, as well as the protein levels of SIRT1, PGC-1α, Nrf2, and TFAM. However, the protein expression of IL-1β was significantly increased in BPA-treated rats. In addition, BPA weakened the mitochondrial function of 
hepatocytes and promoted cell apoptosis in the liver by up-regulating the protein levels of Bax, cleaved-Caspase3, and cleaved-PARP1 while down-regulating the Bcl-2 in the liver. More importantly, a high dose of BPA 
caused a dramatic change in microbiota structure, as characterized at the genus level by increasing the ratio of Firmicutes to Bacteroidetes (F/B), and the relative abundance of Proteobacteria in feces, while decreasing 
the relative abundance of Prevotella_9 and Ruminococcaceae_UCG-014, which is positively correlated with the content of short-chain fatty acids (SCFAs). In summary, our data indicated that BPA exposure caused 
hepatoxicity through apoptosis and the SIRT1/PGC-1α pathway. BPA-induced intestinal flora and SCFA changes may be associated with hepatic damage. The results of this study provide a new sight for the 
understanding of BPA-induced hepatoxicity.

Int J Mol Sci Vol.23 
Issue 14

10.3390/ijms23148042 35887390 動物 - 1 1 1 1 1 30、90、270 mg/kg - - - - - - - - - - - - - - - - - - - - -

統合_1144 R. Liu, Y. Jin, B. Liu, Q. Zhang, X. Li, D. Cai, L. 
Tian, X. Jiang, W. Zhang, J. Sun and W. Bai 2023

Untargeted Lipidomics Revealed the 
Protective Effects of Cyanidin-3-O-
glucoside on Bisphenol A-Induced 
Liver Lipid Metabolism Disorder in 
Rats

Bisphenol A (BPA) is an estrogenic endocrine disruptor that induces metabolic disorders. Cyanidin-3-O-glucoside (C3G) has multiple functional activities and is the most abundant anthocyanin belonging to the flavonoid 
subgroup. This study aimed to investigate the protective effect of C3G on BPA-induced liver lipid metabolism disorder and explore its mechanism via lipidomics analysis. The results showed that C3G supplementation 
significantly ameliorated the serum levels of low-density lipoprotein cholesterol, high-density lipoprotein cholesterol, total cholesterol, triacylglycerols (TG), and alanine and aspartate aminotransferase (ALT and AST). 
Furthermore, liver lipidomics indicated that C3G effectively facilitated the recovery of differential lipid metabolites, including TGs, phosphatidylethanolamines, phosphatidylcholines, lysophosphatidylcholines, 
phosphatidylinositol, cholesteryl esters, and phosphatidylserine, and reversed the levels of hepatic lipid synthesis-related genes. Our results suggest that C3G has an effective regulatory effect on BPA-induced disorders 
of lipid metabolism.

J Agric Food Chem. 
2023 Jan 18;71(2):1077-
1090.

10.1021/acs.jafc.2c06849 36597173 動物 代謝 1 1 1 1 0 0 - - - - - - 1 1 - 1 - - - - - - - - - - -

統合_1145 L. Liu, H. Cui, Y. Huang, Y. Zhou, J. Hu and Y. 
Wan 2022

Enzyme-Mediated Reactions of 
Phenolic Pollutants and Endogenous 
Metabolites as an Overlooked 
Metabolic Disruption Pathway

It is generally recognized that phenol-containing molecules mainly undergo phase II metabolic reactions, whereas glucuronide and sulfate are conjugated to form water-soluble products. Here, we report direct reactions of 
phenolic pollutants (triclosan, alkylphenol, bisphenol A [BPA], and its analogues) and some endogenous metabolites (vitamin E [VE] and estradiol) to generate new lipophilic ether products (e.g., BPA-O-VEs and 
alkylphenol-O-estradiol). A nontargeted screening strategy was used to identify the products in human liver microsome incubations, and the most abundant products (BPA-O-VEs) were confirmed via in vivo exposure in 
mice. BPA-O-VEs were frequently detected in sera from the general population at levels comparable to those of glucuronide/sulfate-conjugated BPA. Recombinant human cytochrome P450s were applied to find that 
CYP3A4 catalyzed the formation of these newly discovered ether metabolites by linking the VE hydroxyl group to the BPA phenolic ring, leading to the significantly reduced antioxidative activities of BPA-O-VEs compared 
to VEs. The effects of the reaction on the homeostasis of reacted biomolecules were finally assessed by in vitro assay and in vivo mice exposures. The generation of BPA-O-VEs decreased the VE concentrations and 
increased the reactive oxygen species generation after exposure to BPA at environmentally relevant concentrations. The identified reactions provided an overlooked metabolic disruption pathway for phenolic pollutants.

Environ Sci Technol. 
2022 Mar 
15;56(6):3634-3644.

10.1021/acs.est.1c08141 35238542 動物 代謝 1 1 1 1 1 1 - - - - - - 1 1 - 1 - - - - - - - - - - -

統合_1146
K. Liu, S. Kadannagari, J. Deruiter, S. Pathak, K. 
L. Abbott, J. M. Salamat, S. R. Pondugula, B. T. 
Akingbemi and M. Dhanasekaran

2023

Effects of developmental exposures 
to Bisphenol-A and Bisphenol-S on 
hepatocellular function in male 
Long-Evans rats

Bisphenol-S (BPS) is a current substitute for Bisphenol-A (BPA) in various commercial products (paper, plastics, protective can-coatings, etc.) used by all age groups globally. The current literature indicates that a drastic 
surge in pro-oxidants, pro-apoptotic, and pro-inflammatory biomarkers in combination with diminished mitochondrial activity can potentially decrease hepatic function leading to morbidity and mortality. Consequently, 
there are increasing public health concerns that substantial Bisphenol-mediated effects may impact hepatocellular functions, particularly in newborns exposed to BPA and BPS postnatally. However, the acute postnatal 
impact of BPA and BPS and the molecular mechanisms affecting hepatocellular functions are unknown. Therefore, the current study investigated the acute postnatal effect of BPA and BPS on the biomarkers of 
hepatocellular functions, including oxidative stress, inflammation, apoptosis, and mitochondrial activity in male Long-Evans rats. BPA and BPS (5 and 20 microgram/Liter (μg/L) of drinking water) were administered to 
21-day-old male rats for 14 days. BPS had no significant effect on apoptosis, inflammation, and mitochondrial function but significantly reduced the reactive oxygen species (51-60 %, **p < 0.01) and nitrite content (36 %, 
*p < 0.05), exhibiting hepatoprotective effects. As expected, based on the current scientific literature, BPA induced significant hepatoxicity, as seen by significant glutathione depletion (50 %, *p < 0.05). The in-silico 
analysis indicated that BPS is effectively absorbed in the gastrointestinal tract without crossing the blood-brain barrier (whereas BPA crosses the blood-brain barrier) and is not a substrate of p-Glycoprotein and 
Cytochrome P450 enzymes. Thus, the current in-silico and in vivo findings revealed that acute postnatal exposure to BPS had no significant hepatotoxicity.

Life Sci Vol.326 Pages 
121752

10.1016/j.lfs.2023.121752 37172818 動物 - 1 1 1 1 0 5，20 µg/L（飲⽔中濃度） - - - - - - - - - - - - - - - - - - - - -

統合_1147 J. Liu, M. Liao, R. Huang, Y. You, X. Lin, H. 
Yang, L. Fan, Y. Zhong, X. Li, J. Li and X. Xiao 2022

Perinatal Combinational Exposure to 
Bisphenol A and a High-Fat Diet 
Contributes to Transgenerational 
Dysregulation of Cardiovascular and 
Metabolic Systems in Mice

Both bisphenol A (BPA) and high-fat diet (HFD) exert unfavorable effects on animals and humans; moreover, they could affect the health of their offspring. BPA and HFD often coexist in modern lifestyles; however, the 
long-term effects of simultaneous exposure of mothers to BPA and HFD during the perinatal period on the cardiovascular and metabolic systems of the offspring remain unclear. This study aimed to examine the effect of 
simultaneous exposure of mothers to BPA and HFD on the risk of metabolic and cardiovascular abnormalities in offspring. Institute of Cancer Research female mice (F0) were exposed to BPA and fed with HFD before and 
during gestation until the end of lactation. F0 mice were mated with untreated males to produce the first generation (F1); subsequently, adult F1 males/females were mated with normal females/males to produce the 
second generation (F2). Combined maternal exposure to BPA and HFD caused myocardial hypertrophy and aortic tunica media thickening as well as increased the cross-sectional area of cardiomyocytes and blood 
pressure in the matrilineal F2 generation. These cardiovascular changes might be associated with reduced endothelial nitric oxide synthase (eNOS) levels. The patrilineal female F2 was more likely to be obese than the 
patrilineal male F2. Re-feeding with a HFD showed a more significant weight gain and reduced energy expenditure. However, the aforementioned effects were not observed with exposure to HFD or BPA alone during the 
perinatal period. Our findings suggest that perinatal combinational exposure to BPA and HFD could cause metabolic and cardiovascular disorders in the offspring, Further, our findings demonstrate that the synergistic 
effects of HFD and BPA could be transmitted to future generations in a sex-dependent manner.

Front Cell Dev Biol 
Vol.10 Pages 834346

10.3389/fcell.2022.834346 35281091 動物 - 1 1 1 不明 0 500 µg/kg/⽇ - - - - - - - - - - - - - - - - - - - - -

統合_1148 H. Liu, F. Liu, G. Wang, Y. Ma and L. Wang 2021
[Effect of the reactive oxygen 
species-induced by bisphenol A on 
liver lipid metabolism disorder]

OBJECTIVE: To explore the toxic effect of bisphenol A on the liver, as well as the influence effect on lipid metabolism. METHODS: The toxic effects of bisphenols on human health were studied by using in vivo 
experiments of bisphenol A exposure in rats and in vitro experiments of human liver cell line HL-7702. Male SD rats were divided into control group(Ctrl), 1 mg/(kg·d) group(low), 5 mg/(kg·d) group(medium) and 25 mg/(kg·
d) group(high) for 14 days subacute exposure of bisphenol A, to evaluate the toxic effect of bisphenol A on the liver in terms of body weight, liver organ index, liver pathological tissue sections, serum biochemical 
indicators. Then HL-7702 was divided into four groups: control group(Ctrl), low concentration treatment group(0. 16 μmol/L), medium concentration treatment group(4 μmol/L) and high concentration treatment 
group(100 μmol/L). After 24 hours of exposure to bisphenol A, the contents of triglyceride(TG) and total cholesterol(TC) in cells, reactive oxygen species(ROS) levels were detected, and the transcription levels of genes 
related to lipid metabolism and oxidative stress were detected by fluorescent quantitative PCR. RESULTS: The 14-day subacute exposure had no significant effect on rat body weight and liver body weight ratio, but liver 
pathological sections clearly showed that bisphenol A exposure can damage liver tissue structure. Serum biochemical indicator of total bile acid(TBA) was significantly reduced in the high-dose group, which was(4. 75±
0. 33)μmol/L, creatinine(Cr) was significantly increased in the medium and high-dose group, which were(18. 00±0. 76)μmol/L and(18. 83±0. 75)μmol/L, respectively. TC, high-density lipoprotein(HDL-C) and low-
density lipoprotein(LDL-C) were significantly reduced in the middle-and high-dose groups(P&lt;0. 05), which were(1. 44±0. 10), (1. 14±0. 10)mmol/L;(0. 84±0. 04), (0. 63±0. 07)mmol/L and(0. 21±0. 04), (0. 16±0. 
05)mmol/L, respectively. Bisphenol A exposure could significantly reduce the content of TC in hepatocytes(P&lt;0. 05). BPA treatment could significantly increase ROS levels in HL-7702 cells. The transcription level of 
PPARα was significantly increased in the high concentration group, FABP1 was significantly increased in the high concentration group, SOD1 was significantly decreased in the medium and high concentration 
group(P&lt;0. 05). CONCLUSION: Bisphenol A may cause oxidative stress by inducing excessive ROS production in liver cells, leading to liver damage and disorder of lipid metabolism in the body, thereby showing liver 
toxicity.

Wei Sheng Yan Jiu. 
2021 Mar;50(2):289-
300.

10.19813/j.cnki.weishengyanjiu.20
21.02.021

33985639 動物、in vitro 肝 - - - - - - - - - - - - 1 1 - 1 - - - - - - - - - - -

統合_1149
B. Linillos-Pradillo, L. Rancan, S. D. Paredes, M. 
Schlumpf, W. Lichtensteiger, E. Vara and F. 
Tresguerres JÁ

2023

Low Dose of BPA Induces Liver 
Injury through Oxidative Stress, 
Inflammation and Apoptosis in 
Long-Evans Lactating Rats and Its 
Perinatal Effect on Female PND6 
Offspring

Bisphenol A (BPA) is a phenolic compound used in plastics elaboration for food protection or packaging. BPA-monomers can be released into the food chain, resulting in continuous and ubiquitous low-dose human 
exposure. This exposure during prenatal development is especially critical and could lead to alterations in ontogeny of tissues increasing the risk of developing diseases in adulthood. The aim was to evaluate whether BPA 
administration (0.036 mg/kg b.w./day and 3.42 mg/kg b.w./day) to pregnant rats could induce liver injury by generating oxidative stress, inflammation and apoptosis, and whether these effects may be observed in female 
postnatal day-6 (PND6) offspring. Antioxidant enzymes (CAT, SOD, GR, GPx and GST), glutathione system (GSH/GSSG) and lipid-DNA damage markers (MDA, LPO, NO, 8-OHdG) were measured using colorimetric 
methods. Inducers of oxidative stress (HO-1d, iNOS, eNOS), inflammation (IL-1β) and apoptosis (AIF, BAX, Bcl-2 and BCL-XL) were measured by qRT-PCR and Western blotting in liver of lactating dams and offspring. 
Hepatic serum markers and histology were performed. Low dose of BPA caused liver injury in lactating dams and had a perinatal effect in female PND6 offspring by increasing oxidative stress levels, triggering an 
inflammatory response and apoptosis pathways in the organ responsible for detoxification of this endocrine disruptor.

Int J Mol Sci Vol.24 
Issue 5

10.3390/ijms24054585 36902016 動物 - 1 1 1 1 0 0.036、50 mg/kg体重/⽇ - - - - - - - - - - - - - - - - - - - - -

統合_1150 Y. Ling, X. Huang, A. Li, J. Zhang, J. Chen, J. 
Ren, Y. Liu and M. Xie 2023

Bisphenol A exposure induces 
testicular oxidative damage via 
FTO/m6A/Nrf2 axis during postnatal 
development in mice

Bisphenol A (BPA), a commonly used plasticizer in the production of polycarbonate plastics and epoxy resins, has been shown to induce male reproductive toxicity. However, the effects of BPA exposure on early testicular 
development have not been thoroughly studied, and the underlying mechanism is yet to be elucidated. In the current study, neonatal male mice were exposed to BPA at 0, 0.1, and 5 mg/kg, respectively, by daily 
subcutaneous injection during postnatal day (PND) 1-35 to explore its effects on testicular development at PND 36 (the end of the first round of spermatogenesis). Morphological analyses showed that BPA exposure 
significantly induced apoptosis of testicular cells (p < 0.01 and p < 0.001) and reduced the thickness of seminiferous epithelium (p < 0.01). In addition, BPA exposure significantly decreased the total antioxidant capacity of 
testes and levels of transcription factor Nrf2 as well as its downstream antioxidant molecules of NQO1 and GPx-1 (p < 0.05 and p < 0.01). Furthermore, global m6A modifications of mRNAs were upregulated accompanied 
by declined m6A demethylase (FTO) in the testes of BPA groups (p < 0.05 and p < 0.01). MeRIP-quantitative real-time polymerase chain reaction (qPCR) demonstrated that BPA exposure markedly increased the m6A 
modification of Nrf2 mRNA (p < 0.05 and p < 0.01). These findings suggest that upregulation of m6A induced by inhibited FTO may be involved in BPA-induced testicular oxidative stress and developmental injury during 
postnatal development, which provides a new idea to reveal the mechanism underlying BPA interfering with testicular development.

J Appl Toxicol Vol.43 
Issue 5 Pages 694-705

10.1002/jat.4417 36451259 動物 - 1 0 1 不明 1 0、0.1、5 mg/kg - - - - - - - - - - - - - - - - - - - - -

統合_1151
T. Lind, M. H. Lejonklou, L. Dunder, M. M. 
Kushnir, C. Öhman-Mägi, S. Larsson, H. Melhus 
and P. M. Lind

2019

Developmental low-dose exposure 
to bisphenol A induces chronic 
inflammation, bone marrow fibrosis 
and reduces bone stiffness in 
female rat offspring only

BACKGROUND: Developmental exposure to low doses of the endocrine disruptor bisphenol A (BPA) is known to alter bone tissue in young rodents, although how bone tissue is affected in aged animals is not well known. 
We have recently shown that low-dose developmental exposure to BPA increases procollagen type I N-terminal propeptide (P1NP) levels, a peptide formed during type 1 collagen synthesis, in plasma of 5-week-old female 
rat offspring while male offspring showed reduced bone size. OBJECTIVE: To analyze offspring bone phenotype at 52 weeks of age and clarify whether the BPA-induced increase in P1NP levels at 5 weeks is an early sign 
of bone marrow fibrosis development. METHODS: As in our 5-week study, pregnant Fischer 344 rats were exposed to BPA via drinking water corresponding to 0.5 μg/kg BW/day (BPA0.5), which is in the range of human 
daily exposure, or 50 μg/kg BW/day (BPA50) from gestational day 3.5 until postnatal day 22. Controls were given only vehicle. The offspring were sacrificed at 52 weeks of age. Bone effects were analyzed using 
peripheral quantitative and micro-computed tomography (microCT), 3-point bending test, plasma markers and histological examination. RESULTS: Compared to a smaller bone size at 5 weeks, at the age of 52 weeks, 
femur size in male offspring had been normalized in developmentally BPA-exposed rats. The 52-week-old female offspring showed, like the 5-week-old siblings, higher plasma P1NP levels compared to controls but no 
general increasing bone growth or strength. However, 2 out of 14 BPA-exposed female offspring bones developed extremely thick cortices later in life, discovered by systematic in vivo microCT scanning during the study. 
This was not observed in male offspring or in female controls. Biomechanical testing revealed that both doses of developmental BPA exposure reduced femur stiffness only in female offspring. In addition, histological 
analysis showed an increased number of fibrotic lesions only in the bone marrow of female rat offspring developmentally exposed to BPA. In line with this, plasma markers of inflammation, Tnf (in BPA0.5) and Timp1 (in 
BPA50) were increased exclusively in female offspring. CONCLUSIONS: Developmental BPA exposure at an environmentally relevant concentration resulted in female-specific effects on bone as well as on plasma 
biomarkers of collagen synthesis and inflammation. Even a dose approximately eight times lower than the current temporary EFSA human tolerable daily intake of 4 μg/kg BW/day, appeared to induce bone stiffness 
reduction, bone marrow fibrosis and chronic inflammation in female rat offspring later in life.

Environ Res Vol.177 
Pages 108584

10.1016/j.envres.2019.108584 31326715 動物 - 1 1 1 1 0 0.5、50 µg/kg - - - - - - - - - - - - - - - - - - - - -

統合_1152 Y. Lin, X. Ni, L. Zhu, Y. Lin, C. Peng, Z. Lei, Y. 
Wang, H. Wang, X. You, J. Li, H. Shen and J. Wei 2025

Multi-miRNAs-Mediated Hepatic 
Lepr Axis Suppression: A Pparg-
Dicer1 Pathway-Driven Mechanism 
in Spermatogenesis for the 
Intergenerational Transmission of 
Paternal Metabolic Syndrome

Bisphenol A (BPA) is an "environmental obesogen" and this study aims to investigate the intergenerational impacts of BPA-induced metabolic syndrome (MetS), specifically focusing on unraveling mechanisms. Exposure 
to BPA induces metabolic disorders in the paternal mice, which are then transmitted to offspring, leading to late-onset MetS. Mechanistically, BPA upregulates Srebf1, which in turn promotes the Pparg-dependent 
transcription of Dicer1 in spermatocytes, increasing the levels of multiple sperm microRNAs (miRNAs). Several of these miRNAs are highly expressed in a synchronized manner in liver of the offspring. miR149-5p, miR150-
5p, and miR700-5p target a specific region in the Lepr 3'UTR, termed "SMITE" ("Several MiRNAs Targeting Elements"), to negatively regulate Lepr. These inherited anti-Lepr miRNAs, also referred to inherited anti-Lepr 
miRNAs (IAL-miRs), modulate hepatic steatosis, and insulin signaling through the Lepr regulatory Igfbp2, Egfr, and Ampk. Furthermore, IAL-miRs inhibit Ccnd1 not only via binding to "SMITE" but also via Lepr-Igfbp2 axis, 
which contribute to hepatocyte senescence. These pathological processes interact in a self-reinforcing cycle, worsening MetS in the paternal BPA-exposed offspring. The findings reveal mechanism wherein lipid 
metabolism reprogramming in spermatocytes-induced perturbations of sperm miRNAs, triggered by BPA, leads to intergenerational inheritance of paternal MetS through suppression of the hepatic Lepr axis in the 
offspring.

Adv Sci (Weinh) Vol.12 
Issue 9 Pages e2410831

10.1002/advs.202410831 39792613 動物 - 1 1 1 1 0 0.5、50 µg/kg - - - - - - - - - - - - - - - - - - - - -

統合_1153 R. Lin, D. Wu, F. J. Wu, Y. Meng, J. H. Zhang, X. 
G. Wang and L. H. Jia 2019

Non-alcoholic Fatty Liver Disease 
Induced by Perinatal Exposure to 
Bisphenol a Is Associated With 
Activated mTOR and TLR4/NF-κB 
Signaling Pathways in Offspring 
Rats

Accumulating evidence suggests a role of bisphenol A (BPA) in non-alcoholic fatty liver disease (NAFLD), and its mechanism may be related to the up-regulation of lipogenic genes, but the mechanism of BPA induced 
lipogenic gene expression remains unknown. The aim of this study was to investigate the effects of perinatal exposure to BPA on NAFLD and its mechanisms. Pregnant Sprague-Dawley rats had access to drinking water 
containing 1 or 10 μg/ml BPA from gestational day 6 to post-natal day 21. For 5 weeks after weaning, offspring drank normal water without BPA. Body weight, lipid profile and the expression of genes or proteins involved 
in mTOR mediated lipid metabolism and autophagy, as well as inflammatory response were investigated in the 8-wk-old offspring of different genders. The results showed that body weight was increased only in females, 
however, males, and females from dams treated with BPA had significantly excess visceral adipose tissue, which was consistent with adipocyte hypertrophy. Elevated TG levels and up-regulation of lipogenic genes or 
proteins in liver, such as sterol regulatory element binding protein 1 (SREBP1), acetyl-CoA carboxylase 1 (ACC1), and fatty acid synthase (FAS) were consistent with increased liver lipid droplets in offspring exposed to 
BPA. Compared with controls, the protein levels of InsR, p-IRS-1, IRS-1, TSC1, and TSC2 were decreased, p-PI3K, p-Akt (S473), p-Akt (T308), p-mTOR, and mTOR were increased, and the impaired autophagic 
degradation was evidenced by increased protein levels of p62, although the levels of p-ULK1, Beclin1, and LC3B proteins were increased in liver of BPA-exposed offspring. The levels of TLR4 and NF-κB proteins were 
also significantly increased, and ERα protein was significantly decreased in BPA-exposed offspring. Our findings indicate that perinatal exposure to BPA causes the development of NAFLD in both female and male 
offspring, which is associated with up-regulation of lipogenic genes, dysregulated autophagy and activated inflammatory response involving the PI3K/Akt/mTOR and TLR4/NF-κB pathways.

Front Endocrinol 
(Lausanne) Vol.10 
Pages 620

10.3389/fendo.2019.00620 31551937 動物 - 1 1 1 1 0 1，10 µg/ml - - - - - - - - - - - - - - - - - - - - -
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統合_1154 R. Lin, Y. Jia, F. Wu, Y. Meng, Q. Sun and L. Jia 2019

Combined Exposure to Fructose and 
Bisphenol A Exacerbates Abnormal 
Lipid Metabolism in Liver of 
Developmental Male Rats

The aim of this study was to investigate whether combined exposure to fructose and bisphenol A (BPA) has a synergistic effect on abnormal lipid metabolism in the liver of developmental male rats and its possible 
mechanism. Fifty weaned male Wistar rats were divided into five groups: the control, 13% fructose, 20% fructose, 1 µg/mL BPA, and 13% fructose + 1 µg/mL BPA (combined exposure). Rats were exposed to fructose 
and/or BPA through drinking water for eight weeks. Genes or proteins regulating lipid metabolism include sterol regulatory element binding protein 1 (SREBP1), adipose triglyceride lipase (ATGL), hormone sensitive lipase 
(HSL), acetyl-CoA carboxylase 1 (ACC1), fatty acid synthase (FAS), zinc α 2 glycoprotein (ZAG) and estrogen receptor α (ERα), and the expression of proteins regulating inflammatory response, such as TLR4 and NF-
κB, were determined. Serum total cholesterol (T-CHO), triglyceride (TG), low, high density lipoprotein cholesterol (LDL-C, HDL-C), blood glucose, insulin, IL-17 and TNF-α levels were also measured. Liver tissue 
morphology was observed by H&E staining. The results showed that the levels of gene and protein catalyzing lipogenesis were increased (SREBP1, ACC1 and FAS), while those catalyzing lipolysis were decreased (ATGL, 
HSL and ZAG), accompanied by dyslipidemia, insulin resistance and hepatic fat accumulation, and there were higher expression of TLR4 and NF-κB protein and lower expression of ERα protein in liver, and increased 
serum IL-17 and TNF-α levels in fructose and/or BPA exposed rats compared with controls. Moreover, the above indicators were more serious in combined exposure group than in single exposure group. Therefore, 
abnormal lipid metabolism in the liver of developmental rats could be exacerbated by combined exposed to fructose and BPA.

Int J Environ Res Public 
Health Vol.16 Issue 21

10.3390/ijerph16214152 31661889 動物 - 1 1 1 1 0 1 µg/mL（飲⽔中濃度） - - - - - - - - - - - - - - - - - - - - -

統合_1155
J. J. Lim, M. Dutta, J. L. Dempsey, H. J. Lehmler, 
J. MacDonald, T. Bammler, C. Walker, T. J. 
Kavanagh, H. Gu, S. Mani and J. Y. Cui

2021

Neonatal Exposure to BPA, BDE-99, 
and PCB Produces Persistent 
Changes in Hepatic Transcriptome 
Associated With Gut Dysbiosis in 
Adult Mouse Livers

Recent evidence suggests that complex diseases can result from early life exposure to environmental toxicants. Polybrominated diphenyl ethers (PBDEs), and polychlorinated biphenyls (PCBs) are persistent organic 
pollutants (POPs) and remain a continuing risk to human health despite being banned from production. Developmental BPA exposure mediated-adult onset of liver cancer via epigenetic reprogramming mechanisms has 
been identified. Here, we investigated whether the gut microbiome and liver can be persistently reprogrammed following neonatal exposure to POPs, and the associations between microbial biomarkers and disease-prone 
changes in the hepatic transcriptome in adulthood, compared with BPA. C57BL/6 male and female mouse pups were orally administered vehicle, BPA, BDE-99 (a breast milk-enriched PBDE congener), or the Fox River 
PCB mixture (PCBs), once daily for three consecutive days (postnatal days [PND] 2-4). Tissues were collected at PND5 and PND60. Among the three chemicals investigated, early life exposure to BDE-99 produced the 
most prominent developmental reprogramming of the gut-liver axis, including hepatic inflammatory and cancer-prone signatures. In adulthood, neonatal BDE-99 exposure resulted in a persistent increase in Akkermansia 
muciniphila throughout the intestine, accompanied by increased hepatic levels of acetate and succinate, the known products of A. muciniphila. In males, this was positively associated with permissive epigenetic marks 
H3K4me1 and H3K27, which were enriched in loci near liver cancer-related genes that were dysregulated following neonatal exposure to BDE-99. Our findings provide novel insights that early life exposure to POPs can 
have a life-long impact on disease risk, which may partly be regulated by the gut microbiome.

Toxicol Sci Vol.184 
Issue 1 Pages 83-103

10.1093/toxsci/kfab104 34453844 動物 - 1 1 0 1 0 250  µg/kg - - - - - - - - - - - - - - - - - - - - -

統合_1156
W. Lichtensteiger, C. Bassetti-Gaille, H. 
Rehrauer, J. K. Georgijevic, J. A. F. Tresguerres 
and M. Schlumpf

2021

Converging Effects of Three 
Different Endocrine Disrupters on 
Sox and Pou Gene Expression in 
Developing Rat Hippocampus: 
Possible Role of microRNA in Sex 
Differences

Endocrine disrupting chemicals (EDCs) can impair hippocampus-dependent behaviors in rat offspring and in children. In search for key processes underlying this effect, we compared the transcriptomes of rat 
hippocampus on postnatal day 6 after gestational and lactational exposure to three different EDCs at doses known to impair development of learning and memory. Aroclor 1254, a commercial PCB mixture (5 mg/kg or 0.5 
mg/kg), or bisphenol A (5 mg/kg or 0.5 mg/kg) were administered in chow, chlorpyrifos (3 mg/kg or 1 mg/kg) was injected subcutaneously. Male hippocampus exhibited a common effect of all three chemicals on genes 
involved in cell-autonomous processes, Sox6, Sox11, Pou2f2/Oct2, and Pou3f2/Brn2, all upregulated at the high dose. Additional genes of the Sox and Pou families were affected by only one or two of the chemicals. Real 
time RT PCR showed a comparable expression change for bisphenol A also at the lower dose. Female hippocampus exhibited much fewer genes with expression changes (almost none with false discovery rate <0.05), and 
none of the genes of the Sox and Pou families was affected. Since gene network analyses in male hippocampus suggested a link between Sox6 and miR-24, known to be repressed by activation of ER-alpha and to repress 
Sox6 in other tissues, this microRNA was measured. miR-24 was downregulated by all chemicals at the high dose in males. Values of Sox6 mRNA and miR-24 were inversely correlated in individual male hippocampus 
samples, supporting the hypothesis that the change in Sox6 expression resulted from an action of miR-24. In contrast, miR-24 levels remained unchanged in hippocampus of females. A sexually dimorphic response of miR-
24 may thus be at the basis of the sex difference in Sox6 expression changes following exposure to the three chemicals. ER-alpha expression was also sex-dependent, but the expression changes did not parallel those of 
potential downstream genes such as Sox6. Sox6 is known to suppress differentiation of Parvalbumin (Pvalb)-expressing interneurons. Individual Sox6 levels (FPKM) were inversely correlated with levels of Pvalb, but not 
with markers of Sox6-independent interneuron subpopulations, Nos1 and 5HT3aR. Effects on interneuron development are further suggested, in males, by expression changes of Nrg1 and its receptor Erbb4, controlling 
interneuron migration. Our study disclosed new types of EDC-responsive morphogenetic genes, and illustrated the potential relevance of microRNAs in sexually dimorphic EDC actions.

Front Genet Vol.12 
Pages 718796

10.3389/fgene.2021.718796 34858468 動物 - 1 1 0 1 0 0.5、5 mg/kg⽇ - - - - - - - - - - - - - - - - - - - - -

統合_1157 J. X. Liao, Y. W. Chen, M. K. Shih, Y. L. Tain, Y. 
T. Yeh, M. H. Chiu, S. K. C. Chang and C. Y. Hou 2021

Resveratrol Butyrate Esters Inhibit 
BPA-Induced Liver Damage in Male 
Offspring Rats by Modulating 
Antioxidant Capacity and Gut 
Microbiota

Resveratrol can affect the physiology or biochemistry of offspring in the maternal-fetal animal model. However, it exhibits low bioavailability in humans and animals. Fifteen-week SD pregnant female rats were orally 
administered bisphenol A (BPA) and/or resveratrol butyrate ester (RBE), and the male offspring rats (n = 4-8 per group) were evaluated. The results show that RBE treatment (BPA + R30) compared with the BPA group 
can reduce the damage caused by BPA (p < 0.05). RBE enhanced the expression of selected genes and induced extramedullary hematopoiesis and mononuclear cell infiltration. RBE increased the abundance of S24-7 and 
Adlercreutzia in the intestines of the male offspring rats, as well as the concentrations of short-chain fatty acids (SCFAs) in the feces. RBE also increased the antioxidant capacity of the liver by inducing Nrf2, promoting 
the expression of HO-1, SOD, and CAT. It also increased the concentration of intestinal SCFAs, enhancing the barrier formed by intestinal cells, thereby preventing BPA-induced metabolic disruption in the male offspring 
rats, and reduced liver inflammation. This study identified a potential mechanism underlying the protective effects of RBE against the liver damage caused by BPA exposure during the peri-pregnancy period, and the 
influence of the gut microbiota on the gut-liver axis in the offspring.

Int J Mol Sci Vol.22 
Issue 10

10.3390/ijms22105273 34067838 動物 - 1 1 1 1 0 50 µg/kg/⽇ - - - - - - - - - - - - - - - - - - - - -

統合_1158 C. H. Liao, Y. C. Shih, H. Y. Huang, J. W. Chen, 
S. I. Hsu, C. N. Lai, R. H. Fu and C. W. Tsai 2025

Carnosic Acid Attenuated the Motor 
Impairment by Bisphenol A is 
Related to the Regulation of 
Autophagy Through Parkin in In 
Vitro and In Vivo

Bisphenol A (BPA) is an endocrine-disrupting compound linked to impairments in motor function and the manifestation of anxiety-like behaviors. The present study investigated the effects of carnosic acid (CA) on BPA-
induced motor deficits and explored the role of parkin in the autophagic mechanism. First, C57BL/6 J male mice were orally administered with CA (5 mg/kg and 20 mg/kg) or RE (80 mg/kg rosemary extract) to test the 
motor function and anxiety-like behaviors in BPA (50 μg/kg) treatment. The results showed that CA and RE ameliorate BPA-induced motor impairments and anxiety-like behaviors. Moreover, CA and RE attenuated BPA-
induced phosphorylation of tau and α-synuclein while restoring the expression levels of autophagy-related proteins, including parkin, PINK1, PI3K, Atg7, Beclin1, and LC3B-II. Then, SH-SY5Y cells were treated with 20 
nM BPA and 1 μM CA or 0.5 μg/mL RE for 18 h. The results showed that treatment of CA and RE with BPA activated the parkin pathway and reduced the levels of (Ser396)p-tau and p-α-synuclein. Moreover, treatment 
of CA or RE with BPA restored the parkin signaling, resulting in the upregulation of autophagy-related proteins. However, wortmannin treatment attenuated this restorative effect of CA or RE. Additionally, transfection 
with parkin siRNA in cells reversed the ability of CA or RE to counteract BPA-induced reductions in autophagy-related proteins and increased the accumulation of misfolded proteins. Therefore, the results indicated that 
CA and RE improved motor impairments and reduced the accumulation of misfolding proteins induced by BPA, potentially through regulating autophagy by parkin.

Mol Neurobiol Vol.62 
Issue 9 Pages 11757-
11768

10.1007/s12035-025-04990-7 40317414 動物 - 1 1 不明 1 0 50 µg/kg/⽇ - - - - - - - - - - - - - - - - - - - - -

統合_1159 C. H. Liao, H. C. Hung, C. N. Lai, Y. H. Liao, P. T. 
Liu, S. M. Lu, H. C. Huang and C. W. Tsai 2023

Carnosic acid and rosemary extract 
reversed the lipid accumulation 
induced by bisphenol A in the 3T3-
L1 preadipocytes and C57BL/6J 
mice via SIRT1/FoxO1 pathway

Bisphenol A (BPA) is an endocrine-disrupting chemical, widely used to produce polycarbonate plastic. Carnosic acid (CA) is a rosemary diterpene with an anti-obesity effect. In this study, we investigated the anti-
adipogenic effect of CA in BPA-treated 3T3-L1 preadipocytes and C57BL/6 J mice. In vitro experiments showed that CA inhibited lipid accumulation by BPA in 3T3-L1 preadipocytes. CA displayed anti-adipogenic effects 
through the downregulation of differentiation and adipogenesis-related proteins, along with the upregulation of lipolytic protein and SIRT1/FoxO1 pathway. In vivo experiments, mice treated with BPA exhibited an increase 
in body weight gain and epididymal adipose tissue mass when compared to the control group. CA treatment improved the epididymal adipose tissue mass induced by BPA. CA and rosemary extract (RE) treatment 
ameliorated dyslipidemia in BPA-treated mice. We further showed that CA and RE exerted anti-adipogenesis effects in liver tissues of BPA-treated mice via increasing SIRT1, FoxO1, and ATGL proteins and decreasing 
FAS and aP2 proteins. Moreover, SIRT1 inhibitor sirtinol blocked CA to increase SIRT1, FoxO1, FAS, and aP2 proteins, decrease Ac-FoxO1 protein, and reduce lipid accumulation in BPA-treated cells. These findings 
indicated that CA and RE could reverse BPA-induced lipid accumulation by regulating adipocyte differentiation, adipogenesis, and lipolysis through SIRT1/FoxO1 pathway.

Food Chem Toxicol. 
2023 Sep:179:113996.

10.1016/j.fct.2023.113996 37598852 動物、in vitro 代謝 1 1 1 1 0 1 - - - 不明 0 不明 1 1 - 1 - - - - - - - - - - -

統合_1160 M. Liang, J. Zhou, X. Sun, C. He, K. Zhang and 
K. Hu 2021

[Effects of bisphenol A on apoptosis 
of ovarian preantral follicular 
granulosa cells and ovarian 
development in mice]

OBJECTIVE: To investigate the effect of environmental estrogen bisphenol A (BPA) exposure on apoptosis of mouse ovarian preantral follicular granulosa cells and ovarian development and explore the underlying 
mechanism. METHODS: Mouse ovarian preantral follicular granulosa cells were isolated from female ICR mice at postnatal day (PND) 10 and cultured in vitro. The cultured cells were treated with 0, 1, 10, 50, 100, 150, 
200 and 500 μmol/L BPA, and the changes in cell proliferation, cell cycle, apoptosis and mitochondrial membrane potential were analyzed with CCK-8 method and flow cytometry. The protein expressions of Bcl-2, Bax, 
p53 and cyclin D1 in the treated cells were determined with Western blotting. Pregnant ICR mice were treated for a week with BPA at the concentration that produced significant effects on the preantral follicular 
granulosa cells, and the weight changes of the pregnant mice were recorded. The ovarian tissues of the offspring female mice were weighed at PND 10, 17, 21 and 42 followed by histological observation with HE staining 
and examination of Bcl-2 mRNA expression level with RT-qPCR. RESULTS: Compared with the control cells group, the isolated cells exposed to a low concentration of BPA (50 μmol/L) showed a significantly lowered 
apoptosis rate, increased mitochondrial membrane potential, and enhanced cellular proliferation (P < 0.05). Exposure to a higher BPA concentration at 200 μmol/L obviously enhanced cell apoptosis by reducing the 
mitochondrial membrane potential and repressed the cell proliferation (P < 0.05). BPA exposure at 50 μmol/L and 200 μmol/L produced opposite effects on the protein expressions of Bcl-2 (P < 0.01), Bax (P < 0.05) and 
p53 (P < 0.05) in mouse ovarian preantral follicular granulosa cells. BPA exposure at the doses of 10 and 35 mg/kg caused rapid weight increment of the pregnant mice and changes in ovarian index of the offspring female 
mice. In the offspring female mice, the changes in Bcl-2 mRNA expression in the ovarian tissue showed a similar pattern to that of ovarian index. Exposure of the pregnant mice to a high BPA concentration at 35 mg/kg 
resulted in accelerated follicular development into antral follicular stage in PND 21 offspring female mice. CONCLUSIONS: BPA can concentration-dependently regulate the function of ovarian preantral follicular 
granulosa cells in mice and potentially affects both the pregnant mice and the offspring female mice in light of early ovarian development.

Nan Fang Yi Ke Da Xue 
Xue Bao Vol.41 Issue 1 
Pages 93-99

10.12122/j.issn.1673-
4254.2021.01.13

33509759 動物 - 1 1 1 ICR 0 10、35 mg/kg - - - - - - - - - - - - - - - - - - - - -

統合_1161 Y. Li, Y. Li, X. Liu, J. Bi, J. Liu, W. Li, H. Li, S. 
Wang and J. Ma 2025

Zinc Attenuates Bisphenol A-
Induced Reproductive Toxicity in 
Male Mice by Inhibiting Ferroptosis 
and Apoptosis Through Improving 
Zinc Homeostasis

Bisphenol A (BPA) is a contaminant widely found in food packaging that can reduce sperm quality and impair male fertility. Zinc (Zn) is an important antioxidant involved in many important biological functions. The aim of 
this study was to explore the protective effect and mechanism of Zn on reproductive toxicity induced by BPA. Male ICR mice were divided into a control group, a BPA group and a BPA + Zn group. The results showed that 
the body weight, sperm count and sperm motility of the animals in the BPA group were significantly reduced, and testicular structure was damaged. BPA decreased the levels of serum total Zn, testis-free zinc, ADH and 
ALP, upregulated the expression of ZnT4 protein, and down-regulated the expression levels of ZIP8, ZIP14, ZnT1, MT and MTF1 protein, resulting in the imbalance of testicular Zn homeostasis. BPA down-regulates the 
antioxidant enzymes SOD and GSH-Px, and increases MDA, leading to oxidative stress. BPA up-regulates TF, TFR and STEAP3 and down-regulates SLC7A11, GPX4, FPN1 and FTH protein levels, resulting in abnormal 
iron metabolism and ferroptosis. BPA down-regulated anti-apoptotic protein Bcl-2, up-regulated pro-apoptotic markers Bax, caspase-9, caspase-8 and caspase-3, and induced apoptosis. BPA also increased the 
phosphorylation of JNK and ERK1/2, but did not increase the phosphorylation of P38. Zn significantly increased body weight and sperm quality, improved testicular morphology, down-regulated p-JNK/JNK and p-ERK/ERK 
levels, improved oxidative stress, and reduced ferroptosis and apoptosis. In conclusion, Zn regulates Zn homeostasis and down-regulates the MAPK signaling pathway, thereby inhibiting ferroptosis and apoptosis, 
alleviating BPA-induced oxidative stress and ultimately improving male reproductive damage.

Biol Trace Elem Res. 
2025 Aug;203(8):4198-
4210.

10.1007/s12011-024-04473-1 39645636 動物 精⼦/精巣 1 1 1 1 0 0 - - - - - - 1 1 - 1 - - - - - - - - - - -

統合_1162 Q. Li, H. Zhang, J. Zou, H. Mai, D. Su, X. Feng 
and D. Feng 2019

Bisphenol A exposure induces 
cholesterol synthesis and hepatic 
steatosis in C57BL/6 mice by down-
regulating the DNA methylation 
levels of SREBP-2

Bisphenol A (BPA), a major plasticizers that are commonly used for lining of beverage or food-storage containers, has been shown to increase cholesterol levels with molecular mechanism not clear. The present study 
was aimed to investigate the effects of BPA exposure on liver cholesterol synthesis and hepatic steatosis in male C57BL/6 mice and its underlying mechanisms. Male C57BL/6 mice were exposed to different doses (50, 
500 and 5000 μg/kg/day) of BPA through diet for 16 weeks. Exposure to low doses (50 and 500 μg/kg/day) of BPA increased hepatic cholesterol content and the expression levels of hepatic 3-hydroxy-3-methylglutaryl 
coenzyme A reductase (HMGCR) and sterol regulatory element binding proteins-2 (SREBP-2). DNA methylation analysis further showed that mice exposed to low-dose BPA decreased the DNA methylation levels of 
SREBP-2. Moreover, low doses of BPA exposure increased the expression levels of SREBP-1c and stearoyl-CoA desaturase 1 in the liver, and induced hepatic lipid synthesis and fat accumulation. Our results suggest that 
low-dose BPA exposure could induce hepatic cholesterol synthesis through decreasing the DNA methylation levels of SREBP-2 and subsequently up-regulating the expression of genes related to cholesterol synthesis in 
the liver, which causes cholesterol accumulation and further induces liver lipid synthesis and hepatic steatosis.

Food Chem Toxicol. 
2019 Nov:133:110786.

10.1016/j.fct.2019.110786 31470036 動物 代謝 1 1 1 1 1 1 - - - - - - 1 1 - 1 - 1 - - - - - - - - -

統合_1163 M. Li, X. Gao, L. Tan, Y. Miao, W. Fan, Z. Gao, S. 
Liu, C. Ding, X. Shi and S. Song 2020

Effects of bisphenol A at the safe 
reference dose on abdominal fat 
deposition in aged hens

Bisphenol A (BPA) is an endocrine-disrupting chemical. Its influence on lipid homeostasis remains to be proven. In this study, the obese model of laying hens were induced using high-fat diet (HFD) to determine the lipid 
metabolism interference of BPA, especially its influence on estrogen receptors (ERs) and oxidative damage, at the dose of tolerable daily intake (TDI, 50 μg/kg body weight [BW]/day) and no observable adverse effect 
level (NOAEL, 5000 μg/kg BW/day). The results demonstrated that the TDI dose of BPA interacted with ERα more effectively than the NOAEL dose of BPA. The TDI dose of BPA increased the expression of ERα (esr1), 
which further changed the expression of lipid metabolism-related genes, such as cpt-1, lpl, creb1, and apov1. Furthermore, the abdominal fat rate, hematoxylin-eosin staining of adipocytes, and the average area of the 
hens were reduced. Therefore, the TDI dose of BPA played an estrogen-compensating role and weakened the effect of HFD on obesity in aged hens. By contrast, BPA at NOAEL dose exhibited great oxidative stress, 
which remarkably inhibited the activities of antioxidant-related enzymes (total superoxide dismutase and glutathione peroxidase) and promoted the excessive accumulation of lipid peroxidation products (malondialdehyde). 
Moreover, the increase in oxidative stress corresponded well with the increase in the expression of fat-forming genes (srebp-1, fas, acc, and ppar γ). That is, BPA at NOAEL may accelerate the process of fat formation.

Ecotoxicol Environ Saf 
Vol.206 Pages 111398

10.1016/j.ecoenv.2020.111398 33010594 動物 - 0 1 1 Hy-line Brown 0 50、5000 µg/kg - - - - - - - - - - - - - - - - - - - - -

統合_1164 J. Li, G. Yu, L. Wang, W. Zhang, W. Ke, Y. Li, D. 
Liu, K. Xie, Y. Xu, C. Cha, G. Guo and J. Zhang 2025

Enriched environment rescues 
bisphenol A induced anxiety-like 
behavior and cognitive impairment 
by modulating synaptic plasticity

Bisphenol A (BPA) is an exogenous endocrine disruptor in the environmental context, garnering attention for its harmful effects on the nervous system function and behavior. Research indicates that being exposed to BPA 
may result in anxiety-like behavior and impairment in cognitive function. Enriched environment (EE) is beneficial to improve cognitive behavior, but whether EE can improve BPA-induced behavioral impairment is still 
unclear. This research explored the possible pathways through which EE alleviates anxiety-like behavior and cognitive impairment in mice exposed to BPA. Except for the control mice, all mice received BPA treatment. 
After BPA treatment, some mice were housed normally, some housed with EE, and some were given NMDA and AMPA receptor agonists. Our research revealed that exposure to BPA results in anxiety-like behavior in open 
field and elevated-plus maze experiments. Additionally, spatial and learning memory cognitive impairments were observed in Y-maze and water maze tests. Furthermore, exposure to BPA led to a decrease in both the 
density and maturity of dendritic spines, as well as a reduction in neurite length and branch numbers. PSD-95, GluA1, and NR2A expression were down-regulated, and excitatory synaptic transmission was decreased. 
However, EE treatment increased dendrite spine density and maturity, up-regulated PSD-95, GluA1and NR2A expression, enhanced excitatory synaptic transmission, and relieved anxiety-like behavior and cognitive 
impairment in BPA mice. Furthermore, administering NMDA or AMPA receptor agonists to BPA mice led to an increase in dendritic spine density and maturity, a rise in mEPSC amplitude, as well as a restoration of 
anxiety-like behavior and cognitive deficits induced by BPA. The findings of this study provide proof that EE has a neuroprotective effect in reducing anxiety-related behavior and cognitive decline caused by BPA.

Ecotoxicol Environ Saf 
Vol.289 Pages 117427

10.1016/j.ecoenv.2024.117427 39632333 動物 - 1 1 1 1 0 50mg/kg - - - - - - - - - - - - - - - - - - - - -

統合_1165 J. Li, D. Wu, Y. Mu, Y. Wang, L. Zhai and L. Jia 2025

The combined damage of bisphenol 
A and high fat diet to learning and 
memory in young male mice: the 
regulatory effect of 
BDNF/TrkB/PI3K/AKT pathway on 
autophagy

With the popularity of takeaway and processed food, combined exposure to Bisphenol A (BPA) and high fat diet (HFD) is becoming increasingly common. BPA or HFD intake in children could impair learning and memory 
ability, but the combined effect and mechanisms remain unclear. In this study, we fed young male mice with 0.1 μg/mL BPA (L-BPA), 0.2 μg/mL BPA (H-BPA), 60 %HFD (HFD), 0.1 BPA + HFD (L-BPA + HFD) and 0.2 
BPA + HFD (H-BPA + HFD) for 8 weeks. The results showed that recognition memory and free exploration of mice were impaired in the BPA or HFD group, and the damage of exploration was more severe in the combined 
group. All treated groups showed morphological changes in hippocampal neurons. The levels of synaptic structural protein PSD-95 and SYN were reduced in BPA and HFD alone or in combination groups. BPA or HFD led 
to changes in autophagy levels in the hippocampus, manifested by decreased protein levels of mTOR and P62, increased level of LC3B, and more significant changes in the combined group. The BDNF/TrkB/PI3K/AKT 
pathway was inhibited in BPA or HFD groups, especially in the combined group. Our results suggested that combined BPA with HFD exposure could impair learning and memory ability, and the combined effect might be 
related to the BDNF/TrkB/PI3K/AKT pathway, which regulated mTOR mediated autophagy and finally caused hippocampal synaptic damage.

Environ Res Vol.276 
Pages 121538

10.1016/j.envres.2025.121538 40187395 動物 - 1 不明 1 不明 0 0.1、0.2 µg/mL - - - - - - - - - - - - - - - - - - - - -

統合_1166 H. Li, D. Cui, L. Zheng, Y. Zhou, L. Gan, Y. Liu, 
Y. Pan, X. Zhou and M. Wan 2021

Bisphenol A Exposure Disrupts 
Enamel Formation via EZH2-
Mediated H3K27me3

Enamel formation is a serial and complex biological process, during which related genes are expressed progressively in a spatiotemporal manner. This process is vulnerable to environmental cues, resulting in 
developmental defects of enamel (DDE). However, how environmental factors are biologically integrated during enamel formation is still poorly understood. Here, we investigated the mechanism of DDE elicited by a model 
endocrine-disrupting chemical, bisphenol A (BPA), in mouse incisors. We show that BPA exposure leads to DDE in mouse incisors, as well as excessive proliferation in dental epithelial stem/progenitor cells. Western 
blotting, chromatin immunoprecipitation sequencing, and immunofluorescence staining revealed that this effect was accompanied by upregulation of a repressive mark, H3K27me3, in the labial cervical loop of mouse 
incisors. Perturbation of H3K27me3 methyltransferase EZH2 repressed the level of H3K27me3 and partially attenuated the excessive proliferation in dental epithelial stem/progenitor cells and DDE induced by BPA 
exposure. Overall, our results demonstrate the essential role of repressive histone modification H3K27me3 in DDE elicited by exposure to an endocrine-disrupting chemical.

J Dent Res. 2021 
Jul;100(8):847-857.

10.1177/0022034521995798 33655795 動物 ⻭ 1 1 1 1 0 1 - - - - - - 1 1 - 1 - - - - - - - - - - -
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統合_1167 D. Li, C. Huang, Z. Liu, S. Ai and H. L. Wang 2023

Decreased expression of Chrna4 by 
METTL3-mediated m6A modification 
participates in BPA-induced spatial 
memory deficit

Bisphenol A (BPA), a widely used endocrine disruptor, has been implicated in cognitive impairment via epigenetic machinery. N6-methyl adenosine (m6A) has recently emerged as a new epigenetic factor that influences 
cognition, but the role of m6A in BPA induced cognitive deficits has not been explored yet. In this study, we found increased global m6A abundance accompanied with elevated expression of methyltransferase-like 3 
(METTL3) in hippocampal neurons following BPA exposure. Inhibition of METTL3 activity by selective METTL3 inhibitor 2457 (STM) in cultured neurons abolished BPA induced m6A upregulation and abnormal synaptic 
transmission. Additionally, knockdown of METTL3 in hippocampus abrogated BPA induced learning and memory deficit in rats. Further study showed that m6A modification was enriched in mRNA of cholinergic receptor 
nicotinic alpha 4 subunit (Chrna4). Inhibition of METTL3 either by STM or shRNA restored BPA induced downregulation of Chrna4, suggesting that Chrna4 may be a potential target involved in BPA induced neurotoxicity 
that modified by m6A. Collectively, our findings demonstrated that METTL3 mediated m6A modification was involved in BPA induced cognitive deficit with Chrna4 as a potential target, which enriched our understanding of 
the role of epigenetics (RNA modifications) in BPA induced neurotoxicity and provided new insights into BPA or its substitutes induced damages in other organs.

Environ Res. 2023 Nov 
1;236(Pt 1):116717.

10.1016/j.envres.2023.116717 37495067 動物 神経 1 1 (飲⽔） 1 1 0 1 (ただし飲⽔中濃度） - - - - - - 1 1 - 1 - - - - - - - - - - -

統合_1168 D. Li, S. Ai, C. Huang, Z. H. Liu and H. L. Wang 2024
Icariin rescues developmental BPA 
exposure induced spatial memory 
deficits in rats

Bisphenol A (BPA) has been implicated in cognitive impairment. Icariin is the main active ingredient extracted from Epimedium Herb with protective function of nervous system. However, the potential therapeutic effects 
of Icariin on spatial memory deficits induced by developmental BPA exposure in Sprague-Dawley rats have not been investigated. This study investigated the therapeutic effect of Icariin (10 mg/kg/day, from postnatal day 
(PND) 21 to PND 60 by gavage) on spatial memory deficits in rat induced by developmental BPA exposure (1 mg/kg/day, from embryonic to PND 60), demonstrating that Icariin can markedly improve spatial memory in BPA-
exposed rat. Furthermore, intra-gastric administration of Icariin could attenuate abnormal hippocampal cell dispersion and loss, improved the dendritic spine density and Nissl bodies. Moreover, Icariin reversed BPA 
induced reduction of frequency of miniature excitatory postsynaptic currents(mEPSC) and decrease of Vesicular glutamate transporter 1(VGlut1). Collectively, Icariin could effectively rescue BPA-induced spatial memory 
impairment in male rats by preventing cell loss and reduction of dendritic spines in the hippocampus. In addition, we also found that VGlut1 is a critical target in the repair of BPA-induced spatial memory by Icariin. Thus, 
Icariin may be a promising therapeutic agent to attenuate BPA-induced spatial memory deficits.

Toxicol Appl Pharmacol 
Vol.482 Pages 116776

10.1016/j.taap.2023.116776 38043803 動物 - 1 1 不明 1 0 1 mg/kg/⽇ - - - - - - - - - - - - - - - - - - - - -

統合_1169

C. Li, L. Zhang, T. Ma, L. Gao, L. Yang, M. Wu, 
Z. Pang, X. Wang, Q. Yao, Y. Xiao, L. Zhao, W. 
Liu, H. Zhao, C. Wang, A. Wang, Y. Jin and H. 
Chen

2021
Bisphenol A attenuates testosterone 
production in Leydig cells via the 
inhibition of NR1D1 signaling

Bisphenol A (BPA) is an endocrine-disrupting compound that impairs testosterone synthesis in male mammals. A circadian clock gene deficiency leads to diminished fertility and even infertility in male mice. However, 
whether circadian clock signaling pathways mediate the suppressive effect of BPA on testosterone synthesis in Leydig cells (LCs) remains unknown. The present study aims to detect the effect of BPA on cellular 
circadian clock and testosterone synthesis in mouse LCs, and examine the mechanisms underlying NR1D1 signaling. BPA treatment significantly attenuated the transcription levels of Nr1d1 and steroidogenic genes 
(Hsd3b2 and Hsd17b3) in TM3 cells, but increased other circadian clock gene levels (Per2 and Dbp). BPA treatment also significantly downregulated NR1D1 and StAR protein expression, but upregulated BMAL1 protein 
expression in TM3 cells. Furthermore, there was a marked decline in testosterone production in BPA-treated TM3 cells. Intraperitoneal injection of BPA profoundly reduced NR1D1 and StAR protein levels and 
steroidogenic gene transcription levels (Cyp11a1, Hsd3b2, and Hsd17b3), while enhancing BMAL1 protein and other circadian clock gene (Per2 and Dbp) levels in mouse testes. Notably, serum testosterone levels were 
also drastically reduced in BPA-treated mice. Moreover, SR9009, an NR1D1 agonist, augmented testosterone production in TM3 cells via elevated expression of steroidogenic genes (StAR, Cyp11a1 and Hsd17b3). 
Conversely, Nr1d1 knockdown inhibited testosterone accumulation and attenuated steroidogenic gene expression. Moreover, treatment with SR9009 partially reversed the BPA effect on the circadian clock and 
testosterone production. Taken together, our study demonstrates that BPA perturbs testosterone production, at least partially, via inhibiting NR1D1 signaling in LCs.

Chemosphere. 2021 
Jan:263:128020.

10.1016/j.chemosphere.2020.1280
20

33297044 動物 性ホルモン 1 0 1 1 0 0 - - - - - - 1 1 - 1 - - - - - - - - - - -

統合_1170 C. Li, N. Shen, S. Yang and H. L. Wang 2023

Effects of BPA Exposure and 
Recovery on the Expression of 
Genes Involved in the Hepatic Lipid 
Metabolism in Male Mice

Exposure to Bisphenol A (BPA) has led to an increased risk of obesity and nonalcoholic fatty liver diseases (NAFLDs). However, it is as yet unclear if the damage caused by BPA is able to be repaired sufficiently after 
exposure has ceased. Therefore, this project aims to investigate the effects of BPA on the hepatic lipid metabolism function and its potential mechanisms in mice by comparing the BPA exposure model and the BPA 
exposure + cessation of drug treatment model. Herein, the male C57BL/6 mice were exposed in the dose of 50 μg/kg/day and 500 μg/kg/day BPA for 8 weeks, and then transferred to a standard chow diet for another 8 
weeks to recover. Based on our previous RNA-seq study, we examined the expression patterns of some key genes. The results showed that the mice exposed to BPA manifested NAFLD features. Importantly, we also 
found that there was a significant expression reversion for SCD1, APOD, ANGPT4, PPARβ, LPL and G0S2 between the exposure and recovery groups, especially for SCD1 and APOD (p < 0.01). Notably, BPA could 
significantly decrease the level of APOD protein (p < 0.01) whereas there was an extremely significant increase after the exposure ceased. Meanwhile, APOD over-expression suppressed TG accumulation in the AML12 
cells. In conclusion, the damage caused by BPA is able to be repaired by the upregulation of APOD and exposure to BPA should be carefully examined in chronic liver metabolic disorders or diseases.

Toxics Vol.11 Issue 9 10.3390/toxics11090775 37755785 動物 - 1 1 1 1 0 50、500 µg/kg/⽇ - - - - - - - - - - - - - - - - - - - - -

統合_1171 C. Li, T. Qi, L. Ma, Y. B. Lan, J. Luo, K. Chu, Y. 
Huang, F. Ruan and J. Zhou 2023

In utero bisphenol A exposure 
disturbs germ cell cyst breakdown 
through the PI3k/Akt signaling 
pathway and BDNF expression

PURPOSE: To determine the influence of the environmental endocrine disruptor bisphenol A (BPA) on germ cell cyst breakdown and explore the possible mechanisms regulating this activity. METHODS: BPA (2 μg/kg/d or 
20 μg/kg/d) or tocopherol-stripped corn oil (vehicle control) was administered to pregnant mice by gavage at gestational day 11, and the offspring (prenatally treated mice) were sacrificed and ovariectomized at postnatal 
day (PND) 4 and PND22. Ovarian morphology was documented in the first filial (F1) generation female offspring, and the follicles were analyzed and classified morphologically on PND 4. To discover differentially 
expressed genes and associated target pathways, we used RNA-seq, Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway analysis, and Gene Ontology (GO) analysis. The mRNA expression of key steroid hormone 
synthesis-related genes was evaluated by Q-PCR in forskolin-induced KGN cells. Western blotting (WB) and qRTPCR were used to determine the protein and gene expression levels of brain-derived neurotrophic factor 
(BDNF). RESULTS: BPA, a typical endocrine disrupting chemical (EDC), decreased the expression of the key steroid hormone synthesis-related genes P450scc and aromatase, while the expression of Star increased 
significantly and caused no significant difference in the expression of Cyp17a1 or HSD3β in forskolin-induced KGN cells. Moreover, we confirmed that in utero exposure to environmentally relevant concentrations of BPA 
(2 μg/kg/d and 20 μg/kg/d) could significantly disrupt germ cell cyst breakdown, leading to the generation of fewer primordial follicles than in the control group. The factors mediating the inhibitory effects included the 
PI3K-Akt signaling pathway and a significant downregulation of BDNF. CONCLUSIONS: These findings indicate that in utero exposure to BPA at low doses, which are lower than recommended as 'safe' dosages, may 
influence the formation of primordial follicles by inhibiting the expression of steroid hormone synthesis-related genes and partly by regulating the BDNF-mediated PI3K/Akt pathway.

Ecotoxicol Environ Saf 
Vol.259 Pages 115031

10.1016/j.ecoenv.2023.115031 37210998 動物 - 1 1 1 1 0 2、20 µg/kg/⽇ - - - - - - - - - - - - - - - - - - - - -

統合_1172

P. Lertpeerapan, S. Kanlayaprasit, S. Thongkorn, 
K. Kasitipradit, P. Panjabud, K. Songsritaya, T. 
Jantheang, M. Morita, T. Akaike, V. W. Hu, D. 
Jindatip, T. Saeliw and T. Sarachana

2025

Sex-dependent epigenetic 
disruption of YY1 binding by 
prenatal BPA exposure 
downregulates Matr3 and alters 
Agap1 splicing in the offspring 
hippocampus

Autism spectrum disorder (ASD) is a neurodevelopmental disorder condition, caused by genetic and environmental factors, including bisphenol A (BPA), a chemical found in daily life. Previous studies have linked prenatal 
BPA exposure to an increased risk of ASD. However, the underlying mechanisms of how BPA could contribute to ASD pathogenesis remains unclear. In this study, we investigated whether prenatal BPA exposure disrupts 
the regulatory mechanisms of alternative splicing in genes associated with ASD. This study is the first to demonstrate that prenatal BPA exposure dysregulated the splicing of genes related to ASD, including Agap1, 
Ap2b1, and Kifap3 in the hippocampus of offspring. Moreover, the differentially alternative spliced genes were associated with neurological functions and disorders, including cell trafficking, neuron development, and 
cognitive disorders. Furthermore, we found that the transcription factor YY1 bound to the promoter of the Matr3 gene, which encodes an RNA-splicing regulator of Agap1 mRNA, in a sex-dependent manner in response to 
prenatal BPA exposure. In male offspring, the recruitment of YY1 to the Matr3 promoter was reduced, resulting in decreased Matr3 expression, while in females, it remained unchanged. These findings indicate that 
prenatal BPA exposure disrupts Agap1 splicing through YY1 and MATR3 in males, suggesting a potential mechanism that might contribute to the male bias of ASD, which warrants further investigation.

Biol Sex Differ 2025 Vol. 
16 Issue 1 Pages 63

10.1186/s13293-025-00744-1 40790242 動物 - 1 1 1 不明 0 5 mg/kg/⽇ - - - - - - - - - - - - - - - - - - - - -

統合_1173 E. C. R. Leonel, T. F. R. Ruiz, C. M. Bedolo, S. G. 
P. Campos and S. R. Taboga 2021

Inflammatory repercussions in 
female steroid responsive glands 
after perinatal exposure to bisphenol 
A and 17-β estradiol

The mammary gland (MG) and female prostate are plastic reproductive organs which are highly responsive to hormones. Thus, endocrine disruptors, such as bisphenol A (BPA) and exogenous estrogens, negatively affect 
glandular homeostasis. In addition to previously described alterations, changes in inflammatory markers expression also trigger the development of a microenvironment that contributes to tumor progression. The current 
work aimed to evaluate the inflammatory responses of the MG and prostate gland to BPA (50 µg/kg) and 17-β estradiol (35 µg/kg) exposure during the perinatal window of susceptibility. The results showed that at 6 
months of age there was an increase in the number of phospho-STAT3 (P-STAT3) positive cells in the female prostate from animals perinatally exposed to 50 µg/kg BPA daily. In addition, the number of macrophages 
increased in these animals in comparison with nonexposed animals, as shown by the F4/80 marker. Despite an increase in the incidence of lobuloalveolar and intraductal hyperplasia, the MG did not show any difference in 
the expression of the four inflammatory markers evaluated: tumor necrosis factor-α, COX-2, P-STAT3, and F4/80. Analysis of both glands from the same animal led to the conclusion that exposure to endocrine disruptors 
during the perinatal window of susceptibility leads to different inflammatory responses in different reproductive organs. As the prostate is more susceptible to these inflammatory mechanisms, it is reasonable to affirm 
that possible neoplastic alterations in this organ are related to changes in the inflammatory pattern of the stroma, a characteristic that is not evident in the MG.

Cell Biol Int Vol.45 Issue 
11 Pages 2264-2274

10.1002/cbin.11665 34288236 動物 - 不明 不明 不明 不明 0 50 µg/kg - - - - - - - - - - - - - - - - - - - - -

統合_1174
E. C. R. Leonel, S. G. P. Campos, L. H. A. Guerra, 
C. M. Bedolo, P. S. L. Vilamaior, M. F. Calmon, 
P. Rahal, C. A. Amorim and S. R. Taboga

2020
Impact of perinatal bisphenol A and 
17β estradiol exposure: Comparing 
hormone receptor response

Hormonal regulation controls mammary gland (MG) development. Therefore some hormone-related factors can disrupt the early phases of MGs development, making the gland more susceptible to long term modifications 
in its response to circulating hormones. Endocrine disruptors, such as bisphenol A (BPA), are able to cause alterations in hormone receptor expression, leading to changes in the cell proliferation index, which may expose 
the tissue to neoplastic alterations. Thus, we evaluated the variations in hormone receptor expression in the MG of 6-month old Mongolian gerbils exposed to BPA and 17β estradiol during the perinatal period. Receptors 
for estrogen alpha (ERα), beta (ERβ), progesterone (PGR), prolactin (PRL-R), and co-localization of connexin 43 (Cx43) and ERα in gerbils were analyzed, and serum concentrations of estradiol and progesterone were 
assessed. No alterations in body, liver, and ovary-uterus complex weights were observed. However, there was an increase in epithelial ERα expression in the 17β estradiol (E2) group and in PGR in the BPA group. 
Although immunohistochemistry did not show alterations in ERβ expression, western blotting revealed a decrease in this protein in the BPA group. PRL-R was more present in epithelial cells in the vehicle control (VC), 
E2, and BPA groups in comparison to the intact control group. Cx43 was more frequent in E2 and BPA groups, suggesting a protective response from the gland against possible malignancy. Serum concentration of 
estradiol reduced in VC, E2, and BPA groups, confirming that alterations also impacts steroid levels. Consequently, perinatal exposure to BPA and the reference endogenous estrogen, 17β estradiol, are able to increase 
the tendency of endocrine disruption in MG in a long term manner, since repercussions are observed even 6 months after exposure.

Ecotoxicol Environ Saf. 
2020 Jan 
30:188:109918.

10.1016/j.ecoenv.2019.109918 31753310 動物 性ホルモン 1 1 1 0（Mongolian gerbils） 0 1 - - - - - - 1 1 - 1 - - - - - - - - - - -

統合_1175

E. C. R. Leonel, S. G. P. Campos, C. M. B. 
Bedolo, L. H. A. Guerra, P. S. L. Vilamaior, M. F. 
Calmon, P. Rahal, C. A. Amorim and S. R. 
Taboga

2020

Perinatal exposure to bisphenol A 
impacts in the mammary gland 
morphology of adult Mongolian 
gerbils

The endocrine disruptive effects caused by bisphenol A (BPA) are well known. Despite this, to date, evaluation of its long term effects is limited, meaning that there is still much to be unveiled in terms of alterations 
caused by perinatal exposure to BPA. Our aim was to determine if perinatal exposure to two different doses of BPA causes long term morphological and molecular alteration effects in the mammary gland (MG). We 
evaluated MG from Mongolian gerbil offspring exposed perinatally (during gestation and lactation) to 50 or 5000 μg/kg/day BPA. At 90 days of age the animals were subjected to a single dose of N-nitroso-N-methylurea 
in order to mimic a carcinogenic environment. At 6 months of age, animals in estrous were euthanized for morphological evaluation of the MGs. The MG architecture presented considerable changes in terms of detached 
epithelial cells, inflammation, glandular hyperplasia, and collagen fiber deposition. Furthermore, a higher index of epithelial cell proliferation was detected in comparison to the intact control group. In addition, we verified a 
higher molecular expression of EZH2 in the vehicle treated group, indicating that corn oil applied alone can alter the expression of this epigenetic biomarker. In conclusion, BPA perinatal exposure promotes significant 
changes in glandular cytoarchitecture and increases glandular epithelium proliferation rate, leading to the retention of stem-like properties. This event could compromise the fate and differentiation potential of mammary 
epithelium.

Exp Mol Pathol. 2020 
Apr:113:104374.

10.1016/j.yexmp.2020.104374 31917966 動物 発がん性 1 1 1 0: スナネズミ（⼊⼿先不明） 0: 2⽤量（50, 5000 µg/kg) 1 - - - - - - 1 1 - 1 - - - - - - - - - - -

統合_1176 X. Lei, Z. Hao, H. Wang, Z. Tang, Z. Zhang and J. 
Yuan 2023

Identification of core genes, critical 
signaling pathways, and potential 
drugs for countering BPA-induced 
hippocampal neurotoxicity in male 
mice

Although the neurotoxicity of the common chemical bisphenol A (BPA) to the mouse hippocampus has been often reported, the mechanism underlying BPA-induced depression-like behavior in mice remains unclear. We 
evaluated BPA's role in inducing depressive-like behavior by exposing male mice to different BPA concentrations (0, 0.01, 0.1, and 1 μg/mL) and using the forced swimming test (FST) and tail suspension test (TST). We 
aimed to identify critical gene and anti-BPA-neurotoxicity compounds using RNA sequencing combined with bioinformatics analysis. Our results showed that 1 μg/mL BPA exposure increased mouse immobility during the 
FST and TST. Based on BPA-induced hippocampal transcriptome changes, we identified NADH: ubiquinone oxidoreductase subunit AB1 (Ndufab1) as a critical and potential therapeutic target gene, and Ndufab1 mRNA 
and protein levels were downregulated in the BPA-exposed groups. Furthermore, molecular docking identified phenelzine as a compound that could counteract BPA-related neurotoxicity. Conclusively, our analyses 
confirmed that BPA triggers depressive behavior in male mice by downregulating Ndufab1 expression and suggested that phenelzine might reduce BPA-induced neurotoxicity.

Food Chem Toxicol. 
2023 Dec:182:114195.

10.1016/j.fct.2023.114195 37992956 動物 神経 1 1 (飲⽔） 1 1 1 1 (ただし飲⽔中濃度） - - - - - - 1 1 - 1 - 1 - - - - - - - - -

統合_1177 S. G. Lee, J. E. Park, Y. P. Cheon and J. M. Kim 2023

Gestational Exposure to Bisphenol A 
Causes DNA Hypomethylation and 
the Upregulation of Progesterone 
Receptor Expression in the Uterus in 
Adult Female Offspring Rats

Exposure to environmental chemicals, including endocrine-disrupting chemicals, during the gestational period can have profound adverse effects on several organs in offspring. Bisphenol A (BPA) can infiltrate the human 
body through food and drinks, and its metabolites can cross both the placental and the blood-brain barriers. In this study, we investigate the effect of gestational exposure to BPA on epigenetic, biochemical, and 
histological modifications in the uterine tissues of F1 adult offspring rats. Pregnant rats were exposed to BPA from gestational day 8-15, and changes in global DNA methylation in uterine tissues obtained from adult 
offspring born to the exposed mothers were analyzed. Global DNA methylation analysis revealed that gestational exposure to BPA resulted in DNA hypomethylation in the uterus. Progesterone receptor (PR) protein 
expression in uterine tissues was monitored using western blot analysis, which revealed that the PR protein content was considerably higher in all BPA-exposed groups than in the control. Immunohistochemical 
examination for the PR revealed that intense PR-positive cells were more frequently observed in the BPA-exposed group than in the control group. To date, the evidence that the upregulation of PRs observed in the present 
study was caused by the non-methylation of specific PR promoter regions is lacking. Conclusively, these results indicate that exposure to BPA during gestation induces epigenetic alterations in the uteri of adult female 
offspring. We speculate that the global DNA hypomethylation and upregulation of the PR observed simultaneously in this study might be associated with the uterus.

Dev Reprod Vol.27 
Issue 4 Pages 195-203

10.12717/dr.2023.27.4.195 38292232 動物 - 1 0 1 1 1 0.01、1、10 mg/kg/⽇ - - - - - - - - - - - - - - - - - - - - -

統合_1178 J. L. Lee, Y. C. Wang, Y. A. Hsu, C. S. Chen, R. C. 
Weng, Y. P. Lu, C. Y. Chuang and L. Wan 2022

Bisphenol A Coupled with a High-
Fat Diet Promotes Hepatosteatosis 
through Reactive-Oxygen-Species-
Induced CD36 Overexpression

Bisphenol A (BPA) is an endocrine-disrupting chemical that affects lipid metabolism and contributes to non-alcoholic fatty liver disease (NAFLD). The mechanism of BPA exposure in hepatic lipid accumulation and its 
potential effect on NAFLD remain unclear. This study investigated the effect of BPA-exposure-induced hepatic lipid deposition on the pathology of NAFLD and its underlying mechanism in vitro and in vivo. BPA increased 
intracellular reactive oxygen species (ROS) levels, and promoted fatty acid uptake through upregulation of a free fatty acid uptake transporter, cluster of differentiation 36 (CD36), in HUH-7 cells. Additionally, C57BL/6 
mice administered a high-fat/high-cholesterol/high-cholic acid diet (HFCCD) and BPA (50 mg/kg body weight) for 8 weeks developed a steatohepatitis-like phenotype, characterized by alpha-smooth muscle actin (α-
SMA, an indicator of hepatic fibrosis) and cleaved caspase 3 (an indicator of apoptosis) in hepatic tissue; moreover, they had a higher oxidative stress index of 8-hydroxydeoxyguanosine (8-OHdG) in liver tissue compared 
to the control group. Treatment with ROS scavenger n-acetylcysteine (NAC) ameliorated BPA-mediated HFCCD-induced lipid accumulation and steatohepatitis in the livers of treated mice. Our study indicates that BPA 
acts synergistically to increase hepatic lipid uptake and promote NAFLD development by stimulating ROS-induced CD36 overexpression.

Toxics. 2022 Apr 
22;10(5):208.

10.3390/toxics10050208 35622622 動物、in vitro - 1 1 1 1 0 50 µg/kg/⽇ - - - 不明 0 不明 1 - - - - - - - - - - - - - -

統合_1179 J. Lee, J. Park, Y. Y. Lee and Y. Lee 2020

Comparative transcriptome analysis 
of the protective effects of Korean 
Red Ginseng against the influence 
of bisphenol A in the liver and 
uterus of ovariectomized mice

BACKGROUND: Bisphenol A (BPA), known as an endocrine disruptor, is widely used in the world. BPA is reported to cause inflammation-related diseases. Korean Red Ginseng (KRG) has been used safely in human for a 
long time for the treatment of diverse diseases. KRG has been reported of its mitigating effect on menopausal symptoms and suppress adipose inflammation. Here, we investigate the protective effect of orally 
administered KRG on the impacts of BPA in the liver and uterus of menopausal mice model. METHODS: The transcriptome analysis for the effects of BPA on mice liver was evaluated by Gene Expression Omnibus (GEO) 
database-based data (GSE26728). In vivo assay to evaluate the protective effect of KRG on BPA impact in ovariectomized (OVX) mice were designed and analyzed by RNA sequencing. RESULTS: We first demonstrated 
that BPA induced 12 kinds of gene set in the liver of normal mice. The administration of BPA and KRG did not change body, liver, and uterine weight in OVX mice. KRG downregulated BPA-induced inflammatory response 
and chemotaxis-related gene expression. Several gene set enrichment analysis (GSEA)-derived inflammatory response genes increased by BPA were inhibited by KRG in OVX mice. CONCLUSION: Our data suggest that 
BPA has commonly influenced inflammatory response effects on both normal and OVX mice. KRG protects against BPA impact of inflammatory response and chemotaxis in OVX mouse models. Our comparative analysis 
will provide new insight into the efficacy of KRG on endocrine disrupting chemicals and OVX mouse.

J Ginseng Res Vol.44 
Issue 3 Pages 519-526

10.1016/j.jgr.2020.01.008 32372874 動物 - 1 1 1 1 0 200 mg/kg/⽇ - - - - - - - - - - - - - - - - - - - - -
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統合_1180 C. Y. Lee, S. A. Hyun, M. Y. Ko, H. R. Kim, J. Rho, 
K. K. Kim, W. Y. Kim and M. Ka 2021

Maternal Bisphenol A (BPA) 
Exposure Alters Cerebral Cortical 
Morphogenesis and Synaptic 
Function in Mice

Early-life exposure to bisphenol A (BPA), synthetic compound used in polycarbonate plastic, is associated with altered cognitive and emotional behavior later in life. However, the brain mechanism underlying the behavioral 
deficits is unknown. Here, we show that maternal BPA exposure disrupted self-renewal and differentiation of neural progenitors during cortical development. The BPA exposure reduced the neuron number, whereas it 
increased glial cells in the cerebral cortex. Also, synaptic formation and transmission in the cerebral cortex were suppressed after maternal BPA exposure. These changes appeared to be associated with autophagy as a 
gene ontology analysis of RNA-seq identified an autophagy domain in the BPA condition. Mouse behavioral tests revealed that maternal BPA caused hyperactivity and social deficits in adult offspring. Together, these 
results suggest that maternal BPA exposure leads to abnormal cortical architecture and function likely by activating autophagy.

Cereb Cortex Vol.31 
Issue 12 Pages 5598-
5612

10.1093/cercor/bhab183 34171088 動物 - 1 1 1 1 0 50 µg/kg/⽇ - - - - - - - - - - - - - - - - - - - - -

統合_1181
S. C. Lauby, H. E. Lapp, M. Salazar, S. 
Semyrenko, D. Chauhan, A. E. Margolis and F. A. 
Champagne

2024

Postnatal maternal care moderates 
the effects of prenatal bisphenol 
exposure on offspring 
neurodevelopmental, behavioral, and 
transcriptomic outcomes

Bisphenols (BP), including BPA and "BPA-free" structural analogs, are commonly used plasticizers that are present in many plastics and are known endocrine disrupting chemicals. Prenatal exposure to BPA has been 
associated with negative neurodevelopmental and behavioral outcomes in children and in rodent models. Prenatal BPA exposure has also been shown to impair postnatal maternal care provisioning, which can also affect 
offspring neurodevelopment and behavior. However, there is limited knowledge regarding the biological effects of prenatal exposure to bisphenols other than BPA and the interplay between prenatal bisphenol exposure and 
postnatal maternal care on adult behavior. The purpose of the current study was to determine the interactive impact of prenatal bisphenol exposure and postnatal maternal care on neurodevelopment and behavior in rats. 
Our findings suggest that the effects of prenatal bisphenol exposure on eye-opening, adult attentional set shifting and anxiety-like behavior in the open field are dependent on maternal care in the first five days of life. 
Interestingly, maternal care might also attenuate the effects of prenatal bisphenol exposure on eye opening and adult attentional set shifting. Finally, transcriptomic profiles in male and female medial prefrontal cortex and 
amygdala suggest that the interactive effects of prenatal bisphenol exposure and postnatal maternal care converge on estrogen receptor signaling and are involved in biological processes related to gene expression and 
protein translation and synthesis. Overall, these findings indicate that postnatal maternal care plays a critical role in the expression of the effects of prenatal bisphenol exposure on neurodevelopment and adult behavior. 
Understanding the underlying biological mechanisms involved might allow us to identify potential avenues to mitigate the adverse effects of prenatal bisphenol exposure and improve health and well-being in human 
populations.

PLoS One Vol.19 Issue 
6 Pages e0305256

10.1371/journal.pone.0305256 38861567 動物 - 1 1 不明 1 0 50 µg/kg/⽇ - - - - - - - - - - - - - - - - - - - - -

統合_1182
S. C. Lauby, I. Agarwal, H. E. Lapp, M. Salazar, S. 
Semyrenko, D. Chauhan, A. E. Margolis and F. A. 
Champagne

2025

Interplay between prenatal 
bisphenol exposure, postnatal 
maternal care, and offspring sex in 
predicting DNA methylation relevant 
to anxiety-like behavior in rats

Prenatal exposure to endocrine disrupting chemicals, such as bisphenols, can alter neurodevelopmental trajectories and have a lasting neurobehavioral impact through epigenetic pathways. However, outcomes associated 
with prenatal bisphenol exposure may also be shaped by the postnatal environment and collectively these environmental effects may be sex-specific. Thus, an integrative research design that includes multiple early life 
exposures and considers sex differences may be essential for predicting outcomes. In the current study, we use a multivariate approach to examine the contributions of prenatal bisphenol exposure, postnatal maternal 
care, and offspring sex to variation in DNA methylation of well-studied candidate genes (NR3C1, BDNF, OXTR) in the ventral hippocampus and amygdala of adult Long-Evans rats. Main effects of postnatal maternal care 
and interactions with prenatal bisphenol exposure were consistently found for DNA methylation within the NR3C1 gene (ventral hippocampus) and within the BDNF and OXTR genes (amygdala). Sex-specific effects were 
also found across all analyses. Overall, our findings suggest that both early-life factors (prenatal and postnatal) and offspring sex contribute to variation in DNA methylation in genes and brain regions relevant for the 
expression of anxiety-like behavior. These results highlight the need to consider the brain region-specific effects of multiple exposures in males and females to understand the lasting effects of early environments.

Horm Behav. 2025 
Jun:172:105745.

10.1016/j.yhbeh.2025.105745 40273582 動物 発達神経 1 不明（明⽰なし） 1 1 0 0 - - - - - - 1 1 - 1 - - - - - - - - - - -

統合_1183 H. E. Lapp, A. E. Margolis and F. A. Champagne 2022

Impact of a bisphenol A, F, and S 
mixture and maternal care on the 
brain transcriptome of rat dams and 
pups

Products containing BPA structural analog replacements have increased in response to growing public concern over adverse effects of BPA. Although humans are regularly exposed to a mixture of bisphenols, few studies 
have examined effects of prenatal exposure to BPA alternatives or bisphenol mixtures. In the present study, we investigate the effect of exposure to an environmentally-relevant, low-dose (150 ug/kg body weight per day) 
mixture of BPA, BPS, and BPF during gestation on the brain transcriptome in Long-Evans pups and dams using Tag RNA-sequencing. We also examined the association between dam licking and grooming, which also has 
enduring effects on pup neural development, and the transcriptomes. Associations between licking and grooming and the transcriptome were region-specific, with the hypothalamus having the greatest number of 
differentially expressed genes associated with licking and grooming in both dams and pups. Prenatal bisphenol exposure also had region-specific effects on gene expression and pup gene expression was affected more 
robustly than dam gene expression. In dams, the prelimbic cortex had the greatest number of differentially expressed genes associated with prenatal bisphenol exposure. Prenatal bisphenol exposure changed the 
expression of over 2000 genes in pups, with the majority being from the pup amygdala. We used Gene Set Enrichment Analysis (GSEA) to asses enrichment of gene ontology biological processes for each region. Top GSEA 
terms were diverse and varied by brain region and included processes known to have strong associations with steroid hormone regulation, cilium-related terms, metabolic/biosynthetic process terms, and immune terms. 
Finally, hypothesis-driven analysis of genes related to estrogen response, parental behavior, and epigenetic regulation of gene expression revealed region-specific expression associated with licking and grooming and 
bisphenol exposure that were distinct in dams and pups. These data highlight the effects of bisphenols on multiple physiological process that are highly dependent on timing of exposure (prenatal vs. adulthood) and brain 
region, and reiterate the contributions of multiple environmental and experiential factors in shaping the brain.

Neurotoxicology Vol.93 
Pages 22-36

10.1016/j.neuro.2022.08.014 36041667 動物 - 1 1 0 1 0 150 µg/kg/⽇ - - - - - - - - - - - - - - - - - - - - -

統合_1184

A. Lama, F. Del Piano, C. Annunziata, F. 
Comella, N. Opallo, S. Melini, L. Grumetto, C. 
Pirozzi, G. Mattace Raso, R. Meli and M. C. 
Ferrante

2023

Bisphenol A exacerbates anxiety-
like behavior and neuroinflammation 
in prefrontal cortex of adult obese 
mice

AIMS: Bisphenol A (BPA) is an endocrine-disrupting chemical inducing several damages such as neurotoxicity, immunotoxicity, and metabolic disorders. Obesity is the main risk factor for the increased occurrence of 
metabolic alterations as well as mood disorders. Here, we investigated in obese mice the effects of BPA on anxiety-like behavior, associated with neuroinflammation and immune activation. MAIN METHODS: Male 
C57Bl/6J mice were divided into 4 groups: control group (STD) receiving chow diet and BPA vehicle; STD group treated with BPA (50 μg/kg/die); high-fat diet (HFD) group receiving BPA vehicle; HFD group treated with 
BPA. BPA treatment started 12 weeks after HFD feeding and lasted 3 weeks. KEY FINDINGS: The open field and elevated plus-maze tests showed in HFD + BPA group the worsening of HFD-induced anxiety-like 
behavior. The anxiogenic effects of BPA also emerged from hyperactivation of the hypothalamus-pituitary-adrenal gland axis, determined by the increased transcription of Crh and its receptor in the prefrontal cortex 
(PFC). Furthermore, BPA activated NLRP3 inflammasome and exacerbated the neuroinflammation induced by HFD, increasing IL-1β, TNF-α and monocyte chemoattractant protein (MCP)-1 in PFC. Furthermore, it 
induced inflammation and monocyte recruitment in hypothalamus and amygdala. Contextually, BPA significantly amplified the immune activation caused by lipid overload as evidenced by the increased expression of TLR-4 
and MCP-1 in the PFC and triggered mastocytosis in the hypothalamus rather than STD mice. SIGNIFICANCE: All these data show that sub-chronic BPA exposure represents an additional risk factor for mood disorders 
strictly related to obesity, enhancing neuroinflammation and immune activation triggered by HFD feeding.

Life Sci Vol.313 Pages 
121301

10.1016/j.lfs.2022.121301 36535405 動物 - 1 不明 1 1 0 50 µg/kg/⽇ - - - - - - - - - - - - - - - - - - - - -

統合_1185
E. Krieger, F. Fischer, J. Howanski, M. Wagner, 
F. Romanelli, B. Fink, M. Bauer, A. Schumacher, 
T. Kretschmer and A. C. Zenclussen

2025

Implications of a combined perinatal 
exposure to BPA and BP-3 for 
offspring folliculogenesis and 
ovarian function in mice

Endocrine disrupting chemicals (EDCs), like bisphenol A (BPA) and benzophenone-3 (BP-3), can interfere with hormone systems, posing risks to fertility and reproduction. Exposure to EDCs is unavoidable making it a 
relevant environmental health topic, however the impact of real-life EDC mixtures is largely unknown. This study explored the effects of a combined BPA and BP-3 exposure at tolerable intake levels for humans during 
pregnancy and early life on ovarian development and function in an established mouse model. Mice were daily exposed to concentrations of 4 µg/kg BPA orally, 50 mg/kg BP-3 dermally, and the combination of BPA+BP-3 
through gestation and lactation, a susceptible developmental period. Female offspring of BPA and BP-3 exposed mice exhibited increased birth weight and elevated bodyweight by postnatal day 7. By day 30, after hormonal 
stimulation to induce ovulation, exposed offspring showed disrupted ovarian follicle maturation and altered ovarian response to stimulation with exogenous gonadotropins. Moreover, the number of NK cells rose in the 
ovaries, and genes linked to hormone signaling, hormone synthesis, and ovarian tissue remodeling were altered relative to unexposed controls. These findings suggest that early life exposure to BPA and BP-3 at 
environmentally relevant doses impairs ovarian development and function in mice indicating that immune cells and hormonal signaling in the ovaries are targets of endocrine disruptors at relevant concentrations. Such 
endocrine disruption may be compromising fertility and reproductive health in later life. Our research underscores the importance of investigating the impact of combined EDC exposure on the reproductive system.

Ecotoxicol Environ Saf 
Vol.302 Pages 118750

10.1016/j.ecoenv.2025.118750 40714391 動物 - 1 1 1 1 0 4 µg/kg/⽇ - - - - - - - - - - - - - - - - - - - - -

統合_1186

D. Kourat, D. E. H. Adli, M. Brahmi, F. K. 
Alkholifi, F. F. Bin Dayel, W. Arabi, M. L. 
Fauconnier, B. Bouzouira, K. Kahloula, M. 
Slimani and S. H. Sweilam

2025

Role of Thymus ciliatus (Thyme) to 
Ameliorate the Acute Neurotoxicity 
Induced by Bisphenol A: In Vivo 
Supported with Virtual Study

Background/Objectives: The purpose of this research was to investigate the effects of bisphenol A (BPA) exposure on neurobehavioral testing in young Wistar rats and to evaluate the therapeutic potential of Thymus 
ciliatus (TEO) essential oil to attenuate the damage induced by this chemical toxin. Methods: The essential oil was extracted by hydro-distillation (yield of 2.26%), and the characterization by GC-MS indicates that the 
major components of Thymus ciliatus oil are thymol (63.33%), p-cymene (13.4%), and σ-terpinene (6.69%). Acute BPA intoxication was induced with a dose of 50 mg/kg orally for 60 days. The neurobehavioral evaluation, 
performed using a comprehensive set of tests including the forced swim test, dark/light box, Morris water maze, open field test, and sucrose preference test, clearly demonstrated that bisphenol A (BPA) exposure induced 
significant neurobehavioral impairments. Results: These impairments included reduced exploratory behavior indicative of heightened stress, anxiety, and depressive-like states, as well as deficits in memory and learning. 
Furthermore, BPA intoxication was associated with metabolic disturbances such as hyperglycemia along with histopathological evidence of brain tissue damage. However, TEO treatment attenuated these adverse effects 
by restoring neurobehavioral function. Molecular docking analysis revealed an affinity between the major essential oils identified in T. ciliatus, BPA, and the 5HT2C receptor and the MAO, AChE, and BChE enzymes, 
suggesting a potential mechanism underlying BPA's effects on behavior and memory. In addition, TEO also showed an interaction with these molecules, suggesting a therapeutic potential against BPA. These findings 
underscore the promising role of TEO in mitigating the poisonous effects of BPA and pave the way for additional research into the molecular mechanisms and therapeutic uses of natural bioactive compounds for the 
prevention and treatment of toxic diseases. Thymol, the major compound in TEO, exhibited activity related to the dopamine and serotonin pathways, so it could have potential antidepressant properties. Conclusions: 
Thymol might be a promising candidate for the treatment of neurodegenerative and neurological disorders such as depression, Parkinson's disease, and Alzheimer's disease while also preventing histological damage in the 
brain.

Pharmaceuticals 
(Basel) Vol.18 Issue 4

10.3390/ph18040509 40283944 動物 - 1 1 1 1 0 50 mg/kg - - - - - - - - - - - - - - - - - - - - -

統合_1187 K. M. M. Koriem 2022

Fertaric acid amends bisphenol A-
induced toxicity, DNA breakdown, 
and histopathological changes in the 
liver, kidney, and testis

BACKGROUND: Bisphenol A (BPA) is present in many plastic products and food packaging. On the other hand, fertaric acid (FA) is a hydroxycinnamic acid. AIM: To investigate the effect of FA on BPA-related liver, kidney, 
and testis toxicity, DNA breakdown, and histopathology in male rats. METHODS: Thirty male albino rats were divided into five equal groups (6 rats/group): Control, paraffin oil, FA-, BPA-, and FA + BPA-treated groups. 
The control and paraffin oil groups were administered orally with 1 mL distilled water and 1 mL paraffin oil, respectively. The FA-, BPA-, and FA+ BPA-treated groups were administered orally with FA (45 mg/kg, bw) 
dissolved in 1 mL distilled water, BPA (4 mg/kg, bw) dissolved in 1 mL paraffin oil, and FA (45 mg/kg, bw) followed by BPA (4 mg/kg, bw), respectively. All these treatments were given once a day for 6 wk. RESULTS: BPA 
induced a significant decrease in serum alkaline phosphatase, acid phosphatase, sodium, potassium and chloride, testosterone, dehydroepiandrosterone sulfate, glucose-6-phosphate dehydrogenase, 3β-hydroxysteroid 
dehydrogenase, and testis protein levels but a highly significant increase in serum aspartate aminotransferase, alanine aminotransferase, γ-glutamyl transpeptidase, lactate dehydrogenase, bilirubin, urea, creatinine, uric 
acid, luteinizing hormone, follicle stimulating hormone, sex hormone binding globulin, blood urea nitrogen, and testis cholesterol levels. Also, FA inhibited the degradation of liver, kidney, and testis DNA content. Oral 
administration of FA to BPA-treated rats restored all the above parameters to normal levels. CONCLUSION: FA ameliorates BPA-induced liver, kidney, and testis toxicity, DNA breakdown, and histopathological changes.

World J Hepatol Vol.14 
Issue 3 Pages 535-550

10.4254/wjh.v14.i3.535 35582291 動物 - 1 1 1 1 0 4 mg/kg - - - - - - - - - - - - - - - - - - - - -

統合_1188 A. Kobroob, W. Peerapanyasut, S. Kumfu, N. 
Chattipakorn and O. Wongmekiat 2021

Effectiveness of N-Acetylcysteine in 
the Treatment of Renal Deterioration 
Caused by Long-Term Exposure to 
Bisphenol A

Human health hazards caused by bisphenol A (BPA), a precursor for epoxy resins and polycarbonate-based plastics, are well documented and are closely associated with mitochondrial impairment and oxidative imbalance. 
This study aimed to assess the therapeutic efficacy of N-acetylcysteine (NAC) on renal deterioration caused by long-term BPA exposure and examine the signaling transduction pathway involved. Male Wistar rats were 
given vehicle or BPA orally for 12 weeks then the BPA-treated group was subdivided to receive vehicle or NAC concurrently with BPA for a further 4 weeks, while the vehicle-treated normal control group continued to 
receive vehicle through to the end of experiment. Proteinuria, azotemia, glomerular filtration reduction and histopathological abnormalities caused by chronic BPA exposure were significantly reduced following NAC 
therapy. NAC also diminished nitric oxide and lipid peroxidation but enhanced renal glutathione levels, and counteracted BPA-induced mitochondrial swelling, increased mitochondrial reactive oxygen species production, 
and the loss of mitochondrial membrane potential. The benefit of NAC was related to the modulation of signaling proteins in the AMPK-SIRT3-SOD2 axis. The present study shows the potential of NAC to restore 
mitochondrial integrity and oxidative balance after long-term BPA exposure, and suggests that NAC therapy is an effective approach to tackle renal deterioration in this condition.

Biomolecules Vol.11 
Issue 5

10.3390/biom11050655 33946939 動物 - 1 1 1 1 0 50 mg/kg/⽇ - - - - - - - - - - - - - - - - - - - - -

統合_1189 A. Kobroob, S. Kumfu, N. Chattipakorn and O. 
Wongmekiat 2024

Modulation of Sirtuin 3 by N-
Acetylcysteine Preserves 
Mitochondrial Oxidative 
Phosphorylation and Restores 
Bisphenol A-Induced Kidney 
Damage in High-Fat-Diet-Fed Rats

Bisphenol A (BPA) and high-fat diets (HFD) are known to adversely affect the kidneys. However, the combined effects of both cases on kidney health and the potential benefits of N-acetylcysteine (NAC) in mitigating 
these effects have not been investigated. To explore these aspects, male Wistar rats were fed with HFD and allocated to receive a vehicle or BPA. At week twelve, the BPA-exposed rats were subdivided to receive a 
vehicle or NAC along with BPA until week sixteen. Rats fed HFD and exposed to BPA showed renal dysfunction and structural abnormalities, oxidative stress, inflammation, and mitochondrial dysfunction, with alterations 
in key proteins related to mitochondrial oxidative phosphorylation (OXPHOS), bioenergetics, oxidative balance, dynamics, apoptosis, and inflammation. Treatment with NAC for 4 weeks significantly improved these 
conditions. The findings suggest that NAC is beneficial in protecting renal deterioration brought on by prolonged exposure to BPA in combination with HFD, and modulation of sirtuin 3 (SIRT3) signaling by NAC appears to 
play a key role in the preservation of homeostasis and integrity within the mitochondria by enhancing OXPHOS activity, maintaining redox balance, and reducing inflammation. This study provides valuable insights into 
potential therapeutic strategies for preserving kidney health in the face of environmental and dietary challenges.

Curr Issues Mol Biol 
Vol.46 Issue 5 Pages 
4935-4950

10.3390/cimb46050296 38785564 動物 - 1 1 1 1 0 50 mg/kg - - - - - - - - - - - - - - - - - - - - -

統合_1190 K. Kobayashi, Y. Liu, H. Ichikawa, S. Takemura 
and Y. Minamiyama 2020

Effects of Bisphenol A on Oxidative 
Stress in the Rat Brain

We investigated the effect of bisphenol A (BPA) on oxidative stress and tau-related proteins in adult rat brains. BPA (10 mg/L) was administered to rats for eight weeks through their drinking water. The reactive oxygen 
species (ROS) scavenging capacity for hydroxyl radicals in the plasma was reduced after two weeks. In the hippocampus, four and eight weeks of BPA increased the ratio of oxidized DJ-1/DJ-1 (PARK7). The ratio of 
phosphorylated-GSK3β/GSK3β and phosphorylated-AKT/AKT increased after one week of BPA treatment. The ratio of phosphorylated JNK/JNK and phosphorylated-ERK/ERK increased after eight weeks of BPA; the 
elevation could be related to tau phosphorylation. Protein phosphatase 2A (PP2A) in the hippocampus decreased after eight weeks of BPA treatment. At that time, SOD1 was significantly induced, but no changes in SOD2 
expression were apparent in the hippocampus. Furthermore, the ratio of phosphorylated-tau (PHF-1, Ser396/ Ser404) to total tau level did not change. However, PHF-1 or other sites of tau could be phosphorylated after 
eight weeks in the hippocampi of rats. BPA induced systemic oxidative stress and could change ROS-induced signaling pathways in the brain. These results suggest that mitochondrial dysfunction possibly is not 
responsible for oxidative stress and neurodegeneration due to low doses of BPA.

Antioxidants (Basel) 
Vol.9 Issue 3

10.3390/antiox9030240 32187996 動物 - 1 1 1 1 0 10 mg/L - - - - - - - - - - - - - - - - - - - - -

統合_1191 R. D. Kini, S. Kumar, A. K. Nayanatara and G. 
Megha 2024

A study on bisphenol induce renal 
damage and role of vitamin c as an 
antioxidant on bisphenol induced 
renal damage in wistar rats. A case 
control study

INTRODUCTION: Bisphenol A (BPA) is considered one of the most common industrial manufactured chemicals and a pollutant. oxidative stress has been induced by bisphenol by dysregulate the cytokines. Oxidative stress 
induced by BPA is known to affect the brain, liver, and kidneys. Vitamin C is an important dietary antioxidant which is known decreases the oxidative stress induced by reactive oxygen species. Hence the current study 
was focused to evaluate the damaging effect of BPA on kidney and the role of ascorbic acid on BPA induced kidney toxicity. MATERIAL & METHODS: There were four groups of rats(6 rats in each); Group 1: Control Group 
(Olive oil treated) Group 2:(Vitamin C treated), Group 3: (Bispenol treated), Group 4: (Vitamin C + Bispenol treated). One kidney homogenized to measure Melonaldihyde level and glutathione and other kidney was used to 
study the histopathlogical parmeters. Biochemical estimation of serum electrolyte was done by commercially available kits using spectrophotometer. RESULTS: Animals exposed to Bisphenol showed fall in the level of 
GSH and increase in MDA level as well as fall in serum sodium and potassium level. Biochemical results were supported by histo-pathalogical changes. Pre-treatment with Vitamin C showed an rise in the level of GSH, 
sodium and potassium level and fall in MDA. Vitamin C pre-treatment also showed some beneficial changes in histology of kidney also. CONCLUSION: Our result demonstrated that exposure to Bisphenol induced 
oxidative stress in rat kidney and vitamin C could act as an antioxidant protecting against BPA induced oxidative stress.

Clin Ter. 2024 Nov-
Dec;175(6):450-454.

10.7417/ct.2024.5153 39584766 動物 腎 1 1 単独あり Wistar rat 0 25 mg/kg:0 - - - - - - 1 1 - 1 - - - - - - - - - - -

統合_1192
S. H. Kim, S. H. Shin, S. M. Kim, S. E. Jung, B. J. 
Shin, J. S. Ahn, K. T. Lim, D. H. Kim, K. Lee and 
B. Y. Ryu

2025
Bisphenol Analogs Downregulate 
the Self-Renewal Potential of 
Spermatogonial Stem Cells

PURPOSE: In this study, we investigated the effect of bisphenol-A (BPA) and its major analogs, bisphenol-F (BPF), and bisphenol-S (BPS), on spermatogonial stem cells (SSCs) populations using in vitro SSC culture and 
in vivo transplantation models. MATERIALS AND METHODS: SSCs enriched from 6- to 8-day-old C57BL/6-eGFP⁺ male mice testes were treated with varying concentrations of bisphenols for 7 days to examine 
bisphenol-derived cytotoxicity and changes in SSC characteristics. We utilized flow cytometry, immunocytochemistry, real-time quantitative reverse transcription-PCR, and western blot analysis. The functional alteration 
of SSCs was further investigated by examining donor SSC-derived spermatogenesis evaluation through in vivo transplantation and subsequent testis analysis. RESULTS: BPF exhibited a similar inhibitory effect on SSCs 
as BPA, demonstrating a significant decrease in SSC survival, inhibition of proliferation, and induction of apoptosis. On the other hand, while BPS was comparatively weaker than BPA and BPF, it still showed significant 
SSC cytotoxicity. Importantly, SSCs exposed to BPA, BPF, and BPS exhibited a significant reduction in donor SSC-derived germ cell colonies per total number of cultured cells, indicating that, like BPA, BPF, and BPS can 
induce a comparable reduction in functional SSCs in the recipient animals. However, the progress of spermatogenesis, as evidenced by histochemistry and the expressions of PCNA and SSC specific markers, collectively 
indicates that BPA, BPF, and BPS may not adversely affect the spermatogenesis. CONCLUSIONS: Our findings indicate that the major BPA substitutes, BPF and BPS, have significant cytotoxic effects on SSCs, similar to 
BPA. These effects may lead to a reduction in the functional self-renewal stem cell population and potential impacts on male fertility.

World J Mens Health. 
2025 Jan;43(1):154-165.

10.5534/wjmh.230166 38606862 in vitro - - - - - - - - - - 1 0 不明 1 - - - - - - - - - - - - - -
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統合_1193 J. K. Kim, A. Khan, S. Cho, J. Na, Y. Lee, G. Bang, 
W. J. Yu, J. S. Jeong, S. H. Jee and Y. H. Park 2019

Effect of developmental exposure to 
bisphenol A on steroid hormone and 
vitamin D3 metabolism

High exposure to bisphenol A (BPA) in children has been associated with the outcomes of several diseases, including those related to developmental problems. To elucidate the mechanism of BPA mediated developmental 
toxicity, plasma and urine from rats exposed to BPA was analyzed with high resolution metabolomics, beginning from post-natal day 9, for 91 days. Female and male rats were orally administered 5 different BPA doses to 
elucidate dose- and sex-specific BPA effects. Regarding dose-specific effects, multivariate statistical analysis showed that metabolic shifts were considerably altered between 5, 50 and 250 mg BPA/kg bw/day in 
treated rats. A nonmonotonicity and monotonicity between BPA dose and metabolic response were major trajectories, showing overall metabolic changes in plasma and urine, respectively. Metabolic perturbation in the 
steroid hormone biosynthesis pathway was significantly associated with dose- and sex-specific BPA effects. Intermediate metabolites in the rate-limiting step of steroid hormone biosynthesis down-regulated steroid 
hormones in the 250 mg treatment. Further, our study identified that BPA increased urinary excretion of vitamin D(3) and decreased its concentration in blood, suggesting that perturbation of vitamin D(3) metabolism may 
be mechanistically associated with neurodevelopmental disorders caused by BPA. Three metabolites showed a decrease in sex difference with high BPA dose because female rats were more affected than males, which 
can be related with early puberty onset in female. In brief, the results demonstrated that BPA induces dose- and sex-specific metabolic shifts and that perturbation of metabolism can explain developmental problems.

Chemosphere. 2019 
Dec:237:124469.

10.1016/j.chemosphere.2019.1244
69

31549635 動物 メカニズム 1 1 1 1 1 1 - - - - - - 1 1 - 1 - - - - - - - - - - -

統合_1194 J. Kim, N. H. Kim, I. Youn, E. K. Seo and C. Y. 
Kim 2023

Effects of Allium macrostemon 
Bunge Extract on Adipose Tissue 
Inflammation and Hepatic 
Endoplasmic Reticulum Stress in 
High-Fat Diet-Fed and Bisphenol A-
Treated C57BL/6N Mice

The simultaneous exposure to a high-fat (HF) diet and to bisphenol A (BPA) from delivered foods and food-delivery containers is on the rise in humans, according to the increased frequency of food delivery during the 
COVID-19 pandemic. This co-exposure could cause harmful tissue toxicity in the human body. Here, the preventive effect of Allium macrostemon Bunge (AM) extract against dysfunction in adipose tissue and the liver 
under co-exposure to BPA and an HF diet was examined using mice. C57BL/6N mice were divided into four groups (n = 6 or 7/group) according to diet and treatment: control diet with vehicle (CON), HF diet with vehicle 
(HF), HF diet with an oral injection of BPA (HF + BP), and HF diet with an oral injection of BPA and AM extract (HF + BP + AM). HF feeding increased body weight gain compared to CON feeding, while BP + HF and BP + 
HF + AM feeding suppressed body weight gain compared with HF feeding. The BP + HF group had lower body weight than the HF group, but the two groups had similar epididymal fat mass. The HF + BP + AM group 
showed lower pro-inflammatory gene expression levels in adipose tissue and epididymal fat mass compared to the HF + BP group. Altered endoplasmic reticulum (ER) stress response in the liver was partly observed in 
the HF + BP group, as shown by increased total phosphorylated Jun N-terminal kinase protein levels compared to those in the HF group. In addition, ecdysterone 25-O-β-D-glucopyranoside and 6-gingerol were identified 
in AM extract by mass spectrometry and molecular networking analysis. In summary, the AM extract diminished adipose tissue inflammation and hepatic ER stress in an HF diet and BPA co-exposure condition. To utilize 
AM as a potential food component to alleviate the harmful effect of an HF diet and BPA exposure, further research investigating the specific impact of AM extract supplementation using additional experimental groups or 
various treatment doses is warranted.

Foods Vol.12 Issue 20 10.3390/foods12203777 37893670 動物 - 1 1 1 1 0 50 µg/kg/⽇ - - - - - - - - - - - - - - - - - - - - -

統合_1195
B. Y. Kim, M. Kim, J. S. Jeong, S. H. Jee, I. H. 
Park, B. C. Lee, S. K. Chung, K. M. Lim and Y. S. 
Lee

2019

Comprehensive analysis of 
transcriptomic changes induced by 
low and high doses of bisphenol A 
in HepG2 spheroids in vitro and rat 
liver in vivo

Bisphenol A (BPA), a synthetic monomer commonly included in the daily products, has a structure similar to the estrogen receptor agonist. Therefore BPA has been anticipated to interfere with the hormone metabolisms 
and cause diverse pathological conditions. But the effects of BPA on the genetic landscapes of liver or hepatic cells have not been fully established. Gene expressional changes induced by low- or high-dose of BPA were 
evaluated in 3D cultured human hepatoma cells (HepG2 spheroids) in vitro at 0, 0.5, 5 and 200 μM and liver of rats exposed to BPA at 0, 0.5 and 250 mg/kg for 90 days in vivo. Functional enrichment analysis, pathway 
activity measurement and network analysis were performed using BPA-responsive genes. Treatment with BPA changed a lot of gene expressions in both HepG2 spheroids and rat livers depending on doses of BPA. 
Functional enrichment and pathway analysis show that lipid or steroid metabolism-related functions were altered by BPA in both HepG2 spheroids and livers of rats. Lipid metabolism-related functions altered by BPA 
formed a large cluster encompassing lipid biosynthesis, steroid metabolic process and cholesterol regulation process. It was also observed that distribution of pathway activities was correlated between HepG2 spheroids 
and rat livers at low-dose of BPA. Distance distribution in protein-protein interaction network also evidenced the closeness of BPA-responsive genes to metabolism pathways which include lipid metabolism. Collectively, 
we demonstrated that BPA greatly influenced overall gene expression and biological functions in both human hepatoma spheroids and rat liver, in which lipid- or steroid metabolism-associated genes were significantly 
altered by the exposure to BPA.

Environ Res. 2019 
Jun:173:124-134.

10.1016/j.envres.2019.03.035 30903817 動物、in vitro - 1 不明 不明 不明 0 0.5、250 mg/kg - - - 不明 0 不明 1 - - - - - - - - - - - - - -

統合_1196
M. J. Khodayar, H. Kalantari, M. Mahdavinia, L. 
Khorsandi, S. Alboghobeish, A. Samimi, S. 
Alizadeh and L. Zeidooni

2020

Protective effect of naringin against 
BPA-induced cardiotoxicity through 
prevention of oxidative stress in 
male Wistar rats

Bisphenol A (BPA), which is an applied endocrine disrupting chemical in industry for producing epoxy resins and polycarbonate plastics and naringin, is an active flavanone glycoside of grapefruit and many citrus fruits. 
The present study evaluated the protective effect of naringin against cardiotoxicity induced by BPA. Male Wistar rats were divided into six groups. Control group received oral olive oil; and BPA group orally were 
administrated 50 mg/kg of BPA for 30 d consecutively to induce toxicity. 40, 80, and 160 mg/kg of naringin were orally administered for 30 consecutive, along with BPA. Naringin group orally received 160 mg/kg of naringin 
for 30 d consecutively. Animals were sacrificed and their biochemical, histological, and oxidative stress parameters were measured 24 h after the last treatment. Heart injury was induced by BPA as an evidence with a 
significant increase in levels of aspartate aminotransferase, lactate dehydrogenase, creatine kinase-MB, triglyceride, lipid peroxidation, and a significant decrease in levels of glutathione, superoxide dismutase, catalase, 
and glutathione peroxidase and triggered myocardial disorganization, myofibrillar loss, congestion of red blood cells, and the inflammation. However, there were not any changes in the total cholesterol, low-density 
lipoprotein-cholesterol, high-density lipoprotein-cholesterol, and alanine aminotransferase. Moreover, our results indicated that administering 80 and 160 mg/kg of naringin significantly altered all examined endpoints that 
were induced by BPA. Both concentrations of 80 and 160 mg/kg of naringin were more effective than 40 mg/kg. These findings indicated that naringin had a protective effect against cardiotoxicity induced by BPA through 
lipid-lowering properties, antioxidant activity, and suppressed lipid peroxidation.

Drug Chem Toxicol 
Vol.43 Issue 1 Pages 
85-95

10.1080/01480545.2018.1504958 30264589 動物 - 1 1 不明 1 0 50 mg/kg - - - - - - - - - - - - - - - - - - - - -

統合_1197 K. Khazaeel, O. R. Rad, J. Jamshidian, M. R. 
Tabandeh, G. Mohammadi and A. Atashfaraz 2022

Effect of bromelain on sperm quality, 
testicular oxidative stress and 
expression of oestrogen receptors in 
bisphenol-A treated male mice

Bisphenol A (BPA) as an endocrine-disrupting chemical (EDC) with low estrogenic activity increases oxidative stress and testicular damage. Bromelain is a mixture of different thiol endopeptidases and other components 
with many uses as a natural anti-inflammatory enzyme. The present study aimed to evaluate the effect of bromelain on male reproductive failure induced by BPA. A total of 60 healthy adult male mice were randomly divided 
into six groups (n = 6), including control, bromelain (70 mg/kg), BPA (5 and 600 mg/kg), and BPA (5 and 600 mg/kg) + bromelain. BPA and bromelain were administrated orally for 35 days. Then, the epididymis and testes 
were removed to evaluate sperm parameters, oxidative stress markers, serum levels of testosterone concentrations, and oestrogen receptors expression. The BPA significantly (P < 0.05) decreased sperm count, motility, 
viability, and normal sperm morphology, as well as testosterone levels, oestrogen receptors alpha (ERα) and beta (ERβ), GPx, CAT, and SOD activity than control. Also, BPA significantly (P < 0.05) increased the sperm 
anomalies, and MDA concentration. Co-administration of bromelain + BPA caused a significantly (P < 0.05) increase sperm count, normal sperm morphology, testosterone levels, expression of ERα and ERβ, and GPx, 
CAT, and SOD activity than the BPA group (P < 0.05). Also, Bromelain significantly (P < 0.05) decreased sperm anomalies and MDA concentration than control. Based on the results of this study, it appears that BPA 
causes side effects on male reproduction. While, bromelain has the potential to reduce the side effects of BPA on the male reproductive system.

Andrologia Vol.54 Issue 
11 Pages e14584

10.1111/and.14584 36068179 動物 - 1 1 不明 不明 0 5、600 mg/kg - - - - - - - - - - - - - - - - - - - - -

統合_1198
J. Khan, S. Salhotra, P. Goswami, J. Akhter, S. 
Jahan, S. Gupta, S. Sharma, B. D. Banerjee, S. 
Parvez, S. Gupta and S. Raisuddin

2019

Bisphenol A triggers axonal injury 
and myelin degeneration with 
concomitant neurobehavioral toxicity 
in C57BL/6J male mice

Bisphenol A (BPA) is a ubiquitously distributed endocrine disrupting chemical (EDC). BPA exposure in humans has been a matter of concern due to its increased application in the products of day to day use. BPA has been 
reported to cause toxicity in almost all the vital organ systems even at a very low dose levels. It crosses the blood brain barrier and causes neurotoxicity. We studied the effect of BPA on the cerebral cortex of C57BL/6J 
mice and examined whether BPA exposure alters the expression of axonal and myelin structural proteins. Male mice were dosed orally to 40 μg and 400 μg BPA/kg body weight for 60 days. BPA exposure resulted in 
memory loss, muscle coordination deficits and allodynia. BPA exposure also caused degeneration of immature and mature oligodendrocytes as evaluated by decreased mRNA levels of 2',3'-cyclic nucleotide 3' 
phosphodiesterase (CNPase), nestin, myelin basic protein (MBP) and myelin-associated glycoprotein-1 (MAG-1) genes revealing myelin related pathology. It was observed that subchronic BPA exposure caused 
neuroinflammation through deregulation of inflammatory cytokines mRNA and protein expression which further resulted into neurotoxicity through axonal as well as myelin degeneration in the brain. BPA also caused 
increased oxidative stress in the brain. Our study indicates long-term subchronic low dose exposure to BPA has the potential to cause axonal degeneration and demyelination in the oligodendrocytes and neurons which 
may have implications in neurological and neuropsychological disorders including multiple sclerosis (MS), neuromyelitis optica and others.

Toxicology Vol.428 
Pages 152299

10.1016/j.tox.2019.152299 31574244 動物 - 1 1 不明 不明 0 40、400µg/kg - - - - - - - - - - - - - - - - - - - - -

統合_1199 M. Khalifa, R. H. Fayed, Y. H. Ahmed, M. F. 
Abdelhameed, A. F. Essa and H. M. A. Khalil 2025

Ferulic acid ameliorates bisphenol A 
(BPA)-induced Alzheimer's disease-
like pathology through Akt-ERK 
crosstalk pathway in male rats

OBJECTIVES: This study investigated the neuroprotective effect of ferulic acid (FA) against bisphenol A (BPA) induced Alzheimer's disease-like pathology in male rats. METHODS: Rats were allocated into four groups, 
control, BPA, BPA + FA, and FA, respectively, for 40 days. Spatial working memory and recognition memory were evaluated. Moreover, the brain levels of oxidative stress biomarkers, proinflammatory cytokines, 
extracellular signal-regulated kinase (ERK), and phosphorylated serine/threonine protein kinase (p-Akt) were measured. We also determined the brain neuropathological protein levels, including Beta-Amyloid 1-42, total 
Tau (tTau), and phosphorylated Tau (pTau) proteins. Furthermore, brain levels of Acetylcholinesterase (AChE) and Beta-secretase (BACE) were assessed. Brain histological investigation and immunohistochemistry 
determination of glial fibrillar acidic protein (GFAP) were also performed. Moreover, docking simulation was adapted to understand the inhibitory role of FA on AChE, BACE-1, and ERK1/2. RESULTS: Interestingly, the 
BPA + FA treated group showed a reversal in the cognitive impairments induced by BPA, which was associated with improved brain redox status. They also exhibited a significant decrease in brain inflammatory cytokines, 
ERK, and p-Akt levels. Moreover, they revealed a decline in beta-amyloid 1-42 and a significant improvement in tTau expression and pTau protein levels in the brain tissue. Further, the brain levels of AChE and BACE were 
substantially reduced in BPA + FA rats. The neuroprotective effect of FA was confirmed by restoring the normal architecture of brain tissue, which was associated with decreasing GFAP. CONCLUSION: FA could be a 
potent neuroprotectant agent against AD with a possible prospect for its therapeutic capabilities and nutritional supplement value due to its antioxidant and antiapoptotic properties.

Psychopharmacology 
(Berl) Vol.242 Issue 3 
Pages 461-480

10.1007/s00213-024-06697-4 39441400 動物 - 1 1 1 1 0 50 mg/kg - - - - - - - - - - - - - - - - - - - - -

統合_1200 M. Keshavarzi, B. M. Razavi and H. 
Hosseinzadeh 2025

Trans-sodium crocetinate 
ameliorates Parkinson-like disease 
caused by bisphenol A through 
inhibition of apoptosis and reduction 
of α-synuclein in rats

OBJECTIVES: Trans-sodium crocetinate (TSC) is one of the crocetin derivations that is more soluble and stable than crocetin and its cis form. It easily crosses the blood-brain barrier. TSC has neuroprotective effects. 
Bisphenol A (BPA) is an endocrine-mimicking compound that induces Parkinson-like disease by impacting the dopaminergic system. In this research, the effects of TSCs on BPA-induced Parkinson-like symptoms via 
behavioral and molecular assays have been investigated. MATERIALS AND METHODS: Male Wistar rats received BPA (75 mg/kg, gavage), TSC (10, 20, and 40 mg/kg), and levodopa (L-dopa) (10 mg/kg) via intraperitoneal 
injection (IP) for 28 days. Parkinsonian-like motor features were evaluated using bar test, rotarod, and open field experiments. Malondialdehyde (MDA) and glutathione (GSH) levels were also measured as the most 
important indicators of oxidative stress. Western blotting was performed for the molecular assays of alpha-synuclein (α-syn), Bcl-2, Bax, caspase-3, Beclin, and LC3 I/II proteins. RESULTS: Our analyses indicated that 
treatment with TSC at high dose reduces MDA levels and protects GSH reserves. TSC can also increase anti-apoptotic Bcl-2 and decrease pro-apoptotic Bax and caspase-3 proteins. While it does not affect autophagy 
markers, TSC decreased α-syn protein expression, reduced the catalepsy time, and improved the time spent staying on the rotating bar and the locomotor activity. CONCLUSION: Overall, TSC likely ameliorates BPA-
mediated Parkinson' s-like symptoms by suppressing oxidative stress inhibition. This leads to reduced α-syn expression, which ultimately results in apoptosis inductions. Therefore, TSC can serve as a promising 
exploratory target for future research aimed at controlling Parkinson's disease.

Iran J Basic Med Sci 
Vol.28 Issue 2 Pages 
254-263

10.22038/ijbms.2024.81157.17567 39850110 動物 - 1 1 1 1 0 75 mg/kg - - - - - - - - - - - - - - - - - - - - -

統合_1201 Z. H. Ke, A. L. Yu, X. F. Cai, Y. Sun, H. L. Xu, M. 
Chen, C. X. Chen and B. H. Zheng 2022

Neonatal exposure of bisphenol A 
led to increased lipolysis of visceral 
adipose tissue in adult rats with 
DNA hypomethylation of Atgl being 
one of the possible underlying 
mechanisms

Accumulating evidence suggests the role of developmental exposure of bisphenol A (BPA) in metabolic disorders. However, the underlying mechanism remains unclear. Using a rat model, we investigated the neonatal 
exposure of BPA on lipid metabolism in adult and the underlying mechanisms. From postnatal day1(PND1) to PND10, male rats were exposed to BPA via daily subcutaneous injection with 10 µg/100 µL BPA (1.24-0.5 
mg/kg body weight/day, a dose below the US-EPA LOAEL). After fasting for 8 h, adult rats aged 80 days showed elevated levels of serum free fatty acid (FFA), glycerol and glucose, and increased levels of FFA and 
glycerol in visceral adipose tissue. The expression levels of key enzymes of lipolysis, adipose triglyceride lipase (Atgl) and hormone-sensitive lipase (Hsl), were increased in visceral adipose tissue from BPA-exposed rats 
after fasting. On the other hand, transcription levels of lipogenic genes remained unchanged. Differentiation of visceral adipocyte in rats takes place neonatally. In our study, neonatal BPA exposure induced DNA 
hypomethylation of Atgl in visceral adipose tissue. In 3T3-L1 cell, administration of 10(-7) mol/L BPA throughout the differentiation stage led to DNA hypomethylation and increased expression of Atgl. Our results suggest 
that neonatal exposure of BPA led to increased lipolysis of visceral adipose tissue in young adults, which will predispose individuals to multiple metabolic disorders. The DNA hypomethylation of Atgl might be one of the 
mechanisms underneath the long-lasting effect of neonatal BPA exposure.

Toxicology Vol.473 
Pages 153194

10.1016/j.tox.2022.153194 35504408 動物 - 1 0 1 不明 0 1.24〜0.5 mg/kg/⽇ - - - - - - - - - - - - - - - - - - - - -

統合_1202
Z. H. Ke, Y. H. Li, A. L. Yu, X. F. Cai, Y. Y. Lin, S. 
H. Lin, C. C. Zheng, C. X. Yu, B. H. Zheng and Y. 
Sun

2025

Human-relevant doses of bisphenol 
a induce insulin resistance by 
downregulating Irs1 expression in 
skeletal muscle through estrogen 
receptor-α

Emerging evidence links bisphenol A (BPA) to insulin resistance, but the underlying mechanisms remain unclear. In this study, lactating mother mice and their male offspring post-weaning were exposed to bisphenol A 
(BPA) via drinking water at human-relevant (2.5 μg/L) and high human-relevant (25 μg/L) concentrations, corresponding to daily intakes of 0.5 and 5 μg/kg body weight, respectively. At 8 weeks of age, male offspring 
exposed to BPA exhibited evident insulin resistance. RNA sequencing of skeletal muscle identified the insulin signaling pathway as the most significantly disrupted, with Irs1 showing the highest degree of differential 
expression among key genes involved in glucose metabolism. RT-qPCR and Western blot validation in skeletal muscle, using an expanded sample set, confirmed that Irs1 was uniquely and significantly dysregulated among 
genes essential for glucose metabolism after exposure to both BPA doses. Furthermore, BPA within and around human-relevant concentrations reduced Irs1 expression and impaired insulin signaling in skeletal muscle in 
a dose-dependent manner, both in vivo and in C2C12 myotubes. Mechanistic analyses using CUT&Tag, ChIP-qPCR, and luciferase reporter assays demonstrated that BPA disrupts estrogen receptor-α (ERα) binding to 
the estrogen response element in Irs1 promoter, thereby suppressing Irs1 transcription and antagonizing estrogen's regulatory effects. This study demonstrates that chronic and early-life exposure of BPA at human-
relevant concentrations induces insulin resistance in young adults. BPA around human-relevant concentrations induces insulin resistance by dose-dependently suppressing Irs1 expression in skeletal muscle via 
interference with ERα binding, highlighting a molecular mechanism of metabolic toxicity and the need for broader exposure control.

Ecotoxicol Environ Saf 
Vol.303 Pages 118791

10.1016/j.ecoenv.2025.118791 40753770 動物 - 1 1 1 ICR 0 0.5、5 µg/L（飲⽔中濃度） - - - - - - - - - - - - - - - - - - - - -

統合_1203
S. Kawato, M. Ogiue-Ikeda, M. Soma, H. 
Yoshino, T. Kominami, M. Saito, S. Aou and Y. 
Hojo

2021

Perinatal Exposure of Bisphenol A 
Differently Affects Dendritic Spines 
of Male and Female Grown-Up 
Adult Hippocampal Neurons

Perinatal exposure to Bisphenol A (BPA) at a very low dose may modulate the development of synapses of the hippocampus during growth to adulthood. Here, we demonstrate that perinatal exposure to 30 μg BPA/kg per 
mother's body weight/day significantly altered the dendritic spines of the grownup rat hippocampus. The density of the spine was analyzed by imaging of Lucifer Yellow-injected CA1 glutamatergic neurons in adult 
hippocampal slices. In offspring 3-month male hippocampus, the total spine density was significantly decreased by BPA exposure from 2.26 spines/μm (control, no BPA exposure) to 1.96 spines/μm (BPA exposure). BPA 
exposure considerably changed the normal 4-day estrous cycle of offspring 3-month females, resulting in a 4~5 day estrous cycle with 2-day estrus stages in most of the subjects. In the offspring 3-month female 
hippocampus, the total spine density was significantly increased by BPA exposure at estrus stage from 2.04 spines/μm (control) to 2.25 spines/μm (BPA exposure). On the other hand, the total spine density at the 
proestrus stage was moderately decreased from 2.33 spines/μm (control) to 2.19 spines/μm (BPA exposure). Thus, after the perinatal exposure to BPA, the total spine density in males became lower than that in 
females. Concerning the BPA effect on the morphology of spines, the large-head spine was significantly changed with its significant decrease in males and moderate change in females.

Front Neurosci Vol.15 
Pages 712261

10.3389/fnins.2021.712261 34616273 動物 - 1 1 1 1 0 30 µg/kg/⽇ - - - - - - - - - - - - - - - - - - - - -

統合_1204 S. Kaur, G. Singh, S. Sadwal and A. Aniqa 2020

Alleviating impact of hydroethanolic 
Murraya koenigii leaves extract on 
bisphenol A instigated testicular 
lethality and apoptosis in mice

Bisphenol A (BPA) is a well-known endocrine disruptor that imposees adverse effects on male fertility via interacting with germ cells of testis. Objectives of present study were to investigate the possible protective 
effects of hydroethanolic Murraya koenigii leaves extract (HEMKLE) against BPA-induced testicular damage and apoptosis in mice. Male Balb/c mice were divided into four different groups: Group I (control), Group II 
(HEMKLE), Group III (BPA) and Group IV (HEMKLE + BPA). Group III (BPA) showed significant decrease in sperm parameters, germ cell number along with increased lipid peroxidation (LPO) and reactive oxygen species 
(ROS). A significant decrease in antioxidant enzymes activity was also observed in Group III (BPA) animals. mRNA expression study revealed significant decrease in the expression of Bcl-2 and increase in expressions of 
caspase-9 and caspase-3, thus clearly demonstrate BPA-induced apoptosis. In addition, HEMKLE co-administration to BPA-treated mice showed a significant increase in sperm parameters, germ cell number, decreased 
levels of LPO and ROS, increased antioxidant enzymes activity in Group IV (HEMKLE + BPA). Also, mRNA expression study showed a significant increase in Bcl-2 and decrease in caspase-9 and caspase-3 gene 
expressions in Group IV (HEMKLE + BPA). Thus, the present study suggests that HEMKLE intervention provides protection against BPA-induced oxidative stress and apoptosis.

Andrologia. 2020 
Apr;52(3):e13504.

10.1111/and.13504 31912924 動物 精巣 1 1 1 1 0 1 - - - - - - 1 1 - 1 - - - - - - - - - - -

統合_1205

S. Kaur, S. J. Sarma, B. L. Marshall, Y. Liu, J. A. 
Kinkade, M. M. Bellamy, J. Mao, W. G. Helferich, 
A. K. Schenk, N. J. Bivens, Z. Lei, L. W. Sumner, 
J. A. Bowden, J. P. Koelmel, T. Joshi and C. S. 
Rosenfeld

2020

Developmental exposure of 
California mice to endocrine 
disrupting chemicals and potential 
effects on the microbiome-gut-brain 
axis at adulthood

Xenoestrogens are chemicals found in plant products, such as genistein (GEN), and in industrial chemicals, e.g., bisphenol A (BPA), present in plastics and other products that are prevalent in the environment. Early 
exposure to such endocrine disrupting chemicals (EDC) may affect brain development by directly disrupting neural programming and/or through the microbiome-gut-brain axis. To test this hypothesis, California mice 
(Peromyscus californicus) offspring were exposed through the maternal diet to GEN (250 mg/kg feed weight) or BPA (5 mg/kg feed weight, low dose- LD or 50 mg/kg, upper dose-UD), and dams were placed on these 
diets two weeks prior to breeding, throughout gestation, and lactation. Various behaviors, gut microbiota, and fecal metabolome were assessed at 90 days of age. The LD but not UD of BPA exposure resulted in 
individuals spending more time engaging in repetitive behaviors. GEN exposed individuals were more likely to exhibit such behaviors and showed socio-communicative disturbances. BPA and GEN exposed females had 
increased number of metabolites involved in carbohydrate metabolism and synthesis. Males exposed to BPA or GEN showed alterations in lysine degradation and phenylalanine and tyrosine metabolism. Current findings 
indicate cause for concern that developmental exposure to BPA or GEN might affect the microbiome-gut-brain axis.

Sci Rep Vol.10 Issue 1 
Pages 10902

10.1038/s41598-020-67709-9 32616744 動物 - 1 1 1 Peromyscus californicus 0 5、50 mg/kg - - - - - - - - - - - - - - - - - - - - -
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統合_1206 S. Kaur, M. Saluja, A. Aniqa and S. Sadwal 2021

Selenium attenuates bisphenol A 
incurred damage and apoptosis in 
mice testes by regulating mitogen-
activated protein kinase signalling

Being a vital micronutrient, along with a trace element, selenium (Se) protects the cells from oxidative stress (OS) in the form of selenoproteins. Bisphenol A (BPA) is a xeno-oestrogenic compound that adversely affects 
the spermatogenesis process by inducing oxidative stress, which ultimately leads to male infertility. Therefore, it is hypothesised that Se could protect against BPA-induced OS, and further germ cell death by modifying 
mitogen-activated protein kinase (MAPK) signalling. Male Balb/c mice were divided into four groups: Group I (C) (0.2 ppm Se), Group II (Se) (0.5 ppm Se), Group III (BPA) (0.2 ppm Se, and BPA = 1 mg/kg orally) and Group 
IV (Se + BPA) (0.5 ppm Se, and BPA = 1 mg/kg bodyweight orally). Results indicated that BPA-treated animals demonstrated a marked decrease in antioxidant enzyme activities (superoxide dismutase, catalase, redox 
ratio), a marked elevation in the expressions of stress-activated kinases (c-Jun NH2-terminal kinase (JNK), extracellular signal-regulated kinase (ERK) and p38) and the expressions of pro-apoptotic markers (caspase-9, 
caspase-8 and caspase-3). However, Se supplementation considerably restored the antioxidant enzyme activities and lowered the expressions of stress-activated kinases, which further down-regulated the apoptosis. 
Thus, Se supplementation demonstrated to be effective against BPA provoked testicular damage.

Andrologia Vol.53 Issue 
3 Pages e13975

10.1111/and.13975 33438769 動物 - 1 1 0 Balb/c 0 1 mg/kg - - - - - - - - - - - - - - - - - - - - -

統合_1207 S. Kaur and S. Sadwal 2020

Studies on the phytomodulatory 
potential of fenugreek (Trigonella 
foenum-graecum) on bisphenol-A 
induced testicular damage in mice

Bisphenol A (BPA), an organic synthetic compound and endocrine disruptor, which majorly cause deleterious effects on male reproductory system. Fenugreek (Trigonella foenum-graecum), associated with Leguminosae 
family is used as a herbal medicine with potent antioxidant properties. The present study was aimed to scrutinise the preventative role of fenugreek seeds aqueous extract (FSEt) on BPA-induced testicular damage in 
mice. Study included four different groups of male Balb/c mice: contol (C), fenugreek (FSEt), bisphenol A (BPA) and fenugreek + bisphenol A (FSEt + BPA). After two months of treatment, assessment of sperm 
parameters, antioxidant defence system, histopathological studies, germ cell count and gene expression of intrinsic apoptotic pathway were carried out. Administration of FSEt improved the damage caused by BPA as 
indicated by improved sperm parameters. FSEt-administered mice showed improvement in the histoarchitecture compared with BPA-administered animals. In addition, fenugreek treatment showed reduced levels of 
malondialdehyde and elevated levels of antioxidant enzymes. Expression studies of apoptotic markers revealed a significant decrease in the expression of Bcl-2 and significant increase in caspase-9 and caspase-3. 
However, FSEt restored the deleterious effects caused by BPA. The current findings plausibly might have promising protective role against BPA-induced testicular damage.

Andrologia Vol.52 Issue 
2 Pages e13492

10.1111/and.13492 31793690 動物 - 1 不明 1 不明 0 不明 - - - - - - - - - - - - - - - - - - - - -

統合_1208

S. Kaur, J. A. Kinkade, M. T. Green, R. E. Martin, 
T. E. Willemse, N. J. Bivens, A. K. Schenk, W. G. 
Helferich, B. C. Trainor, J. Fass, M. Settles, J. 
Mao and C. S. Rosenfeld

2021

Disruption of global hypothalamic 
microRNA (miR) profiles and 
associated behavioral changes in 
California mice (Peromyscus 
californicus) developmentally 
exposed to endocrine disrupting 
chemicals

Developmental exposure to endocrine disrupting chemicals (EDCs), e.g., bisphenol A (BPA) or genistein (GEN), causes longstanding epigenome effects. MicroRNAs (miRs) regulate which mRNAs will be translated to 
proteins and thereby serve as the final checkpoint in epigenetic control. Scant amount is known, however, whether EDCs affect neural miRNA (miR) patterns. We aimed to test the hypothesis that developmental exposure 
of California mice (Peromyscus californicus) to GEN, BPA, or both chemicals influences hypothalamic miR/small RNA profiles and ascertain the extent such biomolecular alterations correlate with behavioral and 
metabolic changes. California mice were developmentally exposed to GEN (250 mg/kg feed weight, FW), GEN (250 mg/kg FW)+BPA (5 mg/kg FW), low dose (LD) BPA (5 mg/kg FW), or upper dose (UD) BPA (50 mg/kg 
FW). Adult offspring were tested in a battery of behavioral and metabolic tests; whereupon, mice were euthanized, brains were collected and frozen, small RNAs were isolated from hypothalamic punches, and 
subsequently sequenced. California mice exposed to one or both EDCs engaged in one or more repetitive behaviors. GEN, LD BPA, and UD BPA altered aspects of ultrasonic and audible vocalizations. Each EDC exposure 
led to sex-dependent differences in differentially expressed miR/small RNAs with miR7-2, miR146, and miR148a being increased in all female and male EDC exposed groups. Current findings reveal that developmental 
exposure to GEN and/or BPA affects hypothalamic miR/small RNA expression patterns, and such changes correlate with EDC-induced behavioral and metabolic alterations. miR146 is likely an important mediator and 
biomarker of EDC exposure in mammals, including humans.

Horm Behav Vol.128 
Pages 104890

10.1016/j.yhbeh.2020.104890 33221288 動物 - 1 1 1 California mice 0 5、50 mg/kg - - - - - - - - - - - - - - - - - - - - -

統合_1209

K. Kasitipradit, S. Thongkorn, S. Kanlayaprasit, 
T. Saeliw, P. Lertpeerapan, P. Panjabud, D. 
Jindatip, V. W. Hu, T. Kikkawa, N. Osumi and T. 
Sarachana

2025

Sex-specific effects of prenatal 
bisphenol A exposure on 
transcriptome-interactome profiles 
of autism candidate genes in neural 
stem cells from offspring 
hippocampus

Bisphenol A (BPA), an endocrine-disrupting chemical, is increasingly linked to the pathogenesis of autism spectrum disorder (ASD). This study investigates the effects of prenatal BPA exposure on neural stem cells 
(NSCs) from the hippocampi of rat offspring, a brain region critical for neurodevelopment and implicated in ASD. Pregnant rats were administered with BPA or vehicle control once daily via oral gavage from gestational day 
1 until parturition. NSCs were isolated from the offspring's hippocampi on postnatal day 1, and RNA sequencing was performed to examine transcriptomic alterations. Differentially expressed genes (DEGs) were identified 
through RNA-seq and further analyzed using Ingenuity Pathway Analysis (IPA) to explore disrupted pathways. In addition, in vitro proliferation assays were conducted, utilizing immunofluorescence staining for Sox2, a 
stem cell marker, and BrdU to quantify proliferating NSCs. Our results revealed that prenatal BPA exposure induced sex-specific alterations in NSC gene expression, with ASD-related genes such as Atp1a3, Nefl, and 
Grin1 being particularly dysregulated in male offspring. Moreover, sex-specific changes in NSC proliferation were observed. The study underscores BPA's potential as an environmental risk factor for ASD, emphasizing the 
need for further research into its role in sex-specific neurodevelopmental effects.

Sci Rep Vol.15 Issue 1 
Pages 2882

10.1038/s41598-025-86392-2 39843912 動物 - 1 1 1 1 0 5 mg/kg - - - - - - - - - - - - - - - - - - - - -

統合_1210

V. Karzi, M. N. Tzatzarakis, A. Alegakis, E. 
Vakonaki, I. Fragkiadoulaki, K. Kaloudis, C. 
Chalkiadaki, P. Apalaki, M. Panagiotopoulou, A. 
Kalliantasi, D. Kouretas, A. O. Docea, D. Calina 
and A. Tsatsakis

2022

In Vivo Estimation of the Biological 
Effects of Endocrine Disruptors in 
Rabbits after Combined and Long-
Term Exposure: Study Protocol

Recently, an increasing number of chemical compounds are being characterized as endocrine disruptors since they have been proven to interact with the endocrine system, which plays a crucial role in the maintenance of 
homeostasis. Glyphosate is the active substance of the herbicide Roundup(®), bisphenol A (BPA) and di (2-ethylhexyl) phthalate (DEHP) are used as plasticizers, while triclosan (TCS), methyl (MePB), propyl (PrPB), and 
butyl (BuPB) parabens are used as antimicrobial agents and preservatives mainly in personal care products. Studies indicate that exposure to these substances can affect humans causing developmental problems and 
problems in the endocrine, reproductive, nervous, immune, and respiratory systems. Although there are copious studies related to these substances, there are few in vivo studies related to combined exposure to these 
endocrine disruptors. The aim of the present pilot study is the investigation and assessment of the above substances' toxicity in rabbits after twelve months of exposure to glyphosate (both pure and commercial form) and 
to a mixture of all the above substances at subtoxic levels. The lack of data from the literature concerning rabbits' exposure to these substances and the restrictions of the 3Rs Principle will result in a limited number of 
animals available for use (four animals per group, twenty animals in total).

Toxics Vol.10 Issue 5 10.3390/toxics10050246 35622659 動物 - 1 1 0 不明 0 0.004、0.04 mg/kg体重/⽇ - - - - - - - - - - - - - - - - - - - - -

統合_1211

V. Karzi, E. Ozcagli, M. N. Tzatzarakis, E. 
Vakonaki, I. Fragkiadoulaki, A. Kalliantasi, C. 
Chalkiadaki, A. Alegakis, P. Stivaktakis, A. Karzi, 
A. Makrigiannakis, A. O. Docea, D. Calina and A. 
Tsatsakis

2023

DNA Damage Estimation after 
Chronic and Combined Exposure to 
Endocrine Disruptors: An In Vivo 
Real-Life Risk Simulation Approach

Exposure to chemical substances has always been a matter of concern for the scientific community. During the last few years, researchers have been focusing on studying the effects resulting from combined exposure to 
different substances. In this study, we aimed to determine the DNA damage caused after chronic and combined exposure to substances characterized as endocrine disruptors using comet and micronuclei assays, 
specifically glyphosate (pure and commercial form), bisphenol A, parabens (methyl-, propyl- and butylparaben), triclosan and bis (2-ethylhexyl) phthalate. The highest mean tail intensity was observed in the group exposed 
to a high-dose (10 × ADI) mixture of substances (Group 3), with a mean value of 11.97 (11.26-13.90), while statistically significant differences were noticed between the groups exposed to low-dose (1 × ADI) (Group 2) 
and high-dose (10 × ADI) (Group 3) mixtures of substances (p = 0.003), and between Group 3 and both groups exposed to high doses (10 × ADI) of the pure and commercial forms of glyphosate (Groups 4 (p = 0.014) and 
5 (p = 0.007)). The micronuclei assay results were moderately correlated with the exposure period. Group 5 was the most impacted exposure group at all sampling times, with mean MN counts ranging between 28.75 ± 
1.71 and 60.75 ± 1.71, followed by Group 3 (18.25 ± 1.50-45.75 ± 1.71), showing that commercial forms of glyphosate additives as well as mixtures of endocrine disruptors can enhance MN formation. All exposure 
groups showed statistically significant differences in micronuclei counts with an increasing time trend.

Int J Mol Sci Vol.24 
Issue 12

10.3390/ijms24129989 37373136 動物 - 1 1 0 1 0 0.004、0.04 mg/kg体重/⽇ - - - - - - - - - - - - - - - - - - - - -

統合_1212 R. Karthikraj, S. Lee and K. Kannan 2020

Biomonitoring of exposure to 
bisphenols, benzophenones, 
triclosan, and triclocarban in pet 
dogs and cats

Similar to humans, pet animals are exposed to environmental contaminants through multiple sources and pathways. Although a few studies have demonstrated exposure of cats and dogs to environmental chemicals, little 
is known about exposure to bisphenols, benzophenone UV filters, and antibacterial agents. In this study, we measured three bisphenols, three benzophenone-type UV filters, triclosan (TCS), and triclocarban (TCC) in dog 
(n = 50) and cat urine (n = 50) collected from New York State, USA. Among bisphenols, BPS was found at the highest concentrations (mean ± SD: 3.2 ± 8.5 ng/mL in dogs and 8.85 ± 30.0 ng/mL in cats) with detection 
frequencies of 96% in dogs and 78% in cats. Among benzophenones, BP-3 (oxybenzone) was the dominant compound in pet urine, followed by BP-1 and BP-8. TCS was found at concentrations higher than those of TCC in 
both cat and dog urine. There were no significant differences in bisphenol concentrations between sexes or age groups, both in dogs and cats. The calculated hazard quotients (HQ) suggested that the current exposure 
levels of BPS and BP-3 in pets were 2-5 orders of magnitude below the tentative threshold values available for humans.

Environ Res Vol.180 
Pages 108821

10.1016/j.envres.2019.108821 31639656 動物 - 1 不明 0 不明 不明 不明 - - - - - - - - - - - - - - - - - - - - -

統合_1213
P. C. Karmakar, J. S. Ahn, Y. H. Kim, S. E. Jung, 
B. J. Kim, H. S. Lee, S. U. Kim, M. S. Rahman, M. 
G. Pang and B. Y. Ryu

2020

Paternal Exposure to Bisphenol-A 
Transgenerationally Impairs Testis 
Morphology, Germ Cell Associations, 
and Stemness Properties of Mouse 
Spermatogonial Stem Cells

Bisphenol-A (BPA) exposure in an adult male can affect the reproductive system, which may also adversely affect the next generation. However, there is a lack of comprehensive data on the BPA-induced disruption of the 
association and functional characteristics of the testicular germ cells, which the present study sought to investigate. Adult male mice were administered BPA doses by gavage for six consecutive weeks and allowed to 
breed, producing generations F1-F4. Testis samples from each generation were evaluated for several parameters, including abnormal structure, alterations in germ cell proportions, apoptosis, and loss of functional 
properties of spermatogonial stem cells (SSCs). We observed that at the lowest-observed-adverse-effect level (LOAEL) dose, the testicular abnormalities and alterations in seminiferous epithelium staging persisted in 
F0-F2 generations, although a reduced total spermatogonia count was found only in F0. However, abnormalities in the proportions of germ cells were observed until F2. Exposure of the male mice (F0) to BPA alters the 
morphology of the testis along with the association of germ cells and stemness properties of SSCs, with the effects persisting up to F2. Therefore, we conclude that BPA induces physiological and functional disruption in 
male germ cells, which may lead to reproductive health issues in the next generation.

Int J Mol Sci Vol.21 
Issue 15

10.3390/ijms21155408 32751382 動物 - 1 1 1 1 0 5、50 mg/kg/⽇ - - - - - - - - - - - - - - - - - - - - -

統合_1214
S. Kanlayaprasit, S. Thongkorn, P. Panjabud, D. 
Jindatip, V. W. Hu, T. Kikkawa, N. Osumi and T. 
Sarachana

2021

Autism-Related Transcription 
Factors Underlying the Sex-Specific 
Effects of Prenatal Bisphenol A 
Exposure on Transcriptome-
Interactome Profiles in the Offspring 
Prefrontal Cortex

Bisphenol A (BPA) is an environmental risk factor for autism spectrum disorder (ASD). BPA exposure dysregulates ASD-related genes in the hippocampus and neurological functions of offspring. However, whether 
prenatal BPA exposure has an impact on genes in the prefrontal cortex, another brain region highly implicated in ASD, and through what mechanisms have not been investigated. Here, we demonstrated that prenatal BPA 
exposure disrupts the transcriptome-interactome profiles of the prefrontal cortex of neonatal rats. Interestingly, the list of BPA-responsive genes was significantly enriched with known ASD candidate genes, as well as 
genes that were dysregulated in the postmortem brain tissues of ASD cases from multiple independent studies. Moreover, several differentially expressed genes in the offspring's prefrontal cortex were the targets of 
ASD-related transcription factors, including AR, ESR1, and RORA. The hypergeometric distribution analysis revealed that BPA may regulate the expression of such genes through these transcription factors in a sex-
dependent manner. The molecular docking analysis of BPA and ASD-related transcription factors revealed novel potential targets of BPA, including RORA, SOX5, TCF4, and YY1. Our findings indicated that prenatal BPA 
exposure disrupts ASD-related genes in the offspring's prefrontal cortex and may increase the risk of ASD through sex-dependent molecular mechanisms, which should be investigated further.

Int J Mol Sci Vol.22 
Issue 24

10.3390/ijms222413201 34947998 動物 - 1 1 1 1 0 5 mg/kg - - - - - - - - - - - - - - - - - - - - -

統合_1215

S. Kanlayaprasit, T. Saeliw, S. Thongkorn, P. 
Panjabud, K. Kasitipradit, P. Lertpeerapan, K. 
Songsritaya, W. Yuwattana, T. Jantheang, D. 
Jindatip, V. W. Hu, T. Kikkawa, N. Osumi and T. 
Sarachana

2024

Sex-specific impacts of prenatal 
bisphenol A exposure on genes 
associated with cortical 
development, social behaviors, and 
autism in the offspring's prefrontal 
cortex

BACKGROUND: Recent studies have shown that prenatal BPA exposure altered the transcriptome profiles of autism-related genes in the offspring's hippocampus, disrupting hippocampal neuritogenesis and causing 
male-specific deficits in learning. However, the sex differences in the effects of prenatal BPA exposure on the developing prefrontal cortex, which is another brain region highly implicated in autism spectrum disorder 
(ASD), have not been investigated. METHODS: We obtained transcriptome data from RNA sequencing analysis of the prefrontal cortex of male and female rat pups prenatally exposed to BPA or control and reanalyzed. 
BPA-responsive genes associated with cortical development and social behaviors were selected for confirmation by qRT-PCR analysis. Neuritogenesis of primary cells from the prefrontal cortex of pups prenatally 
exposed to BPA or control was examined. The social behaviors of the pups were assessed using the two-trial and three-chamber tests. The male-specific impact of the downregulation of a selected BPA-responsive gene 
(i.e., Sema5a) on cortical development in vivo was interrogated using siRNA-mediated knockdown by an in utero electroporation technique. RESULTS: Genes disrupted by prenatal BPA exposure were associated with ASD 
and showed sex-specific dysregulation. Sema5a and Slc9a9, which were involved in neuritogenesis and social behaviors, were downregulated only in males, while Anxa2 and Junb, which were also linked to neuritogenesis 
and social behaviors, were suppressed only in females. Neuritogenesis was increased in males and showed a strong inverse correlation with Sema5a and Slc9a9 expression levels, whereas, in the females, neuritogenesis 
was decreased and correlated with Anxa2 and Junb levels. The siRNA-mediated knockdown of Sema5a in males also impaired cortical development in utero. Consistent with Anxa2 and Junb downregulations, deficits in 
social novelty were observed only in female offspring but not in males. CONCLUSION: This is the first study to show that prenatal BPA exposure dysregulated the expression of ASD-related genes and functions, including 
cortical neuritogenesis and development and social behaviors, in a sex-dependent manner. Our findings suggest that, besides the hippocampus, BPA could also exert its adverse effects through sex-specific molecular 
mechanisms in the offspring's prefrontal cortex, which in turn would lead to sex differences in ASD-related neuropathology and clinical manifestations, which deserves further investigation.

Biol Sex Differ Vol.15 
Issue 1 Pages 40

10.1186/s13293-024-00614-2 38750585 動物 - 1 1 1 1 0 5 mg/kg - - - - - - - - - - - - - - - - - - - - -

統合_1216 S. Kandeel, M. M. Abd-Elsalam, S. Abd-Elsalam 
and H. H. Elkaliny 2024

The Possible Protective Effect of 
Taurine on Bisphenol Induced 
Structural Changes on the Cerebral 
Cortex of Rats: Histological and 
Immunohistochemical Study

INTRODUCTION: Bisphenol A (BPA) is a chemical compound that has been used in many industries, such as paints and dental sealants. Taurine is a semi-essential amino acid with antioxidant, anti-inflammatory, and 
anti-apoptotic actions. AIM: This study aimed to evaluate the possible protective effect of taurine on BPA-induced structural changes in the cerebral cortex of rats using histological and immunohistochemical methods. 
METHODS: 35 Wistar rats (180-200 gm) were divided into control: 10 rats; Group I: 5 rats received corn oil (0.5 mL/day); Group II (Bisphenol low dose; BPAL): 5 rats received a low dose of BPA (25 mg/kg/three 
times/week); Group III (Bisphenol high dose; BPAH): 5 rats received a high dose of BPA (100 mg/kg/three times/week; Group IV: (BPAL + taurine): 5 rats received taurine 100 mg/kg/day and BPAL (25 mg/kg/three 
times/week); Group V: (BPAH + taurine): 5 rats received taurine 100 mg/kg/day and BPH (100 mg/kg/ three times/week). RESULTS: BPAL& BPAH groups showed significant dose-dependent histological changes of the 
neuropil, pyramidal, and neuroglial cells at H&E stained sections, significantly increased GFAP, caspase- 3 immunohistochemical reaction with cells positive for Ki67 with many mitotic figures. BPAL + taurine and BPAH 
+ taurine groups showed amelioration of the previously mentioned results. CONCLUSION: Taurine ameliorated the structural changes induced by BPA in the cerebral cortex of rats.

CNS Neurol Disord 
Drug Targets Vol.23 
Issue 10 Pages 1263-
1274

10.2174/011871527328070123122
7100805

38299273 動物 - 1 不明 1 1 0 25、100 mg/kg - - - - - - - - - - - - - - - - - - - - -

統合_1217

R. Kamaludin, Z. Rasdi, M. H. D. Othman, S. H. 
Sheikh Abdul Kadir, M. Y. Idorus, J. Khan, W. N. 
I. Wan Mohamad Zain, A. F. Ismail, M. A. 
Rahman and J. Jaafar

2022
The Effect of BPA-Treated Water on 
the Small Intestine via an In Vivo 
Study

Since the major route of BPA exposure is via the oral route, BPA may have effects on the gastrointestinal tract, especially on the intestinal barrier, where most digestion and absorption processes occur. In this study, the 
effects of BPA-treated water on the small intestine (SI) and SI tight junction proteins (TJPs) of both pregnant Sprague-Dawley rats and their fetuses were investigated. Previously, hybrid photocatalytic filtration treatment 
by a visible light driven N-doped TiO(2) membrane has successfully removed up to 81.6% of BPA in water. The effect of BPA-untreated (5.00 ± ppm) and BPA-treated water (0.9 ± ppm) after 21 days of exposure on the 
jejunum and ileum, as well as the expressions of claudin proteins, were investigated by Western blotting (WB) and hematoxylin and eosin (H&E) in order to investigate the potential of the photocatalytic membrane in 
removing the detrimental effect of BPA. The results suggest that BPA exposure altered the morphology of villi, and affected the expression level of claudin-2, -3, and -4 proteins in the jejunum and ileum of both pregnant 
rats and their fetuses. Interestingly, villi and claudins expressions were undisrupted in a treated-BPA water group, which indicated that the degradation of BPA via membranes effectively mitigates the effect on BPA on 
gastrointestinal tract.

Toxics Vol.10 Issue 6 10.3390/toxics10060296 35736905 動物 - 1 1 1 1 0 0.9 mg/kg - - - - - - - - - - - - - - - - - - - - -

統合_1218
A. Kaimal, J. M. Hooversmith, M. H. A. Mansi, P. 
V. Holmes, P. S. MohanKumar and S. M. J. 
MohanKumar

2024

Prenatal Exposure to Bisphenol A 
and/or Diethylhexyl Phthalate 
Impacts Brain Monoamine Levels in 
Rat Offspring

This study examines the sex-specific effects of gestational exposure (days 6-21) to endocrine-disrupting chemicals such as bisphenol A (BPA), diethylhexyl phthalate (DEHP), or their combination on brain monoamine 
levels that play an important role in regulating behavior. Pregnant Sprague-Dawley rats were orally administered saline, low doses (5 µg/kg BW/day) of BPA or DEHP, and their combination or a high dose (7.5 mg/kg 
BW/day) of DEHP alone or in combination with BPA during pregnancy. The offspring were subjected to a behavioral test and sacrificed in adulthood, and the brains were analyzed for neurotransmitter levels. In the 
paraventricular nucleus, there was a marked reduction in dopamine levels (p < 0.01) in male offspring from the BPA, DEHP, and B + D (HD) groups, which correlated well with their shock probe defensive burying times. 
Neurotransmitter changes in all brain regions examined were significant in female offspring, with DEHP (HD) females being affected the most, followed by the B + D groups. BPA and/or DEHP (LD) increased monoamine 
turnover in a region-specific manner in male offspring (p < 0.05). Overall, prenatal exposure to BPA, DEHP, or their combination alters monoamine levels in a brain region-specific, sex-specific, and dose-dependent 
manner, which could have implications for their behavioral and neuroendocrine effects.

J Xenobiot Vol.14 Issue 
3 Pages 1036-1050

10.3390/jox14030058 39189173 動物 - 1 1 1 1 0 5 µg/kg/⽇ - - - - - - - - - - - - - - - - - - - - -
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統合_1219

A. Kaimal, J. M. Hooversmith, A. D. Cherry, J. T. 
Garrity, M. H. Al Mansi, N. M. Martin, H. 
Buechter, P. V. Holmes, P. S. MohanKumar and 
S. M. J. MohanKumar

2023

Prenatal exposure to bisphenol A 
and/or diethylhexyl phthalate alters 
stress responses in rat offspring in a 
sex- and dose-dependent manner

Background: Prenatal exposures to endocrine disrupting chemicals (EDCs) are correlated with adverse behavioral outcomes, but the effects of combinations of these chemicals are unclear. The aim of this study was to 
determine the dose-dependent effects of prenatal exposure to EDCs on male and female behavior. Methods: Pregnant Sprague-Dawley rats were orally dosed with vehicle, bisphenol A (BPA) (5 μg/kg body weight 
(BW)/day), low-dose (LD) diethylhexyl phthalate (DEHP) (5 μg/kg BW/day), high-dose (HD) DEHP (7.5 mg/kg BW/day), a combination of BPA and LD-DEHP (B + D (LD)), or a combination of BPA and HD-DEHP (B + D 
(HD)) on gestational days 6-21. Adult offspring were subjected to the Open Field Test (OFT), Elevated Plus Maze (EPM), and Shock Probe Defensive Burying test (SPDB) in adulthood. Body, adrenal gland, and pituitary 
gland weights were collected at sacrifice. Corticosterone (CORT) was measured in the serum. Results: Female EDC-exposed offspring showed anxiolytic effects in the OFT, while male offspring were unaffected. DEHP 
(HD) male offspring demonstrated a feminization of behavior in the EPM. Most EDC-exposed male offspring buried less in the SPDB, while their female counterparts showed reduced shock reactivity, indicating sex-
specific maladaptive alterations in defensive behaviors. Additionally, DEHP (LD) males and females and B + D (LD) females displayed increased immobility in this test. DEHP (LD) alone and in combination with BPA led to 
lower adrenal gland weights, but only in male offspring. Finally, females treated with a mixture of B + D (HD) had elevated CORT levels. Conclusion: Prenatal exposure to BPA, DEHP, or a mixture of the two, affects 
behavior, CORT levels, and adrenal gland weights in a sex- and dose-dependent manner.

Front Toxicol Vol.5 
Pages 1264238

10.3389/ftox.2023.1264238 38152552 動物 - 1 1 1 1 0 5 µg/kg/⽇ - - - - - - - - - - - - - - - - - - - - -

統合_1220
A. Kaimal, J. M. Hooversmith, M. H. Al Mansi, A. 
D. Cherry, J. T. Garrity, P. V. Holmes, P. S. 
MohanKumar and S. M. J. MohanKumar

2024

Prenatal bisphenol A and/or 
diethylhexyl phthalate exposure 
followed by adult estradiol treatment 
affects behavior and brain 
monoamines in female rat offspring

SIGNIFICANCE: Women are at increased risk for mood disorders, which may be partly attributed to exposure to endocrine-disrupting chemicals (EDCs) during sensitive periods such as pregnancy. Exposure during these 
times can impact brain development in the offspring, potentially leading to mood disorders in later life. Additionally, fluctuating levels of endogenous estrogens, as seen during pregnancy, or the use of oral contraceptives, 
can further elevate this risk. This study examines the cumulative effects of prenatal EDC exposure combined with chronic low-dose 17β-estradiol (E2) treatment in adulthood on neurobehavioral outcomes. METHODS: 
Pregnant Sprague-Dawley rats were orally dosed with vehicle, bisphenol A (BPA) (5 μg/kg body weight (BW)/day), low-dose (LD) diethylhexyl phthalate (DEHP) (5 μg/kg BW/day), high-dose (HD) DEHP (7.5 mg/kg 
BW/day), or a combination of the two (BPA+DEHP) from gestational days 6-21. At 3 months of age, female offspring were implanted with slow-release E2 pellets or were sham-implanted. Following a 90-day treatment 
period, behavioral testing was conducted, and serum hormones and brain monoamine levels were analyzed. RESULTS: Chronic E2 treatment in controls increased anxiety and reduced active coping behaviors. In DEHP- 
and BPA+DEHP-exposed offspring, E2 treatment reversed some of these effects. Dose-dependent alterations in circulating hormone levels and brain monoamines were observed. Dysregulation of the stress axis was 
particularly notable with the higher dose of DEHP. CONCLUSIONS: Overall, prenatal EDC exposure altered behavior, hormones, and brain monoamines, with adult E2 treatment further exacerbating some of these effects 
in female offspring.

Front Endocrinol 
(Lausanne) Vol.15 
Pages 1479838

10.3389/fendo.2024.1479838 39839474 動物 - 1 1 1 1 0 5 µg/kg/⽇ - - - - - - - - - - - - - - - - - - - - -

統合_1221

A. Kaimal, M. H. Al Mansi, J. B. Dagher, C. Pope, 
M. G. Varghese, T. B. Rudi, A. E. Almond, L. A. 
Cagle, H. K. Beyene, W. T. Bradford, B. B. 
Whisnant, B. D. K. Bougouma, K. J. Rifai, Y. J. 
Chuang, E. J. Campbell, A. Mandal, P. S. 
MohanKumar and S. M. J. MohanKumar

2021
Prenatal exposure to bisphenols 
affects pregnancy outcomes and 
offspring development in rats

The objective of this study was to evaluate the effects of gestational exposure to low doses of bisphenol A (BPA), bisphenol S (BPS), and bisphenol F (BPF) on pregnancy outcomes and offspring development. Pregnant 
Sprague-Dawley rats were orally dosed with vehicle, 5 μg/kg body weight (BW)/day of BPA, BPS and BPF, or 1 μg/kg BW/day of BPF on gestational days 6-21. Pregnancy and gestational outcomes, including number of 
abortions and stillbirths, were monitored. Male and female offspring were subjected to morphometry at birth, followed by pre- and post-weaning body weights, post-weaning food and water intakes, and adult organ 
weights. Ovarian follicular counts were also obtained from adult female offspring. We observed spontaneous abortions in over 80% of dams exposed to 5 μg/kg of BPF. BPA exposure increased Graafian follicles in female 
offspring, while BPS and BPF exposure decreased the number of corpora lutea, suggesting reduced ovulation rates. Moreover, BPA exposure increased male kidney and prostate gland weights, BPF decreased epididymal 
adipose tissue weights, and BPS had modest effects on male abdominal adipose tissue weights. Prenatal BPS exposure reduced anogenital distance (AGD) in male offspring, suggesting possible feminization, whereas 
both BPS and BPA induced oxidative stress in the testes. These results indicate that prenatal exposure to BPF affects pregnancy outcomes, BPS alters male AGD, and all three bisphenols alter certain organ weights in 
male offspring and ovarian function in female offspring. Altogether, it appears that prenatal exposure to BPA or its analogues can induce reproductive toxicity even at low doses.

Chemosphere Vol.276 
Pages 130118

10.1016/j.chemosphere.2021.1301
18

33714148 動物 - 1 1 1 1 0 5 µg/kg/⽇ - - - - - - - - - - - - - - - - - - - - -

統合_1222 E. R. Kadir, A. Imam, O. J. Olajide and M. S. Ajao 2021

Alterations of Kiss 1 receptor, GnRH 
receptor and nuclear receptors of 
the hypothalamo-pituitary-ovarian 
axis following low dose bisphenol-A 
exposure in Wistar rats

Bisphenol A is a chemical used primarily as a monomer in the production of polycarbonate plastics and epoxy resins. It is a synthetic chemical compound that is produced in billions of pounds annually, and tagged as an 
endocrine disruptor. Bisphenol A is a high production synthetic chemical compound that is used in the production of many consumables and equipments of daily consumption and use by man. Growing interest in possible 
health threats posed by endocrine disrupting chemicals (bisphenol-A inclusive), as these substances are in our environment, food, and many consumer products. Therefore, this study aims to determine bisphenol-A 
effects on the hypothalamo-pituitary-ovarian axis, and role of melatonin in this regard. Forty-two Wistar rats were bred, grouped into 7, with each group consisting of 6 rats. Experimental groups were administered low 
and high doses of bisphenol-A and melatonin, starting from day 19, and was continued for 7 weeks orally. They were left to develop into full adults and were sacrificed on day 120±4 days. Blood samples, hypothalamus, 
pituitary and ovarian tissues were excised for biochemical and tissue antioxidants assays as well as genetic studies. Results show elevated gonadotropin and androgen levels. There was disruption of reactive oxygen 
species in the ovarian tissues, as well as alterations in the expression of genes that regulate reproduction at the hypothalamus and pituitary levels. Conclusion of early exposure to bisphenol-A is associated with 
prolonged duration of disruption of reproductive functions in female Wistar rats, which persist long after cessation of the exposure. Melatonin antioxidant effects give some promising outturns against bisphenol-A induced 
toxicities.

Anat Cell Biol Vol.54 
Issue 2 Pages 212-224

10.5115/acb.20.215 33967032 動物 - 1 1 1 1 0 25、50 mg/kg - - - - - - - - - - - - - - - - - - - - -

統合_1223
Y. H. Jung, H. V. Wang, D. Ruiz, B. J. Bixler, H. 
Linsenbaum, J. F. Xiang, S. Forestier, A. M. 
Shafik, P. Jin and V. G. Corces

2022

Recruitment of CTCF to an Fto 
enhancer is responsible for 
transgenerational inheritance of 
BPA-induced obesity

The mechanisms by which environmentally-induced epiphenotypes are transmitted transgenerationally in mammals are poorly understood. Here we show that exposure of pregnant mouse females to bisphenol A (BPA) 
results in obesity in the F2 progeny due to increased food intake. This epiphenotype can be transmitted up to the F6 generation. Analysis of chromatin accessibility in sperm of the F1-F6 generations reveals alterations at 
sites containing binding motifs for CCCTC-binding factor (CTCF) at two cis-regulatory elements (CREs) of the Fto gene that correlate with transmission of obesity. These CREs show increased interactions in sperm of 
obese mice with the Irx3 and Irx5 genes, which are involved in the differentiation of appetite-controlling neurons. Deletion of the CTCF site in Fto results in mice that have normal food intake and fail to become obese 
when ancestrally exposed to BPA. The results suggest that epigenetic alterations of Fto can lead to the same phenotypes as genetic variants.

Proc Natl Acad Sci U S 
A Vol.119 Issue 50 
Pages e2214988119

10.1073/pnas.2214988119 36469784 動物 - 1 0 1 1 0 50 mg/kg - - - - - - - - - - - - - - - - - - - - -

統合_1224 S. Jung, Y. Quah, O. Ham, S. Kim, J. S. Jeong, W. 
Kim, S. J. Lee and W. J. Yu 2025

Integrated transcriptome analysis of 
rats exposed to bisphenol mixtures 
from the fetal to developmental 
stage

Bisphenol A (BPA), widely used in plastics and resins, has raised health concerns for its endocrine-disrupting effects. BPA analogues such as bisphenol S (BPS) and bisphenol F (BPF) emerged as alternatives but exhibit 
similar risks. Despite regulations on BPA in many countries, alternatives remain insufficiently controlled. Although the safety of BPS and BPF has not been sufficiently verified, these compounds have already been 
detected in various environmental sources and human urine, raising serious concerns. While bisphenols are expected to have various adverse effects, research remains limited. This study investigates the adverse effects 
of bisphenols mixture on rats from fetal stage to young adulthood by analyzing transcriptomes in multiple tissues-liver, kidney, thyroid gland, and reproductive organs-and by gender, to identify key genes affected by 
bisphenol exposure. Dams were orally administered test substances from gestational day 6 to lactation day 6, and F1 pups received the same substances at half the concentration from postnatal day 7 to day 63. 
Transcriptome analysis of the collected tissues identified core genes related to high-density lipoprotein metabolism and hormone secretion, providing insights into mechanisms through which BPA may disrupt hormonal 
balance. Furthermore, the study suggests that combined exposure to BPA, BPS, and BPF produces distinct effects compared to BPA alone, with pronounced impacts on the thyroid and reproductive organs, despite 
individual concentrations being below the no-observed-adverse-effect-level. These findings highlight the potential cumulative impact of endocrine disrupting chemicals in the body.

Toxicol Res (Camb). 
2025 Aug 
18;14(4):tfaf120.

10.1093/toxres/tfaf120 40831461 動物 ⽣殖ホルモン 1 1 1 1 0 0 - - - - - - 1 1 - 1 - - - - - - - - - - -

統合_1225 J. H. Jun, J. E. Oh, J. K. Shim, Y. L. Kwak and J. 
S. Cho 2021

Effects of bisphenol A on the 
proliferation, migration, and tumor 
growth of colon cancer cells: In vitro 
and in vivo evaluation with 
mechanistic insights related to ERK 
and 5-HT3

Bisphenol A (BPA) is a well-known endocrine-disrupting chemical related to the carcinogenesis of estrogen-responsive organs. Although human exposure to BPA mainly occurs via the oral route, its association with colon 
cancer has not been fully elucidated. We investigated the effects of BPA on the proliferation, migration, and tumor growth of colon cancer cells. BPA significantly promoted the proliferation of HT-29 human colon 
adenocarcinoma cells in a time- and dose-dependent manner. BPA also increased HT-29 cells migration. BPA increased the phosphorylation of extracellular signal-regulated kinase (ERK), and inhibition of the ERK 
pathway attenuated BPA-induced proliferation and migration. In addition, BPA reduced E-cadherin expression, a key factor impeding epithelial-to-mesenchymal transition, and increased 5-HT3 receptors expression, a 
major mitogenic factor. In xenograft models, tumor volume of the BPA-treated nude mice was 4.6 times that of the saline-treated group. Our findings provide primary evidence regarding the link between BPA and human 
colon cancer by demonstrating that BPA promotes the proliferation, migration, and tumor growth of colon cancer cells in both in vitro and in vivo models. In addition, we provided the mechanism of action of BPA, involved in 
the activation of the ERK pathway, the decrease in E-cadherin, and the increase in 5-HT3 receptors.

Food Chem Toxicol. 
2021 Dec:158:112662.

10.1016/j.fct.2021.112662 34743013 in vitro - - - - - - - - - - 1 0 不明 1 - - - - - - - - - - - - - -

統合_1226
N. John, H. Rehman, S. Razak, M. David, W. 
Ullah, T. Afsar, A. Almajwal, I. Alam and S. 
Jahan

2019

Comparative study of environmental 
pollutants bisphenol A and 
bisphenol S on sexual differentiation 
of anteroventral periventricular 
nucleus and spermatogenesis

BACKGROUND: Bisphenol A is well known endocrine-disrupting chemical while Bisphenol S was considered a safe alternative. The present study aims to examine the comparative effects of xenobiotic bisphenol-A (BPA) 
and its substitute bisphenol-S (BPS) on spermatogenesis and development of sexually dimorphic nucleus population of dopaminergic neurons in the anteroventral periventricular nucleus (AVPV) of the hypothalamus in 
male pups. METHODS: Sprague Dawley rat's pups were administered subcutaneously at the neonatal stage from postnatal day PND1 to PND 27. Thirty animals were divided into six experimental groups (6 animals/group). 
The first group served as control and was provided with normal olive oil. The four groups were treated with 2 μg/kg and 200 μg/kg of BPA and BPS, respectively. The sixth group was given with 50 μg/kg of estradiol 
dissolved in olive oil as a standard to find the development of dopaminergic tyrosine hydroxylase neurons in AVPV regions. Histological analysis for testicular tissues and immunohistochemistry for brain tissues was 
performed. RESULTS: The results revealed adverse histopathological changes in testis after administration of different doses of BPA and BPS. These degenerative changes were marked by highly significant (p < 0.001) 
decrease in tubular and luminal diameters of seminiferous tubule and epithelial height among bisphenols treated groups as compared to control. Furthermore, significantly increased (p < 0.001) TH-ir cell bodies in the 
AVPV region of the brain with 200 μg/kg dose of BPA and BPS was evident. CONCLUSION: It is concluded that exposure of BPA and BPS during a critical developmental period can structural impairments in testes and 
affects sexual differentiation of a dimorphic dopaminergic population of AVPV region of hypothalamus in the male brain.

Reprod Biol Endocrinol 
Vol.17 Issue 1 Pages 53

10.1186/s12958-019-0491-x 31292004 動物 - 1 0 1 1 0 2, 200 µg/kg - - - - - - - - - - - - - - - - - - - - -

統合_1227 J. Jing, Y. Pu, J. Gingrich and A. Veiga-Lopez 2019

Gestational Exposure to Bisphenol A 
and Bisphenol S Leads to Fetal 
Skeletal Muscle Hypertrophy 
Independent of Sex

Gestational exposure to bisphenol A (BPA) can lead to offspring insulin resistance. However, despite the role that the skeletal muscle plays in glucose homeostasis, it remains unknown whether gestational exposure to 
BPA, or its analog bisphenol S (BPS), impairs skeletal muscle development. We hypothesized that gestational exposure to BPA or BPS will impair fetal muscle development and lead to muscle-specific insulin resistance. 
To test this, pregnant sheep (n = 7-8/group) were exposed to BPA or BPS from gestational day (GD) 30 to 100. At GD120, fetal skeletal muscle was harvested to evaluate fiber size, fiber type, and gene and protein 
expression related to myogenesis, fiber size, fiber type, and inflammation. Fetal primary myoblasts were isolated to evaluate proliferation and differentiation. In fetal skeletal muscle, myofibers were larger in BPA and BPS 
groups in both females and males. BPA females had higher MYH1 (reflective of type-IIX fast glycolytic fibers), whereas BPS females had higher MYH2 and MYH7, and higher myogenic regulatory factors (Myf5, MyoG, 
MyoD, and MRF4) mRNA expression. No differences were observed in males. Myoblast proliferation was not altered in gestationally BPA- or BPS-exposed myoblasts, but upon differentiation, area and diameter of 
myotubes were larger independent of sex. Females had larger myofibers and myotubes than males in all treatment groups. In conclusion, gestational exposure to BPA or BPS does not result in insulin resistance in fetal 
myoblasts but leads to fetal fiber hypertrophy in skeletal muscle independent of sex and alters fiber type distribution in a sex-specific manner.

Toxicol Sci Vol.172 
Issue 2 Pages 292-302

10.1093/toxsci/kfz198 31501865 動物 - 1 0 1 不明 0 0.5 mg/kg/day - - - - - - - - - - - - - - - - - - - - -

統合_1228 Y. Jin and C. Yu 2025

Perinatal Exposure to Bisphenol A 
Induces Depressive-Like Behaviors, 
ERβ Downregulation, and Dendritic 
Spine Loss in the Medial Amygdala

Bisphenol A (BPA), a prevalent endocrine-disrupting chemical used in plastic manufacturing, has been progressively replaced by structural analogs including bisphenol AF (BPAF) and bisphenol S (BPS) due to growing 
health concerns. However, the neurobehavioral toxicity profiles of these substitutes remain poorly characterized. This study investigated the transgenerational impacts of perinatal exposure to BPA and its alternatives on 
affective behaviors in offspring mice, with a particular focus on the underlying neuroendocrine mechanisms. Pregnant C57BL/6 mice received daily subcutaneous injections of 50 μg/kg BPA, BPAF, or BPS from 
Gestational Day 1 through Postnatal Day 21. Behavioral assessments (open-field test, forced-swim test, and tail suspension test) conducted at 8 weeks postnatal revealed that perinatal BPAF exposure induced both 
anxiety-like and depression-like behaviors in male offspring, while BPA exposure specifically potentiated depressive phenotypes. Mechanistically, Western blot demonstrated significant downregulation of estrogen 
receptor β (ERβ) expression in the medial amygdala (MeA) following BPA and BPAF exposure. Concurrently, Golgi-Cox staining revealed reduced dendritic spine density in the MeA of exposed males. Our findings 
suggest that perinatal exposure to BPA or BPAF induces depressive-like behaviors in male offspring, concomitant with reduced ERβ expression and alterations in neuroplasticity in the MeA. These results highlight the 
unrecognized neurotoxic risks of BPA alternatives and emphasize the need for comprehensive safety evaluations of substitute chemicals.

J Appl Toxicol 10.1002/jat.4845 40623864 動物 - 1 0 1 1 0 50 µg/kg - - - - - - - - - - - - - - - - - - - - -

統合_1229 X. Jiao, Q. Zhang, G. Ye, F. Xing, D. Xie and L. 
Wang 2025

Protective effects of apricot kernel 
oil and metformin against BPA-
induced ovarian toxicity in rat 
models of polycystic ovary 
syndrome: insights into PI3K/AKT 
and mitochondrial apoptosis 
pathways

In this study, the therapeutic synergistic effects of metformin (MET) and Apricot Kernel Oil (AKO) were investigated in an animal model of bisphenol A (BPA)-induced polycystic ovary syndrome (PCOS). BPA disrupts 
endocrine functions and induces oxidative stress in ovarian tissues, leading to PCOS. AKO and MET target underlying mechanisms associated with PCOS, particularly those related to insulin resistance and oxidative 
stress, which are critical in the pathology of this condition. Antioxidant activities, total phenolic, and flavonoid contents of AKO were performed. The AKO underwent liquid chromatographic-electrospray ionization tandem 
mass-spectrometric (LC-ESI-MS/MS) analysis after acetonitrile treatment. PCOS was induced in adult Wistar rats by administering BPA. After 60 days, the 70 rats were divided into seven groups (n = 10/group): Normal, 
PCOS, MET, AKO, and co-treatment with MET and AKO. On the 22(nd)day of the study, serum catalase, glutathione peroxidase, superoxide dismutase activity, LH, FSH, progesterone, estrogen, and testosterone 
hormones alongside inflammatory cytokines (TNF-a, IL-6, CRP, and IL-1β) and nitric oxide levels were measured. Ovarian tissues were isolated for measurements of ferric reducing ability of plasma and thiobarbituric 
acid reactive substances levels. The expression of genes and proteins related to mitochondrial and PI3K/AKT pathways was analyzed. The results demonstrated that AKO, in synergy with MET, modulated hormone levels, 
reduced pro-inflammatory cytokines, and enhanced antioxidant properties. AKO, in combination with MET modulated apoptosis via mitochondrial and PI3K/AKT pathways. These findings suggest that AKO holds promise 
as a potential therapeutic option for women with ovulation disorders, particularly those affected by bisphenol A-induced PCOS.

Toxicol Res (Camb). 
2025 May 
25;14(3):tfaf071.

10.1093/toxres/tfaf071 40421425 動物 卵巣 1 1 1 1 0: 1⽤量 0: 75 mg/kg/day - - - - - - 1 1 - 1 - - - - - - - - - - -

統合_1230 N. Jiao, D. Xu, K. Qiu, L. Wang, L. Wang, X. Piao 
and J. Yin 2020

Restoring mitochondrial function 
and normalizing ROS-JNK/MAPK 
pathway exert key roles in glutamine 
ameliorating bisphenol A-induced 
intestinal injury

Bisphenol A (BPA) is toxic to the reproductive and nervous system, even carcinogenetic in humans and animals. However, few studies focused on effects of BPA on the intestinal tract. Here, we detected BPA-induced 
injuries on intestinal mucosa and explored a reliable approach to counteract BPA effects. C57BL/6J mice were gavage BPA or BPA accompanied with ingestion of 4% (w/w) of glutamine for 4-wks. In vitro, IEC-6 cells 
were treated with 0.4 mmol/L BPA for 6 hours mimicking acute injury and 0.2 mmol/L BPA for 12 hours followed with or without the inclusion of 4 mmol/L glutamine for 12 hours to determine cell renewal, mitochondrial 
function and ROS-JNK/MAPK pathway upon moderate BPA exposure. As results, BPA exposure caused severe intestinal injury, and disturbed intestinal epithelial cell proliferation and apoptosis, accompanied with 
mitochondrial malfunction and activated JNK/MAPK pathway as well. Notably, glutathione metabolism was implicated in BPA-induce injury. Glutamine could well rescue cell renewal and mitochondrial function from BPA 
exposure-induced injuries. In conclusion, we demonstrated impaired effect of BPA exposure on intestinal functions, which could be well counteracted by glutamine partly via restoring mitochondrial function and 
normalizing ROS-JNK/MAPK pathway. Thereby, we provided a novel application of glutamine to rescue intestinal injury.

Faseb j Vol.34 Issue 6 
Pages 7442-7461

10.1096/fj.201902503R 32285985 動物、in vitro - 1 1 1 1 0 500 mg/kg BW/d - - - 1 0 0.4 mmol/L - - - - - - - - - - - - - - -

統合_1231 J. H. Jiao, L. Gao, W. L. Yong, Z. Y. Kou, Z. Q. 
Ren, R. Cai, G. Y. Chu and W. J. Pang 2022

Resveratrol improves estrus disorder 
induced by bisphenol A through 
attenuating oxidative stress, 
autophagy, and apoptosis

Bisphenol A (BPA), as a widely used plasticizer, is easily absorbed by animals and humans. It has certain toxic effects on various tissues, including liver, heart, kidney, testis, and ovary. The toxic effects of BPA on animal 
reproduction have aroused widespread concern, but its regulatory mechanism and antidote in female animals estrus cycle remain unclear. In this study, the results displayed that BPA destroyed the normal estrus cycle of 
mice through decreasing the levels of progesterone and estradiol. Furthermore, BPA significantly increased the levels of oxidative stress, autophagy, and apoptosis in ovaries and granulosa cells. Interestingly, we found 
that the natural antioxidant resveratrol rescued estrus disorder and impaired estradiol secretion, reduced the abnormal reactive oxygen species accumulation, autophagy, and apoptosis in BPA exposed ovarian tissues. 
Moreover, transmission electron microscopy showed that resveratrol reduced BPA-induced autophagic vesicles formation and flow cytometry showed that resveratrol inhibited the increase of apoptotic cells induced by 
BPA on granulosa cells. Therefore, the supplement of resveratrol could restore BPA-induced estrus disorder by protecting ovarian granulosa cells. Overall, resveratrol is a potential drug to alleviate BPA-induced estrous 
cycle disorders and ovarian damage.

J Biochem Mol Toxicol. 
2022 Sep;36(9):e23120.

10.1002/jbt.23120 35670589 動物 卵巣 1 0: i.p. 1 1 0: 1⽤量 0: 50 mg/kg/day - - - - - - 1 1 - 1 - - - - - - - - - - -
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統合_1232 H. Jiao, Y. Chen, T. Han, Q. Pan, F. Gao and G. 
Li 2023

GGA1 participates in 
spermatogenesis in mice under 
stress

BACKGROUND: Infertility is recognized as a common and worrisome problem of human reproduction worldwide. Based on previous studies, male factors account for about half of all infertility cases. Exposure to 
environmental toxicants is an important contributor to male infertility. Bisphenol A (BPA) is the most prominent toxic environmental contaminant worldwide affecting the male reproductive system. BPA can impair the 
function of the Golgi apparatus which is important in spermatogenesis. GGA1 is known as Golgi-localized, gamma adaptin ear-containing, ARF-binding protein 1. Previously, it has been shown that GGA1 is associated 
with spermatogenesis in Drosophila, however, its function in mammalian spermatogenesis remains unclear. METHODS: Gga1 knockout mice were generated using the CRISPR/Cas9 system. Gga1(-/-) male mice and 
wild-type littermates received intraperitoneal (i.p.) injections of BPA (40 µg/kg) once daily for 2 weeks. Histological and immunofluorescence staining were performed to analyze the phenotypes of these mice. RESULTS: 
Male mice lacking Gga1 had normal fertility without any obvious defects in spermatogenesis, sperm count and sperm morphology. Gga1 ablation led to infertility in male mice exposed to BPA, along with a significant 
reduction in sperm count, sperm motility and the percentage of normal sperm. Histological analysis of the seminiferous epithelium showed that spermatogenesis was severely disorganized, while apoptotic germ cells 
were significantly increased in the Gga1 null mice exposed to BPA. Our findings suggest that Gga1 protects spermatogenesis against damage induced by environmental pollutants.

PeerJ Vol.11 Pages 
e15673

10.7717/peerj.15673 37551344 動物 - 1 1 1 0 0 40 µg/kg - - - - - - - - - - - - - - - - - - - - -

統合_1233 W. Jiang, H. Zhao, L. Zhang, B. Wu and Z. Zha 2020

Maintenance of mitochondrial 
function by astaxanthin protects 
against bisphenol A-induced kidney 
toxicity in rats

Bisphenol A (BPA), a global environmental pollutant, has been reported to have the potential to induced organs toxicity. This study explored the potential benefits of astaxanthin (ATX), a natural antioxidant, against BPA 
toxicity in the kidney, and explored whether mitochondria are involved in this condition. Male Wistar rats were fed with a vehicle, BPA, BPA plus ATX, ATX and were evaluated after five weeks. ATX treatment significantly 
reversed BPA-induced changes in body weight, kidney/body weight, and renal function related markers. When treated simultaneously with ATX, the imbalance of the oxidative-antioxidant status caused by BPA was also 
alleviated. The high expression of BPA-induced pro-inflammatory cytokines were inhibited by ATX treatment. ATX treatment also lessened the effects of BPA-induced caspase-3, -8, -9 and -10 gene expression and 
enzyme activity. The benefits of ATX were associated with enhanced mitochondrial function, which led to increased mitochondrial-encoded gene expression, mitochondrial copy number, and increased mitochondrial 
respiratory chain complex enzyme activity. Our results demonstrate the efficacy of ATX in protecting BPA-induced kidney damage, in part by regulating oxidative imbalance and improving mitochondrial function. 
Collectively, these findings provide a new perspective for the rational use of ATX in the treatment of BPA-induced kidney disease.

Biomed Pharmacother 
Vol.121 Pages 109629

10.1016/j.biopha.2019.109629 31733573 動物 - 1 1 1 1 0 50 mg/kg - - - - - - - - - - - - - - - - - - - - -

統合_1234 C. Jiang, G. Gao, W. Sun, Y. Sun and J. Yu 2023

Molecular characterization of physis 
tissue and hormonal profiles of 
female rats neonatally exposed to 
low-dose bisphenol A

Physis is a complex cartilaginous structure that is critical for longitudinal bone growth. As one of the endocrine-disrupting chemicals, bisphenol A (BPA) can interfere with the physis by deranging the complex networks of 
nutritional, cellular, paracrine, and endocrine factors, and this affects longitudinal bone growth, leading to different growth outcomes. However, the exact mechanisms underlying these phenomena remain unclear. 
Therefore, understanding the molecular pathways involved in the physis after neonatal exposure to low-dose BPA may permit the identification of research targets for therapeutics, which may aid in modulating the 
process of growth plate closure. In the present study, female Sprague-Dawley rats were exposed to 0.05 mg·kg(-1)·day(-1) of BPA and corn oil vehicle from postnatal day 1 (PND1) to 15 via subcutaneous injection. Next-
generation RNA sequencing was performed for the mRNA isolated from the physis. The levels of osteocalcin (OC), growth hormone (GH), and insulin-like growth factor 1 (IGF-1) were measured on PND30 (BPA0.05mg vs. 
Vehicle; n = 5 for each group). We observed statistically significant enrichment of gene sets in the BPA0.05mg tissues compared with the Vehicle tissues. Further analysis of the differentially expressed genes (DEGs) 
identified BPA0.05mg-specific networks of secreted proteins (LEP, NPY, AGT, ACE2, C4B, and C4BPA) as well as those of local matrix and protease proteins (FBN2, LAMC2, ADAMTS16, and ADAMTS19). Furthermore, 
the levels of OC and GH were affected by BPA exposure. Our results revealed the specific molecular characteristics of physis contaminated with BPA and may provide new clues for physis maturation and supervision of 
industrial products and occupational exposure.

Toxicol Ind Health 
Vol.39 Issue 3 Pages 
146-157

10.1177/07482337231156666 36779543 動物 - 1 0 1 1 0 0.05 mg/kg/day - - - - - - - - - - - - - - - - - - - - -

統合_1235 C. Jiang, W. Dong, G. Gao, W. Sun, Y. Wang, B. 
Zhan, Y. Sun and J. Yu 2024

Maternal oral exposure to low-dose 
BPA accelerates the onset of 
puberty by promoting prepubertal 
Kiss1 expression in the AVPV 
nucleus of female offspring

As the incidence of precocious puberty has risen in recent years and the age at puberty onset is younger, children may be at increased risk for health consequences associated with the early onset of puberty. Bisphenol A 
(BPA) is recognized as an endocrine disruptor chemical that is reported to induce precocious puberty. The effect of BPA exposure modes, times, and doses (especially low dose) were controversial. In the present study, 
we evaluated the potential effects of maternal exposure to low-dose BPA on the hypothalamus, particularly on the arcuate (ARC) nucleus and anteroventral periventricular (AVPV) nucleus during peri-puberty in offspring of 
BPA-treated rats. Pregnant rats were exposed to corn oil vehicle, 0.05 mg·kg(-1)·day(-1) BPA, or 5 mg·kg(-1)·day(-1) from gestation day 1 (GD1) to postnatal day 21 (PND21) by daily gavage. Body weight (BW), vaginal 
opening (VO), ovarian follicular luteinization, and relevant hormone concentrations were measured; hypothalamic Kiss1 and GnRH1 levels by western immunoblot analysis were also assessed as indices of puberty onset. 
During or after exposure, low-dose BPA restricted BW after birth (at PND1 and PND5), and subsequently accelerated puberty onset by promoting the expression of prepubertal Kiss1 and GnRH1 in the AVPV nucleus on 
PND30, leading to advanced VO, an elevation in LH and FSH concentrations (on PND30). We also noted increased BW on PND30 and PND35. Maternal oral exposure to low-dose BPA altered the BW curve during the 
neonatal and peripubertal periods, and subsequently accelerated puberty onset by promoting prepubertal Kiss1 expression in the AVPV nucleus.

Reprod Toxicol Vol.124 
Pages 108543

10.1016/j.reprotox.2024.108543 38232916 動物 - 1 1 1 不明 0 0.05, 5 mg/kg/day - - - - - - - - - - - - - - - - - - - - -

統合_1236 J. Jia, H. Xu, C. Chen, X. Zhang, X. Zhang, W. Li 
and J. Ma 2020

Quantitative proteomic analysis of 
mouse testis uncovers cellular 
pathways associated with bisphenol 
A (BPA)-induced male infertility

Quantitative proteomic analysis was performed using iTRAQ to explore the potential regulation of differentially expressed proteins (DEPs) by bisphenol A (BPA) in murine testis. BPA was intraperitoneally injected into 
mice at a dose of 100 mg/kg body weight for 7 consecutive days. After BPA treatment, the histopathology changes of testis were examined. The circulating levels of testosterone (T) and estradiol (E2) were determined. 
iTRAQ was used to assess the expression levels of DEPs and to reveal potential interactions between different DEPs. Results showed that BPA caused histological damage in testicular tissues. The levels of T and E2 
were affected by BPA exposure. The abundances of orosomucoid 1 (Orm1), haptoglobin (Hp), and insulin-like 3 (Insl3) were significantly lower in BPA-treated mice than those in control mice. The expression changes in 
the above-mentioned proteins were further validated at the protein level using Western blot analysis. We concluded that BPA affects histological morphology of testis and sex hormone productions. The regulation of key 
proteins (such as Orm1, Hp and Insl3) may reflect that these proteins may serve as important factors in male reproductive disorders caused by BPA, and these proteins are probably biomarkers for infertility caused by 
endocrine disrupting chemicals.

Gen Physiol Biophys 
Vol.39 Issue 4 Pages 
331-341

10.4149/gpb_2020013 32902403 動物 - 1 0 1 不明 0 100 mg/kg - - - - - - - - - - - - - - - - - - - - -

統合_1237 R. Ji, M. Cui, D. Zhou, X. Pan, Y. Xie, X. Wu, X. 
Liang, H. Zhang and W. Song 2023

Adulthood bisphenol A exposure 
induces anxiety in male mice via 
downregulation of alpha-1D 
adrenergic receptor in 
paraventricular thalamus

Bisphenol A (BPA), a ubiquitous endocrine disrupting chemical, is widely used in household plastic products. Large amounts of evidence indicate prenatal and postnatal BPA exposure causes neurodevelopmental disorders 
such as anxiety and autism. However, the neuronal mechanisms underlying the neurotoxic effects of adulthood BPA exposure remain poorly understood. Here, we provided evidences that adult mice treated with BPA (0.45 
mg/kg/day) during 3 weeks exhibited sex-specific anxiety like behaviors. We demonstrated that the BPA-induced anxiety in male mice, but not in female mice, was closely associated with hyperactivity of glutamatergic 
neurons in the paraventricular thalamus (PVT). Acute chemogenetic activation of PVT glutamatergic neurons caused similar effects on anxiety as observed in male mice exposed to BPA. In contrast, acute chemogenetic 
inhibition of PVT glutamatergic neurons reduced BPA-induced anxiety in male mice. Concomitantly, the BPA-induced anxiety was related with a down-regulation of alpha-1D adrenergic receptor in the PVT. Taken 
together, the present study indicated a previously unknown target region in the brain for neurotoxic effects of BPA on anxiety and implicated a possible molecular mechanism of action.

Ecotoxicol Environ Saf 
Vol.262 Pages 115205

10.1016/j.ecoenv.2023.115205 37392660 動物 - 1 不明 1 1 0 0.45 mg/kg/⽇ - - - - - - - - - - - - - - - - - - - - -

統合_1238 H. Ji, N. Song, J. Ren, W. Li, B. Xu, H. Li and G. 
Shen 2020

Metabonomics reveals bisphenol A 
affects fatty acid and glucose 
metabolism through activation of 
LXR in the liver of male mice

Bisphenol-A (BPA) is a representative environmental endocrine disrupting chemical that is widely used in the production of polycarbonate plastics and epoxy resins. Many studies have confirmed BPA to be closely 
associated with metabolic diseases, reproductive system diseases, and sex hormone-dependent cancers. In this study, we aimed to systematically elucidate the molecular action of BPA on liver fatty acid and glucose 
metabolism and the reasons for BPA-induced hypoglycemia through a metabonomics approach. C57BL/6 mice were orally treated with BPA (1, 10, 50, 250 μg/kg) for 35 days and the liver metabonomics and 
histopathology, molecular docking, mRNA expression levels and activities of enzymes were analyzed. Based on the high-resolution mass spectrometry (MS) for metabonomics and on various software and bioinformatic 
analysis methods, we found that BPA could affect fatty acid and glucose metabolism, block the TCA cycle, and BPA also regulated the nuclear receptor LXR caused hypoglycemia, thereby affecting the normal metabolic 
functions of the liver.

Sci Total Environ. 2020 
Feb 10:703:134681.

10.1016/j.scitotenv.2019.134681 31715463 動物 代謝 1 1 1 1 1 1 - - - - - - 1 1 - 1 - 1 - - - - - - - - -

統合_1239 B. O. Jeminiwa, R. C. Knight, K. L. Abbot, S. R. 
Pondugula and B. T. Akingbemi 2021

Gonadal sex steroid hormone 
secretion after exposure of male rats 
to estrogenic chemicals and their 
combinations

Environmental chemicals can interfere with the endocrine axis hence they are classified as endocrine disrupting chemicals (EDCs). Bisphenol S (BPS) is used in the manufacture of consumer products because of its 
superior thermal stability and is thought to be a safe replacement chemical for its analog bisphenol A (BPA). However, the safety profile of these compounds alone or in the presence of other EDCs is yet to be fully 
investigated. Also, the estrogenic chemical 17α-ethinyl estradiol (EE2) and a constituent of female oral contraceptives for women, is present in water supplies. To simulate concurrent exposure of the population to 
chemical mixtures, we investigated the effects of BPA, BPS, EE2, and their combinations on sex steroid secretion in the growing male rat gonad. Prepubertal and pubertal male rats at 21 and 35 days of age were provided 
test chemicals in drinking water (parts per billion) for 14 days. At termination of exposure, some individual chemical effects were modified by exposure to chemical combinations. Single chemical exposures markedly 
decreased androgen secretion but their combination (e.g., BPA + BPS + EE2) caused the opposite effect, i.e., increased Leydig cell T secretion. Also, the test chemicals acting alone or in combination increased testicular 
and Leydig cell 17β-estradiol (E2) secretion. Chemical-induced changes in T and E2 secretion were associated with altered testicular expression of the cholesterol side-chain cleavage (Cyp11a1) and 17β-
hydroxysteroid dehydrogenase (Hsd17β) enzyme protein. Additional studies are warranted to understand the mechanisms by which single and chemical combinations impact function of testicular cells and disrupt their 
paracrine regulation.

Mol Cell Endocrinol. 
2021 Aug 1:533:111332.

10.1016/j.mce.2021.111332 34038751 動物 内分泌/精巣 1 1 1 1 0 飲⽔を介しBPA2.5〜5 µg/L - - - - - - 1 1 - 1 - - - - - - - - - - -

統合_1240 M. Javed, Suramya, A. Mangla, G. Jindal, H. N. 
Bhutto, S. Shahid, S. Kumar and S. Raisuddin 2025

Bisphenol A-induced polycystic 
ovary syndrome (PCOS) with 
hormonal and metabolic implications 
in rats

There is a rising incidence of polycystic ovary syndrome (PCOS) cases worldwide in women of reproductive age due to environmental factors. We evaluated the effect of an environmental estrogen, bisphenol A (BPA) for 
its reprotoxicity regarding the induction of PCOS in rats and also assessed its hormonal and metabolic implications. There was 66.6 % and 50 % disorder, in the estrus cycle at low (50 µg/kg) and high (500 µg/kg) doses of 
BPA, respectively. While animals treated with the positive control (dehydroepiandrosterone, DHEA at 6 mg/100 g) caused 100 % disorder. Cystic and atretic follicles along with two corpora lutea were found in the low dose 
group. However, no corpus luteum was found in the high dose group. Furthermore, hyperplasia and hypertrophy were found in the myometrium, endometrium, and luminal epithelium of the uterus of the low dose and DHEA 
groups. Additionally, 17β estradiol, progesterone, DHEA, androstenedione, testosterone, dihydrotestosterone (DHT), dehydroepiandrosterone sulphate (DHEAS), antimullerian hormone (AMH), ratio of LH/FSH and 
testosterone/DHT were increased significantly (P < 0.01) in BPA groups. A significantly higher TSH (P < 0.01) indicates hypothyroidism. Furthermore, hyperglycemia, hyperinsulinemia, HOMA-IR, and HOMAβ indicate 
insulin resistance in the low-dose group. Thus, the low dose of BPA was found to be more potent as compared to the higher dose in defining the hyperandrogenic state. Our study revealed that BPA may not only be a 
causative factor in the induction of PCOS but also has metabolic implications bearing on its estrogenic nature.

Reprod Toxicol Vol.131 
Pages 108750

10.1016/j.reprotox.2024.108750 39549768 動物 - 1 不明 1 不明 0 50, 500 µg/kg - - - - - - - - - - - - - - - - - - - - -

統合_1241 N. S. Jardim, S. G. Müller, M. H. M. Sari and C. 
W. Nogueira 2020

Females are more susceptible than 
male mice to thermal 
hypernociceptive behavior induced 
by early-life bisphenol-A exposure: 
Effectiveness of diphenyl diselenide

Humans are ubiquitously exposed to bisphenol A (BPA), one of the most used synthetic monomers for manufacturing polycarbonate plastics. BPA exposure leads to abnormal nociceptive perception and neuroinflammation 
in rodents. This study investigated whether diphenyl diselenide (PhSe)(2), a pleiotropic selenium-containing molecule, would be effective against the hypernociceptive behavior induced by the early-life BPA exposure to 
mice. Three-week-old male and female Swiss mice received intragastrically BPA (5 mg/kg) from 21(st) to 60(th) postnatal day. After, the mice received by the intragastric route (PhSe)(2) (1 mg/kg) once a day for seven 
days. After the last day of treatment, the mice performed the hot plate and tail immersion tests. The cerebral cortex samples were used to determine the levels of proteins related to apoptosis and inflammation. The 
results demonstrated that females were more susceptible than male mice to thermal hypernociception induced by early-life exposure to BPA. (PhSe)(2) was effective against the reduction in the latency to paw and tail 
withdrawal induced by BPA exposure in female mice. Furthermore, (PhSe)(2) restored the impairment in the levels of inflammatory proteins (COX-2, IL-1β, and p-JNK/JNK) but not those of apoptosis in the cerebral 
cortex of female mice exposed to BPA. Collectively, these data showed that females were more susceptible to thermal hypernociceptive behavior induced by early-life exposure to BPA than male mice. The administration 
of (PhSe)(2) reduced thermal hypernociceptive behavior, a sex independent effect, in BPA-exposed mice. (PhSe)(2) modulated inflammatory protein levels in the cerebral cortex of female mice exposed to BPA.

Eur J Pharmacol Vol.879 
Pages 173156

10.1016/j.ejphar.2020.173156 32360838 動物 - 1 1 1 1 0 5 mg/kg - - - - - - - - - - - - - - - - - - - - -

統合_1242
I. A. Jama, I. M. Usman, A. Oviosun, E. D. Eze, I. 
A. Adeniyi, E. M. Etukudo, E. Kwizera, E. 
Owembabazi and E. Anyanwu

2025

Assessment of the Impact of Bidens 
pilosa on Behavioral, Oxidative 
Stress and Cerebellar Cortical 
Histoarchitectural Alterations During 
Bisphenol A Exposure in Mice

PURPOSE: The use of medicine plants in the management of various human ailments have gained lots of attention in recent time; hence, the present study aimed to investigate the impact of Bidens pilosa on the 
behavioral, oxidative stress and cerebellar cortical histoarchitectural alterations during bisphenol A exposure in mice. METHODS: Thirty (30) adult male mice were divided into six groups. Group 1 received distilled water 
(2 mls/kg b.w). and group 2 was treated with (bisphenol A) BPA (100 mg/kg body weight). Groups 3-5 were co-treated with varying doses of Bidens pilosa (250 mg/kg, 500 mg/kg, and 1000 mg/kg b.w). and group 6 
received vitamin C (60 mg/kg b.w). along with BPA. The animals underwent neurobehavioral tests (beam walking and wire hang). Other parameters evaluated included body weight, oxidative stress biomarkers, and 
cerebellar histology. RESULTS: Animals treated with high doses of Bidens pilosa spent less time crossing the beam during the beam walking test and more time in the wire hang test than those treated with BPA alone. 
Lowered malondialdehyde level and higher catalase and superoxide dismutase activity was observed in Bidens pilosa treated groups than in the BPA-only group. Histological examination revealed a significant improvement 
in the cerebellar tissue structure in Bidens pilosa treated groups, particularly at higher doses. CONCLUSION: Bidens pilosa demonstrated potential protective effects against BPA-induced oxidative stress and negative 
histological changes in the cerebellar cortex, suggesting its therapeutic potential for mitigating BPA neurotoxicity. Further research is needed to explore the therapeutic applicability.

J Exp Pharmacol Vol.17 
Pages 403-416

10.2147/jep.S522973 40606320 動物 - 1 不明 1 不明 0 100 mg/kg - - - - - - - - - - - - - - - - - - - - -

統合_1243 R. Ivell, A. M. Vinggaard, H. Soyama and R. 
Anand-Ivell 2022

Influence on the adult male Leydig 
cell biomarker insulin-like peptide 3 
of maternal exposure to estrogenic 
and anti-androgenic endocrine 
disrupting compound mixtures: A 
retrospective study

Insulin-like peptide 3 (INSL3) is a peptide biomarker secreted specifically by the mature Leydig cells of the testes. It is constitutive, has low within-individual variance, and effectively measures the functional capacity of 
Leydig cells to make testosterone. In young adult men there is a large 10-fold range of serum INSL3 concentration, persisting into old age, and implying that later hypogonadal status might be programmed in early life. To 
determine whether maternal exposure to environmental endocrine disrupting compounds (EDCs) influences adult serum INSL3 concentration, using a retrospective paradigm, INSL3 was measured in young adult male rats 
(80-90 days) from the F1 generation of females maternally exposed to varied doses of bisphenol A (BPA), butylparaben, epoxiconazole, and fludioxonil as single compounds, as well as estrogenic and anti-androgenic 
mixtures of BPA and butylparaben, and di(2-ethylhexyl) phthalate and procymidone respectively. A mixture of BPA and butylparaben significantly reduced circulating INSL3 concentration in adult male progeny. The 
remaining compounds or mixtures tested, though sufficient to induce other effects in the F1 generation were without significant effect. Maternal exposure to low concentrations of some EDCs may be a contributing factor 
to the variation in the Leydig cell biomarker INSL3 in young adulthood, though caution is warranted translating results from rats to humans.

Andrologia. 2022 
Dec;54(11):e14566.

10.1111/and.14566 36054713 動物 精巣 1 1 1 1 1 1 - - - - - - 1 1 - 1 - 1 - - - - - - - - -

統合_1244

J. I. Itodo, P. I. Rekwot, T. Aluwong, L. Allam, K. 
Olutimilehin Jolayemi, S. Kyari, K. O. Abah, S. 
Ibrahim, M. U. Dogara, A. T. Yusuf, M. M. Musa, 
H. L. Mundi and H. R. Abdullahi

2022
Azanza garckeana ameliorates 
Bisphenol A-induced reproductive 
toxicities in rabbit bucks

This study evaluated the ameliorative properties of Azanza garckeana in Bisphenol A-induced reproductive toxicities on weight, spermiogram, serum hormonal profile, sperm DNA integrity, histopathology of testes and 
brain tissues of rabbit bucks. Twenty-eight rabbit bucks, with live weight of 1.20-2.00 kg and aged 10-18 months. They were randomly divided into four groups of seven bucks each, group A was administered distilled 
water (1.5 mL) daily for 12 weeks, group B was administered Bisphenol A (100 mg/kg) for 5 consecutive days in a week for a period of 12 weeks, group C was administered Azanza garckeana (500 mg/kg) daily for 12 
weeks and group D was pre-dosed with Bisphenol A (100 mg/kg) for 5 consecutive days in a week over 6 weeks period followed by Azanza garckeana (500 mg/kg) daily for another 6 weeks. Mean testicular weights 
differed significantly (p < 0.05) between group B (4.4 ± 0.23) when compared with groups A (8.0 ± 0.06), C (8.7 ± 0.19) and D (7.1 ± 0.18). There were significant differences (p < 0.05) in the mean reaction time, 
spermiogram, testosterone, follicle stimulating hormone, luteinising hormone and sperm DNA fragmentation index between Bisphenol A-exposed groups and treatment groups. On histopathology, there was testicular 
vacuolization, interstitial hemorrhage, reduction in spermatogenic cells following Bisphenol A exposure. There were layers of dense basophilic cells in the pineal and pituitary parenchymas. In conclusion, Bisphenol A has 
negative effects on reproduction but administration of Azanza garckeana may possess some therapeutic properties that can ameliorate such adverse effects.

Theriogenology Vol.192 
Pages 150-165

10.1016/j.theriogenology.2022.08.
023

36099805 動物 - 1 不明 1 不明 0 100 mg/kg - - - - - - - - - - - - - - - - - - - - -
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統合_1245 O. I. Ismail and M. M. S. El-Meligy 2022
Curcumin ameliorated low dose-
Bisphenol A induced gastric toxicity 
in adult albino rats

Bisphenol A (BPA) is one of the most common worldwide chemicals involved in the industry of polycarbonate plastics, medical devices, and pharmaceuticals. Forty three-month-old albino rats were randomly classified 
into four groups. Group Ӏ  received a daily corn oil dose (5 mL/kg/ body weight, BW) through a gastric tube for one month, Group Ӏ Ӏ  received a daily dose of Curcumin (200 mg/kg body weight (B.W.) through a gastric tube 
for one month, Group Ӏ Ӏ Ӏ  received a daily dose of BPA (0.5 μg/kg B.W.) through a gastric tube for one month and Group ӀV received concomitant daily doses of Bisphenol A and Curcumin as the regimen described in groups 
Ӏ Ӏ  and Ӏ Ӏ Ӏ . The rats were sacrificed, and glandular portion of stomach was dissected and processed for light, immunohistochemical and ultrastructural study. BPA induced destructed gastric glands, dilated congested 
blood vessels, submucosal oedema, decreased PAS-positive reactivity, increased collagen fibres deposition, decrease in the positive BCL2 immunoexpression, increased positive PCNA immunoexpression, reduction in the 
gastric mucosal height and destructive changes in the enteroendocrine, chief and parietal cells. Curcumin coadministration provoked an obvious improvement in the gastric structure. BPA exposure has toxic effects on the 
glandular portion of the stomach in rats. Otherwise, Curcumin coadministration has exhibited protective impact on the architecture of the stomach.

Sci Rep Vol.12 Issue 1 
Pages 10201

10.1038/s41598-022-14158-1 35715475 動物 - 1 1 1 1 0 0.5 µg/kg - - - - - - - - - - - - - - - - - - - - -

統合_1246
A. Ishtiaq, I. Mushtaq, H. Rehman, I. Mushtaq, I. 
Mushtaq, S. W. Abbasi, F. Liaqat, A. Rasheed, 
S. Ahmad, Z. Akhtar and I. Murtaza

2024

Tetra aniline-based polymers 
ameliorate BPA-induced 
cardiotoxicity in Sprague Dawley 
rats, in silico and in vivo analysis

AIMS: Bisphenol A (BPA), xenoestrogen, is an environmental toxicant, that generates oxidative stress leading to cardiotoxicity. The oxidative stress can be neutralized by natural and synthetic antioxidants. The present 
study elucidates the highly selective antioxidative potential of synthetic tetra aniline polymers Es-37 and L-37 against Bisphenol A-induced cardiac cellular impairments and the role of miRNA-15a-5p in the regulation of 
different apoptotic proteins. MATERIALS AND METHODS: The molecular docking of L-37 and Es-37 with three proteins (p53, Cytochrome c, and Bcl-2) were performed. The dose of 1 mg/kg BW of BPA, 1 mg/kg BW Es-
37 and L-37 and 50 mg/kg BW N-acetyl cysteine (NAC) was administered to Sprague Dawley rats. The miRNA and target gene expression were confirmed by qRt-PCR and Immunoblotting. KEY FINDINGS: In our results, 
BPA administration significantly elevated the reactive oxygen species (ROS), p53, cytochrome c, and particularly miRNA-15a-5p expression; however: these changes were notably reversed by Es-37 and L-37 treatment. 
Additionally, molecular docking of synthetic polymers validated that L-37 has a greater binding affinity with the target proteins compared to Es-37, with the highest binding values reported for the enzymatic protein 
cytochrome c. SIGNIFICANCE: These results suggest that both synthetic polymers Es-37 and L-37 have the potential to scavenge free radicals, boost-up antioxidant enzyme activities, and avert (BPA-induced) toxicity, 
thus, may serve as cardioprotective agents. Moreover, this study first time proposes that miRNA-15a-5p overexpression is associated with oxidative stress and coincides with BPA induced cardiotoxicity, thus may serve 
as potential therapeutic target in future.

Life Sci Vol.358 Pages 
123104

10.1016/j.lfs.2024.123104 39366552 動物 - 1 不明 1 1 0 1 mg/kg - - - - - - - - - - - - - - - - - - - - -

統合_1247

A. Ishtiaq, A. Bakhtiar, E. Silas, J. Saeed, S. 
Ajmal, I. Mushtaq, T. Ali, H. M. Wahedi, W. 
Khan, U. Khan, M. Anees, A. Sultan and I. 
Murtaza

2020
Pistacia integerrima alleviated 
Bisphenol A induced toxicity through 
Ubc13/p53 signalling

Exposure to environmental toxicants such as Bisphenol A (BPA) has raised serious health issues globally particularly in developing countries. It is ubiquitously used in the manufacturing of canned food and feeding bottles. 
BPA generated reactive oxygen species can lead to several diseases including cardiotoxicity. However, the endpoints stimulated in BPA cardiotoxicity yet need to be investigated. The current study was aimed to 
investigate the underlying molecular pathways which may contribute in revealing the protective effects of Pistacia integerrima against BPA induced oxidative stress. The dose of 100 µg/kg BW of BPA, 200 mg/kg BW P. 
integerrima, and 4 mg/kg BW melatonin was administered to Sprague Dawley rats. Present results of western blotting and qRT-PCR showed the increased expression of p53, PUMA and Drp1, while downregulation of 
Ubc13 in heart tissues of BPA treated group whereas the levels were reversed upon treatment with P. integerrima. The role of BPA in heart tissue apoptosis was further confirmed by the increased level of P-p53, 
cytochrome C and disrupted cellular architecture whereas the P. integerrima has shown its ameliorative potential by mitigating the adverse effects of BPA. Moreover, the oxidant, antioxidant, lipid, and liver markers profile 
has also revealed the therapeutic potential of P. integerrima by maintaining the levels in the normal range. However, melatonin has also manifested the normalized expression of apoptotic markers, biochemical markers, 
and tissue architecture. Conclusively, the data suggest that P. integerrima may be a potential candidate for the treatment of BPA induced toxicity by neutralizing the oxidative stress through Ubc13/p53 pathway.

Mol Biol Rep Vol.47 
Issue 9 Pages 6545-
6559

10.1007/s11033-020-05706-x 32770526 動物 - 1 不明 1 1 0 100 µg/kg - - - - - - - - - - - - - - - - - - - - -

統合_1248
A. Ishtiaq, T. Ali, A. Bakhtiar, R. Bibi, K. Bibi, I. 
Mushtaq, S. Li, W. Khan, U. Khan, R. A. Anis, M. 
Anees, A. Sultan and I. Murtaza

2021
Melatonin abated Bisphenol A-
induced neurotoxicity via 
p53/PUMA/Drp-1 signaling

Bisphenol A (BPA), an endocrine disruptor, is widely used in the manufacture of different daily life products. Accumulating evidence supports the association between the increasing incidence of neurodegenerative 
diseases and the BPA level in the environment. In the present study, we aimed to evaluate the neuroprotective role of melatonin against BPA-induced mitochondrial dysfunction-mediated apoptosis in the brain. Herein, 
adult Sprague Dawley rats were administrated (subcutaneously) with BPA (100 μg/kg BW, 1 mg/kg BW, and 10 mg/kg BW) and melatonin (4 mg/kg BW) for 16 days. Our results showed BPA exposure significantly 
increased the oxidative stress as demonstrated by increased free radicals (ROS), TBARs level, disrupted cellular architecture, and decreased antioxidant enzymes including SOD, CAT, APX, POD, and GSH levels. 
Additionally, BPA treatment increased the expression of PUMA, p53, and Drp-1 resulting in apoptosis in the brain tissue of rats. However, melatonin treatment significantly attenuated BPA-induced toxic effects by 
scavenging ROS, boosting antioxidant enzyme activities, and interestingly enervated brain apoptosis by normalizing p53, PUMA, and Drp-1 expressions at both transcriptional and translational level. Moreover, the brain 
tissue histology also revealed the therapeutic potential of melatonin by normalizing the cellular architecture. Conclusively, our finding suggests that melatonin could alleviate oxidative stress and mitochondrial 
dysfunction-linked apoptosis, rendering its neuroprotective potential against BPA-induced toxicity.

Environ Sci Pollut Res 
Int Vol.28 Issue 14 
Pages 17789-17801

10.1007/s11356-020-12129-5 33398767 動物 - 1 不明 0 1 1 100 µg/kg、1 mg/kg、10 mg/kg - - - - - - - - - - - - - - - - - - - - -

統合_1249
K. Ishida, M. Furukawa, M. Kunitani, R. 
Yamagiwa, Y. Hiromori, D. Matsumaru, J. Hu, H. 
Nagase and T. Nakanishi

2023
Novel, highly sensitive, in vivo 
screening method detects estrogenic 
activity at low doses of bisphenol A

Low doses of bisphenol A (BPA), a typical endocrine-disrupting chemical (EDC), have been reported to exhibit estrogenic action in animals; however, the effects have not been fully clarified because of their non-
reproducibility. Here, we developed a novel, short-term screening test for estrogen-like chemicals using in vivo bioluminescence imaging of estrogen-responsive reporter (E-Rep) mice. Comparative studies using 17α-
ethinylestradiol and selective estrogen receptor modulators demonstrated that the method provides higher detection sensitivity and requires less time than the uterotrophic bioassay, a well-established, in vivo screening 
method for estrogen-like chemicals. Our method could detect the estrogenic effects of BPA at doses below tolerable daily intakes, whereas the uterotrophic bioassay could not. Our results indicated that in vivo 
bioluminescence imaging using E-Rep mice was extremely useful for screening estrogenic chemicals and detecting estrogenic effects at low doses of EDCs, including BPA. Our method should help resolve the controversy 
about low-dose effects of EDCs.

J Hazard Mater. 2023 
Mar 5:445:130461.

10.1016/j.jhazmat.2022.130461 36436451 動物 性ホルモン 1 1 1 0（E-Rep） 1 1 - - - - - - 1 1 - 1 - - - - - - - - - - -

統合_1250 J. H. Im, J. S. Lim, X. Han, X. Men, G. Oh, X. Fu, 
G. H. Cho, W. S. Hwang, S. I. Choi and O. H. Lee 2025

Anti-obesogenic effect of 
standardized Brassica juncea extract 
on bisphenol A-induced 3T3-L1 
preadipocytes and C57BL/6J obese 
mice

Bisphenol A (BPA) is a representative obesogen that induces adipocyte differentiation and lipid accumulation by mimicking the action of hormones. Brassica juncea is a plant belonging to the mustard family, and has 
antioxidant, anti-inflammatory, and anti-obesity effects. However, its efficacy against obesogen-induced obesity requires further investigation. In this study, we investigated the anti-obesogenic effects of Brassica juncea 
extract (BJE) on BPA-treated 3T3-L1 preadipocytes and C57BL/6J mice. The treatment with BPA and BJE did not have cytotoxic effects in vitro. In addition, BJE inhibited BPA-induced lipid accumulation and suppressed 
BPA-induced changes in adipocyte differentiation, adipogenesis, and lipolysis protein expression in 3T3-L1 cells. Oral administration of BJE reduced body weight, adipose tissue mass, and adipocyte size in BPA-induced 
obese C57BL/6 mice. BJE also regulated the expression of proteins involved in adipocyte differentiation, adipogenesis, and lipolysis. These data demonstrate that BJE is a natural functional substance with anti-
obesogenic effects.

Food Sci Biotechnol. 
2024 Aug 17;34(3):781-
791.

10.1007/s10068-024-01688-9 39958180 動物 代謝 1 1 1 1 0 1 - - - - - - 1 1 - 1 - - - - - - - - - - -

統合_1251 M. U. Ijaz, M. S. Shahab, A. Samad, A. Ashraf, K. 
Al-Ghanim, S. S. Mruthinti and S. Mahboob 2022

Tangeretin ameliorates bisphenol 
induced hepatocyte injury by 
inhibiting inflammation and 
oxidative stress

Bisphenol A (BPA) is an industrial toxicant that can potentially damage the liver. Tangeretin (TGN) is a natural flavonoid that displays various pharmacological activities. This experiment was carried out to evaluate the 
protective effects of TGN against BPA-induced hepatic impairment in the male albino rat. Twenty-four male albino rats were equally divided into four different groups: control, BPA (100 mg/kg), BPA + TGN (100 mg/kg + 
50 mg/kg) and TGN (50 mg/kg). BPA exposure significantly decreased the activities of catalase (CAT), superoxidase dismutase (SOD), peroxidase (POD), glutathione reductase (GSR), glutathione S-transferase (GST), 
and glutathione (GSH) content while substantially increasing the thiobarbituric acid reactive substances (TBARS) and hydrogen peroxide (H(2)O(2)) levels. A substantial increase in the levels of alanine aminotransferase 
(ALT), alkaline phosphatase (ALP), aspartate aminotransferase (AST) was also observed in BPA treated rats. Moreover, BPA significantly increased the inflammatory markers, including tumor necrosis factor-α (TNF-α), 
nuclear factor kappa-B (NF-κB), Interleukin-6 (IL-6), Interleukin-1β (IL-1β)levels, cyclooxygenase-2 (COX-2) activity, and histopathological damages. However, co-treatment with TGN efficiently minimized the BPA-
induced biochemical, inflammatory, and histopathological impairments in rat liver. The present study shows that TNG has significant potential to avert BPA-induced liver damage to its antioxidant and anti-inflammatory 
properties.

Saudi J Biol Sci Vol.29 
Issue 3 Pages 1375-
1379

10.1016/j.sjbs.2021.11.007 35280594 動物 - 1 不明 1 1 0 100 mg/kg - - - - - - - - - - - - - - - - - - - - -

統合_1252 A. O. Ige 2025

Gastroprotective biochemicals in 
Wistar rats orally exposed to 
Bisphenol A and co-treated with 
either Garcinia kola (Heckel) seeds 
or its biflavonoid, Kolaviron

This study evaluated gastroprotective biochemicals in Wistar rats exposed to both Bisphenol A and either Garcinia kola or its biflavonoid, kolaviron. Fifty-six rats (140-160g) divided into 7 groups (n=8), and treated orally 
for 28 days as follows; Group I was the control (distilled water, 1.5mL/kg) while group II (vehicle control) received corn oil (1.5mL/kg), groups III-V were exposed to BPA (50mg/kg) only and treated with distilled water 
(1.5mL/kg), Garcinia kola (200mg/kg) and kolaviron (200mg/kg), respectively. Animals in groups VI and VII received Garcinia kola (200mg/kg) and kolaviron (200mg/kg) only, respectively. Thereafter and under 
anaesthesia, the stomach was dissected out, estimated for mucin (n=3), homogenized (n=5), centrifuged, and the clear supernatant obtained was analyzed for malondialdehyde, superoxide dismutase, catalase, reduced 
glutathione, glutathione S-transferase, nitrites, myeloperoxidase, interleukin-6 and tumor necrosis factor-α, respectively.Gastroprotective biochemicals were significantly (p<0.05) reduced in animals exposed to BPA 
while values in animals exposed both BPA and either Garcinia kola or kolaviron were elevated. Exposure to Garcinia kola and kolaviron alone also showed a potentiation of gastric antioxidant and anti-inflammatory 
activities. This study shows that Garcinia kola and especially its biflavonoid, kolaviron, protects the gastric mucosa against Bisphenol A induced impairment by potentiating gastroprotective biochemicals in male Wistar 
rats.

Niger J Physiol Sci 
Vol.39 Issue 1 Pages 
57-63

10.54548/njps.v39i1.8 40156803 動物 - 1 1 1 不明 0 50 mg/kg - - - - - - - - - - - - - - - - - - - - -

統合_1253 A. Ibrahim Salih, H. Mohammed Saleh, A. 
Sulaiman Khalaf and H. Sabbar Ayed 2022

Effect of Moringa oleifera Leaves 
against Hepatotoxicity Induced by 
Bisphenol A

Bisphenol A (BPA) is a synthetic compound with alterations in the liver, antioxidant enzymes, and reproductive hormones. The therapeutic potential of Moringa oleifera extract has recently been considered. The present 
study aimed to estimate the leaf extract of M. oleifera against hepatotoxicity induced by BPA. In total, 44 adult male rats were used in this study, and the experiment was conducted on 11 groups (4 animals per group). The 
rats were administrated (orally) with 5 and 10 mg/kg BPA and treated (orally) with 100, 200, 300, and 400 mg/kg of the aqueous extract of M. oleifera. After 28 days of challenge, liver enzymes, including aspartate 
transaminase (AST), alanine aminotransferase (ALT), and alkaline phosphatase (ALP), as well as a pathological study using the liver tissue sections were determined. The findings showed a significant (P≤0.05) increase 
in the AST, ALT, and ALP in the BPA groups with different histological changes that included the sclerosis of the bile duct surrounded by fibrocytes and lymphocytes infiltration. After treatment with M. oleifera, the liver 
enzymes and tissue returned to a normal state and showed non-significant (P≤0.05) differences, compared to the control group. According to the results, it can be concluded that the aqueous extract of M. oleifera has a 
great potential to prevent and improve liver damage of BPA.

Arch Razi Inst Vol.77 
Issue 3 Pages 1083-
1089

10.22092/ari.2022.357266.2005 36618322 動物 - 1 1 1 不明 0 5, 10 mg/kg - - - - - - - - - - - - - - - - - - - - -

統合_1254 S. A. Hyun, M. Y. Ko, S. Jang, B. S. Lee, J. Rho, 
K. K. Kim, W. Y. Kim and M. Ka 2022

Bisphenol-A impairs synaptic 
formation and function by RGS4-
mediated regulation of BDNF 
signaling in the cerebral cortex

Bisphenol-A (BPA) is a representative endocrine disruptor, widely used in a variety of products including plastics, medical equipment and receipts. Hence, most people are exposed to BPA via the skin, digestive system or 
inhalation in everyday life. Furthermore, BPA crosses the blood-brain barrier and is linked to multiple neurological dysfunctions found in neurodegenerative and neuropsychological disorders. However, the mechanisms 
underlying BPA-associated neurological dysfunctions remain poorly understood. Here, we report that BPA exposure alters synapse morphology and function in the cerebral cortex. Cortical pyramidal neurons treated with 
BPA showed reduced size and number of dendrites and spines. The density of excitatory synapses was also decreased by BPA treatment. More importantly, we found that BPA disrupted normal synaptic transmission and 
cognitive behavior. RGS4 and its downstream BDNF/NTRK2 pathway appeared to mediate the effect of BPA on synaptic and neurological function. Our findings provide molecular mechanistic insights into anatomical and 
physiological neurotoxic consequences related to a potent endocrine modifier.

Dis Model Mech Vol.15 
Issue 7

10.1242/dmm.049177 35781563 動物 - 1 不明 1 1 0 50 µg/kg - - - - - - - - - - - - - - - - - - - - -

統合_1255 Z. Huang, R. Niu, Q. Xu, R. Zhang, W. Hu, Y. Qin, 
X. Wang, Q. Xu, Y. Xia, Y. Fan and C. Lu 2025

Impact of Maternal BPA Exposure 
during Pregnancy on Obesity in 
Male Offspring: A Mechanistic 
Mouse Study of Adipose-Derived 
Exosomal miRNA

BACKGROUND: The widespread use of bisphenol A (BPA) has led to universal exposure among the population, raising concerns about its health effects. Epidemiological studies have linked environmentally relevant levels 
of BPA exposure to obesity. OBJECTIVES: We aimed to uncover the complex mechanisms by which oral exposure during pregnancy with BPA affects the offspring. METHODS: We conducted a two-stage mouse study. In 
stage 1, we gavaged dams with BPA at 0.05, 0.5, and 5 mg/kg per day during pregnancy, and we tracked the offspring's weight and diet to 12 wk of age. In stage 2, exosomes from BPA-exposed dams and offspring were 
injected into pregnant mice and 3-wk-old males, respectively, and the mice were observed up to 12 wk. We then sequenced exosomal microRNAs (miRNAs) in male offspring whose dams had been exposed to BPA during 
pregnancy and checked their expression in adipose, liver, and serum samples at weeks 3, 6, 9, and 12. Finally, we explored the functions of exosomes and exosomal miRNAs secreted by adipose-derived mesenchymal 
stem cells, and we investigated whether the exosomes and miRNAs they secreted could affect glucose uptake, triglyceride synthesis, and the expression of genes related to glucose and lipid metabolism in alpha mouse 
liver 12 cells. RESULTS: Gavage of 0.05 mg/kg per day of BPA during pregnancy in dams led to obesity in male offspring mice, and injection of exosomes from male offspring with BPA exposure during pregnancy also 
induced similar outcomes in the next generation of male pups. Exosomal miRNA sequencing identified differentially expressed miRNAs associated with BPA-induced obesity in male offspring, revealing sustained high 
expression of miRNAs in adipose tissue and a gradual increase in the liver and serum over time. Further mechanistic studies showed that exosomes derived from BPA-treated adipose-derived stem cells reduced the 
expression of peroxisome proliferator-activated receptor-gamma and fibroblast growth factor 21, leading to impaired insulin signaling and lipid metabolism in hepatocytes. Overexpression of miR-124-3p in hepatocytes 
mimicked these effects; in contrast, knockdown of miR-124-3p or inhibition of exosome secretion reversed them. DISCUSSION: The present study corroborates the regulatory function of adipose-derived exosomal 
miRNAs in obesity in male offspring mice resulting from BPA exposure during pregnancy. Exosomal miRNA may be a key and novel molecular biomarker in the adverse effects of chemical exposure during pregnancy. 
https://doi.org/10.1289/EHP14888.

Environ Health 
Perspect. 2025 
Jan;133(1):17011.

10.1289/ehp14888 39886984 動物 代謝 1 1 1 1 1 1 - - - - - - 1 1 - 1 - 1 - - - - - - - - -

統合_1256 W. C. Huang, K. Y. Liao, S. K. Hsieh, P. H. Pan, 
Y. H. Kuan, S. L. Liao, C. J. Chen and W. Y. Chen 2021

Magnesium lithospermate B 
supplementation improved prenatal 
Bisphenol A exposure-induced 
metabolic abnormalities in male 
offspring

Obesity is closely linked with metabolic diseases, while life and prenatal exposure to endocrine-disrupting chemicals has been implicated in the development of obesity. Magnesium lithospermate B (MLB), an active 
compound of Salvia miltiorrhiza (Danshen), has beneficial effects on insulin resistance and metabolic abnormalities in diet-induced obese rodents. Since exposure to endocrine-disrupting chemical Bisphenol A (BPA) 
during pregnancy mimics the effects of high fat diet-induced alterations of glucose and lipid metabolism in adult male offspring, the effects of daily MLB supplementation for 4 weeks on metabolic abnormalities in rats 
weaning from prenatal BPA-exposed dams were investigated. BPA-exposed rats developed obesity and adiposity concurrent with hyperglycemia, hyperinsulinemia, insulin resistance, hypertriglyceridemia, and elevation of 
circulating glucagon and free fatty acids. Increased hepatic fatty acid synthesis and decreased fatty acid β-oxidation, activation of adipocytic adipogenesis, maturation, and lipogenesis, as well as reduction of muscular 
glucose uptake were demonstrated in BPA-exposed rats. The aforementioned alterations were improved by MLB supplementation. Additionally, MLB displayed negative effects on glucocorticoid receptor action and 
inflammation, and promoted lipolysis and thermogenesis in the adipose tissues. In conclusion, our findings suggest that MLB may be a potential therapeutic compound against metabolic diseases, including maternal 
exposure-induced metabolic abnormalities.

Environ Toxicol. 2021 
Sep;36(9):1932-1943.

10.1002/tox.23313 34165232 動物 代謝 1 0 (ip) 1 1 0 1 - - - - - - 1 1 - 1 - - - - - - - - - - -

統合_1257 R. Huang, J. Li, M. Liao, L. Ma, I. Laurent, X. Lin, 
Y. Zhang, R. Gao, Y. Ding and X. Xiao 2022

Combinational exposure to 
Bisphenol A and a high-fat diet 
causes trans-generational 
Malfunction of the female 
reproductive system in mice

Bisphenol A (BPA) is a common endocrine disruptor and a high-fat diet (HFD) also affects fertility. However, little is known about the long-term consequences of simultaneous exposure to BPA and a HFD on reproductive 
health. Herein, we assessed the effects of maternal exposure to BPA in combination with a HFD on reproductive function in subsequent generations of female mice and evaluated its effects on the hypothalamic-pituitary-
gonadal axis. We found that the combination of maternal exposure to BPA and a HFD led to increased urine BPA levels, precocious puberty, altered estrous cyclicity, decreased follicle numbers, and altered hypothalamic 
Kiss1 methylation status in F1 and F2 mice. Therefore, we demonstrated that maternal exposure to BPA in combination with a HFD exerts a trans-generational effect on female reproduction.

Mol Cell Endocrinol. 
2022 Feb 5:541:111507.

10.1016/j.mce.2021.111507 34785282 動物 ⽣殖軸への影響 1 1 1 1 0 1 - - - - - - 1 1 - 1 - - - - - - - - - - -
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統合_1258
C. F. Huang, S. H. Liu, C. C. Su, K. M. Fang, C. C. 
Yen, C. Y. Yang, F. C. Tang, J. M. Liu, C. C. Wu, 
K. I. Lee and Y. W. Chen

2021

Roles of ERK/Akt signals in 
mitochondria-dependent and 
endoplasmic reticulum stress-
triggered neuronal cell apoptosis 
induced by 4-methyl-2,4-bis(4-
hydroxyphenyl)pent-1-ene, a major 
active metabolite of bisphenol A

Bisphenol A (BPA) is recognized as a harmful pollutant in the worldwide. Growing studies have reported that BPA can cause adverse effects and diseases in human, and link to a potential risk factor for development of 
neurodegenerative diseases (NDs). 4-methyl-2,4-bis(4-hydroxyphenyl)pent-1-ene (MBP), which generated in the mammalian liver after BPA exposure, is a major active metabolite of BPA. MBP has been suggested to exert 
greater toxicity than BPA. However, the molecular mechanism of MBP on the neuronal cytotoxicity remains unclear. In this study, MBP exposure significantly reduced Neuro-2a cell viability and induced apoptotic events 
that MBP (5-15 μM) exhibited greater neuronal cytotoxicity than BPA (50-100 μM). The mitochondria-dependent apoptotic signals including the decrease in mitochondrial membrane potential (MMP) and the increase in 
cytosolic apoptosis-induced factor (AIF), cytochrome c release, and Bax protein expression were involved in MBP (10 μM)-induced Neuro-2a cell death. Exposure of Neuro-2a cells to MBP (10 μM) also triggered 
endoplasmic reticulum (ER) stress through the induction of several key molecules including glucose-regulated protein (GRP)78, C/EBP homologous protein (CHOP), X-box binding protein (XBP)-1, protein kinase R-like ER 
kinase (PERK), eukaryotic initiation factor 2α (eIF2α), inositol-requiring enzyme(IRE)-1, activation transcription factor(AFT)4 and ATF6, and caspase-12. Pretreatment with 4-PBA (an ER stress inhibitor) and specific 
siRNAs for GRP78, CHOP, and XBP-1 significantly suppressed the expression of these ER stress-related proteins and the activation of caspase-12/-3/-7 in MBP-exposed Neuro-2a cells. Furthermore, MBP (10 μM) 
exposure dramatically increased the activation of extracellular regulated protein (ERK)1/2 and decreased Akt phosphorylation. Pretreatment with PD98059 (an ERK1/2 inhibitor) and transfection with the overexpression of 
activation of Akt1 (myr-Akt1) effectively suppressed MBP-induced apoptotic and ER stress-related signals. Collectively, these results demonstrate that MBP exposure exerts neuronal cytotoxicity via the interplay of ERK 
activation and Akt inactivation-regulated mitochondria-dependent and ER stress-triggered apoptotic pathway, which ultimately leads to neuronal cell death.

Toxicology. 2021 May 
15:455:152764.

10.1016/j.tox.2021.152764 33771661 in vitro - - - - - - - - - - 1 0 1 1 - - - - - - - - - - - - - -

統合_1259 C. Huang, Y. Wang, X. Lin, T. F. Chan, K. P. Lai 
and R. Li 2022

Uncovering the functions of plasma 
proteins in ulcerative colitis and 
identifying biomarkers for BPA-
induced severe ulcerative colitis: A 
plasma proteome analysis

Ulcerative colitis (UC), a long-term inflammation of the colon, is a worldwide disease. Accumulating reports have suggested the contribution of environmental pollutants to UC development. As such, the identification of 
biomarkers to evaluate pollutant-induced UC could provide a better assessment on the world's pollution problem. In the present study, we applied the plasma proteome to profile the plasma protein changes in three 
models: dextran sulfate sodium (DSS)-induced colitis, bisphenol A (BPA), and BPA-severe colitis. We aimed to investigate the functional roles of plasma proteins related to colitis development and further understand the 
synergistic effect of BPA on colitis. In addition, we aimed to identify novel biomarkers for UC non-invasive diagnosis and assessment of BPA-induced colitis. Our results showed a significant dysregulation of plasma 
proteins in these three models. Bioinformatics analysis, including gene ontology, Kyoto Encyclopedia of Genes and Genomes pathway enrichment analysis, and Ingenuity Pathway Analysis, highlighted the important 
effects of these dysregulated plasma proteins in immune and inflammatory responses through the regulation of CCR3 signaling in eosinophils, PI3K signaling in B lymphocytes, CD28 signaling in T helper cells, and 
leukocyte extravasation signaling in DSS-induced colitis model. Furthermore, our data suggested that BPA exposure altered the plasma proteins involved in lipid-related metabolic processes, leukocyte cell-cell adhesion 
and cytokine response. More importantly, we identified plasma proteins, ALB, APOA4, C3, CFB, DPEP1, HP, LTF, and Retnlg as biomarkers for assessing BPA-induced colitis.

Ecotoxicol Environ Saf 
Vol.242 Pages 113897

10.1016/j.ecoenv.2022.113897 35999755 動物 - 1 1 1 ICR 0 50 µg/kg - - - - - - - - - - - - - - - - - - - - -

統合_1260 X. Hu, J. L. Wu, W. Miao, F. Long, H. Pan, T. 
Peng, X. Yao and N. Li 2022

Covalent Protein Modification: An 
Unignorable Factor for Bisphenol A-
Induced Hepatotoxicity

Covalent modification of proteins by reactive pollutants/metabolites might trigger various toxicities resulting from the disruption of protein structures and/or functions, which is critical for understanding the mechanism of 
pollutants-induced toxicity. However, this mechanism has rarely been touched on due to the lack of a methodology. In this research, the protein modification of bisphenol A (BPA) in rats was characterized using a series of 
liquid chromatography-tandem mass spectrometry (LC-MS) approaches. BPA-modified cysteine (Cys1) was first released from proteins via enzymatic hydrolysis and identified using LC-MS. Moreover, the positive 
correlation between Cys1 and hepatotoxicity indicated the involvement of protein modification in BPA toxicity. Then, in vitro incubation of BPA with amino acids and protein confirmed that BPA could specifically modify 
cysteine residues of proteins after bioactivation and provided four additional modification patterns. Finally, 24 BPA-modified proteins were identified from the liver of BPA-exposed rats using proteomic analysis, and they 
were mainly enriched in oxidative stress-related pathways. The modification on superoxide dismutases, catalase, and glutathione S-transferases disrupted their enzymatic functions, leading to oxidative damage. These 
results revealed that the covalent protein modification is an unignorable factor for BPA hepatotoxicity. Moreover, the workflow can be applied to identify protein adducts of other emerging contaminants and possible risk.

Environ Sci Technol. 
2022 Jul 5;56(13):9536-
9545.

10.1021/acs.est.2c01307 35593067 動物 肝毒性 1 1 1 SD rat 0 100 mg/kg:0 - - - - - - 1 1 - 1 - - - - - - - - - - -

統合_1261 Q. M. Hu, S. S. Li, Y. X. Yang, M. Y. Li, J. Y. He 
and Q. He 2022

[Effects of bisphenol A exposure on 
proteins tyrosine phosphorylation in 
mammalian sperm]

Bisphenol A (BPA) is a synthetic estrogen compound, which widely exists in the environment, interferes with mammalian endocrine and affects the function of reproductive system of males. Taking fresh sperm of boar, 17 
℃ preservation boar sperm, and mouse sperm as test materials, we examined the effects of BPA (0, 0.1,1,10,100 μmol·L(-1)) on proteins tyrosine phosphorylation in sperm and the molecular mechanism by using wes-
tern blot (WB) and immunofluorescence techniques coupled to in vitro culture method. The results showed that low BPA concentration (0.1, 1 μmol·L(-1)) markedly accelerated the protein tyrosine phosphorylation of 
fresh boar capacitated sperm. However, the tyrosine phosphorylation of boar sperm decreased in high BPA concentration (10, 100 μmol·L(-1)). The tyrosine phosphorylation of the mouse sperm raised with the increases 
of BPA concentration. Moreover, BPA affected different kinds of proteins related to tyrosine phosphorylation modification of porcine and mouse sperm capacitation, suggesting that the effect of BPA exposure on 
mammalian sperm was species-specific. Furthermore, the results of immunofluorescence showed that the effects of BPA on protein tyrosine phosphorylation in sperm mainly occurred in the middle and principal piece of 
flagellum.

Ying Yong Sheng Tai 
Xue Bao. 2022 
Apr;33(4):1131-1136.

10.13287/j.1001-9332.202206.029 35543069 in vitro - - - - - - - - - - 1 0 0、0.1、1、10、100  µmol/L 1 - - - - - - - - - - - - - -

統合_1262 F. Hu, L. Zhang, T. Li, H. Wang, W. Liang and Y. 
Zhou 2020

Bisphenol-A Exposure during 
Gestation and Lactation Causes 
Visual Perception Deficits in Rat 
Pups Following a Decrease in 
Interleukin 1β Expression in the 
Primary Visual Cortex

Bisphenol-A (BPA) exposure can affect cognitive functions of rodents and humans. However, whether information inputs for these functions in the brain are perturbed by BPA remains unclear. Here, visual perception in 
rats was assessed by testing their ability to discriminate between vertical and horizontal grating. We found that BPA exposure (1 mg/kg/day) during gestation and lactation markedly decreased the grating discrimination 
ability in rat pups (postnatal 21 days). The results of neuronal functions in the primary visual cortex (V1) showed that the orientation selectivity and signal extraction ability and fidelity were notably decreased after BPA 
exposure. These effects were accompanied by a reduction in synaptic plasticity (i.e., spine density and maturity) in the V1. According to inflammatory factor expression and glial cell morphology, no increase in 
inflammatory activation was observed after BPA exposure. However, BPA-exposed rat pups exhibited a significant decrease in IL-1β expression in the V1, accompanied by a decline in P38 phosphorylation. After local 
injection of IL-1β (10 ng/ml) in the V1, these two visual properties recovered to normal levels. Thus, our findings imply that physiological dysfunction of IL-1β may contribute to orientation perception deficits in BPA-
exposed rats.

Neuroscience Vol.434 
Pages 148-160

10.1016/j.neuroscience.2020.03.03
5

32222558 動物 - 1 不明 1 不明 0 1 mg/kg/⽇ - - - - - - - - - - - - - - - - - - - - -

統合_1263 F. Hu, G. Xu, L. Zhang, H. Wang, J. Liu, Z. Chen 
and Y. Zhou 2022

Chronic bisphenol A exposure 
triggers visual perception 
dysfunction through impoverished 
neuronal coding ability in the 
primary visual cortex

Contrast perception is a fundamental visual ability that allows us to distinguish objects from the background. However, whether it is perturbed by chronic exposure to environmental xenoestrogen, bisphenol A (BPA), is 
still elusive. Here, we used adult cats to explore BPA-induced changes in contrast sensitivity (CS) and its underlying neuronal coding mechanism. Behavioral results showed that 14 days of BPA exposure (0.4 mg/kg/day) 
was sufficient to induce CS declines at the tested spatial frequencies (0.05-2 cycles/deg) in all four cats. Furthermore, based on multi-channel electrophysiological recording and interneuronal correlation analysis, we 
found that the BPA-exposed cats exhibited an obvious up-regulation in noise correlation in the primary visual cortex (area 17, A17), thus providing a population neuronal coding basis for their perceptual dysfunction. 
Moreover, single neuron responses in A17 of BPA-exposed cats revealed a slight but marked decrease in CS compared to that of control cats. Additionally, these neuronal responses presented an overt decrease in signal-
to-noise ratio, accompanied by increased trial-to-trial response variability (i.e., noise). To some extent, these neuron population and unit dysfunctions in A17 of BPA-exposed cats were attributable to decreased response 
activity of fast-spiking neurons. Together, our findings demonstrate that chronic BPA exposure restricts contrast perception, in response to impoverished neuronal coding ability in A17.

Arch Toxicol Vol.96 
Issue 2 Pages 625-637

10.1007/s00204-021-03192-z 34783864 動物 - 1 不明 1 不明 0 0.4 mg/kg/⽇ - - - - - - - - - - - - - - - - - - - - -

統合_1264 F. Hu, J. Liu, G. Xu, H. Wang, J. Shen and Y. 
Zhou 2020

Bisphenol A exposure inhibits 
contrast sensitivity in cats involving 
increased response noise and 
inhibitory synaptic transmission

Contrast sensitivity (CS) is one of the primary fundamental factors determining how well we can see, and it directly influences object recognition. Whether bisphenol-A (BPA, an environmental xenoestrogen) can perturb 
contrast detection in the visual system has yet to be elucidated. In the present study, we analyzed CS of single neurons in the primary visual cortex (area 17, A17) of cats before and after BPA exposure using a multiple-
channel recording technique. The results showed that CS of A17 neurons was markedly depressed with an increased contrast threshold after two hour of intravenous BPA administration, which had a positive correlation 
with decreased firing rates of A17 neurons. Additionally, responses of these neurons presented an overt increase in the trial-to-trail response variability (a kind of neuronal noise), which could disturb the information-
filtering function of single neurons. We also found that neuronal CS in the visual relay station was not disturbed after BPA administration, which rules out the contribution of CS alteration in the optical pathway. 
Importantly, acute BPA treatment obviously increased the inhibitory innervation to the visual pyramidal neurons. This implies that alteration of intracortical inhibitory regulation contributes to the compromised contrast 
detection in the visual system after BPA treatment.

Brain Res Bull Vol.157 
Pages 1-9

10.1016/j.brainresbull.2020.01.015 31982453 動物 - 1 0 1 不明 不明 不明 - - - - - - - - - - - - - - - - - - - - -

統合_1265 F. Hu, W. Liang, L. Zhang, H. Wang, Z. Li and Y. 
Zhou 2022

Hyperactivity of basolateral 
amygdala mediates behavioral 
deficits in mice following exposure 
to bisphenol A and its analogue 
alternative

Bisphenol A (BPA) is a known endocrine disruptor and has been gradually replaced in industrial applications by other bisphenols, such as bisphenol S (BPS). However, whether these analogues are any safer for the central 
nervous system remains elusive. Here, we investigated behavioral impairments in mice after BPA and BPS exposure from postnatal days 21-49 (P21~P49). Results showed that BPA (0.1 and 1 mg/kg/d) and BPS (1 
mg/kg/d) impaired emotion and social interaction of mice, while low dose exposure (0.1 mg/kg/d) induced no observable changes on emotion in mice. The behavioral deficits were accompanied by hyperactivation of the 
basolateral amygdala (BLA), i.e., dose-dependent increase in neuronal firing rates and local field potential power. In addition, glutamate receptors were up-regulated in the BLA, showing the same activation trend after 
exposure to different doses of BPA and BPS. Taken together, these findings imply that BPA and BPS cause behavioral impairments in juvenile mice by disrupting local neuronal activation in the BLA. Although BPS exerted 
less adverse effects on mice than BPA at the low dose, it does not appear to be a safe alternative to BPA in regard to brain function after prolonged high-volume exposure.

Chemosphere Vol.287 
Issue Pt 1 Pages 
132044

10.1016/j.chemosphere.2021.1320
44

34474391 動物 - 1 不明 1 不明 0 0.1, 1 mg/kg/⽇ - - - - - - - - - - - - - - - - - - - - -

統合_1266 C. Hu, Y. Xu, M. Wang, S. Cui, H. Zhang and L. 
Lu 2023

Bisphenol analogues induce thyroid 
dysfunction via the disruption of the 
thyroid hormone synthesis pathway

Bisphenol analogues are widely used in industrial and daily-use consumer products having imperfect thyroid hormones (THs) structures. Widespread exposure interferes with thyroid-related health outcomes in human. 
The mechanisms of disruption on TH synthesis and subsequent thyroid dysfunction by different bisphenol analogues remain unclear. Here, we evaluated bisphenol-induced thyroid endocrine disruption in C57BL/6 mice at 
doses of 0.002, 0.02, 2, and 20 mg/kg body weight/day (BW/d) for five consecutive weeks. Administration of 20 mg/kg BW/d bisphenol S (BPS) and 2 mg/kg BW/d tetrabromobisphenol S (TBBPS) significantly increased 
serum thyrotropin (TSH) levels to 1.21-fold and 1.20-fold of control group, respectively, indicating that bisphenols induced thyroid dysfunction in mice. Height of the thyroid follicle epithelium significantly increased to 
1.27-, 1.24-, 1.26-, and 1.36-fold compared to control group with BPA, BPS, TBBPA, and TBBPS at 20 mg/kg BW/d, respectively, indicating impairment of the thyroid gland structure, and TBBPS showed potent effect. 
Exposure to bisphenol analogues of 0.02 mg/kg BW/d downregulated the protein expression levels of thyrotropin receptor, the sodium/iodide symporter, thyroperoxidase. The TH-dependent effects were further 
determined using the T-Screen assay at 10(-11) M to 10(-5) M concentrations. Bisphenol analogues significantly decreased TH-dependent GH3 cell proliferation, indicating the antagonistic activity of bisphenol 
analogues. The gene responsible for THs synthesis of thyrotropin releasing hormone receptor and TSH were upregulated, but downregulation of thyroid receptor β was observed. Our results suggest that bisphenol 
analogues distinctly induce thyroid dysfunction via TH synthesis, implying adverse effect of bisphenol analogues on TH homeostasis and subsequent physiological processes.

Sci Total Environ. 2023 
Nov 20:900:165711.

10.1016/j.scitotenv.2023.165711 37487893 動物 甲状腺機能障害 1 1 1 1 1 1 - - - - - - 1 1 - 1 - 1 - - - - - - - - -

統合_1267 C. Hu, L. Lu, C. Guo, T. Zhan, X. Zhang and H. 
Zhang 2024

Bisphenols and brominated 
bisphenols induced endothelial 
dysfunction via its disruption of 
endothelial nitric oxide synthase

Emerging literatures have concentrated on the association between cardiovascular diseases risk of typical endocrine disruptor bisphenols, which also put forward the further studies need respect to the potential 
mechanism. Herein, we investigated the endothelial dysfunction effects of bisphenols and brominated bisphenols involved in aortic pathological structure, endothelial nitric oxide synthase (eNOS) protein phosphorylation, 
synthase activity and nitric oxide (NO) production in human umbilical vein endothelial cells (HUVECs) and C57BL/6 mice. Bisphenol A (BPA) and bisphenol S (BPS) increased NO production by 85.7% and 68.8% at 10(-6) M 
level in vitro and 74.3%, 41.5% in vivo, respectively, while tetrabromobisphenol S (TBBPS) significantly inhibited NO by 55.7% at 10(-6) M in vitro and 28.9% in vivo at dose of 20 mg/kg BW/d. Aortic transcriptome profiling 
revealed that the process of 'regulation of NO mediated signal transduction' was commonly induced. The mRNA and protein expression of phosphorylated eNOS at Ser(1177) were promoted by BPA and BPS but decreased 
by TBBPA and TBBPS in HUVECs. Phosphorylation and enzymatic activity of eNOS were significantly increased by 43.4% and 13.8% with the treatment of BPA and BPS at 10(-7) M, but decreased by 16.9% after exposure 
to TBBPS at 10(-6) M in vitro. Moreover, only TBBPS was observed to increase aorta thickness significantly in mice and induce endothelial dysfunction. Our work suggests that bisphenols and brominated bisphenols may 
exert adverse outcome on vascular health differently in vitro and in vivo, and emphasizes areas of public health concern similar endocrine disruptors vulnerable on the vascular endothelial function.

Environ Pollut Vol.346 
Pages 123600

10.1016/j.envpol.2024.123600 38369087 動物、in vitro - 1 不明 1 1 0 20 mg/kg/d - - - 1 0 10(-6) M - - - - - - - - - - - - - - -

統合_1268 S. Hsu, H. Huang, C. Liao, H. Huang, Y. Shih, J. 
Chen, H. Wu, T. Kuo, R. Fu and C. Tsai 2024

Induction of Phosphorylated Tau 
Accumulation and Memory 
Impairment by Bisphenol A and the 
Protective Effects of Carnosic Acid 
in In Vitro and In Vivo

Bisphenol A (BPA) is a component of polycarbonate plastics that has been implicated in memory impairment. The present study investigated the effect of carnosic acid (CA) on memory deficit induced by BPA and the role 
of Akt in this mechanism. First, SH-SY5Y cells were treated with 20 nM BPA and 1 μM CA for 12 h. The results showed that treatment of CA with BPA improved the alternation of IRS-1/Akt/GSK-3β as well as the 
induction of ApoE and (Ser396)p-tau. Moreover, treatment of CA with BPA restored the signaling involved in long-term potentiation (LTP) effect, leading to induction of synaptic-related proteins, such as PSD-95, 
synapsin1a, and pro-BDNF. Wortmannin treatment alleviated the reversal by CA. Then, C57BL/6 J male mice were orally administered with CA to test the memory function in BPA treatment. The results showed that CA 
and RE can improve BPA-induced impairment of motor, recognition, and spatial memory by using open-field test (OFT), novel objective recognition test (NOR), and Y-maze test, respectively. Moreover, CA and RE improved 
the phosphorylation of tau and the reduction of PSD-95, synapsin1a, and pro-BDNF proteins induced by BPA. Therefore, the results indicated that CA decreased the phosphorylated tau and memory impairment induced by 
BPA through Akt pathway.

Mol Neurobiol. 2024 
Sep;61(9):6148-6160.

10.1007/s12035-024-03952-9 38280110 動物、in vitro 神経 1 1 1 1 0 1 - - - 不明 0 20 nM 1 1 - 1 - - - - - - - - - - -

統合_1269 C. N. Hsu, Y. J. Lin and Y. L. Tain 2019

Maternal Exposure to Bisphenol A 
Combined with High-Fat Diet-
Induced Programmed Hypertension 
in Adult Male Rat Offspring: Effects 
of Resveratrol

Maternal exposure to endocrine disrupting chemicals (EDCs) and a high-fat intake may induce the developmental programming of hypertension in adult offspring. Bisphenol A (BPA) is one of the most commonly 
environmental EDCs. As the nitric oxide (NO) and aryl hydrocarbon receptor (AHR) signaling pathways both contribute to the pathogenesis of hypertension, we evaluated whether resveratrol, an antioxidant and an AHR 
antagonist, can prevent hypertension programmed by a maternal BPA and HF diet. Sixteen-week-old male rat offspring were assigned to six groups (n = 8 per group): Control, HF (D12331, Research Diets), BPA (50 μ
g/kg/day), HF + BPA, BPA + R (resveratrol 50mg/L in drinking water throughout pregnancy and lactation), and HF + BPA + R. Maternal BPA exposure exacerbated hypertension programmed by HF consumption in adult 
male offspring, which was protected by maternal resveratrol therapy. The BPA and HF diet synergistically induced oxidative stress in offspring kidneys, which resveratrol treatment prevented. We observed that HF + BPA-
induced programmed hypertension was associated with a decreased NO bioavailability, increased oxidative stress, and an activated AHR signaling pathway. The beneficial effects of resveratrol are relevant to restoring 
NO bioavailability, reducing oxidative stress, and antagonizing the AHR signaling pathway. Our results cast a new light on resveratrol as a reprogramming strategy to protect against hypertension programmed by combined 
BPA and HF exposure, but this strategy has yet to be translated into clinical applications.

Int J Mol Sci Vol.20 
Issue 18

10.3390/ijms20184382 31489946 動物 - 1 1 不明 不明 0 50 µg/kg/⽇ - - - - - - - - - - - - - - - - - - - - -

統合_1270
A. Hormozi, H. Salehi, S. M. A. Hosseini, S. 
Rajabi, H. Kabiri-Rad, A. Mansori, T. Fakhrtaha, 
S. Samarghandian and T. Farkhondeh

2025

Berberine nanoemulsion attenuates 
bisphenol A-induced metabolic 
impairment through NF-κB 
signaling in the liver of rat

This study was designed to investigate the potential of Berberine nanoemulsion (BNE) to mitigate Bisphenol A (BPA)-induced liver damage in rats. Thirty-six adult Wistar rats were randomly divided into six groups and 
exposed to various doses of BPA and BNE for 30 days. The experimental groups included a control group, a BPA-only group, BNE-only group, and combinations of BNE with BPA at 5 and 10 mg/kg doses. After 30 days of 
treatment, the rats were anesthetized, and blood and liver samples were collected. Key metabolic parameters, including glucose, triglycerides (TG), total cholesterol (TC), aspartate aminotransferase (AST), alanine 
transaminase (ALT) and alkaline phosphatase (ALP) and white blood cell (WBC) counts, were measured. Oxidative stress was assessed by measuring malondialdehyde (MDA) and nitric oxide (NO) levels. Gene expression 
analysis of NF-κB and IL-1β were performed using quantitative PCR. Liver histopathology was also conducted to assess structural alterations. BPA exposure significantly elevated serum glucose, TG, TC, AST, ALT and 
ALP levels, liver levels of oxidative stress markers (NO and MDA) and also expression of pro-inflammatory cytokines IL-1β and NF-κB compared to the control group. BNE treatment (10 mg/kg) significantly reduced 
blood glucose, TG, AST, ALT and ALP levels in BPA-exposed rats compared to non-treated BPA group. Additionally, BNE decreased liver levels of NO and MDA and normalized the total WBC count compared to the non-
treated BPA group. The expressions of IL-1β and NF-κB were significantly reduced in the BNE-treated groups versus the non-treated BPA group. Histopathological examination of the liver revealed that BNE treatment 
alleviated BPA-induced liver damage, showing minimal structural alterations in the liver tissue. Our study demonstrates that BNE effectively mitigates the metabolic and inflammatory consequences of BPA exposure in 
rats. These findings contribute to understanding BPA toxicity and suggest the clinical potential of BNE in managing BPA-induced metabolic disorders in humans, warranting further investigation.

Toxicol Rep Vol.15 
Pages 102069

10.1016/j.toxrep.2025.102069 40687893 動物 - 1 1 1 1 0 200 mg/kg/d - - - - - - - - - - - - - - - - - - - - -
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統合_1271
A. Horánszky, B. Shashikadze, R. Elkhateib, S. 
D. Lombardo, F. Lamberto, M. Zana, J. Menche, 
T. Fröhlich and A. Dinnyés

2023

Proteomics and disease network 
associations evaluation of 
environmentally relevant Bisphenol 
A concentrations in a human 3D 
neural stem cell model

Bisphenol A (BPA) exposure is associated with a plethora of neurodevelopmental abnormalities and brain disorders. Previous studies have demonstrated BPA-induced perturbations to critical neural stem cell (NSC) 
characteristics, such as proliferation and differentiation, although the underlying molecular mechanisms remain under debate. The present study evaluated the effects of a repeated-dose exposure of environmentally 
relevant BPA concentrations during the in vitro 3D neural induction of human induced pluripotent stem cells (hiPSCs), emulating a chronic exposure scenario. Firstly, we demonstrated that our model is suitable for NSC 
differentiation during the early stages of embryonic brain development. Our morphological image analysis showed that BPA exposure at 0.01, 0.1 and 1 µM decreased the average spheroid size by day 21 (D21) of the neural 
induction, while no effect on cell viability was detected. No alteration to the rate of the neural induction was observed based on the expression of key neural lineage and neuroectodermal transcripts. Quantitative 
proteomics at D21 revealed several differentially abundant proteins across all BPA-treated groups with important functions in NSC proliferation and maintenance (e.g., FABP7, GPC4, GAP43, Wnt-8B, TPPP3). Additionally, 
a network analysis demonstrated alterations to the glycolytic pathway, potentially implicating BPA-induced changes to glycolytic signalling in NSC proliferation impairments, as well as the pathophysiology of brain 
disorders including intellectual disability, autism spectrum disorders, and amyotrophic lateral sclerosis (ALS). This study enhances the current understanding of BPA-related NSC aberrations based mostly on acute, often 
high dose exposures of rodent in vivo and in vitro models and human GWAS data in a novel human 3D cell-based model with real-life scenario relevant prolonged and low-level exposures, offering further mechanistic 
insights into the ramifications of BPA exposure on the developing human brain and consequently, later life neurological disorders.

Front Cell Dev Biol. 
2023 Aug 
16:11:1236243.

10.3389/fcell.2023.1236243 37664457 in vitro - - - - - - - - - - 1 0 0.01、0.1、1µM 1 - - - - - - - - - - - - - -

統合_1272 T. Hong, J. Zou, J. Yang, H. Liu, Z. Cao, Y. He 
and D. Feng 2023

Curcumin protects against bisphenol 
A-induced hepatic steatosis by 
inhibiting cholesterol absorption and 
synthesis in CD-1 mice

Curcumin is a polyphenol extracted from the rhizome of turmeric, and our previous research showed that curcumin inhibited cholesterol absorption and had cholesterol-lowering effect. Bisphenol A (BPA), a common 
plasticizer, is widely used in the manufacture of food packaging and is associated with non-alcoholic fatty liver disease (NAFLD). We hypothesized that curcumin could protect against BPA-induced hepatic steatosis by 
inhibiting cholesterol absorption and synthesis. Male CD-1 mice fed BPA-contaminated diet with or without curcumin for 24 weeks were used to test our hypothesis. We found that chronic low-dose BPA exposure 
significantly increased the levels of serum triglyceride (TG), total cholesterol (TC), and low-density lipoprotein cholesterol and the contents of liver TG and TC, resulting in liver fat accumulation and hepatic steatosis 
while curcumin supplementation could alleviate BPA-induced dyslipidemia and hepatic steatosis. Moreover, the anti-steatosis and cholesterol-lowering effects of curcumin against BPA coincided with a significant 
reduction in intestinal cholesterol absorption and liver cholesterol synthesis, which was modulated by suppressing the expression of sterol regulatory element-binding protein-2 (SREBP-2), Niemann-Pick C1-like 1 
(NPC1L1), and 3-hydroxy-3-methylglutaryl coenzyme A reductase (HMGCR) in the small intestine and liver. In addition, the expression levels of liver lipogenic genes such as liver X receptor alpha (LXRα), SREBP-1c, 
acetyl-CoA carboxylase 1 (ACC1), and ACC2 were also markedly down-regulated by curcumin. Overall, our findings indicated that curcumin inhibited BPA-induced intestinal cholesterol absorption and liver cholesterol 
synthesis by suppressing SREBP-2, NPC1L1, and HMGCR expression, subsequently reducing liver cholesterol accumulation and fat synthesis, thereby preventing hepatic steatosis and NAFLD.

Food Sci Nutr Vol.11 
Issue 9 Pages 5091-
5101

10.1002/fsn3.3468 37701206 動物 - 1 1 1 1 0 0.5 mg/kg - - - - - - - - - - - - - - - - - - - - -

統合_1273 T. Hong, J. Zou, Y. He, H. Zhang, H. Liu, H. Mai, 
J. Yang, Z. Cao, X. Chen, J. Yao and D. Feng 2023

Bisphenol A induced hepatic 
steatosis by disturbing bile acid 
metabolism and FXR/TGR5 
signaling pathways via remodeling 
the gut microbiota in CD-1 mice

Dysregulation of gut microbiota-mediated bile acid (BA) metabolism plays an important role in the pathogenesis of hepatic steatosis and nonalcoholic fatty liver disease (NAFLD). Our previous studies found that bisphenol 
A (BPA) exposure induced hepatic steatosis and gut microbiota dysbiosis. However, whether the gut microbiota-dependent BA metabolism alterations were involved in BPA-induced hepatic steatosis remains unclear. 
Therefore, we explored the gut microbiota-related metabolic mechanisms of hepatic steatosis induced by BPA. Male CD-1 mice were exposed to low-dose BPA (50 μg/kg/day) for 6 months. Fecal microbiota 
transplantation (FMT) and broad-spectrum antibiotic cocktail (ABX) treatment were further adopted to test the role of gut microbiota in the adverse effects of BPA. We found that BPA induced hepatic steatosis in mice. 
Additionally, 16S rRNA gene sequencing showed that BPA reduced the relative abundance of Bacteroides, Parabacteroides and Akkermansia, which are associated with BA metabolism. Metabolomic analyses 
demonstrated that BPA significantly altered the ratio of conjugated to unconjugated BAs and increased the total level of taurine-α/β-muricholic acid while decreasing the level of chenodeoxycholic acid, thus inhibiting 
the activation of special receptors, including farnesoid X receptor (FXR) and Takeda G protein-coupled receptor 5 (TGR5), in the ileum and liver. The inhibition of FXR reduced short heterodimer partner and subsequently 
induced cholesterol 7α-hydroxylase and sterol regulatory element-binding protein-1c expression, which is related to hepatic BA synthesis and lipogenesis, eventually leading to liver cholestasis and steatosis. 
Furthermore, we found that mice that received FMT from BPA-exposed mice developed hepatic steatosis, and the influences of BPA on hepatic steatosis and FXR/TGR5 signaling pathways could be eliminated by ABX 
treatment, confirming the role of gut microbiota in BPA effects. Collectively, our study illustrates that suppressed microbiota-BA-FXR/TGR signaling pathways may be a potential mechanism for hepatic steatosis induced 
by BPA, providing a new target for the prevention of BPA-induced NAFLD.

Sci Total Environ 
Vol.889 Pages 164307

10.1016/j.scitotenv.2023.164307 37211107 動物 - 1 不明 1 1 0 50 µg/kg/⽇ - - - - - - - - - - - - - - - - - - - - -

統合_1274 T. Hong, X. Jiang, J. Zou, J. Yang, H. Zhang, H. 
Mai, W. Ling and D. Feng 2022

Hepatoprotective effect of curcumin 
against bisphenol A-induced hepatic 
steatosis via modulating gut 
microbiota dysbiosis and related 
gut-liver axis activation in CD-1 
mice

Chronic exposure to low-dose bisphenol A (BPA) has become a global problem of public health. Our previous work showed that low-dose BPA exposure caused gut microbial dysbiosis and hepatic steatosis. Curcumin, a 
polyphenol extracted from turmeric, has an inhibitory effect on liver lipid accumulation, whether curcumin can alleviate BPA-induced hepatic steatosis through improving intestinal flora and modulating gut-liver axis 
remains to be elucidated. Male CD-1 mice were fed with BPA-contaminated diet supplemented with or not with curcumin for 24 weeks. Curcumin supplementation markedly ameliorated liver fat accumulation and hepatic 
steatosis induced by BPA. Gut microbiota analysis via 16S rRNA sequencing revealed that the relative abundance of Proteobacteria and Firmicutes/Bacteroidetes ratio were increased in BPA-fed mice, and this alteration 
was reversed by curcumin treatment. Akkermansia, which was recognized as a potential probiotic, was significantly reduced after BPA exposure and was restored to the control level with curcumin addition. Furthermore, 
curcumin supplementation reversed the down-regulation of intestinal tight junction protein expressions (zona occludens-1 and occludin), improved increased gut permeability, reduced serum lipopolysaccharide level and 
suppressed the activation of hepatic toll-like receptor 4 / nuclear factor-κB (TLR4/NF-κB) pathway induced by BPA. These results indicated that the protective effect of curcumin against hepatic steatosis induced by 
BPA and further revealed that its mechanism might be its prebiotic effect on maintaining intestinal flora homeostasis and improving intestinal barrier function, consequently reducing serum lipopolysaccharide-triggered 
inflammatory response in the liver. Our work provides evidence for curcumin as a potential nutritional therapy for BPA-mediated hepatic steatosis.

J Nutr Biochem. 2022 
Nov:109:109103.

10.1016/j.jnutbio.2022.109103 35780999 動物 肝毒性 1 1 1 CD-1mice:1 0 50 µg/kg相当:1 - - - - - - 1 1 - 1 - - - - - - - - - - -

統合_1275 L. Hong, Y. Xu, D. Wang, Q. Zhang, X. Li, C. Xie, 
J. Wu, C. Zhong, J. Fu and S. Geng 2023

Sulforaphane ameliorates bisphenol 
A-induced hepatic lipid 
accumulation by inhibiting 
endoplasmic reticulum stress

The aim of the present study was to investigate the role of endoplasmic reticulum (ER) stress in bisphenol A (BPA) - induced hepatic lipid accumulation as well as the protective effects of Sulforaphane (SFN) in this 
process. Human hepatocyte cell line (LO2) and C57/BL6J mice were used to examine BPA-triggered hepatic lipid accumulation and the underlying mechanism. Hepatic lipid accumulation, triglycerides (TGs) levels, the 
expression levels of lipogenesis-related genes and proteins in the ER stress pathway were measured. It was revealed that BPA treatment increased the number of lipid droplets, the levels of TG and mRNAs expression of 
lipogenesis-related genes, and activated the ER stress pathway. These changes were inhibited by an ER stress inhibitor 4-phenylbutyric acid. SFN treatment abrogated BPA-altered hepatic lipid metabolism and 
ameliorated BPA-induced ER stress-related markers. Together, these findings suggested that BPA activated ER stress to promote hepatic lipid accumulation, and that SFN reversed those BPA effects by alleviating ER 
stress.

Sci Rep. 2023 Jan 
20;13(1):1147.

10.1038/s41598-023-28395-5 36670177 動物、in vitro - 1 0 1 1 0 100 µg/kg/day - - - 不明 0 不明 1 - - - - - - - - - - - - - -

統合_1276
S. M. Ho, R. Rao, B. Ouyang, N. N. C. Tam, E. 
Schoch, D. Song, J. Ying, Y. K. Leung, V. 
Govindarajah and P. Tarapore

2021

Three-Generation Study of Male 
Rats Gestationally Exposed to High 
Butterfat and Bisphenol A: Impaired 
Spermatogenesis, Penetrance with 
Reduced Severity

Gestational high butterfat (HFB) and/or endocrine disruptor exposure was previously found to disrupt spermatogenesis in adulthood. This study addresses the data gap in our knowledge regarding transgenerational 
transmission of the disruptive interaction between a high-fat diet and endocrine disruptor bisphenol A (BPA). F0 generation Sprague-Dawley rats were fed diets containing butterfat (10 kcal%) and high in butterfat (39 
kcal%, HFB) with or without BPA (25 µg/kg body weight/day) during mating and pregnancy. Gestationally exposed F1-generation offspring from different litters were mated to produce F2 offspring, and similarly, F2-
generation animals produced F3-generation offspring. One group of F3 male offspring was administered either testosterone plus estradiol-17β (T + E2) or sham via capsule implants from postnatal days 70 to 210. 
Another group was naturally aged to 18 months. Combination diets of HFB + BPA in F0 dams, but not single exposure to either, disrupted spermatogenesis in F3-generation adult males in both the T + E2-implanted group 
and the naturally aged group. CYP19A1 localization to the acrosome and estrogen receptor beta (ERbeta) localization to the nucleus were associated with impaired spermatogenesis. Finally, expression of methyl-CpG-
binding domain-3 (MBD3) was consistently decreased in the HFB and HFB + BPA exposed F1 and F3 testes, suggesting an epigenetic component to this inheritance. However, the severe atrophy within testes present in 
F1 males was absent in F3 males. In conclusion, the HFB + BPA group demonstrated transgenerational inheritance of the impaired spermatogenesis phenotype, but severity was reduced in the F3 generation.

Nutrients Vol.13 Issue 
10

10.3390/nu13103636 34684636 動物 - 1 1 1 1 0 25 µg/kg/⽇ - - - - - - - - - - - - - - - - - - - - -

統合_1277 J. K. Hinchcliffe, M. Mendl and E. S. J. Robinson 2020

Investigating hormone-induced 
changes in affective state using the 
affective bias test in male and 
female rats

Recent clinical and pre-clinical research suggests that affective biases may play an important role in the development and perpetuation of mood disorders. Studies in animals have also revealed that similar 
neuropsychological processes can be measured in non-human species using behavioural assays designed to measure biases in learning and memory or decision-making. Given the proposed links between hormones and 
mood, we used the affective bias test to investigate the effects of different hormone treatments in both male and female rats. Animals were pre-treated with acute doses of hormone or vehicle control prior to learning 
each of two independent substrate-reward associations. During a subsequent choice test, positive or negative biases were observed by animal's preference towards or away from the substrate learnt during drug 
treatment respectively. In both sexes, oestradiol and the oestrogen-like compound bisphenol A induced positive biases, whilst blockade of oestrogen hormones with formestane induced a negative bias. Progesterone 
induced a negative bias in both sexes, but testosterone only induced a negative bias in males. Blocking testosterone with flutamide induced a positive bias in both sexes at the higher dose (10 mg/kg). The oxytocin 
analogue, carbetocin induced positive biases in both sexes but the vasopressin analogue, desmopressin, induced a positive bias in male rats only. These results provide evidence that modulating levels of hormones using 
exogenous treatments can induce affective biases in rats. They also suggest that hormone-induced affective biases influence cognitive and emotional behaviour and could have longer-term effects in some mood 
disorders.

Psychoneuroendocrinol
ogy Vol.115 Pages 
104647

10.1016/j.psyneuen.2020.104647 32179367 動物 - 1 0 1 1 0 0.05, 0.5 mg/kg - - - - - - - - - - - - - - - - - - - - -

統合_1278 A. D. Henriksen, A. Andrade, E. P. Harris, E. F. 
Rissman and J. T. Wolstenholme 2020

Bisphenol a Exposure in Utero 
Disrupts Hypothalamic Gene 
Expression Particularly Genes 
Suspected in Autism Spectrum 
Disorders and Neuron and Hormone 
Signaling

Bisphenol A (BPA) is an endocrine-disrupting compound detected in the urine of more than 92% of humans, easily crosses the placental barrier, and has been shown to influence gene expression during fetal brain 
development. The purpose of this study was to investigate the effect of in utero BPA exposure on gene expression in the anterior hypothalamus, the basal nucleus of the stria terminalis (BNST), and hippocampus in 
C57BL/6 mice. Mice were exposed in utero to human-relevant doses of BPA, and then RNA sequencing was performed on male PND 28 tissue from whole hypothalamus (n = 3/group) that included the medial preoptic 
area (mPOA) and BNST to determine whether any genes were differentially expressed between BPA-exposed and control mice. A subset of genes was selected for further study using RT-qPCR on adult tissue from 
hippocampus to determine whether any differentially expressed genes (DEGs) persisted into adulthood. Two different RNA-Seq workflows indicated a total of 259 genes that were differentially expressed between BPA-
exposed and control mice. Gene ontology analysis indicated that those DEGs were overrepresented in categories relating to mating, cell-cell signaling, behavior, neurodevelopment, neurogenesis, synapse formation, 
cognition, learning behaviors, hormone activity, and signaling receptor activity, among others. Ingenuity Pathway Analysis was used to interrogate novel gene networks and upstream regulators, indicating the top five 
upstream regulators as huntingtin, beta-estradiol, alpha-synuclein, Creb1, and estrogen receptor (ER)-alpha. In addition, 15 DE genes were identified that are suspected in autism spectrum disorders.

Int J Mol Sci Vol.21 
Issue 9

10.3390/ijms21093129 32365465 動物 - 1 1 1 1 0 5 mg BPA/kg (餌中濃度) - - - - - - - - - - - - - - - - - - - - -

統合_1279
B. Helli, S. P. Navabi, S. A. Hosseini, A. Sabahi, 
L. Khorsandi, N. Amirrajab, M. Mahdavinia, S. 
Rahmani and M. A. Dehghani

2024

The Protective Effects of Syringic 
Acid on Bisphenol A-Induced 
Neurotoxicity Possibly Through 
AMPK/PGC-1α/Fndc5 and 
CREB/BDNF Signaling Pathways

Bisphenol A (BPA), an endocrine disruptor, is commonly used to produce epoxy resins and polycarbonate plastics. Continuous exposure to BPA may contribute to the development of diseases in humans and seriously 
affect their health. Previous research suggests a significant relationship between the increased incidence of neurological diseases and the level of BPA in the living environment. Syringic acid (SA), a natural derivative of 
gallic acid, has recently considered much attention due to neuromodulator activity and its anti-oxidant, anti-apoptotic, and anti-inflammatory effects. Therefore, in this study, we aimed to investigate the effects of SA on 
oxidative stress, apoptosis, memory and locomotor disorders, and mitochondrial function, and to identify the mechanisms related to Alzheimer's disease (AD) in the brain of rats receiving high doses of BPA. For this 
purpose, male Wistar rats received BPA (50, 100, and 200 mg/kg) and SA (50 mg/kg) for 21 days. The results showed that BPA exposure significantly altered the rats' neurobehavioral responses. Additionally, BPA, by 
increasing the level of ROS, and MDA level, increased the level of oxidative stress while reducing the level of antioxidant enzymes, such as SOD, CAT, GPx, and mitochondrial GSH. The administration of BPA at 200 mg/kg 
significantly decreased the expression of ERRα, TFAM, irisin, PGC-1α, Bcl-2, and FNDC5, while it increased the expression of TrkB, cytochrome C, caspase 3, and Bax. Moreover, the Western blotting results showed 
that BPA increased the levels of P-AMPK, GSK3b, p-tau, and Aβ, while it decreased the levels of PKA, P-PKA, Akt, BDNF, CREB, P-CREB, and PI3K. Meanwhile, SA at 50 mg/kg reversed the behavioral, biochemical, and 
molecular changes induced by high doses of BPA. Overall, BPA could lead to the development of AD by affecting the mitochondria-dependent apoptosis pathway, as well as AMPK/PGC-1α/FNDC5 and CREB/BDNF/TrkB 
signaling pathways, and finally, by increasing the expression of tau and Aβ proteins. In conclusion, SA, as an antioxidant, significantly reduced the toxicity of BPA.

Mol Neurobiol Vol.61 
Issue 10 Pages 7767-
7784

10.1007/s12035-024-04048-0 38430353 動物 - 1 不明 1 1 1 50、100、200 mg/kg - - - - - - - - - - - - - - - - - - - - -

統合_1280

J. J. Heindel, S. Belcher, J. A. Flaws, G. S. Prins, 
S. M. Ho, J. Mao, H. B. Patisaul, W. Ricke, C. S. 
Rosenfeld, A. M. Soto, F. S. Vom Saal and R. T. 
Zoeller

2020
Data integration, analysis, and 
interpretation of eight academic 
CLARITY-BPA studies

Consortium Linking Academic and Regulatory Insights on BPA Toxicity (CLARITY-BPA) was a comprehensive "industry-standard" Good Laboratory Practice (GLP)-compliant 2-year chronic exposure study of bisphenol A 
(BPA) toxicity that was supplemented by hypothesis-driven independent investigator-initiated studies. The investigator-initiated studies were focused on integrating disease-associated, molecular, and physiological 
endpoints previously found by academic scientists into an industry standard guideline-compliant toxicity study. Thus, the goal of this collaboration was to provide a more comprehensive dataset upon which to base safety 
standards and to determine whether industry-standard tests are as sensitive and predictive as molecular and disease-associated endpoints. The goal of this report is to integrate the findings from the investigator-
initiated studies into a comprehensive overview of the observed impacts of BPA across the multiple organs and systems analyzed. For each organ system, we provide the rationale for the study, an overview of 
methodology, and summarize major findings. We then compare the results of the CLARITY-BPA studies across organ systems with the results of previous peer-reviewed studies from independent labs. Finally, we discuss 
potential influences that contributed to differences between studies. Developmental exposure to BPA can lead to adverse effects in multiple organs systems, including the brain, prostate gland, urinary tract, ovary, 
mammary gland, and heart. As published previously, many effects were at the lowest dose tested, 2.5μg/kg /day, and many of the responses were non-monotonic. Because the low dose of BPA affected endpoints in the 
same animals across organs evaluated in different labs, we conclude that these are biologically - and toxicologically - relevant.

Reprod Toxicol. 2020 
Dec:98:29-60.

10.1016/j.reprotox.2020.05.014 32682780 動物 ⽣殖発⽣毒性 1 1 1 1 1 1 - - - - - - 1 1 - 1 - - - - - - - - - - -

統合_1281 Q. He, C. Xu, J. Guo, Y. Chen, N. Huang and J. 
Chen 2024

Bisphenol A exposure stimulates 
prostatic fibrosis via exosome-
triggered epithelium changes

Fibrosis is the pathological basis for the clinical progression of benign prostatic hyperplasia (BPH). Prostatic fibrosis is an important risk factor in patients with BPH who experience lower urinary tract symptoms. 
Bisphenol A (BPA) is an environmental endocrine disruptor (EED) that causes prostate defects. The effects of BPA on the prostate were investigated in this study using mouse and human prostate cell models. BPA-
induced mouse prostatic fibrosis is characterized by collagen deposition and an increase in hydroxyproline concentration. Furthermore, BPA-exposed prostatic stromal fibroblasts exosomes promote the epithelial-
mesenchymal transition of epithelial cells. High-throughput RNA sequencing and functional enrichment analyses show that substantially altered mRNAs, lncRNAs and circRNAs play roles in cellular interactions and the 
hypoxia-inducible factor-1 signaling pathway. The results showed that exosomes participated in the pro-fibrogenic effects of BPA on the prostate by mediating communication between stromal and epithelial cells and 
triggering epithelial changes.

Food Chem Toxicol. 
2024 Mar:185:114450.

10.1016/j.fct.2024.114450 38215961 in vitro - - - - - - - - - - 1 0 不明 1 - - - - - - - - - - - - - -

統合_1282 J. He, L. Zhang, H. Jin, D. Yang, L. Jia, B. Han, H. 
Sui and J. Guo 2025

Prediction of the exposure profile of 
bisphenol A in Chinese population 
by physiologically-based 
pharmacokinetics modeling

Bisphenol A (BPA) has emerged as a typical contaminant which can induce various adverse effects on human health and environment. BPA exposure and the corresponding human responses vary across different regions 
and populations. China is one of the largest producers and consumers of BPA, but the exposure profile of BPA in Chinese population is poorly understood. Physiologically-based pharmacokinetic (PBPK) models are 
emerging as useful tools to predict the internal exposure profiles of chemicals. Herein, the present study was aimed to predict the exposure profile of BPA in Chinese population by PBPK modeling using external BPA 
exposure data. A PBPK model specific for oral BPA exposure in Chinese population was established using interspecies and route-to-route extrapolations using pharmacokinetic data from intravenous BPA exposure 
studies in monkeys. This model was refined and validated using the data concerning BPA physicochemical properties and pharmacokinetic (absorption, distribution, metabolism, and excretion) data from existing 
literatures. Afterward, this model was applied to simulate the internal exposure profile of BPA in Chinese population by integrating external exposure data from the Fifth China Total Diet Survey with physiological 
parameters specific to Chinese population. Parameter sensitivity and modeling uncertainty were analyzed. Based on the simulated BPA internal profile, human equivalent dose factors (HEDF) were calculated. Our results 
provide an important basis for assessment of the potential risk of BPA exposure in Chinese population and an essential reference for determination of the safe margin limits for BPA in China.

Environ Pollut Vol.373 
Pages 126075

10.1016/j.envpol.2025.126075 40122328 ヒト - - - - - - - PBPKモデル 1 1 - - - - - - - - - - - - - - - - - -

統合_1283 H. He, X. Li, J. Shen, S. Bai, C. Li and H. Shi 2022

Bisphenol A exposure causes 
testicular toxicity by targeting 
DPY30-mediated post-translational 
modification of PI3K/AKT signaling 
in mice

Bisphenol A (BPA), one of the chemicals with the highest volume of production worldwide, has been demonstrated to cause testicular toxicity via different pathways. However, there is little evidence concerning the 
mechanism of BPA exposure induced histone modification alterations, especially regarding the effect on the histone H3 lysine 4 (H3K4) epigenetic modification. Our results demonstrated a new epigenetic regulation of 
BPA exposure on testicular damage using both cell culture and mouse models. With BPA treatment, disordered and shrunken seminiferous tubules and poor sperm quality were observed in vivo, and mouse spermatogonial 
germ cell proliferation was inhibited in vitro. BPA attenuated PI3K expression inducing phospho-AKT inhibition in vivo and in vitro. DPY30 was the only downregulated subunit in BPA and MEK2206 (AKT inhibitor) treated 
cells, which contributed to reducing H3K4me3 recruitment at the PIK3CA transcriptional start site (TSS) in BPA treated cells. The toxicity caused by BPA exposure was relieved after the transduction of adenoviruses 
expressing DPY30 transgenes, which resulted in the stimulation of PI3K/AKT with H3K4me3 enriched at the PI3KCA TSS. DPY30 promoted cell glycolysis via AMPK and proliferation through AKT/P21. DPY30 was mainly 
located in the round and elongated spermatids for energy accumulation in mature sperm in AD-DPY30-treated mice which showed higher sperm quality. Overall, our results indicated that BPA exposure causes testicular 
toxicity through a DPY30-mediated H3K4me3 epigenetic modification, which serves to regulate the PI3K/AKT/P21 pathway.

Ecotoxicol Environ Saf. 
2022 Sep 
15:243:113996.

10.1016/j.ecoenv.2022.113996 36030680 動物、in vitro - 1 0 1 BALB/c 1 50 µg/kg、5 mg/kg, 20 mg/kg (2⽇に1回) - - - 1 0 10% BSA 1 - - - - - - - - - - - - - -
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統合_1284 H. He, X. Chen, X. Li, K. Yang, J. Li and H. Shi 2022

Lactoferrin alleviates 
spermatogenesis dysfunction 
caused by bisphenol A and cadmium 
via ameliorating disordered 
autophagy, apoptosis and oxidative 
stress

Contaminants in food have severely threatened human health, and appropriate antioxidants derived from food could reduce impairment risk. Lactoferrin from milk could control iron concentration in the blood to ameliorate 
oxidative stress, which is also required for sperm maturation, but the underlying mechanisms remain unclear. The present study used mice with spermatogenetic dysfunction caused by bisphenol A (BPA) and cadmium 
(Cd) to evaluate the ameliorative effects of lactoferrin and milk (bioactive substances). BPA (50 mg/kg) and Cd (1.6 mg/kg) caused severe damage to testis, including globally decreased germ cell counts, poor sperm 
quality, disordered apoptosis, oxidative stress, and autophagy; however bioactive substances comprehensively ameliorated spermatogenetic dysfunction via mitigating the increased levels of BAX/BCL2, LC3II/LC3I, and 
P62. AMPK was involved in autophagic regulation, while ERK1/2 inhibition attenuated the protective effects of lactoferrin, including restimulating apoptosis, oxidative stress, and arrested autophagic flux. Notably, P62 
was consistently stimulated with different ERK1/2 inhibitors, which was ubiquitin-dependent. The study provides evidence for the alleviative effects of lactoferrin and milk in mice with spermatogenetic dysfunction 
through ERK1/2 mediated the ubiquitin-dependent degradation of P62. The involved signals and molecules could be identified as novel therapeutic targets for male infertility, which contributes to expanding LF's interests 
in research and application.

Int J Biol Macromol 
Vol.222 Issue Pt A 
Pages 1048-1062

10.1016/j.ijbiomac.2022.09.260 36183753 動物 - 1 不明 不明 不明 不明 50 mg/kg - - - - - - - - - - - - - - - - - - - - -

統合_1285 D. Hatipoglu, M. Burak Ates, G. Senturk, O. 
Koca, A. Bulut and N. Donmez 2025

Neuroprotective role of Nigella 
Sativa seed oil in mitigating 
bisphenol a-induced 
neurodegeneration

The primary objective of this study was to investigate the adverse effects of Bisphenol-A (BPA) on the central and peripheral nervous systems at molecular, histopathological, and immunohistochemical levels, as well as 
to evaluate the potential neuroprotective effects of Nigella Sativa seed oil (NSO). Rats were administered BPA at a dosage of 100 mg/kg body weight per day via gavage for 30 days, alongside NSO at a dosage of 5 ml/kg 
body weight per day for the same duration. Rats were sacrificed 24 h after the final administration, and molecular, histopathological, and immunohistochemical examinations were conducted on brain and sciatic nerve 
tissues. BPA exposure resulted in neurotoxic effects in both the central nervous system (brain) and peripheral nervous system (sciatic nerve), leading to oxidative stress, apoptosis, and neurodegeneration. Specifically, 
glutathione (GSH) levels decreased, while malondialdehyde (MDA) levels increased in both tissues due to BPA administration. Additionally, BPA elevated the gene expression levels of nuclear factor erythroid 2-related 
factor 2 (Nrf2), Caspase-3, and nuclear factor kappa-light-chain-enhancer of activated B cells (NF-κB) mRNA transcripts, while decreasing the expression of nuclear receptor subfamily 4 group A member 2 (NR4A2). In 
contrast, NSO administration alongside BPA increased GSH content in both tissues and significantly reduced MDA levels. Moreover, NSO decreased the gene expression levels of Nrf2, NF-κB, and Caspase-3 mRNA 
transcripts, while increasing NR4A2 expression. Furthermore, the neurodegenerative manifestations induced by BPA-such as neuronal degeneration, necrosis, neuronophagy, hemorrhage, gliosis, and elevated glial 
fibrillary acidic protein (GFAP) levels in the brain-were mitigated by the concurrent administration of NSO, indicating its neuroprotective efficacy. In conclusion, this study provides promising evidence that NSO may 
therapeutically alleviate BPA-induced neurodegeneration.

Sci Rep Vol.15 Issue 1 
Pages 22477

10.1038/s41598-024-80654-1 40595699 動物 - 1 1 不明 不明 不明 100 mg/kg - - - - - - - - - - - - - - - - - - - - -

統合_1286 A. A. Hassan, S. S. Abdelgayed and S. Z. 
Mansour 2024

Liver and ovarian toxicities boosted 
by bisphenol and gamma radiation 
in female albino rats

Bisphenol A (BPA), a carbon-based synthetic polymer compound, was newly classified as an environmental toxicant and an endocrine-disrupting chemical leading to abnormalities in cell proliferation, apoptosis, or 
migration that contributes to cancer development and progression. This study aims to evaluate the effect of the elevation of γ- radiation dose and BPA on the liver and ovaries of female rats. In this study, eighty female 
albino rats (130-150 g) were used in this work. Rats in this experiment received BPA in ethanol (50 mg/kg b. wt.) for 30 days, day after day, and in the irradiated groups, animals were administered BPA and then exposed to 
γ- radiation in doses (2, 4, and 6 Gy) one shot dose. Several members of the cytochrome family were examined. Exposure to γ-radiation and BPA showed an increase in cytochrome P450 and b5 fold change. Further, BPA 
and γ-radiation activate α and β estrogen receptors and also downregulate aromatase (CYT19) fold change. The current results also revealed that BPA and/or γ-radiation regulate the protein expression of the 
PI3K/Akt signaling pathway. The steroidogenic acute regulatory protein (StAR) appeared to be targeted by BPA and γ-radiation and its relative expression was elevated significantly by raising the γ-radiation dose. In 
conclusion, exposure to BPA, an endocrine-disrupting chemical, leads to marked toxicity. Additionally, toxicity is heightened by increasing the γ-radiation dose, either alone or in combination with BPA.

Hum Exp Toxicol Vol.43 
Pages 
9603271231219264

10.1177/09603271231219264 38263794 動物 - 1 0 1 1 0 50 mg/kg - - - - - - - - - - - - - - - - - - - - -

統合_1287 M. E. U. Haq, M. S. H. Akash, K. Rehman and M. 
H. Mahmood 2020

Chronic exposure of bisphenol A 
impairs carbohydrate and lipid 
metabolism by altering 
corresponding enzymatic and 
metabolic pathways

Bisphenol-A (BPA), a widespread endocrine-disrupting chemical, has been recognized as a risk factor for metabolic disorders. BPA is considered to be involved in the impairment of carbohydrate and lipid metabolism but 
the underlying mechanisms still need to be elucidated. Present study was aimed to investigate the impact of BPA exposure on enzymatic and metabolic pathways that are responsible to regulate the carbohydrate and lipid 
metabolism. Experimental rats were exposed to different doses of BPA (50, 500, 2500 and 5000 μg/kg/day orally) dissolved in 1.5% dimethyl sulfoxide for a period of 3 months. Serum level of key metabolic enzymes (α-
amylase, α-glucosidase, hexokinase, glucose-6-phosphatase and HMG-CoA-reductase) was measured by ELISA method. BPA-exposure suppressed the mRNA expression of gene encoding insulin resulting in poor insulin 
production. While hexokinase, acetyl-CoA carboxylase and squalene epoxide were up-regulated upon BPA exposure that justified the increased lipid profile. Moreover, BPA exposure showed considerably decreased 
glucose uptake through insulin signaling via Akt/GLUT4 pathways. There was a significant (p < 0.001) reduction in tissue level of glucose transporters. BPA significantly (p < 0.001) decreased the serum levels of oxidative 
stress biomarkers (GSH, CAT, and SOD). Serum levels of leptin, TNF-α, and IL-6 were rapidly increased upon exposure to BPA (p < 0.001). It was clearly evident from this study that BPA disturbed the carbohydrate and 
lipid metabolism after chronic exposure. It also accelerated the inflammatory processes by increasing the oxidative stress which ultimately lead towards the insulin resistance and impaired carbohydrate and lipid 
metabolism.

Environ Toxicol 
Pharmacol. 2020 
Aug:78:103387.

10.1016/j.etap.2020.103387 32339907 動物 代謝 1 1 1 1 1 1 - - - - - - 1 1 - 1 - 1 - - - - - - - - -

統合_1288 Z. Hao, X. Guo, L. Li, X. Lei, Z. Tang, M. Zhai 
and J. Yuan 2024

Identification of core genes and 
molecular prediction of drug targets 
for countering BPA-induced 
olfactory bulb neurotoxicity in male 
mice

Bisphenol A (BPA) is ubiquitous in plastics, which can modify and improve the applicability and durability of plastics. Previous laboratory studies have shown that BPA can trigger cognitive impairment and depression. The 
olfactory bulb (OB) is significantly related to cognition and depression. However, there is a deficiency in information on BPA-induced OB neurotoxicity. Therefore, we analyzed the OB tissues of male mice at the 
transcriptional level after BPA poisoning at four different levels of concentration (0, 0.01, 0.1, and 1 μg/mL). Gene Ontology (GO), Kyoto Encyclopedia of Genes and Genomes (KEGG), and weighted gene co-expression 
network analysis (WGCNA) were used to screen critical pathways and core genes. The result demonstrated that the PI3K-AKT signaling pathway might play a crucial role in the effects of BPA on the OB. In addition, two 
genes of the PI3K-AKT signaling pathway, the colony stimulating factor-1 receptor (Csf1r) and the toll-like receptor 2 (Tlr2), were screened by the protein-protein interaction networks. Furthermore, molecular docking 
identified ceftolozane as a potential drug candidate that could counteract BPA-related OB neurotoxicity. Conclusively, our results confirmed that BPA induced OB damage in male mice through the PI3K-AKT pathway and 
proposed that ceftolozane might reduce BPA-induced OB neurotoxicity.

Food Chem Toxicol. 
2024 Dec:194:115098.

10.1016/j.fct.2024.115098 39522797 動物 神経 1 1 1 1 1 1 (ただし飲⽔中濃度） - - - - - - 1 1 - 1 - 1 - - - - - - - - -

統合_1289
J. Hao, S. Beng, Z. Ma, H. Xu, T. Yang, Q. Yang, 
Y. Wang, W. Zheng, Y. Ma, S. Zhang, L. Kuang 
and W. Fu

2024
Short-Term Exposure of Bisphenol A 
Deteriorates the Quality of Rabbit 
Milk by Impairing Milk Fat Synthesis

This study aimed to investigate the effects of short-term exposure of Bisphenol A (BPA) on the growth and lactation performance, blood parameters, and milk composition of lactating rabbits and explore its potential 
molecular mechanisms. Eight lactating rabbits with similar body weight were selected and randomly divided into the experimental group (BPA) and the control group (Ctrl). The group BPA was orally administered 80 
mg/kg/day BPA on the 15th day postpartum, while the group Ctrl received a corresponding volume of vehicle. Blood and milk samples were collected after 7 days treatment. The results showed that short-term ingestion of 
BPA did not obviously alter the body weight, feed intake, or milk yield of the lactating rabbits. ELISA assays indicated that BPA did not significantly affect the plasma levels of glutathione peroxidase (GSH-Px), superoxide 
dismutase (SOD), creatinine (CRE), alanine aminotransferase (ALT), aspartate aminotransferase (AST), uric acid (UA), and urea. Utilizing untargeted metabolomics, we first depicted the metabolomic profile of rabbit 
milk, and identified 277 differential metabolites (DMs), with 141 DMs upregulated (e.g., BPA, and its metabolites including Cetirizine N-oxide) and 136 DMs downregulated (e.g., Oleamide, Tiglic acid, PC O-38:4) in the 
group BPA. KEGG analysis revealed that the DMs were mainly enriched in pathways comprising fatty acid metabolism, fatty acid degradation, and phosphatidylinositol signaling system, emphasizing the effect of BPA on 
milk fat metabolism. Hence, we established the BPA-induced MAC-T model, and the results showed that BPA significantly reduced cell viability and impacted lipid synthesis, as evidenced by reduced lipid droplets 
(BODIPY and Oil Red O staining) and decreased expression of genes related to lipid synthesis (e.g., PPARγ, ACACA, LPL). In summary, we first drew the metabolomic profile of rabbit milk and confirmed that short-term 
BPA exposure impacted mammary lipid synthesis, thereby reducing the milk quality of lactating rabbits and providing fundamental data for resolving the toxicological mechanisms of BPA on mammal lactation.

Food Sci Nutr Vol.12 
Issue 12 Pages 10666-
10679

10.1002/fsn3.4561 39723079 動物 - 1 1 1 不明 0 80 mg/kg - - - - - - - - - - - - - - - - - - - - -

統合_1290 T. Han, L. Wang, W. Tang, Z. Zhang, M. B. 
Khawar, G. Li, H. Jiang and C. Liu 2020

GGNBP1 ensures proper 
spermiogenesis in response to 
stress in mice

GGNBP1 is known as gametogenetin protein 1 (GGN1)-interacting protein. It is specifically expressed in the mitochondria of the testis, while its functional role during spermatogenesis is still unknown. Here, we showed 
that the disruption of Ggnbp1 resulted in abnormal spermiogenesis in around 40% mice, while the others show no defects in the genital system. Moreover, upon treatment with low dose of bisphenol A (BPA), Ggnbp1 
knockout mice were more sensitive to environmental pollutant than control mice. The treatment led to decrease in sperm motility and production of abnormal spermatozoa. These results suggest that GGNBP1 mainly 
ensures proper spermiogenesis in response to various stresses in male mice.

Biochem Biophys Res 
Commun. 2020 May 
7;525(3):706-713.

10.1016/j.bbrc.2020.02.118 32139124 動物 精⼦ 1 不明 1 Ggnbp1ノックアウトマウス、対照マウス(ICR) 0 1 - - - - - - 1 1 - 1 - - - - - - - - - - -

統合_1291 C. Han, Y. Wei, Y. Geng, Y. Cui, S. Li, Y. Bao and 
W. Shi 2020

Bisphenol A in utero exposure 
induces ovary dysfunction in mice 
offspring and the ameliorating 
effects of Cuscuta chinensis 
flavonoids

To study the alleviating effects of flavonoids from Cuscuta chinensis (CCFs) on ovary injury in female offspring of pregnant mice exposed to BPA, five groups (n = 20) of pregnant mice were intragastrically administrated 
with BPA (5 mg/kg/day) and CCFs (20 mg/kg/day, 30 mg/kg/day, 40 mg/kg/day) at pregnancy days 1-18. The ovaries and serum of F1 female mice were collected at postnatal day (PND) 21 and PND 56 for the detection 
of related indicators. The ovarian and testicular histomorphologies were observed with hematoxylin-eosin staining (H&E). The levels of follicle-stimulating hormone (FSH) and luteinizing hormone (LH) and the contents of 
estradiol (E2), progesterone (P4), and testosterone (T) in serum were detected by radioimmunoassay. The contents of ovarian and testicular estrogen receptor alpha (ERα) and estrogen receptor beta (ERβ) were 
detected by enzyme-linked immunosorbent assay (ELISA). The expression of caspase-7, caspase-9, bcl-2, and bax in ovaries and testes of offspring mice were detected by Western blot, and apoptosis in ovaries and 
testes was detected by TUNEL. The mRNA relative transcription levels of ERα, progesterone receptor (PgR), DNA methyltransferase1 (Dnmt1), DNA methyltransferase3A (Dnmt3A), and DNA methyltransferase3B 
(Dnmt3B) were detected by real-time quantitative PCR (RT-qPCR). The ovary of female offspring with PND 56 was treated with bisulfite sequence PCR (BSP). Our results showed that, compared with the BPA group, 40 
mg/kg CCFs significantly reduced the ovarian index of F1 females and the ovarian cytoapoptosis (P < 0.01). CCFs also can alleviate the injure of the levels of serum hormone, hormone receptors, and DNMTs induced by 
BPA in F1 females at PND 21 and PND 56. Forty milligrams per kilogram of CCFs significantly inhibited the hypermethylation of the H19/Igf2 imprinted gene induced by BPA (P < 0.01). It indicated that CCFs adjusted 
H19/Igf2 methylation by increasing the expression of DNMTs, thereby increasing the levels of reproductive hormones and receptors along with reducing the cytoapoptosis.

Environ Sci Pollut Res 
Int Vol.27 Issue 25 
Pages 31357-31368

10.1007/s11356-020-09202-4 32488702 動物 - 1 1 1 不明 0 5 mg/kg/⽇ - - - - - - - - - - - - - - - - - - - - -

統合_1292 N. Hameed, M. H. Abbasi, T. Akhtar and N. 
Sheikh 2020

Hematotoxicity and testicular injury 
induced by Bisphenol A in Rattus 
norvegicus

-

J Biol Regul Homeost 
Agents. 2020 Jul-
Aug;34(4):1493-1500.

10.23812/20-226-l 32894934 動物 精巣 1 1 1 1 0 最低⽤量が10 mg/kg/day - - - - - - 1 1 - 1 - - - - - - - - - - -

統合_1293 L. W. Gwon, S. G. Park, C. Lin, B. J. Lee and S. 
Y. Nam 2020

The effects of caffeine and 
bisphenol A singularly or in 
combination on cultured mouse 
embryos and yolk sac placenta

Pregnant women drink caffeinated beverages using bisphenol A (BPA)-coated cans without knowing the potential risks. In this study, mouse embryos (embryonic day 8.5) surrounded by yolk sac placenta were cultured 
with caffeine (30, 60, and 120 μg/ml) and/or BPA (35 μg/ml) for 48 h. In response to a single administration of BPA or caffeine dose, embryonic development was similar to normal control embryos. However, the 
combined exposure to caffeine and BPA dose-dependently increased embryonic anomalies, and thinner ventricular wall and trabeculae disorders of heart were observed. The mRNA levels of various anti-oxidative, 
apoptotic, and hypoxic genes were significantly altered in the treated embryos. Furthermore, abnormal vasculogenesis, reduced vasculogenic growth factor expressions, and apoptotic cell death were detected in yolk sac 
placentas. These findings indicate that the combined exposure to caffeine and BPA induces embryonic anomalies and injuries of the yolk sac placentas through oxidative stress, apoptosis, hypoxia, and vasculogenic 
defects.

Reprod Toxicol Vol.91 
Pages 92-100

10.1016/j.reprotox.2019.11.008 31756439 ex vivo - - - - - - - - - - 1 0 35 µg/ml - - - - - - - - - - - - - - -

統合_1294
Y. Guo, B. Li, Y. Yan, N. Zhang, S. Shao, L. Yang, 
L. Ouyang, P. Wu, H. Duan, K. Zhou, Y. Hua and 
C. Wang

2025
Maternal exposure to bisphenol A 
induces congenital heart disease 
through mitochondrial dysfunction

Congenital heart disease (CHD) represents a major birth defect associated with substantial morbidity and mortality. Although environmental factors are acknowledged as potential contributors to CHD, the underlying 
mechanisms remain poorly understood. Bisphenol A (BPA), a common endocrine disruptor, has attracted significant attention due to its widespread use and associated health risks. This study examined the effects of 
maternal BPA exposure on fetal heart development in a murine model. The findings indicated that high-dose BPA exposure resulted in fetal growth restriction, myocardial wall thinning, and ventricular septal defects. 
Transcriptomic analysis revealed downregulation of genes associated with mitochondrial energy synthesis and cardiomyocyte development following high-dose BPA exposure. Functional assays demonstrated that high-
dose BPA exposure impaired mitochondrial respiration reduced ATP production, disrupted mitochondrial membrane potential, and increased intracellular reactive oxygen species levels in fetal cardiomyocytes. These 
results elucidate the detrimental effects of BPA on fetal heart development and mitochondrial function, providing insights into potential mechanisms linking environmental chemical exposure to CHD.

FASEB J. 2025 Jan 
31;39(2):e70351.

10.1096/fj.202402505R 39853827 動物 発⽣毒性 1 1 1 1 0 0 - - - - - - 1 1 - 1 - - - - - - - - - - -

統合_1295 Y. Guo, Y. Kang, W. Bai, Q. Liu, R. Zhang, Y. 
Wang and C. Wang 2024

Perinatal exposure to bisphenol A 
impairs cognitive function via the 
gamma-aminobutyric acid signaling 
pathway in male rat offspring

Bisphenol A (BPA) is a common synthetic endocrine disruptor that can be utilized in the fabrication of materials such as polycarbonates and epoxy resins. Numerous studies have linked BPA to learning and memory 
problems, although the precise mechanism remains unknown. Gamma-aminobutyric acid (GABA) is the most abundant inhibitory neurotransmitter in the vertebrate central nervous system, and it is intimately related to 
learning and memory. This study aims to evaluate whether altered cognitive behavior involves the GABA signaling pathway in male offspring of rats exposed to BPA during the prenatal and early postnatal periods. Pregnant 
rats were orally given BPA (0, 0.04, 0.4, and 4 mg/kg body weight (BW)/day) from the first day of pregnancy to the 21st day of breastfeeding. Three-week-old male rat offspring were selected for an open-field experiment 
and a new object recognition experiment to evaluate the effect of BPA exposure on cognitive behavior. Furthermore, the role of GABA signaling markers in the cognition affected by BPA was investigated at the molecular 
level using western blotting and real-time polymerase chain reaction (RT-PCR). The research demonstrated that BPA exposure impacted the behavior and memory of male rat offspring and elevated the expression of 
glutamic acid decarboxylase 67 (GAD67), GABA type A receptors subunit (GABAARα1), and GABA vesicle transporter (VGAT) in the hippocampus while decreasing the expression levels of GABA transaminase (GABA-T) 
and GABA transporter 1 (GAT-1). These findings indicate that the alteration in the expression of GABA signaling molecules may be one of the molecular mechanisms by which perinatal exposure to BPA leads to decreased 
learning and memory in male rat offspring.

Environ Toxicol. 2024 
Mar;39(3):1235-1244.

10.1002/tox.24007 37926988 動物 神経 1 1 1 1 1 1 - - - - - - 1 1 - 1 - 1 - - - - - - - - -

統合_1296 Ö. Güleş, Ş. Kum, M. Yıldız, M. Boyacıoğlu, E. 
Ahmad, Z. Naseer and Ü. Eren 2019

Protective effect of coenzyme Q10 
against bisphenol-A-induced toxicity 
in the rat testes

The present study was conducted to investigate the antioxidant, histomorphometric, histochemical, immunohistochemical, biochemical, and cytological effects of coenzyme Q10 (CoQ10) against bisphenol-A (BPA)-
induced testicular toxicity in rats. A total of 40 adult male Wistar rats were divided into five equal groups. The control group remained untreated. The vehicle control group was administered corn oil (2 ml/kg/day), the BPA 
group was given BPA (100 mg/kg/day), the CoQ10 group was supplemented with CoQ10 (10 mg/kg/day), and the rats in the CoQ10-BPA group received CoQ10 (10 mg/kg/day) followed by BPA (100 mg/kg/day) 1 h later. 
The treatments were administered by oral gavage for 14 days. Results showed that the seminiferous tubule diameters (STDs) and seminiferous epithelium heights (SEHs) at stages VII-VIII and XII-XIV, number of 
undifferentiated embryonic cell transcription factor-1 (UTF-1) positive cells per tubule, UTF-1 positive tubules (%), plasma glutathione (GSH), and serum superoxide dismutase activities, testicular GSH activity and sperm 
viability (%) decreased whereas the number of terminal dUTP nick end labeling (TUNEL) positive cells per tubule, TUNEL positive tubules (%), testicular and serum malondialdehyde (MDA) levels, and the rate of mid-
piece sperm abnormality increased in the BPA administered group. However, while the STDs at stages VII-VIII and XII-XIV, SEHs at stages VII-VIII, plasma GSH, and serum SOD activities increased, serum MDA level 
decreased in the CoQ10-BPA group. In conclusion, these results suggest a protective effect of CoQ10 against BPA-induced testicular toxicity in rats.

Toxicol Ind Health 
Vol.35 Issue 7 Pages 
466-481

10.1177/0748233719862475 31364507 動物 - 1 1 1 1 0 100 mg/kg/⽇ - - - - - - - - - - - - - - - - - - - - -

100
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 適格性評価（動物）1：該当、0：該当しない  適格性評価（疫学）1：該当、0：該当しない  適格性評価（in vitro）1：該当、0：該当しない

適格性評価はタイトル及び要旨の情報に基づ
き可能な範囲で実施。明らかに適格性基準不
適合と判断されるもの以外を信頼性評価へ進
め、信頼性評価段階で原著に基づき精査。

引⽤評価機関
●：該当

統合_1297

D. Guignard, C. Canlet, M. Tremblay-Franco, E. 
Chaillou, R. Gautier, V. Gayrard, N. Picard-
Hagen, H. Schroeder, F. Jourdan, D. Zalko, C. 
Viguié and N. J. Cabaton

2022

Gestational exposure to bisphenol A 
induces region-specific changes in 
brain metabolomic fingerprints in 
sheep

Fetal brain development depends on maternofetal thyroid function. In rodents and sheep, perinatal BPA exposure is associated with maternal and/or fetal thyroid disruption and alterations in central nervous system 
development as demonstrated by metabolic modulations in the encephala of mice. We hypothesized that a gestational exposure to a low dose of BPA affects maternofetal thyroid function and fetal brain development in a 
region-specific manner. Pregnant ewes, a relevant model for human thyroid and brain development, were exposed to BPA (5 µg/kg bw/d, sc). The thyroid status of ewes during gestation and term fetuses at delivery was 
monitored. Fetal brain development was assessed by metabolic fingerprints at birth in 10 areas followed by metabolic network-based analysis. BPA treatment was associated with a significant time-dependent decrease 
in maternal TT4 serum concentrations. For 8 fetal brain regions, statistical models allowed discriminating BPA-treated from control lambs. Metabolic network computational analysis revealed that prenatal exposure to 
BPA modulated several metabolic pathways, in particular excitatory and inhibitory amino-acid, cholinergic, energy and lipid homeostasis pathways. These pathways might contribute to BPA-related neurobehavioral and 
cognitive disorders. Discrimination was particularly clear for the dorsal hippocampus, the cerebellar vermis, the dorsal hypothalamus, the caudate nucleus and the lateral part of the frontal cortex. Compared with previous 
results in rodents, the use of a larger animal model allowed to examine specific brain areas, and generate evidence of the distinct region-specific effects of fetal BPA exposure on the brain metabolome. These 
modifications occur concomitantly to subtle maternal thyroid function alteration. The functional link between such moderate thyroid changes and fetal brain metabolomic fingerprints remains to be determined as well as 
the potential implication of other modes of action triggered by BPA such as estrogenic ones. Our results pave the ways for new scientific strategies aiming at linking environmental endocrine disruption and altered 
neurodevelopment.

Environ Int Vol.165 
Pages 107336

10.1016/j.envint.2022.107336 35700571 動物 - 1 0 1 不明 0 5 µg/kg bw/d - - - - - - - - - - - - - - - - - - - - -

統合_1298
L. H. A. Guerra, S. J. Colleta, V. Grigio, S. A. de 
Oliveira, S. G. P. Campos, E. Sasso-Cerri, P. S. L. 
Vilamaior and S. R. Taboga

2025

Lifelong impact of BPA: 
Steroidogenic reprogramming in 
aged gerbil adrenal glands following 
developmental exposure

Endocrine-disrupting chemicals, particularly bisphenol A (BPA), are ubiquitous environmental contaminants that can profoundly affect hormonal systems and human health. The effects are variable and are contingent upon 
the developmental stage at which exposure occurs. This study aimed to investigate the effects of intrauterine and lactational BPA exposure on the adrenal glands of aged Mongolian gerbils (Meriones unguiculatus). In a 
controlled experimental set-up, pregnant gerbils were assigned to control or BPA-exposed groups, with the BPA group receiving a high dose during critical periods of development to assess the subsequent effects on 
adrenal gland function in their offspring at senile age. Biometric and hormonal assessments (estradiol, cortisol and testosterone) were conducted. Immunohistochemical and immunofluorescence analysis assessed 
steroidogenic activity related to testosterone production (StAR, CYP17, 3βHSD, 17βHSD, testosterone, 5α-reductase and CYP19), expression of hormone receptors (AR, ERα, ERβ, GRP30) and evaluation of epigenetic 
markers (EZH2). The results revealed that gerbils exposed to BPA exhibited increased body weight, alongside significant alterations in serum hormone profiles, including decreased cortisol and elevated estradiol levels. 
Furthermore, there was an upregulation of steroidogenic enzymes, indicating BPA's disruptive effects on adrenal hormone production and regulation. Notably, intracellular testosterone levels were elevated despite the 
typical age-related declines observed in control groups. Additionally, increased expression of androgen receptors and GPR30 was noted, underscoring BPA's complex impact on steroidogenic pathways. These findings 
emphasize the potential for intrauterine BPA exposure to induce enduring endocrine disturbances.

Life Sci Vol.378 Pages 
123825

10.1016/j.lfs.2025.123825 40623519 動物 - 1 1 1 不明 0 5000 µg/kg - - - - - - - - - - - - - - - - - - - - -

統合_1299 J. Gu, N. Zhang, X. Jiang, L. Zhu, Y. Lou, S. Sun, 
L. Yin and J. Liu 2024

The Olfactory Receptor Olfr25 
Mediates Sperm Dysfunction 
Induced by Low-Dose Bisphenol A 
through the CatSper-Ca(2+) 
Signaling Pathway

Bisphenol A (BPA), a typical endocrine disruptor, is known to have various adverse effects on the male reproductive system. However, the toxic effects and mechanisms of low-dose BPA have not yet been fully explored. In 
this study, male Kunming mice were orally administered low-dose BPA (0.03, 0.3 and 3 mg/kg/d) for ten consecutive weeks. Pathological sections of testicular tissue showed no significant morphological differences 
after BPA exposure. An analysis of the functional parameters of sperm revealed that exposure to low-dose BPA significantly decreased sperm motility, chemotaxis, and the acrosome reaction. An in vitro BPA exposure 
model combined with an omics data analysis showed that the olfactory receptor-related pathway was significantly enriched after BPA treatment. Subsequent experiments verified the reduced mRNA level of a novel 
olfactory receptor gene, Olfr25, in vivo and in vitro exposure models. Meanwhile, exposure to low-dose BPA reduced the intracellular calcium ion concentration and the mRNA levels of pore-forming subunits of the CatSper 
channel in sperm. Importantly, the knockdown of Olfr25 inhibited calcium ion levels and CatSper subunit expression in GC-2 cells. Olfr25 overexpression attenuated the BPA-induced downregulation of CatSper subunit 
expression in GC-2 cells. These findings indicate that Olfr25 might participate in low-dose BPA-induced sperm dysfunction by affecting the CatSper-Ca(2+) signaling pathway. This study reveals a new mechanism 
underlying the effects of low-dose BPA on sperm function and provides a reference for assessing the safety of low-dose BPA exposure.

Toxics. 2024 Jun 
20;12(6):442.

10.3390/toxics12060442 38922122 動物 精巣 1 1 1 1 1 1 - - - - - - 1 1 - 1 - - - - - - - - - - -

統合_1300 H. J. Gu, D. Y. Kim, S. H. Shin, M. S. Rahman, H. 
S. Lee, M. G. Pang, J. M. Kim and B. Y. Ryu 2024

Genome-wide transcriptome 
analysis reveals that Bisphenol A 
activates immune responses in 
skeletal muscle

Cumulative human exposure to the environmental toxin, bisphenol A (BPA), has raised important health concerns in recent decades. However, the direct genomic regulation of BPA in skeletal muscles and its clinical 
significance are poorly understood. Therefore, we conducted a genome-wide transcriptome analysis after daily oral administration of BPA at the lowest observed adverse-effect level (LOAEL, 50 mg/kg) in male mice for 
six weeks to explore the gene-expression regulations in skeletal muscle induced by BPA. The primary Gene Ontology terms linked to BPA-dependent, differentially expressed genes at LOAEL comprised adaptive-immune 
response, positive regulation of T cell activation, and immune system process. The gene-set enrichment analysis disclosed increased complement-associated genes [complement components 3 (C3) and 4B, complement 
factor D, complement receptor 2, and immunoglobulin lambda constant 2] in the group administered with BPA, with a false-discovery rate of <0.05. Subsequent validation analysis conducted in BPA-fed animal skeletal 
muscle tissue and in vitro experiments confirmed that BPA induced immune activation, as evidenced by increased levels of C3 and C4α proteins in mice, C2C12 myoblasts, and mouse skeletal muscle cells. In addition, 
BPA markedly upregulated the transcription of tumor necrosis factor-α (Tnfα) in C2C12 myoblasts and mouse skeletal muscle cells, which was substantially inhibited by 5z-7-oxozeanol and parthenolide, providing 
further evidence of BPA-induced inflammation in muscle cells. Our bioinformatics and subsequent animal and in vitro validations demonstrate that BPA can activate inflammation in skeletal muscle, which could be a risk 
factor underlying chronic muscle weakness and wastage.

Environ Res Vol.252 
Issue Pt 3 Pages 
119034

10.1016/j.envres.2024.119034 38701888 動物 - 1 1 1 不明 0 50 mg/kg - - - - - - - - - - - - - - - - - - - - -

統合_1301 D. Grami, K. Rtibi, I. Hammami, S. Selmi, L. De 
Toni, C. Foresta, L. Marzouki and H. Sebai 2020

Protective Action of Eruca sativa 
Leaves Aqueous Extracts Against 
Bisphenol A-Caused In Vivo 
Testicular Damages

Eruca sativa action on the male reproductive system and fertility has not been precisely defined. In this study, the aim was to investigate the ameliorative activity of E. sativa aqueous extracts (ESAE) on reproductive 
toxicity associated with oxidative stress induced by bisphenol A (BPA). Wistar rats were used and divided into six groups of animals each; control (0.4 mL of corn oil/rat), ESAE at the higher dose (200 mg/kg), BPA [100 
mg/kg, body weight (b.w.), perorally (p.o.)] alone, or in combination with varied doses of ESAE (50, 100, and 200 mg/kg, b.w, p.o.). The diverse doses were administrated orally for 30 consecutive days. The results showed 
that BPA-treatment produced a diminution of density, motility, and viability of sperm with disruption of spermatozoa morphology and fertilizing potential as well as testosterone, luteinizing hormone, and follicle stimulating 
hormone levels. These results were accompanied by testis and epididymis histological damages, which were shown by an induction of testicular dysfunction as seen with a lower number of Leydig-cells and 
spermatocytes as well as a reproductive stress which was modeled. The oxidative stress was measured by malondialdehyde production, thiol group (-SH) decline and antioxidant enzyme activities disturbance, in 
particular superoxide dismutase, catalase, and glutathione peroxidase in reproductive tissues. ESAE coadministration at the two lower doses improved all histological and biochemical parameter injuries. These finding 
suggested the ESAE ability to prevent the testicular damages in rats, which might be linked to functional-bioactive substances such as phenolic compounds with higher antioxidant capacity.

J Med Food Vol.23 Issue 
6 Pages 600-610

10.1089/jmf.2019.0170 31859581 動物 - 1 1 1 1 1 50、100、200 mg/kg/day - - - - - - - - - - - - - - - - - - - - -

統合_1302
S. Goyal, S. Tiwari, B. Seth, A. Tandon, J. 
Shankar, M. Sinha, S. J. Singh, S. Priya and R. K. 
Chaturvedi

2021

Bisphenol-A inhibits mitochondrial 
biogenesis via impairment of GFER 
mediated mitochondrial protein 
import in the rat brain hippocampus

Mitochondrial biogenesis relies on different protein import machinery, as mitochondrial proteins are imported from the cytosol. The mitochondrial intermembrane space assembly (MIA) pathway consists of GFER/ALR and 
CHCHD4/Mia40, responsible for importing proteins and their oxidative folding inside the mitochondria. The MIA pathway plays an essential role in complex IV (COX IV) biogenesis via importing copper chaperone COX17, 
associated with the respiratory chain. BPA, an environmental toxicant, found in consumable plastics, causes neurotoxicity via impairment in mitochondrial dynamics, neurogenesis, and cognitive functions. We studied the 
levels of key regulatory proteins of mitochondrial import pathways and mitochondrial biogenesis after BPA exposure in the rat hippocampus. BPA caused a significant reduction in the levels of mitochondrial biogenesis 
proteins (PGC1α, and TFAM) and mitochondrial import protein (GFER). Immunohistochemical analysis showed reduced co-localization of NeuN with GFER, PGC-1α, and TFAM suggesting impaired mitochondrial 
biogenesis and protein import. BPA exposure resulted in damaged mitochondria with distorted cristae in neurons and caused a significant reduction in GFER localization inside IMS as depicted by immunogold electron 
microscopy. The reduced levels of GFER resulted in defective COX17 import. The translocation of cytochrome c into the cytosol and increased cleaved caspase-3 levels triggered apoptosis due to BPA toxicity. Overall, our 
study implicates GFER as a potential target for impaired mitochondrial protein machinery, biogenesis, and apoptosis against BPA neurotoxicity in the rat hippocampus.

Neurotoxicology. 2021 
Jul:85:18-32.

10.1016/j.neuro.2021.04.001 33878312 動物 神経 1 1 1 1 0 1 - - - - - - 1 1 - 1 - - - - - - - - - - -

統合_1303 S. Goyal, S. Tiwari, B. Seth, Phoolmala, A. 
Tandon and R. Kumar Chaturvedi 2022

Bisphenol-A Mediated Impaired 
DRP1-GFER Axis and Cognition 
Restored by PGC-1α Upregulation 
Through Nicotinamide in the Rat 
Brain Hippocampus

The regulatory network of mitochondrial biogenesis and dynamics is vital for mitochondrial functions and cellular homeostasis. Any impairment in the mitochondrial network leads to neurodegenerative disorders. Our 
earlier studies suggest that environmental toxicant Bisphenol-A (BPA) exposure reduces neurogenesis by abnormal mitochondrial dynamics and mitochondrial biogenesis through impairment of mitochondrial fission factor 
dynamin-related protein (DRP1) and mitochondrial import protein GFER, which leads to demyelination, neurodegeneration, and cognitive deficits in the rats. In the present study, we found that chronic BPA exposure 
reduces PGC-1α levels (master regulator of mitochondrial biogenesis), alters mitochondrial localization of DRP1 and GFER, and reduces the number of PGC-1α/NeuN(+) and PGC-1α/β-tubulin(+) neurons in the rat 
hippocampus, suggesting reduced PGC-1α-mediated neurogenesis. Nicotinamide significantly increased PGC-1α protein levels, PGC-1α/NeuN+ co-labeled cells in BPA-treated rat hippocampus and PGC-1α/β-
tubulin+ co-labeled cells in neuron culture derived from hippocampal neural stem cells. Interestingly, PGC-1α upregulation by nicotinamide also resulted in increased GFER levels and restored mitochondrial localization 
of GFER (increased GFER/TOMM20 co-labeled cells) in vitro and in vivo following BPA treatment. Nicotinamide also reduced DRP1 levels and prevented DRP1 mitochondrial localization in BPA-treated neuronal cultures 
and hippocampus, suggesting reduced mitochondrial fission. This resulted in reduced cytochrome c levels in neuronal culture and reduced hippocampal neurodegeneration (reduced caspase-3/NeuN(+) co-labeled 
neurons) following nicotinamide treatment in BPA-treated group. Consequently, activation of PGC-1α by nicotinamide restored BPA-mediated cognitive deficits in rats. Results suggest that the treatment of nicotinamide 
has therapeutic potential and rescues BPA-mediated neuronal death and cognitive deficits by upregulating the PGC-1α and GFER-DRP1 link, thus balancing mitochondrial homeostasis.

Mol Neurobiol. 2022 
Aug;59(8):4761-4775.

10.1007/s12035-022-02862-y 35612786 動物 神経 1 1 1 1 0 1 - - - - - - 1 1 - 1 - - - - - - - - - - -

統合_1304

E. Gorowska-Wojtowicz, M. Duliban, M. 
Kudrycka, P. Dutka, P. Pawlicki, A. Milon, M. 
Zarzycka, W. Placha, M. Kotula-Balak, A. Ptak, J. 
K. Wolski and B. Bilinska

2019

Leydig cell tumorigenesis - 
implication of G-protein coupled 
membrane estrogen receptor, 
peroxisome proliferator-activated 
receptor and xenoestrogen 
exposure. In vivo and in vitro 
appraisal

The etiology and molecular characteristics of Leydig cell tumor (LCT) are scarcely known. From the research data stems that estrogen can be implicated in LCT induction and development, however it is not investigated 
in detail. Considering the above, herein we analyzed the relation between G-protein coupled membrane estrogen receptor, peroxisome proliferator-activated receptor and insulin-like family peptides (insulin-like 3 peptide; 
INSL3 and relaxin; RLN) expressions as well as estrogen level with impact of xenoestrogen (bisphenol A; BPA, tetrabromobisphenol A; TBBPA, and tetrachlorobisphenol A; TCBPA). While in our previous studies altered 
GPER-PPAR partnership was found in human LCT being a possible cause and/or additionally effecting on LCT development, here mouse testes with experimentally induced LCT and mouse tumor Leydig cell (MA-10) 
treated with BPA chemicals were examined. We revealed either diverse changes in expression or co-expression of GPER and PPAR in mouse LCT as well as in MA-10 cells after BPA analogues when compared to human 
LCT. Relationships between expression of INSL3, RLN, including co-expression, and estrogen level in human LCT, mouse LCT and MA-10 cells xenoestrogen-treated were found. Moreover, involvement of PI3K-Akt-
mTOR pathway or only mTOR in the interactions of examined receptors and hormones was showed. Taken together, species, cell of origin, experimental system used and type of used chemical differences may result in 
diverse molecular characteristics of LCT. Estrogen/xenoestrogen may play a role in tumor Leydig cell proliferation and biochemical nature but this issue requires further studies. Experimentally-induced LCT in mouse 
testis and MA-10 cells after BPA exposure seem to be additional models for understanding some aspects of human LCT biology.

Tissue Cell. 2019 
Dec:61:51-60.

10.1016/j.tice.2019.08.001 31759407 動物、in vitro 精巣 1 0 1 1 0 不明 - - - 1 0 不明 1 1 - 1 - - - - - - - - - - -

統合_1305 A. C. Gore, T. Moore, M. J. Groom and L. M. 
Thompson 2022

Prenatal Exposure to an EDC 
Mixture, NeuroMix: Effects on Brain, 
Behavior, and Stress 
Responsiveness in Rats

Humans and wildlife are exposed to endocrine-disrupting chemicals (EDCs) throughout their lives. Environmental EDCs are implicated in a range of diseases/disorders with developmental origins, including 
neurodevelopment and behavior. EDCs are most often studied one by one; here, we assessed outcomes induced by a mixture designed to represent the real-world situation of multiple simultaneous exposures. The choice 
of EDCs, which we refer to as "NeuroMix," was informed by evidence for neurobiological effects in single-compound studies and included bisphenols, phthalates, vinclozolin, and perfluorinated, polybrominated, and 
polychlorinated compounds. Pregnant Sprague Dawley rats were fed the NeuroMix or vehicle, and then offspring of both sexes were assessed for effects on postnatal development and behaviors and gene expression in 
the brain in adulthood. In order to determine whether early-life EDCs predisposed to subsequent vulnerability to postnatal life challenges, a subset of rats were also given a stress challenge in adolescence. Prenatal 
NeuroMix exposure decreased body weight and delayed puberty in males but not females. In adulthood, NeuroMix caused changes in anxiety-like, social, and mate preference behaviors only in females. Effects of stress 
were predominantly observed in males. Several interactions of NeuroMix and stress were found, especially for the mate preference behavior and gene expression in the brain. These findings provide novel insights into how 
two realistic environmental challenges lead to developmental and neurobehavioral deficits, both alone and in combination, in a sex-specific manner.

Toxics Vol.10 Issue 3 10.3390/toxics10030122 35324748 動物 - 1 1 0 1 不明 不明 - - - - - - - - - - - - - - - - - - - - -

統合_1306
M. González-Gómez, R. Reyes, M. D. C. Damas-
Hernández, X. Plasencia-Cruz, I. González-
Marrero, R. Alonso and A. R. Bello

2023

NTS, NTSR1 and ERs in the 
Pituitary-Gonadal Axis of Cycling 
and Postnatal Female Rats after 
BPA Treatment

The neuropeptide neurotensin (NTS) is involved in regulating the reproductive axis and is expressed at each level of this axis (hypothalamus-pituitary-gonads). This dependence on estrogen levels has been widely 
demonstrated in the hypothalamus and pituitary. We focused on confirming the relationship of NTS with estrogens and the gonadal axis, using a particularly important environmental estrogenic molecule, bisphenol-A 
(BPA). Based on the experimental models or in vitro cell studies, it has been shown that BPA can negatively affect reproductive function. We studied for the first time the action of an exogenous estrogenic substance on 
the expression of NTS and estrogen receptors in the pituitary-gonadal axis during prolonged in vivo exposure. The exposure to BPA at 0.5 and 2 mg/kg body weight per day during gestation and lactation was monitored 
through indirect immunohistochemical procedures applied to the pituitary and ovary sections. Our results demonstrate that BPA induces alterations in the reproductive axis of the offspring, mainly after the first postnatal 
week. The rat pups exposed to BPA exhibited accelerated sexual maturation to puberty. There was no effect on the number of rats born per litter, although the fewer primordial follicles suggest a shorter fertile life.

Int J Mol Sci Vol.24 
Issue 8

10.3390/ijms24087418 37108581 動物 - 1 0 1 1 0 0.5、２ mg/kg - - - - - - - - - - - - - - - - - - - - -

統合_1307 S. Gonkowski 2020

Bisphenol A (BPA)-Induced 
Changes in the Number of 
Serotonin-Positive Cells in the 
Mucosal Layer of Porcine Small 
Intestine-the Preliminary Studies

Bisphenol A (BPA) is a substance used in the production of plastics which has a negative impact on many internal organs. Because BPA is normally toxic for the gastrointestinal (GI) tract, the intestine is especially 
vulnerable to the adverse effects of this substance. The aim of this investigation was to study the influence of two doses of BPA (0.05 mg and 0.5 mg/kg body weight/day) on the number of mucosal cells in the porcine 
small intestine and containing serotonin (5-hydroxytryptamine, 5-HT). During the experiment, it was demonstrated that both applied BPA doses caused an increase in the number of 5-HT-positive cells located in the 
mucosal layer of the duodenum, jejunum, and ileum. These changes may be connected with the direct impact of BPA on the intestinal mucosa, the pro-inflammatory and immunomodulatory properties of this substance, 
and/or the influence of BPA on the neurochemical characterization of nervous structures supplying the intestine.

Int J Mol Sci Vol.21 
Issue 3

10.3390/ijms21031079 32041147 動物 - 1 1 1 不明 0 0.05、0.5 mg/kg/day - - - - - - - - - - - - - - - - - - - - -

統合_1308 I. Gonkowski, S. Gonkowski, E. Dzika and J. 
Wojtkiewicz 2020

Changes in the Population Size of 
Calbindin D-28k-Immunoreactive 
Enteric Neurons in the Porcine 
Caecum under the Influence of 
Bisphenol A: A Preliminary Study

Calbindin D-28k (CB) is a calcium-binding protein widely distributed in living organisms that may act as a calcium buffer and sensory protein. CB is present in the enteric nervous system (ENS) situated in the 
gastrointestinal tract, which controls the majority of activities of the stomach and intestine. The influence of various doses of bisphenol A (BPA)-a chemical compound widely used in plastics production-on the number 
and distribution of CB-positive enteric neuronal cells in the porcine caecum was investigated with an immunofluorescence technique. The obtained results showed that low dosages of BPA resulted in an increase in the 
number of CB-positive neuronal cells in the myenteric (MP) and inner submucous (ISP) plexuses, whereas it did not alter the number of such neuronal cells in the outer submucous plexus (OSP). High dosages of BPA 
caused the increase in the amount of CB-positive perikarya in all the above-mentioned kinds of the caecal neuronal plexuses. These observations strongly suggest that CB in the ENS participates in the processes 
connected with the toxic activity of BPA. Most likely, the changes noted in this experiment result from the adaptive and protective properties of CB.

Toxics Vol.9 Issue 1 10.3390/toxics9010001 33379192 動物 - 1 1 1 Pitrain × Duroc 0 0.05、0.5 mg/kg/day - - - - - - - - - - - - - - - - - - - - -

統合_1309 A. Ghanbarzehi, S. Mehrabi, A. Piryaei, F. Azedi, 
A. Mohammadi and A. Shahbazi 2025

Prenatal exposure to Bisphenol A 
sex-specifically disrupts prepulse 
inhibition and decreases 
parvalbumin-positive neurons in the 
prefrontal cortex of adult rats

Early-life exposure to bisphenol A (BPA) has adverse effects on neuronal development and behavioral performance; however, many aspects of its effects remain unknown. Here, we aimed to investigate whether prenatal 
exposure to BPA can induce psychotic-like behaviors and impair certain schizophrenia-related GABAergic markers, including GAD67, NRG1, ERbB4, and parvalbumin (PV), in the prefrontal cortex (PFC) of adult offspring 
rats. Pregnant Sprague-Dawley rats were orally administered BPA (0.25 and 2.5 mg/kg/day), ethinyl estradiol as a reference estrogen, or a vehicle during the pregnancy period. On postnatal days (PNDs) 62-63, male and 
female offspring were tested for prepulse inhibition (PPI) and locomotor activity, followed by tissue collection on PND 64. Both doses of BPA significantly decreased PPI in female offspring compared to the control group, 
while no significant changes were observed in male offspring. Moreover, in female offspring, a marked reduction in the density of PV-positive neurons in the PFC was observed in both BPA groups compared to the control 
group. In the locomotor activity test, neither sex showed significant changes. Meanwhile, the PFC expression of GAD67, NRG1, and ERbB4 genes did not show significant alterations in either male or female rats. Overall, 
this study demonstrates that prenatal BPA exposure disrupts PPI and decreases PV-positive neurons in the PFC of adult female rats. In other words, early neurodevelopment can be sex-specifically impaired by BPA, which 
may consequently increase susceptibility to schizophrenia in adulthood. Therefore, the detrimental effects of BPA on embryonic and fetal brain development should be considered in health policies related to pregnancy.

Physiol Behav Vol.297 
Pages 114933

10.1016/j.physbeh.2025.114933 40311724 動物 - 1 1 1 1 0 0.25、2.5 mg/kg/⽇ - - - - - - - - - - - - - - - - - - - - -
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 適格性評価（動物）1：該当、0：該当しない  適格性評価（疫学）1：該当、0：該当しない  適格性評価（in vitro）1：該当、0：該当しない

適格性評価はタイトル及び要旨の情報に基づ
き可能な範囲で実施。明らかに適格性基準不
適合と判断されるもの以外を信頼性評価へ進
め、信頼性評価段階で原著に基づき精査。

引⽤評価機関
●：該当

統合_1310 A. Gezer, H. Üstündağ, N. Kılıç Baygutalp, E. 
Erbaş and M. Özkaraca 2024

The Protective Effect of Gallic Acid 
Against Bisphenol A-Induced 
Ovarian Toxicity and Endocrine 
Disruption in Female Rats

Purpose: This study aimed to investigate the protective effects of gallic acid (GA) against ovarian damage induced by bisphenol A (BPA) exposure in female rats. We evaluated whether GA can mitigate the adverse effects 
of BPA on ovarian structure, inflammatory markers, oxidative stress, apoptosis, and reproductive hormone levels. Methods: Thirty-two female rats were categorized into four groups: control, GA, BPA, and GA+BPA. 
Histopathological evaluations of ovarian tissue were performed using hematoxylin-eosin staining. The immunohistochemical analysis was conducted for inflammatory, oxidative DNA damage, and apoptotic markers 
(Tumor necrosis factor alpha [TNFα], cyclooxygenase-2 [COX2], interleukin-1 beta [IL-1β], 8-hydroxydeoxyguanosine [8-OHdG], and caspase 3). Oxidative stress was assessed by measuring malondialdehyde and 
superoxide dismutase levels. Furthermore, follicle-stimulating hormone (FSH), luteinizing hormone (LH), estrogen, and progesterone levels were quantified using enzyme-linked immunosorbent assay. Results: 
Histopathological outcomes revealed that BPA significantly induced follicular degeneration, which was effectively mitigated by GA treatment (P < 0.05). Immunohistochemical analysis highlighted the exacerbation of 
inflammatory responses and oxidative DNA damage and apoptosis (TNFα, COX-2, IL-1β, 8-OHdG, and caspase 3) in BPA-exposed tissues, which were reduced in the presence of GA (P < 0.05). The assessment of 
oxidative stress demonstrated that GA could significantly decrease lipid peroxidation and partially restore antioxidant defense mechanisms disrupted by BPA (P < 0.05). Hormonal profiling indicated that BPA exposure 
altered the levels of FSH, LH, estrogen, and progesterone, with GA treatment showing a capacity to modulate these changes, especially in progesterone levels (P < 0.05). Conclusions: The findings suggest that GA 
exhibits protective properties against BPA-induced ovarian damage through its antioxidative and anti-inflammatory activities, alongside its ability to modulate hormonal imbalances. This research underscores the 
therapeutic potential of GA in safeguarding reproductive health against environmental toxicants.

J Med Food Vol.27 Issue 
7 Pages 651-660

10.1089/jmf.2024.0088 38975681 動物 - 1 不明 1 不明 0 不明 - - - - - - - - - - - - - - - - - - - - -

統合_1311 C. A. Gély, M. Z. Lacroix, B. B. Roques, P. L. 
Toutain, V. Gayrard and N. Picard-Hagen 2023

Comparison of toxicokinetic 
properties of eleven analogues of 
Bisphenol A in pig after intravenous 
and oral administrations

Due to the restrictions of its use, Bisphenol A (BPA) has been replaced by many structurally related bisphenols (BPs) in consumer products. The endocrine disrupting potential similar to that of BPA has been described for 
several bisphenols, there is therefore an urgent need of toxicokinetic (TK) data for these emerging BPs in order to evaluate if their internal exposure could increase the risk of endocrine disruption. We investigated TK 
behaviors of eleven BPA substitutes (BPS, BPAF, BPB, BPF, BPM, BPZ, 3-3BPA, BP4-4, BPAP, BPP, and BPFL) by intravenous and oral administrations of mixtures of them to piglets and serial collection of blood over 72 h 
and urine over 24 h, to evaluate their disposition. Data were analyzed using nonlinear mixed-effects modeling and a comparison was made with TK predicted by the generic model HTTK package. The low urinary excretion 
of some BPs, in particular BPM, BPP and BPFL, is an important aspect to consider in predicting human exposure based on urine biomonitoring. Despite their structural similarities, for the same oral dose, all BPA 
analogues investigated showed a higher systemic exposure (area under the plasma concentration-time curve (AUC) of the unconjugated Bisphenol) than BPA (2 to 4 fold for 3-3BPA, BPAF, BPB and BPZ, 7-20 fold for BP4-
4, BPAP, BPP, BPFL, BPF and BPM and 150 fold for BPS) due mainly to a considerable variation of oral bioavailability (proportion of BP administered by oral route that attains the systemic circulation unchanged). Given 
similarities in the digestive tract between pigs and humans, our TK data suggest that replacing BPA with some of its alternatives, particularly BPS, will likely lead to higher internal exposure to potential endocrine 
disruptive compounds. These findings are crucial for evaluating the risk of human exposure to these emerging BPs.

Environ Int Vol.171 
Pages 107722

10.1016/j.envint.2022.107722 36584424 動物 - 1 1 0 不明 0 ６ µmol/kg - - - - - - - - - - - - - - - - - - - - -

統合_1312

L. García-Moll, A. Fuster-Aparisi, M. D. M. 
Ribas-Taberner, J. Truyols-Vives, G. Escarrer-
Garau, M. Jiménez, F. A. Casado-Carmona, S. 
Tejada, M. D. Ferrer, J. Mercader-Barceló, A. 
Sureda and M. Miró

2025

Is bisphenol A sorbed onto 
microplastics less bioavailable than 
freely dissolved bisphenol A? 
Implications for the gut health in a 
murine model

There is a paucity of in vivo assays to investigate the potential deleterious effects of plastic-laden compounds in the gastrointestinal tract of mammals, compared to in vitro testing and ecotoxicity assays in marine 
organisms. This work aims to fill this gap through a comprehensive evaluation of the acute toxicokinetics and bioavailability of bisphenol A (BPA)-adsorbed medium-density polyethylene (PE) microplastics (MPs) (ca. 3000 
μg BPA/g), with a mean particle size of 136 μm, which were administered via oral gavage at a mere 0.67 mg BPA/kg body weight for 24 h using a murine model. The determination of plasma BPA-glucuronide revealed 
that BPA associated with MPs is bioavailable, to a similar extent to that of freely dissolved BPA, with Area Under the Curves (AUC) values of 1249 ± 182 and 928 ± 276 μg·h·L(-1) for the 0→6 h interval (AUC(0→6h)), 
and 3586 ± 526 and 2325 ± 634 μg·h·L(-1) for the 0→24 h interval (AUC(0→24h)), corresponding to BPA-PE and free BPA, respectively. Several biomarker assays of the small intestine, and liver and investigation of the 
gut barrier function were conducted to elucidate the potential deleterious effects of BPA-loaded PE (PE-BPA) as compared to BPA and PE alone. Acute exposure to PE-BPA increased the expression of the detoxification 
biomarkers multidrug resistance protein 1 (MDR1) and UDP-glucuronosyltransferase 2B1 (UGT2B1) in the jejunum, particularly when PE and BPA occurred together, likely due to the extended intestinal residence time of 
the BPA-laden MPs. Oxidative stress markers, such as superoxide dismutase activity, and inflammatory responses, evaluated by myeloperoxidase activity, were also elevated with PE-BPA, suggesting a defensive 
response but without evidence of oxidative damage as determined by the malondialdehyde levels. In conclusion, the findings suggest that BPA associated with MPs exhibits similar bioavailability than that of freely 
dissolved BPA, with the subsequent activation of detoxification pathways and inflammatory responses.

Environ Pollut Pages 
127019

10.1016/j.envpol.2025.127019 40850458 動物 - 1 1 1 不明 0 0.67mg BPA/kg - - - - - - - - - - - - - - - - - - - - -

統合_1313
M. García-Arévalo, E. Lorza-Gil, L. Cardoso, T. 
M. Batista, T. R. Araujo, L. A. F. Ramos, M. A. 
Areas, A. Nadal, E. M. Carneiro and A. P. Davel

2021

Ventricular Fibrosis and Coronary 
Remodeling Following Short-Term 
Exposure of Healthy and 
Malnourished Mice to Bisphenol A

Bisphenol-A (BPA) is an endocrine disruptor associated with higher risk of insulin resistance, type 2 diabetes, and cardiovascular diseases especially in susceptible populations. Because malnutrition is a nutritional 
disorder associated with high cardiovascular risk, we sought to compare the effects of short-term BPA exposure on cardiovascular parameters of healthy and protein-malnourished mice. Postweaned male mice were fed 
a normo- (control) or low-protein (LP) diet for 8 weeks and then exposed or not to BPA (50 μg kg(-1) day(-1)) for the last 9 days. Systolic blood pressure was higher in BPA or LP groups compared with the control group. 
However, diastolic blood pressure was enhanced by BPA only in malnourished mice. Left ventricle (LV) end diastolic pressure (EDP), collagen deposition, and CTGF mRNA expression were higher in the control or 
malnourished mice exposed to BPA than in the respective nonexposed groups. Nevertheless, mice fed LP diet exposed to BPA exhibited higher angiotensinogen and cardiac TGF-β1 mRNA expression than mice treated 
with LP or BPA alone. Wall:lumen ratio and cross-sectional area of intramyocardial arteries were higher either in the LP or BPA group compared with the control mice. Taken together, our data suggest that short-term 
BPA exposure results in LV diastolic dysfunction and fibrosis, and intramyocardial arteries inward remodeling, besides potentiate protein malnutrition-induced hypertension and cardiovascular risk.

Front Physiol Vol.12 
Pages 638506

10.3389/fphys.2021.638506 33912069 動物 - 1 0 1 1 0 50 µg kg/⽇ - - - - - - - - - - - - - - - - - - - - -

統合_1314 Z. Gao, S. Liu, L. Tan, X. Gao, W. Fan, C. Ding, 
M. Li, Z. Tang, X. Shi, Y. Luo and S. Song 2022

Testicular toxicity of bisphenol 
compounds: Homeostasis disruption 
of cholesterol/testosterone via PPAR
α activation

The widespread application of bisphenols (BPs) has made them ubiquitous in the environment. Although the side effects of bisphenol A (BPA) substitutes have received increasing attention, studies on their reproductive 
toxicity remain lacking. In this research, the effects of BPA and its substitutes, including bisphenol S (BPS), bisphenol F (BPF), and bisphenol AF (BPAF), on the male reproductive system were evaluated. Results proved 
that these BPs disturbed germ cell proliferation, induced germ cell apoptosis, and perturbed sperm physiologies and spermatogenesis, which resulted from the disruption of testosterone (T) biosynthesis in Leydig cells 
(LCs). Importantly, in vitro and in vivo studies indicated that the exhausted cholesterol in LCs accounted for the reduced T production. Furthermore, the knockdown of peroxisome proliferator-activated receptor alpha 
(PPARα) remarkably ameliorated the downregulation of cholesterogenesis-related genes (i.e., Hmgcs1, Hmgcr, and Srebf2), indicating that PPARα played a critical role in BPs-induced testicular dysfunction. Overall, our 
studies indicated that BPS, BPF, and BPAF could induce testicular toxic effects similar to that of BPA, which were associated with the PPARα pathway.

Sci Total Environ. 2022 
Aug 25:836:155628.

10.1016/j.scitotenv.2022.155628 35504394 動物、in vitro 精巣 1 1 1 1 0 0 - - - 不明 0 不明 1 1 - 1 - - - - - - - - - - -

統合_1315 T. Fujimoto 2020
Prenatal exposure to bisphenol A 
impairs predator odor-induced fear 
behavior in young rat offspring

OBJECTIVES: This study evaluated the changes in behaviors and the endocrine system in rat offspring at postnatal day 20 following prenatal exposure to bisphenol A (BPA), a major environmental endocrine disruptor. 
DESIGN: Using A predator odor (2,4,5-trimethylthiazoline [TMT]) as a stressor, I evaluate behavioral and endocrine responses to check whether the normal stress response is affected by BPA. MATERIALS AND 
METHODS: A low-dose group (BPA-L; 0.015 mg/kg/day) and a high-dose group (BPA-H; 1.5 mg/kg/day) were compared to assess dose dependency. The control group was not exposed to BPA. Spontaneous behaviors 
(rearing, ambulation, grooming, and freezing) were assessed in the presence or absence of TMT odor. RESULTS: In the control group, TMT odor increased freezing but not grooming behaviors. Conversely, in the BPA-H 
group, freezing was unchanged, but grooming behavior increased; however, increased freezing and grooming behaviors were observed following TMT odor exposure in the BPA-L group. In addition, blood corticosterone 
levels increased following TMT odor exposure in all three groups, but there was no difference between the BPA-exposure groups and the control group. Therefore, in the BPA-H group, despite the activation of the 
hypothalamus-pituitary-adrenal axis by TMT, freezing behavior did not increase, suggesting the absence of defensive behaviors. CONCLUSION: These findings suggest that prenatal exposure to high-dose BPA causes 
habituation to stress induced by the predator odor and alters the normal stress response in young rat offspring.

Neuro Endocrinol Lett 
Vol.41 Issue 5 Pages 
275-283

- 33315342 動物 - 1 不明 1 不明 0 0.015、1.5 mg/kg/⽇ - - - - - - - - - - - - - - - - - - - - -

統合_1316

A. G. F. Friques, F. D. N. Santos, D. B. Angeli, F. 
A. C. Silva, A. T. Dias, R. Aires, M. A. S. Leal, B. 
V. Nogueira, F. G. Amorim, B. P. Campagnaro, T. 
M. C. Pereira, M. Campos-Toimil, S. S. Meyrelles 
and E. C. Vasquez

2020

Bisphenol A contamination in infant 
rats: molecular, structural, and 
physiological cardiovascular changes 
and the protective role of kefir

The effects of bisphenol A (BPA) contamination on the cardiovascular function still are not clear. Here, we evaluated the vascular effects of BPA and the protective actions of kefir in infant rats. Animals (25 days old) 
were treated with BPA (100 μg/Kg/day) for 60 days (BPA group), or administered kefir (0.3 mL/100 g) in addition to BPA (BPA kefir group), compared with non-treated rats (Control group).The vascular endothelial 
function was evaluated in aortic rings through the relaxation response to acetylcholine and specific blockers. The balance between reactive oxygen species (ROS) and nitric oxide (NO) was assessed through flow 
cytometry in the vascular tissue. The BPA group developed high blood pressure (+10%) and the analysis of vascular reactivity showed an impaired ACh-induced relaxation (~80%). The further analysis by using NADPH, 
NOS and COX blockers revealed that the impaired vasorelaxation was due to increased ROS production (+12%), NO bioavailability (-12%) and increased vasoconstriction to prostanoids (+36%) compared with the Control 
group. Kefir treatment reverted those effects significantly. Analysis of the aortic cells showed increased •O(2)(-) production (1942±39 a.u.) and decreased NO bioavailability (1250±30 a.u.) compared with the Control 
group (1374±146 and 2777±25 a.u., P<.05) and kefir reverted these values (1298±57 and 2517±57 a.u.). Contamination by BPA in this model caused hypertension and endothelial dysfunction and it was accompanied by 
a vascular ROS/NO imbalance, damage of endothelial layer and pro-apoptotic effects. The novelty is that the treatment using probiotic kefir was able to attenuate the progression the above BPA effects.

J Nutr Biochem Vol.75 
Pages 108254

10.1016/j.jnutbio.2019.108254 31707283 動物 - 1 不明 1 1 0 100 µg/kg/⽇ - - - - - - - - - - - - - - - - - - - - -

統合_1317 K. Fouda and R. S. Mohamed 2025

Alginate Beads with Encapsulated 
Date Palm Pollen Extract: 
Development, Characterization and 
Their Potential Role in Hepato-
Protection and Fertility-Stimulating 
Hormones Improvement in 
Bisphenol A-Treated Rats

The goal of this study was to design polymeric beads with a core of date palm pollen (DPP, Phoenix dactylifera L.) extract using the ionic gelation method and then assess the effects of the extract in combination with 
alginate polymer (alginate/DPP beads) on the profile of phenolic compounds, their in vitro controlled release, as well as their antioxidant characteristics, and potential role in hepato-protection and fertility-stimulating 
hormones improvement in bisphenol A (BPA)-treated rats. The encapsulation efficiency (EE) was 94.27 ± 1.47%. The study found that phenolic release was highest (89.81%) at pH 7.4 (simulated intestinal fluid) and 
lowest (59.43%) at pH 2 (simulated stomach fluid) after 3 h. This particular type of bead also exhibited significant antioxidant activity, phenolic component content, and flavonoid content. The estimated phenolic content 
was 66.48 mg GAE/g, with methyl gallate, gallic acid, and naringenin as the main components. In vivo evaluation findings revealed that both doses of alginate/DPP beads (delivering 250 and 350 mg/kg of extract per day) 
significantly protected the liver (as demonstrated by downregulated liver function parameters), improved levels of male fertility-stimulating hormones, reduced oxidative stress parameters and inflammatory cytokines, and 
protected both liver and testicular tissues from BPA-induced changes. Thus, the actions of alginate/DPP beads make them a promising choice for antioxidant, liver-protecting, and male hormone-enhancing hydrogels.

Polymers (Basel) Vol.17 
Issue 7

10.3390/polym17070912 40219302 動物 - 1 1 1 1 0 30 mg/kg/day - - - - - - - - - - - - - - - - - - - - -

統合_1318 H. Fouad, E. M. Faruk, W. A. Alasmari, E. H. 
Nadwa and U. F. A. Ebrahim 2021

Structural and chemical role of 
mesenchymal stem cells and 
resveratrol in regulation of apoptotic 
-induced genes in Bisphenol-A 
induced uterine damage in adult 
female albino rats

The probable beneficial effects of mesenchymal stem cells (MSCs) and resveratrol were assessed in an experimental model of Bisphenol-A (BPA)-evident uterine damage in rats. Thirty-five albino rats were involved and 
equally divided into five groups: Group I: negative control rats received usual diet, Group II: positive control rats received BPA by oral gavage for 15 days, Group III: BPA-treated rats received single oral gavage of resveratrol 
daily for two weeks, Group IV: BPA-treated rats received a single intravenous dose of MSCs and Group V: BPA-treated rats received combined treatment of resveratrol and MSCs. Oxidative stress markers, apoptosis-
related genes, and gonadal hormones were assessed. Histological and immunohistochemical examination of uterine tissue was conducted for TGF-β 1. Caspases-3, 8, and 9 (Casp3, Casp8, Casp9) genes were assessed 
in uterine tissues by quantitative real-time PCR. Results revealed that BPA induced significant changes in the endometrial tissue, inflammatory cell infiltration, focal blood extravasation, increase in collagen fibers, 
decrease in PAS staining, and increase in TGF-β 1 immunoreactivity. BPA also induced a significant increase in oxidative stress markers; malondialdehyde (MDA), SOD, CAT, and apoptosis-related genes. BPA induced a 
significant change in blood levels of gonadal hormones; a significant increase in FSH and a significant decrease in estradiol (E2) and progesterone (P). Treatment with either resveratrol, MSCs, or a combination of them 
resulted in significant enhancement of histological findings, restoration of gonadal hormones to near-normal levels, and a significant decrease in oxidative stress markers and apoptosis genes. Combined treatment with 
resveratrol and MSCs demonstrated more significant therapeutic effects as regard to the studied parameters in association with rat groups treated with either MSCs or resveratrol separately.

Tissue Cell Vol.70 
Pages 101502

10.1016/j.tice.2021.101502 33582552 動物 - 1 1 1 1 0 20 mg BPA - - - - - - - - - - - - - - - - - - - - -

統合_1319

C. Focaccetti, D. Nardozi, M. Benvenuto, V. 
Lucarini, V. Angiolini, R. Carrano, M. Scimeca, F. 
Servadei, A. Mauriello, P. Mancini, Z. M. 
Besharat, M. Milella, S. Migliaccio, E. Ferretti, L. 
Cifaldi, L. Masuelli, C. Palumbo and R. Bei

2024

Bisphenol-A in Drinking Water 
Accelerates Mammary 
Cancerogenesis and Favors an 
Immunosuppressive Tumor 
Microenvironment in BALB-neuT 
Mice

Bisphenol-A (BPA), a synthetic compound ubiquitously present in the environment, can act as an endocrine disruptor by binding to both canonical and non-canonical estrogen receptors (ERs). Exposure to BPA has been 
linked to various cancers, in particular, those arising in hormone-targeted tissues such as the breast. In this study, we evaluated the effect of BPA intake through drinking water on ErbB2/neu-driven cancerogenesis in 
BALB-neuT mice, transgenic for a mutated ErbB2/neu receptor gene, which reproducibly develop carcinomas in all mammary glands. In this model, BPA accelerated mammary cancerogenesis with an increase in the 
number of tumors per mouse and a concurrent decrease in tumor-free and overall survival. As assessed by immunohistochemistry, BALB-neuT tumors were ER-negative but expressed high levels of the alternative 
estrogen receptor GPR30, regardless of BPA exposure. On the other hand, BPA exposure resulted in a marked upregulation of progesterone receptors in preinvasive tumors and of Ki67, CD31, and phosphorylated Akt in 
invasive tumors. Moreover, based on several infiltration markers of immune cells, BPA favored an immunosuppressive tumor microenvironment. Finally, in vitro cell survival studies performed on a cell line established from 
a BALB-neuT breast carcinoma confirmed that BPA's impact on cancer progression can be particularly relevant after chronic, low-dose exposure.

Int J Mol Sci Vol.25 
Issue 11

10.3390/ijms25116259 38892447 動物 - 1 1 1 BALB‒neuT 0 25 µg/L (飲⽔中濃度) - - - - - - - - - - - - - - - - - - - - -

統合_1320
A. Flores, P. Moyano, E. Sola, J. M. García, J. 
García, M. T. Frejo, L. Guerra-Menéndez, E. 
Labajo, I. Lobo, L. Abascal and J. D. Pino

2023
Bisphenol-A Neurotoxic Effects on 
Basal Forebrain Cholinergic Neurons 
In Vitro and In Vivo

The widely used plasticizer bisphenol-A (BPA) is well-known for producing neurodegeneration and cognitive disorders, following acute and long-term exposure. Although some of the BPA actions involved in these effects 
have been unraveled, they are still incompletely known. Basal forebrain cholinergic neurons (BFCN) regulate memory and learning processes and their selective loss, as observed in Alzheimer's disease and other 
neurodegenerative diseases, leads to cognitive decline. In order to study the BPA neurotoxic effects on BFCN and the mechanisms through which they are induced, 60-day old Wistar rats were used, and a neuroblastoma 
cholinergic cell line from the basal forebrain (SN56) was used as a basal forebrain cholinergic neuron model. Acute treatment of rats with BPA (40 µg/kg) induced a more pronounced basal forebrain cholinergic neuronal 
loss. Exposure to BPA, following 1- or 14-days, produced postsynaptic-density-protein-95 (PSD95), synaptophysin, spinophilin, and N-methyl-D-aspartate-receptor-subunit-1 (NMDAR1) synaptic proteins downregulation, 
an increase in glutamate content through an increase in glutaminase activity, a downregulation in the vesicular-glutamate-transporter-2 (VGLUT2) and in the WNT/β-Catenin pathway, and cell death in SN56 cells. These 
toxic effects observed in SN56 cells were mediated by overexpression of histone-deacetylase-2 (HDAC2). These results may help to explain the synaptic plasticity, cognitive dysfunction, and neurodegeneration induced by 
the plasticizer BPA, which could contribute to their prevention.

Biology (Basel) Vol.12 
Issue 6

10.3390/biology12060782 37372067 動物 - 1 0 1 1 0 40 µg/kg - - - - - - - - - - - - - - - - - - - - -

統合_1321

F. Fischer, T. Kretschmer, P. Seifert, J. 
Howanski, E. Krieger, J. Rödiger, B. Fink, Z. Yin, 
M. Bauer, M. L. Zenclussen, N. Meyer, A. 
Schumacher and A. C. Zenclussen

2024

Single and combined exposures to 
bisphenol A and benzophenone-3 
during early mouse pregnancy have 
differential effects on fetal and 
placental development

Endocrine disrupting chemicals (EDCs) possess the capability to interfere with the endocrine system by binding to hormone receptors, for example on immune cells. Specific effects have already been described for 
individual substances, but the impact of exposure to chemical mixtures during pregnancy on maternal immune regulation, placentation and fetal development is not known. In this study, we aimed to investigate the 
combined effects of two widespread EDCs, bisphenol A (BPA) and benzophenone-3 (BP-3), at allowed concentrations on crucial pregnancy processes such as implantation, placentation, uterine immune cell populations 
and fetal growth. From gestation day (gd) 0 to gd10, female mice were exposed to 4 μg/kg/d BPA, 50 mg/kg/d BP-3 or a BPA/BP-3 mixture. High frequency ultrasound and Doppler measurements were used to determine 
intrauterine fetal development and hemodynamic parameters. Furthermore, uterine spiral artery remodeling and placental mRNA expression were studied via histology and CHIP-RT-PCR, respectively. Effects of EDC 
exposure on multiple uterine immune cell populations were investigated using flow cytometry. We found that exposure to BP-3 caused intrauterine growth restriction in offspring at gd14, while BPA and BPA/BP-3 mixture 
caused varying effects. Moreover, placental morphology at gd12 and placental efficiency at gd14 were altered upon BP-3 exposure. Placental gene transcription was altered particularly in female offspring after in utero 
exposure to BP-3. Flow cytometry analyses revealed an increase in uterine T cells and NK cells in BPA and BPA/BP-3-treated dams at gd14. Doppler measurements revealed no effect on uterine hemodynamic parameters 
and spiral artery remodeling was not affected following EDC exposure. Our results provide evidence that exposure to BPA and BP-3 during early gestation affects fetal development in a sex-dependent manner, placental 
function and immune cell frequencies at the feto-maternal interface. These results call for inclusion of studies addressing pregnancy in the risk assessment of environmental chemicals.

Sci Total Environ 
Vol.922 Pages 171386

10.1016/j.scitotenv.2024.171386 38431166 動物 - 1 1 1 1 0 4 µg/kg/⽇ - - - - - - - - - - - - - - - - - - - - -

統合_1322
L. S. Figueiredo, K. M. Oliveira, I. N. Freitas, J. A. 
Silva, Jr., J. N. Silva, B. C. Favero-Santos, M. L. 
Bonfleur, E. M. Carneiro and R. A. Ribeiro

2020

Bisphenol-A exposure worsens 
hepatic steatosis in ovariectomized 
mice fed on a high-fat diet: Role of 
endoplasmic reticulum stress and 
fibrogenic pathways

AIMS: Bisphenol (BP)-A exposure can impair glucose and lipid metabolism. However, it is unclear whether this endocrine disruptor (ED) modulates these processes in postmenopause, a period with organic changes that 
increase the risk for metabolic diseases. Herein, we evaluated the effects of BPA exposure on adiposity, glucose homeostasis and hepatic steatosis in ovariectomized (OVX) mice fed on a high-fat diet (HFD). MAIN 
METHODS: Adult Swiss female mice were OVX and submitted to a normolipidic diet or HFD and drinking water without [control (OVX CTL) and OVX HFD groups, respectively] or with 1 μg/mL BPA (OVX CBPA and OVX 
HBPA groups, respectively), for 3 months. KEY FINDINGS: OVX HFD females displayed increased adiposity, glucose intolerance, insulin resistance and moderate hepatic steatosis. This effect was associated with a high 
hepatic expression of genes involved in lipogenesis (Srebf1 and Scd1), β-oxidation (Cpt1a) and endoplasmic reticulum (ER) stress (Hspa5 and Hyou1). BPA did not alter adiposity or glucose homeostasis disruptions 
induced by HFD. However, this ED triggered severe steatosis, exacerbating hepatic fat and collagen depositions in OVX HBPA, in association with a reduction in Mttp mRNA, and up-regulation of genes involved in β-
oxidation (Acox1 and Acadvl), mitochondrial uncoupling (Ucp2), ER stress (Hyou1 and Atf6) and chronic liver injury (Tgfb1and Casp8). Furthermore, BPA caused mild steatosis in OVX CBPA females, increasing the hepatic 
total lipids and mRNAs for Srebf1, Scd1, Hspa5, Hyou1 and Atf6. SIGNIFICANCE: BPA aggravated hepatic steatosis in OVX mice. Especially when combined with a HFD, BPA caused NAFLD progression, which was partly 
mediated by chronic ER stress and the TGF-β1 pathway.

Life Sci Vol.256 Pages 
118012

10.1016/j.lfs.2020.118012 32593710 動物 - 1 1 不明 1 0 不明 - - - - - - - - - - - - - - - - - - - - -
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ヒト/動物/in vitro/ex 
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分野

（疫学/動物） 哺乳動物 経⼝投与
BPA

単独ばく露

⼀般的な動物
種及び系統の
無処置動物

対照群と
3⽤量以上の
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引⽤評価機関
●：該当

統合_1323
L. J. Ferrato, T. F. R. Ruiz, L. G. de Souza, G. E. 
Brito-Filho, S. J. Colleta, E. C. R. Leonel and S. R. 
Taboga

2025

Bisphenol A exposure alters 
hormonal modulation and 
responsivity in the prostate of aged 
female gerbils

The female prostate is a gland regulated by steroid hormones for homeostasis. Bisphenol A (BPA) is an endocrine disruptor related to the progression of malignant lesions in prostate. The aim of this study was to analyze 
the hormonal modulation and responsiveness of the prostate of aged female gerbils previously exposed to BPA. Females were exposed to 50 μg/kg/day during pregnancy and lactation, and the prostate was analyzed at 18 
months of age. Control groups were included to normalize the analysis. The samples were analyzed using histological and immunohistochemical techniques for the expression of androgen (AR), estrogen (ERα and ERβ), 
prolactin (PRL), and progesterone (PR) receptors, as well as steroidogenic enzymes (5α-reductase and aromatase) and the proliferation (PHH3) and epigenetic (EZH2) markers. Protein quantification was also performed 
for the receptors and enzymes described, as well as morphological and morphometric analyses of the gland. The results showed an increase in the epithelial expression of AR and ERα and a decrease in the expression of 
ERβ in this compartment. In addition, a decrease in epithelial expression was observed for the 5α-reductase and aromatase in the prostate epithelium and an increase in the expression of PHH3 and EZH2. By Western 
blot analyses, significant differences were observed in the protein quantification of the receptors and enzymes described. Thus, the current study showed the role of BPA in intraprostatic hormonal modulation, through 
alterations in the expression of hormone receptors and the conversion of enzymes in the female prostate, which can lead to the progression of malignant lesions in this tissue.

Mol Cell Endocrinol. 
2025 Apr 
15:600:112507.

10.1016/j.mce.2025.112507 39988023 動物 前⽴腺 1 1 1 1 0 1 - - - - - - 1 1 - 1 - - - - - - - - - - -

統合_1324 L. Feng, S. Chen, L. Zhang, W. Qu and Z. Chen 2019
Bisphenol A increases intestinal 
permeability through disrupting 
intestinal barrier function in mice

That an alteration of the intestinal permeability is associated with gut barrier function has been increasingly evident, which plays an important role in human and animal health. Bisphenol A (BPA), an industrial compound 
used worldwide, has recently been classified as an environmental pollutant. One of our earlier studies has demonstrated that BPA disrupts the intestinal barrier function by inducing apoptosis and inhibiting cell 
proliferation in the human colonic epithelial cells line. In this study, we investigated the effects of dietary BPA uptake on the colonic barrier function in mice, as well as the intestinal permeability. Dietary BPA uptake was 
observed to destroy the morphology of the colonic epithelium and increase the pathology score. The levels of endotoxin, diamine peroxidase, D-lactate, and zonulin were found to have been significantly elevated in both 
plasma and colonic mucosa. A decline in the number of intestinal goblet cells and in mucin 2 gene expression was observed in the mice belonging to the BPA group. The results of immunohistochemistry revealed that the 
expression of tight junction proteins (ZO-1, occludin, and claudin-1) in colonic epithelium of BPA mice decreased significantly, and their gene abundance was also inhibited. Moreover, dietary BPA uptake was also found 
to have significantly reduced colonic microbial diversity and altered microbial structural composition. The functional profiles of colonic bacterial community exhibited adverse effects of dietary BPA intake on the endocrine 
and digestive systems, as well as the transport and catabolism functions. Collectively, our study highlighted that dietary BPA increased the colonic permeability, and this effect was closely related to the disruption of 
intestinal chemistry and physical and biological barrier functions.

Environ Pollut. 2019 
Nov;254(Pt A):112960.

10.1016/j.envpol.2019.112960 31394344 動物 腸管バリア機能 1 1 1 1 0 1 - - - - - - 1 1 - 1 - - - - - - - - - - -

統合_1325 D. Feng, H. Zhang, X. Jiang, J. Zou, Q. Li, H. Mai, 
D. Su, W. Ling and X. Feng 2020

Bisphenol A exposure induces gut 
microbiota dysbiosis and 
consequent activation of gut-liver 
axis leading to hepatic steatosis in 
CD-1 mice

Interactions between the intestine and the liver, the so-called 'gut-liver axis', play a crucial role in the onset of hepatic steatosis and non-alcoholic fatty liver disease. However, not much is known about the impact of 
environmental pollutants on the gut-liver axis and consequent hepatic steatosis. Bisphenol A (BPA), a widely used plasticiser, is an important environmental contaminant that affects gut microbiota. We hypothesised that 
BPA induces hepatic steatosis by promoting gut microbiota dysbiosis and activating the gut-liver axis. In this study, male CD-1 mice were fed with diet containing BPA (50 μg/kg body weight/day) for 24 weeks. Dietary 
exposure to BPA increased lipid contents and fat accumulation in the liver. Analysis of 16 S rRNA gene sequencing revealed that the diversity of gut microbiota reduced and the composition of gut microbiota was altered in 
the BPA-fed mice. Further, the abundance of Proteobacteria, a marker of dysbacteria, increased, whereas the abundance of Akkermansia, a gut microbe associated with increased gut barrier function and reduced 
inflammation, markedly decreased. Expression levels of intestinal tight junction proteins (zona occludens-1 and occludin) also decreased drastically, leading to increased intestinal permeability and elevated levels of 
endotoxins. Furthermore, BPA up-regulated the expression of Toll-like receptor 4 (TLR4) and phosphorylation of nuclear factor-kappa B (NF-κB) in the liver and increased the production of inflammatory cytokines, 
including interleukin-1β, interleukin-18, tumour necrosis factor-α, and interleukin-6. Take together, our work indicated that dietary intake of BPA induced hepatic steatosis, and this was closely related to dysbiosis of 
gut microbiota, elevated endotoxin levels, and increased liver inflammation through the TLR4/NF-κB pathway.

Environ Pollut Vol.265 
Issue Pt A Pages 
114880

10.1016/j.envpol.2020.114880 32540565 動物 - 1 1 1 1 0 50 µg/kg/day - - - - - - - - - - - - - - - - - - - - -

統合_1326 K. M. Feighan, D. Nesan and D. M. Kurrasch 2024

Gestational bisphenol A exposure 
alters energy homeostasis and adult 
hypothalamic neurogenesis in 
female mice

Regulation of physiological homeostasis, including energy balance, is thought to be modified by low levels of adult neurogenesis in the hypothalamus. Hormones such as oestradiol can influence both embryonic and adult 
hypothalamic neurogenic programs, demonstrating a sensitivity of hypothalamic neural progenitor cells to endogenous hormones. Previously we showed that gestational exposure to environmental levels of the 
xenoestrogen bisphenol A (BPA) changed neural progenitor cell behaviors in the embryo; however, we did not examine if these changes were permanent to affect adult neurogenesis. Here we investigated whether adult 
neuro- and/or gliogenesis were altered in mice prenatally exposed to BPA and placed on a high-fat diet challenge. Gestationally exposed adult female mice on a standard diet gained less weight than non-BPA controls, 
whereas gestationally exposed BPA females on a high-fat diet gained more weight than controls. Males exposed to gestational BPA showed no differences in weight gain relative to control males. Concomitantly, adult 
neurogenesis was increased in the VMH, DMH, and PVN of adult female mice exposed to BPA on standard diet, suggesting that disrupted adult neurogenesis might perturb normal energy balance regulation in females. 
These results add to growing evidence that low-dose BPA exposure in utero causes changes to adult hypothalamic function.

Sci Rep Vol.14 Issue 1 
Pages 16082

10.1038/s41598-024-66726-2 38992091 動物 - 1 1 1 1 0 50 µg/kg BPA (餌中濃度) - - - - - - - - - - - - - - - - - - - - -

統合_1327 R. Fang, S. Yang, X. Gu, C. Li, N. Bi and H. L. 
Wang 2022

Early-life exposure to bisphenol A 
induces dysregulation of lipid 
homeostasis by the upregulation of 
SCD1 in male mice

Exposure of Bisphenol A (BPA) is closely associated with an increased prevalence of obesity-related metabolic syndrome. However, the potential mechanism of BPA-induced adipogenesis remains to be fully elucidated. 
Herein, potential mechanisms of BPA-induced adipogenesis in 3T3-L1 preadipocytes were evaluated using RNA-Seq. Then, using an early-life BPA exposure model, we further evaluated the effects of BPA exposure on 
lipid and glucose homeostasis. The results showed that lipid content in 3T3-L1 adipocytes was significantly increased after BPA exposure (p < 0.01) and male C57BL/6 mice with the dose of 500 μg/kg/day BPA by once-
a-day oral administration for 8 weeks displayed a NAFLD-like phenotype. RNA-Seq analysis of preadipocytes showed that BPA exposure affected multiple biological processes including glycosphingolipid biosynthesis, 
regulation of lipolysis in adipocytes, PPAR signaling pathway and fatty acid metabolism. The dysregulation in a series of genes of mice was associated to de novo lipogenesis and lipid transport, which was linked to 
obesity. Importantly, we also found a significant expression increase of stearoyl-CoA desaturase 1 (SCD1) and a significant decrease of apolipoprotein D (APOD) in both fat (p < 0.01) and livers (p < 0.01) of male mice. 
Besides, the dysregulation of pro-inflammatory genes (TNF-α,IL-6 and SAA3) showed that BPA exposure promoted progression of hepatic inflammation. In conclusion, this study elucidated a novel mechanism in which 
obesity associated with BPA exposure by targeting SCD1. Exposure to BPA should be carefully examined in the chronic liver metabolic diseases.

Environ Pollut. 2022 Jul 
1:304:119201.

10.1016/j.envpol.2022.119201 35341816 動物、in vitro - 1 1 1 1 0 500 µg/kg/⽇ - - - 不明 0 不明 1 - - - - - - - - - - - - - -

統合_1328
S. Fallahnezhad, F. Ghorbani-Taherdehi, A. 
Sahebkar, A. Nadim, M. Kafashzadeh, M. 
Kafashzadeh and M. Gorji-Valokola

2023

Potential neuroprotective effect of 
nanomicellar curcumin on learning 
and memory functions following 
subacute exposure to bisphenol A in 
adult male rats

Bisphenol A (BPA) is an endocrine-disrupting chemical commonly utilized in the manufacture of plastics, which may cause damage to brain tissue. Curcumin is a phytochemical with protective effects against neurological 
and mental diseases. The purpose of this research was to evaluate whether nanomicellar curcumin (NmCur) might protect rats against BPA-induced learning and memory deficits. After determining the proper dose of 
BPA, the animals were randomly divided into 8 groups (8 rats in each group) receiving dextrose 5% (as vehicle of NmCur) (Dex), sesame oil (as vehicle of BPA) (Sea), Sea plus Dex, NmCur (50 mg/kg), BPA (50 mg/kg), and 
50 mg/kg BPA plus 10, 25, and 50 mg/kg NmCur groups, respectively. Behavioral tests performed using passive avoidance training (PAT), open-field (OF), and Morris water maze (MWM) tests. The expression of oxidative 
stress markers, proinflammatory cytokines, oxidative stress-scavenging enzymes, glutamate receptors, and MAPK and memory-related proteins was measured in rat hippocampus and cortical tissues. BPA up-regulated 
ROS, MDA, TNF-α, IL-6, IL-1β, SOD, GST, p-P38, and p-JNK levels; however, it down-regulated GSH, GPx, GR, CAT, p-AKT, p-ERK1/2, p-NR1, p-NR2A, p-NR2B, p-GluA1, p-CREB, and BDNF levels. BPA decreased 
step-through latency (STL) and peripheral and total, but not central, locomotor activity. It increased the time to find the hidden platform, the mean of escape latency time, and the traveled distance in the target quadrant, 
but decreased the time spent in the target quadrant. The combination of BPA (50 mg/kg) and NmCur (25 and 50 mg/kg) reversed all of BPA's adverse effects. Therefore, NmCur exhibited neuroprotective effects against 
subacute BPA-caused learning and memory impairment.

Metab Brain Dis Vol.38 
Issue 8 Pages 2691-
2720

10.1007/s11011-023-01257-9 37843661 動物 - 1 1 1 1 0 50 mg/kg - - - - - - - - - - - - - - - - - - - - -

統合_1329 A. Fahrenkopf and C. K. Wagner 2020

Bisphenol A (BPA) induces 
progesterone receptor expression in 
an estrogen receptor α-dependent 
manner in perinatal brain

Bisphenol A (BPA) is a xenoestrogen that is prevalent in the environment of industrialized nations due its use in the production of many plastic household items. Virtually all adults in the U.S. have detectable levels of BPA 
in urine and it can be measured in fetal serum and in breastmilk, making developmental exposure a particular concern. The present study utilizes a progesterone receptor (PR) expression bioassay to assess the estrogen 
receptor α (ERα)-dependent effects of BPA in fetal rodent brain following maternal exposure. Maternal ingestion of 10 μg/kg/day, but not 50 μg/kg/day, BPA from gestational day 14-22 significantly increased levels of 
PR immunoreactivity (PRir) in the medial preoptic nucleus (MPN) of female offspring. PR expression in the perinatal MPN is highly dependent on the activation of ERα, but not ERβ, by estrogens. Indeed, injections of BPA 
(5 μg/kg) to neonates from postnatal day 2-4 (P2-4) significantly increased PR expression in the MPN of postnatal day 5 females compared to the MPN of females administered the oil vehicle. However, pretreatment 
with the ER antagonist, ICI 182,780 from P1-4 significantly attenuated the effects of BPA on PR expression, indicating an ERα-dependent mechanism. The present results also demonstrate a non-monotonic effect of BPA 
on the direct expression of a transcription factor in developing brain.

Neurotoxicol Teratol 
Vol.78 Pages 106864

10.1016/j.ntt.2020.106864 31926947 動物 - 1 1 1 1 0 10、50 µg/kg - - - - - - - - - - - - - - - - - - - - -

統合_1330 N. M. Faheem, A. El Askary and A. F. Gharib 2021

Lycopene attenuates bisphenol A-
induced lung injury in adult albino 
rats: a histological and biochemical 
study

Bisphenol A (BPA) leads to ROS production that considered the core of different inflammatory and chronic obstructive pulmonary diseases. As a natural antioxidant, lycopene plays a significant role in the prevention of 
many chronic diseases. This study aimed to investigate the possible protective role of lycopene against BPA-induced lung alterations using morphometric, histological, immunohistochemical and biochemical methods. 
Forty rats aged 3 months were divided into four groups (n=10): control group, lycopene group comprising rats that received lycopene by gavage (10 mg/kg /day) for 30 days, BPA group comprising rats that received BPA by 
gavage (50 mg/kg/day) for 30 days and lycopene + BPA group. On the 30th day, blood and lung tissue samples were collected for biochemical, histological and immunohistochemical studies. Morphometrical and 
statistical analyses were performed. The BPA group revealed significantly elevated IL-1B, IL-6, MDA and NO, and it showed significantly reduced IL-10, SOD, CAT and GSH when compared to the control and lycopene + 
BPA groups. Upon histopathological and immunohistochemical examination, lycopene supplementation improved the BPA-induced alveolar collapse, lymphocytic infiltration, extravasated RBCs and fibrosis. The lycopene + 
BPA group showed significantly reduced mean percentage of 8-OHdG immunopositive and mean area percentages of Bax and caspase 3 immunopositive cells and significantly reduced mean area percentage of Bcl2 
immunopositive cells as compared with the BPA group. Lycopene is a protective agent against BPA-induced lung injury because of its anti-apoptotic, anti-inflammatory and antioxidant effects, as confirmed by biochemical 
and histological studies.

Environ Sci Pollut Res 
Int Vol.28 Issue 35 
Pages 49139-49152

10.1007/s11356-021-14140-w 33932206 動物 - 1 1 1 不明 0 50 mg/kg/⽇ - - - - - - - - - - - - - - - - - - - - -

統合_1331
M. Fadishei, M. Ghasemzadeh Rahbardar, M. 
Imenshahidi, A. Mohajeri, B. M. Razavi and H. 
Hosseinzadeh

2021
Effects of Nigella sativa oil and 
thymoquinone against bisphenol A-
induced metabolic disorder in rats

The underlying mechanisms of bisphenol A (BPA)-induced metabolic disorder and the protective impact of Nigella sativa oil (NSO) and thymoquinone (TQ) against BPA-induced metabolic disorder were investigated. Rats 
were treated as follows: Control, BPA (10 mg/kg), TQ (2 mg/kg), NSO (84 μL/kg), BPA + TQ (0.5, 1, 2 mg/kg), and BPA + NSO (21, 42, 84 μL/kg). BPA was administered by gavage, while, TQ and NSO were injected 
intraperitoneally (daily, 54 days). The weight, blood pressure, serum parameters [glucose, lipid profile, hepatic enzymes, insulin, interlukin-6 (IL-6), tumor necrosis factor-alpha (TNF-α), leptin, adiponectin], 
malondialdehyde (MDA), glutathione (GSH) and insulin signaling pathways [insulin receptor substrate (p-IRS,IRS); kinase (p-Akt,Akt); glycogen synthase kinase (p-GS3K,GS3K)] were measured. BPA increased the blood 
pressure, MDA, lipid profile, hepatic enzymes, insulin, IL-6, TNF-α, and leptin, and decreased the GSH and phosphorylated forms of IRS, Akt, GS3K but did not alter weight, glucose, IRS, AKT, and GS3K in the liver. 
Administration of NSO or TQ with BPA reduced the blood pressure, liver level of MDA, lipid profile, hepatic enzymes, insulin, IL-6, TNF-α, leptin, and increased the liver level of GSH and p-IRS, p-AKT, p-GS3K. TQ and 
NSO are thought to be effective in controlling metabolic disorders induced by BPA.

Phytother Res Vol.35 
Issue 4 Pages 2005-
2024

10.1002/ptr.6944 33315269 動物 - 1 1 1 不明 0 10 mg/kg - - - - - - - - - - - - - - - - - - - - -

統合_1332 C. H. Facina, S. G. P. Campos, T. F. R. Ruiz, R. 
M. Góes, P. S. L. Vilamaior and S. R. Taboga 2021

Protective effect of the association 
of curcumin with piperine on 
prostatic lesions: New perspectives 
on BPA-induced carcinogenesis

Bisphenol A (BPA) is a chemical agent which can exert detrimental effects on the male reproductive system, especially the prostate gland. In this study we described the efficacy of the dietary agent curcumin, alone or 
combined with piperine, to suppress the impact of BPA on the prostate. Adult gerbils were divided into nine experimental groups (n = 7 each group), regarding control (water and oil), exposed to BPA (50 μg/kg/day in 
water) or curcumin (100 mg/kg) and/or piperine (20 mg/kg). To evaluate the effects of the phytotherapic agents, the other groups received oral doses every two days, BPA plus curcumin (BCm), piperine (BP), and 
curcumin + piperine (BCmP). BPA promoted prostatic inflammation and morphological lesions in ventral and dorsolateral prostate lobes, associated with an increase in androgen receptor-positive cells and nuclear atypia, 
mainly in the ventral lobe. Curcumin and piperine helped to minimize these effects. BPA plus piperine or curcumin showed a reduction in nuclear atypical phenotype, indicating a beneficial effect of phytochemicals. Thus, 
these phytochemicals minimize the deleterious action of BPA in prostatic lobes, especially when administered in association. The protective action of curcumin and piperine consumption is associated with weight loss, 
anti-inflammatory potential, and control of prostate epithelial cell homeostasis.

Food Chem Toxicol 
Vol.158 Pages 112700

10.1016/j.fct.2021.112700 34838672 動物 - 1 1 1 不明 0 50 µg/kg/⽇ - - - - - - - - - - - - - - - - - - - - -

統合_1333 S. M. Eweda, A. S. A. Newairy, H. M. Abdou and 
A. S. Gaber 2020

Bisphenol A-induced oxidative 
damage in the hepatic and cardiac 
tissues of rats: The modulatory role 
of sesame lignans

Bisphenol A (BPA) is an environmental pollutant that is widely produced throughout the world. It is primarily used in the manufacture of polycarbonate plastics, epoxy resins, paints and dental materials. BPA has been 
reported to promote hepatotoxicity and cardiotoxicity. The antioxidant activity of sesame lignans is well established. The current study assessed the protective efficiency of sesame lignans against BPA-induced 
hepatotoxicity and cardiotoxicity. Rats were divided into 4 groups: A control group, a BPA-treated group, a sesame lignans-treated group and a sesame lignans and BPA-treated group. Rats were orally administered their 
respective doses daily [30 mg/kg body weight (BW) BPA and/or 20 mg/kg BW sesame lignans] for 6 weeks. Liver function tests were performed using serum of all groups. Lipid profile and antioxidant status were also 
measured in liver tissue of the studied groups. The results were confirmed by histopathological examination of liver and heart tissues. The oral administration of BPA was revealed to elicit significant decreases in the 
activities of hepatic glutathione peroxidase, glutathione reductase, superoxide dismutase and glutathione. It also significantly increased levels of malondialdehyde. Furthermore, BPA-treatment resulted in lipid 
accumulation, elevated activities of alanine aminotransferase, creatine kinase MB and lactate dehydrogenase, and histological changes of liver and heart tissues. However, the co-administration of sesame lignans and 
BPA attenuated hepatotoxicity, cardiotoxicity and BPA-induced histological changes. The results of the current study indicated that sesame lignans may be helpful in the development of novel natural drugs to treat hepatic 
and cardiovascular disorders.

Exp Ther Med Vol.19 
Issue 1 Pages 33-44

10.3892/etm.2019.8193 31853270 動物 - 1 1 1 1 0 30 mg/kg - - - - - - - - - - - - - - - - - - - - -

統合_1334

L. O. Esuola, O. O. Esan, A. S. Maikifi, T. O. 
Ajibade, M. O. Adetona, O. O. Aina, A. A. 
Oyagabemi, T. O. Omobowale, O. A. Oladele, E. 
Nwulia, M. A. Yakubu and O. O. Oguntibeju

2025

Therapeutic Effects of Naringin on 
Bisphenol A-Induced Oxidative 
Stress Damage in Nervous and 
Reproductive Systems of Cockerel 
Chickens

BACKGROUND: Bisphenol A (BPA) is an endocrine-disrupting chemical, and it is mostly used in plastic industries. Naringin is a potent flavonoid that has been reported to possess several beneficial pharmacological 
properties such as antioxidant, anti-inflammatory, and antiapoptotic properties. OBJECTIVE: The aim of this study was to determine the protective effect of naringin against the damage induced by BPA in the brain and 
testes of commercial chicken. METHODS: Thirty-day-old cockerel chickens were purchased and reared for 6 weeks and subsequently divided into six groups: group A (control), group B (100 ppm BPA-treated), group C 
(BPA and 100 mg/kg naringin-treated), Group D (BPA and 200 mg/kg naringin-treated), group E (100 mg/kg naringin-treated), and group F (200 mg/kg naringin-treated). BPA was administered via drinking water, while 
naringin was administered via oral gavage. Analyses such as biochemical assays, hormonal assays, histopathology, and immunohistochemistry were done. RESULTS: The results showed a decrease in the level of LH, 
FSH, and testosterone, an increase in the level of oxidative stress markers (MDA and H(2)O(2)), and alteration in the levels of enzymatic and non-enzymatic antioxidants (GSH, GST, SOD, GPx) in the brain and testes of 
the BPA-intoxicated group. Histologically, neuronal necrosis and degeneration were observed in the brain, and degeneration of testicular cells was seen in the testes of BPA-intoxicated chickens. Immunohistochemical 
evaluation revealed low expression of myelin basic protein in the brain and increased expression of caspase 3 in the testes of the BPA-intoxicated group. CONCLUSIONS: Naringin reversed the neurotoxicity and 
reproductive toxicity of BPA by normalizing the values of the altered parameters. Hence, naringin ameliorated the deleterious effects caused by BPA in both the brain and testes by enhancing the antioxidant defence 
mechanism.

Vet Med Sci Vol.11 
Issue 4 Pages e70322

10.1002/vms3.70322 40548488 動物 - 0 1 1 不明 0 100 ppm (飲⽔中濃度) - - - - - - - - - - - - - - - - - - - - -

統合_1335 A. E. Essawy, H. A. E. Abd Elkader, O. A. 
Khamiss, S. M. Eweda and H. M. Abdou 2021

Therapeutic effects of astragaloside 
IV and Astragalus spinosus saponins 
against bisphenol A-induced 
neurotoxicity and DNA damage in 
rats

BACKGROUND: Bisphenol A (BPA) is an endocrine disruptor to which humans are often subjected during daily life. This study aimed to investigate the ameliorative effect of astragaloside IV (ASIV) or saponins extracted 
from Astragalus spinosus (A. spinosus) against DNA damage and neurotoxic effects induced by BPA in prefrontal cortex (PFC), hippocampal and striatal brain regions of developing male rats. MATERIALS AND 
METHODS: Juvenile PND20 (pre-weaning; age of 20 days) male Sprague Dawley rats were randomly and equally divided into four groups: control, BPA, BPA+ASIV and BPA+A. spinosus saponins groups. Bisphenol A (125 
mg/kg/day) was administrated orally to male rats from day 20 (BPA group) and along with ASIV (80 mg/kg/day) (BPA+ASIV group) or A. spinosus saponin (100 mg/kg/day) (BPA+ A. spinosus saponins group) from day 50 
to adult age day 117. RESULTS: Increased level of nitric oxide (NO) and decreased level of glutamate (Glu), glutamine (Gln), glutaminase (GA) and glutamine synthetase (GS) were observed in the brain regions of BPA 
treated rats compared with the control. On the other hand, co-administration of ASIV or A. spinosus saponin with BPA considerably improved levels of these neurochemicals. The current study also revealed restoration of 
the level of brain derived neurotrophic factor (BDNF) and N-methyl-D-aspartate receptors (NR(2)A and NR(2)B) gene expression in BPA+ ASIV and BPA+A. spinosus saponins groups. The co-treatment of BPA group with 
ASIV or A. spinosus saponin significantly reduced the values of comet parameters as well as the intensity of estrogen receptors (ERs) immunoreactive cells and improved the histological alterations induced by BPA in 
different brain regions. CONCLUSION: It could be concluded that ASIV or A. spinosus saponins has a promising role in modulating the neurotoxicity and DNA damage elicited by BPA.

PeerJ Vol.9 Pages 
e11930

10.7717/peerj.11930 34434659 動物 - 1 1 1 1 0 125 mg/kg/⽇ - - - - - - - - - - - - - - - - - - - - -
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め、信頼性評価段階で原著に基づき精査。

引⽤評価機関
●：該当

統合_1336
L. Ermini, M. Mandalà, L. Cresti, S. Passaponti, 
L. Patrussi, L. Paulesu, K. Thornburg and F. 
Ietta

2022

Fetal Myocardial Expression of 
GLUT1: Roles of BPA Exposure and 
Cord Blood Exosomes in a Rat 
Model

Dietary exposure to Bisphenol A (BPA), an industrial chemical present in food containers, affects nutrient metabolism in the myocardium of offspring during intrauterine life. Using a murine model, we observed that fetal 
hearts from mothers exposed to BPA (2.5 μg/kg/day) for 20 days before mating and for all of the gestation had decreased expression of glucose transporter-1 (GLUT1), the principal sugar transporter in the fetal heart, 
and increased expression of fatty acid cluster of differentiation 36 transporter (CD36), compared to control fetuses from vehicle-treated mothers. We confirmed the suppression of GLUT1 by exposing fetal heart 
organotypic cultures to BPA (1 nM) for 48 h but did not detect changes in CD36 compared to controls. During pregnancy, the placenta continuously releases extracellular vesicles such as exosomes into fetal circulation. 
These vesicles influence the growth and development of fetal organs. When fetal heart cultures were treated with cord blood-derived exosomes isolated from BPA-fed animals, GLUT1 expression was increased by 
approximately 40%. Based on our results, we speculate that exosomes from cord blood, in particular placenta-derived nanovesicles, could contribute to the stabilization of the fetal heart metabolism by ameliorating the 
harmful effects of BPA on GLUT1 expression.

Cells. 2022 Oct 
11;11(20):3195.

10.3390/cells11203195 36291063 動物、in vitro - 1 1 1 1 0 2.5 µg/kg/day - - - 1 0 1 nM 1 - - - - - - - - - - - - - -

統合_1337 S. E. Elswefy, F. R. Abdallah, A. S. Wahba, R. A. 
Hasan and H. H. Atteia 2020

Antifibrotic effect of curcumin, N-
acetyl cysteine and propolis extract 
against bisphenol A-induced 
hepatotoxicity in rats: Prophylaxis 
versus co-treatment

AIMS: Bisphenol A (BPA) has been shown to induce liver fibrosis in rodents. Therefore, this study examined the protective effect of a triple combination of curcumin (Cur), N-acetyl cysteine (NAC) and propolis (Prp) 
extract against BPA-induced hepatic fibrosis. METHODS: 100 Wistar male rats were equally assigned into 10 groups; one group was designated as control. 10 rats were gavaged with BPA (50 mg/kg/day) for 8 wk and left 
un-treated (BPA group). The remaining 80 rats were divided into 8 groups, distributed in 2 models. Protective model: rats were daily co-treated with BPA and Cur (100 mg/kg, p.o) or NAC (150 mg/kg, p.o) or Prp 
(200 mg/kg, p.o) or their combination for 8 wk. Preventive model: rats were daily treated with Cur or NAC or Prp or their combination for 4 wk before BPA administration and then in the same manner as protective model. 
KEY FINDINGS: Current treatment interventions significantly alleviated BPA-induced hepatic damage and fibrosis. They also restored pro-oxidant/antioxidant balance, shifted cytokine balance towards the anti-
inflammatory side, decreasing interleukin-1β/interleukin-10 ratio. Moreover, these compounds seem to exert anti-apoptotic effects by increasing the immunoexpression of B-cell lymphoma 2 in hepatocytes and 
decreasing hepatic caspase-3 content. Finally, they ameliorated extracellular matrix turn over through down-regulation of matrix metalloproteinase-9 and up-regulation of tissue inhibitor of matrix metalloproteinase-2 
genetic expression. SIGNIFICANCE: Current treatments guarded against BPA-induced hepatic fibrosis due to their antioxidant, anti-inflammatory and anti-apoptotic properties, decreasing extracellular matrix turnover. 
Interestingly, the triple therapy provided hepatoprotection superior to monotherapy. Besides, prophylactic and concurrent treatments seem to be more effective than concurrent treatments.

Life Sci Vol.260 Pages 
118245

10.1016/j.lfs.2020.118245 32791144 動物 - 1 1 1 1 0 50 mg/kg/⽇ - - - - - - - - - - - - - - - - - - - - -

統合_1338 R. A. Elgawish, M. A. El-Beltagy, R. M. El-Sayed, 
A. A. Gaber and H. M. A. Abdelrazek 2020

Protective role of lycopene against 
metabolic disorders induced by 
chronic bisphenol A exposure in rats

This study was conducted to elucidate the ameliorative potential of lycopene (LYC) against the metabolic toxicity induced by bisphenol A (BPA) in rats. Male rats (n = 28) were divided into 4 equal groups: control group, 
LYC group was given lycopene (10 mg/kg BW), BPA group was given 10 mg/kg BW of BPA, and the last group was administered BPA and LYC at 10 mg/kg via gavage for 90 consecutive days. Body weight (BW) gain, lipid 
profile, and total antioxidant capacity (TAC) were assessed. Oral glucose tolerance test (OGTT), homeostasis model assessment-estimated insulin resistance (HOMA-IR), thyroid hormones, interleukin-1 beta (IL-1β), 
leptin, and resistin were assayed. Moreover, immunohistochemistry of TNF-α was performed in adipose tissue. BPA-treated rats showed significant reduction in BW gain and deteriorations in lipid profile, TAC, OGTT, 
and thyroid hormones as well as significant increases in HOMA-IR, IL-1β, leptin, and resistin. While, improvement of metabolic parameters was observed when LYC was administrated with BPA. Intense TNF-α 
immunostaining was detected in the fat of BPA-treated rats but the intensity decreased when LYC was administrated with BPA. In conclusion, LYC ameliorated the adverse effects of BPA on metabolism through its 
antioxidant potential and its reduction of TNF-α expression in adipose tissue.

Environ Sci Pollut Res 
Int Vol.27 Issue 9 Pages 
9192-9201

10.1007/s11356-019-07509-5 31916151 動物 - 1 1 1 不明 0 10 mg/kg - - - - - - - - - - - - - - - - - - - - -

統合_1339 M. M. M. Elbakry, S. Z. Mansour, H. Helal and E. 
S. A. Ahmed 2022

Nattokinase attenuates bisphenol A 
or gamma irradiation-mediated 
hepatic and neural toxicity by 
activation of Nrf2 and suppression 
of inflammatory mediators in rats

Nattokinase (NK), a protease enzyme produced by Bacillus subtilis, has various biological effects such as lipid-lowering activity, antihypertensive, antiplatelet/anticoagulant, and neuroprotective effects. Exposure to 
environmental toxicants such as bisphenol A (BPA) or γ-radiation (IR) causes multi-organ toxicity through several mechanisms such as impairment of oxidative status, signaling pathways, and hepatic and neuronal 
functions as well as disruption of the inflammatory responses. Therefore, this study is designed to evaluate the ameliorative effect of NK against BPA- or IR-induced liver and brain damage in rats. Serum ammonia level 
and liver function tests were measured in addition to brain oxidative stress markers, amyloid-beta, tau protein, and neuroinflammatory mediators. Moreover, relative quantification of brain nuclear factor-erythroid 2-related 
factor-2 (Nrf2)/heme oxygenase-1 (HO-1) genes, as well as apoptotic markers in brain tissue, was carried out in addition to histopathological examination. The results showed that NK improved liver functions, impaired 
oxidative status, the cholinergic deficits, and minified the misfolded proteins aggregates. Furthermore, NK alleviated the neuroinflammation via modulating NF-κB/Nrf2/HO-1 pathway and glial cell activation in addition 
to their antiapoptotic effect. Collectively, the current results revealed the protective effect of NK against hepatic and neurotoxicity derived from BPA or IR.

Environ Sci Pollut Res 
Int Vol.29 Issue 49 
Pages 75086-75100

10.1007/s11356-022-21126-9 35648353 動物 - 1 0 1 1 0 100 mg/kg - - - - - - - - - - - - - - - - - - - - -

統合_1340

M. H. Elashal, A. A. Abd El-Wahed, M. A. 
Mohamed, R. Hamad, M. A. Abd Eldaim, S. A. 
M. Khalifa, B. Aldahmash, H. R. El-Seedi and B. 
El-Aarag

2024

Apilarnil ameliorates Bisphenol A-
induced testicular toxicity in adult 
male rats via improving antioxidant 
potency and PCNA expression

Apilarnil, a bee-derived product originating from drone larvae, offers a range of advantageous properties for both humans and animals. It functions as an antioxidant, provides neuroprotection, boosts fertility, and has 
antiviral capabilities. Additionally, it is a provider of androgenic hormones. These beneficial functions are supported by its chemical composition, which comprises mineral salts, vitamins, carbs, lipids, hormones, and 
amino acids. The current study aimed to evaluate the ameliorative effect of apilarnil against Bisphenol A (BPA)-induced testicular toxicity in male adult rats. Forty-eight Wistar albino rats were randomly classified into six 
groups. The first, second, and third received olive oil, BPA at a dose of 50 mg/kg body weight (bwt), and apilarnil at a dose of 0.6 g/kg bwt, respectively. The fourth, fifth, and sixth groups received apilarnil with, before, or 
after BPA administration, respectively. Phytochemical analysis using included linear ion trap-ultra-performance liquid chromatography-tandem mass spectrometry (LTQ-UPLC-MS/MS) and global natural products social 
molecular networking (GNPS) revealed the presence of lysine, 10-hydroxy-(E)-2-dodecenoic acid, apigenin7-glucoside, testosterone, progesterone, and campesterol. BPA administration decreased serum level of follicle 
stimulating hormone (FSH), luteinizing hormone (LH), testosterone, glutathione (GSH) concentration, total sperm count, motility, and vitality. Additionally, BPA increased sperm abnormalities, malondialdehyde 
concentration (MDA), and decreased proliferating cell nuclear antigen (PCNA) expression. The treatment with apilarnil ameliorated BPA reproductive toxicity in rats which was indicated by increased serum testosterone 
levels, normalized serum levels of FSH and LH, and concentration of MDA and GSH activity. Moreover, apilarnil improved sperm count, motility, morphology, and PCNA expression. Apilarnil was found to enhance 
reproductive hormones, MDA levels, antioxidant activity, and PCNA expression.

Reprod Toxicol Vol.125 
Pages 108570

10.1016/j.reprotox.2024.108570 38484946 動物 - 1 1 1 1 0 50 mg/kg - - - - - - - - - - - - - - - - - - - - -

統合_1341 B. I. El-Shimi, R. M. Mohareb, H. H. Ahmed, R. 
S. Abohashem, K. F. Mahmoud and D. H. Hanna 2024

Panax ginseng nanoemulsion for 
counteracting male infertility via 
modulating sex hormones and 
oxidative stress in a rat model

This study end to develop nanoemulsions of Panax ginseng dry extract and to evaluate the potential impact of these nanoemulsions versus free Panax ginseng dry extract and Vit.E in recovering male infertility induced in 
rats. Nanoemulsions of Panax ginseng dry extract were prepared by oil in water method. The designed samples were characterized by TEM, zeta sizer, FTIR, and TGA. The in vitro study included DPPH assay to estimate 
the free radical scavenging activity of the suggested treatments. The in vivo study included 100 adult male Wistar rats which were assigned into 10 equal groups; five groups of young rats weighting (150-200 g) and five 
groups of aged rats weighting (350-400 g). Group I, negative control. Group II, bisphenol-A (BPA). Group III, BPA+ Panax ginseng dry extract nanoemulsion. Group IV, BPA+ free Panax ginseng dry extract. Group V, BPA 
+Vit.E. After 40 days, serum total testosterone, free testosterone, MDA, 8-OHdG and AGEs were estimated. Besides, the histological investigation of testicular tissue sections was performed. TEM imaging of Panax 
ginseng dry extract nanoemulsions indicated spherical shape with diameter range from 2 to 50 nm, and the size distribution was in the range from 62 to 123 d.nm. The zeta potential of the designed nanoemulsions was -
32.8 to -38.9 mV. FTIR spectra revealed the common active groups in the prepared nanoemulsions. The thermal stability of the nanoemulsions was up to 207 ºC. The in vitro results of DPPH assay showed % inhibition of 
DPPH free radical for Panax ginseng nanoemulsions samples was 49.38% (for young-treated group Sample A) and 72.28% (for aged-treated group Sample B), while for free Panax ginseng dry extract samples was 30.27% 
(for young-treated group Sample C) and 56.76% (for aged-treated group Sample D), for Vit.E samples was 32.36% (for young-treated group Sample E) and 36.39% (for aged-treated group Sample F).Thus the 
nanoemulsions exhibit free radicals scavenging activity more than free Panax ginseng dry extract and Vit.E. The in vivo findings elucidated that Panax ginseng dry extract nanoemulsions and Vit.E successfully revers the 
progressive insult of BPA on male fertility by significantly enhance total testosterone (2.87±0.318) and free testosterone (1.63±0.033) serum levels, and significantly decrease MDA (2.77±0.018), 8-OHdG (6.76±0.174) 
and AGEs (92.60±1.701) serum levels. Interestingly, the most promising outcomes were recorded upon the treatment with Panax ginseng dry extract nanoemulsions. In conclusion the developed Panax ginseng dry extract 
nanoemulsion could be used as a promising strategy in improving potential male infertility defects by rescuing male sex hormones, neutralizing oxidative stress and retrieving the structural organization of the testes.

Sci Rep. 2024 Nov 
25;14(1):29239.

10.1038/s41598-024-79388-x 39587216 動物、in vitro - 1 1 1 1 0 250 mg/kg/day - - - 不明 0 不明 1 - - - - - - - - - - - - - -

統合_1342
D. El-Kossi, S. S. Ibrahim, K. M. A. Hassanin, N. 
Hamad, N. A. Rashed, H. I. Elkhouly and A. 
Abdel-Wahab

2023

The protective effects of date seeds, 
in either conventional or 
nanoformulation, against bisphenol 
A-induced testicular toxicity: 
involvement of testicular expression 
of CYP11A1, Nrf-2 and Bax/Bcl-2 
ratio

BACKGROUND: Bisphenol A (BPA), an endocrine-disrupting chemical (EDC), is ubiquitous in our environment and poses a significant threat to male fertility. Date seeds (DSs) are used in folk medicine due to their 
antioxidant activity. AIM: The purpose of this study was to assess the beneficial effects of DSs, whether in powder or nanoparticle form, against BPA-induced testicular oxidative challenges and apoptosis, aided by 
inspection of specific genes linked to fertility, oxidative stress and intrinsic mitochondrial pathway of apoptosis. METHODS: Thirty-five adult male albino rats were equally divided into 5 groups including control, BPA, BPA 
+ date seeds powder "DSP", BPA + date seed nanoparticle 1/10 (DSNP 1/10) and BPA + DSNP 1/20 groups. RESULTS: TEM showed that the ball-mill method was effective to form DSNP with an average size of 20 nm. 
BPA significantly impaired sperm motility, morphology, viability and concentration. It also reduced serum testosterone levels and evoked marked oxidative stress in the testes. Additionally, serum levels of triiodothyronine 
and thyroxine were extremely reduced. Moreover, testicular mRNA relative expression levels of CYP11A1 and Nrf-2 were markedly downregulated. Testicular apoptosis was also promoted whereas Bax/Bcl-2 ratio was 
profoundly elevated. Histological pictures of the testes, epididymis, seminal vesicles and prostate confirmed the unfavorable effects of BPA. Surprisingly, we first demonstrated that DSs, specifically the nanoparticle 
form, strongly alleviated all of BPA's negative effects, with DSNP 1/20 achieving the best results. CONCLUSION: Therefore, DSNP in both doses could be regarded as an ideal candidate for abating the male reproductive 
challenges caused by BPA.

Toxicol Res (Camb) 
Vol.12 Issue 5 Pages 
930-942

10.1093/toxres/tfad082 37915476 動物 - 1 1 1 1 0 50 mg BPA/kg - - - - - - - - - - - - - - - - - - - - -

統合_1343 D. El-Kossi, S. S. Ibrahim, K. M. A. Hassanin, N. 
Hamad, N. A. Rashed and A. Abdel-Wahab 2024

Ameliorative Effects of Zinc Oxide, in 
Either Conventional or 
Nanoformulation, Against Bisphenol 
A Toxicity on Reproductive 
Performance, Oxidative Status, Gene 
Expression and Histopathology in 
Adult Male Rats

Bisphenol A (BPA) is a widely used endocrine disruptor that represents a significant risk to male reproductive function. Zinc (Zn) is vital for appropriate development of testes and to guarantee optimal testicular function 
and spermatogenesis. Our goal was to investigate if zinc oxide (ZnO), either in conventional or nanoformulation, could safeguard adult male rats' reproductive performance against the damaging effects of BPA. Signaling 
expression of CYP11A1 and Nrf-2 in the testis, testicular oxidant-antioxidant status, Bax/Bcl-2 apoptotic ratio, and histological examination of various reproductive organs were all evaluated. Twenty-eight adult male 
albino rats were divided randomly into 4 groups (7 animals each) including the control, BPA, conventional zinc oxide (cZnO) + BPA, and zinc oxide nanoparticles (ZnO-NPs) + BPA groups. The study was extended for 2 
successive months. Our findings revealed strong negative effects of BPA on sperm cell characteristics such as sperm motility, viability, concentration and abnormalities. Additionally, BPA reduced serum levels of 
testosterone, triiodothyronine (T3), and thyroxine (T4). Also, it evoked marked oxidative stress in the testes; elevating malondialdehyde (MDA) and reducing total antioxidant capacity (TAC). BPA significantly 
downregulated testicular mRNA relative expression levels of CYP11A1 and Nrf-2, compared to control. Testicular apoptosis was also prompted by increasing Bax/ Bcl-2 ratio in testicular tissue. Histopathological findings 
in the testes, epididymis, prostate gland, and seminal vesicle confirmed the detrimental effects of BPA. Interestingly, cZnO and ZnO-NPs significantly alleviated all negative effects of BPA, but ZnO-NPs performed better. 
In conclusion, our findings point to ZnO, specifically ZnO-NPs, as a viable treatment for BPA-induced testicular dysfunction.

Biol Trace Elem Res 
Vol.202 Issue 5 Pages 
2143-2157

10.1007/s12011-023-03830-w 37682394 動物 - 1 1 1 1 0 50 mg BPA / kg - - - - - - - - - - - - - - - - - - - - -

統合_1344 H. A. El-Beshbishy, D. S. Waggas and R. A. Ali 2024

Rats' testicular toxicity induced by 
bisphenol A is lessened by crocin via 
an antiapoptotic mechanism and 
bumped P-glycoprotein expression

Bisphenol A (BPA) engenders testicular toxicity via hydroxyl free radical genesis in rat striatum and depletion of the endogenous antioxidants in the epididymal sperms. The multi-drug resistance efflux carrier; P-
glycoprotein (P-gp) expel the BPA from the testis and is responsible for the testicular protection through the deactivation of numerous xenobiotics. In our study, we investigated whether the BPA-induced testicular toxicity 
could be circumvented through administration of an antioxidant; crocin (Cr). Implication of P-gp expression was also investigated. Rats administered BPA (10 mg/kg b.w. orally for 14 days), dropped the body weight, 
testes/body weight ratio, total protein content, testosterone, follicle stimulating hormone, luteinizing hormone, and sperm motility & count, total antioxidant status, glutathione content and antioxidant enzymes (superoxide 
dismutase and catalase), concomitant with the elevation of the percentage abnormal sperm morphology, as well as testicular lipid peroxides and nitrite/nitrate levels. Histopathological examination showed 
spermatogenesis disorders after the BPA rats exposure. The immunohistochemical study showed up-regulation of the P-gp as evident by increasing immunoreactivity in interstitial cells, with positive localization in some 
spermatogonia cells. The BPA-treated rats showed positive immunoreactivity against caspase-3. The co-intake of Cr (200 mg/kg b.w./day, i.p. 14 days) along with the BPA, significantly ameliorated all the mentioned 
parameters, boosted histopathological image, fell the caspase-3 up-regulation, and perched the P-gp expression. We showed that, Cr promotes P-gp as an approach to nurture the testicles against the BPA toxicity. In 
conclusion; Cr lessens the oxidative stress conditions to safeguard rats from the BPA-induced testicular toxicity and sex hormones abnormalities, reducing apoptosis and up-regulating P-gp.

Toxicon Vol.241 Pages 
107674

10.1016/j.toxicon.2024.107674 38458495 動物 - 1 1 1 1 0 10 mg/kg - - - - - - - - - - - - - - - - - - - - -

統合_1345 M. M. El Tabaa, S. S. Sokkar, E. S. Ramdan, I. Z. 
A. El Salam and A. Anis 2022

Does ( -)-epigallocatechin-3-gallate 
protect the neurotoxicity induced by 
bisphenol A in vivo?

Bisphenol A (BPA) is one of the chemicals that is firmly accompanied by hippocampal neuronal injury. As oxidative stress appears to be a major contributor to neurotoxicity induced by BPA, antioxidants with remarkable 
neuroprotective effects can play a valuable protective role. Around the world, ( -)-epigallocatechin-3-gallate (EGCG) was one of the most popular antioxidants that could exert a beneficial neuroprotective role. Here, we 
examined the potential efficiency of EGCG against neurotoxicity induced by BPA in the hippocampal CA3 region of the rat model. This study revealed that EGCG was unable to abrogate the significant decrease in 
circulating adiponectin level and hippocampal superoxide dismutase activity as well as an increase in hippocampal levels of nitric oxide and malondialdehyde. Notably, EGCG failed to antagonize the oxidative inhibitory 
effect of BPA on hippocampal neurotransmission and its associated cognitive deficits. In addition, the histopathological examination with immunohistochemical detection of caspase-3 and NF-kB/p65 emphasized that 
EGCG failed to protect hippocampal CA3 neurons from apoptotic and necrotic effects induced by BPA. Our study revealed that EGCG showed no protective role against the neurotoxic effect caused by BPA, which may be 
attributed to its failure to counteract the BPA-induced oxidative stress in vivo. The controversial effect is probably related to EGCG's ability to impede BPA glucuronidation and thus, its detoxification. That inference 
requires further additional experimental and clinical studies.

Environ Sci Pollut Res 
Int Vol.29 Issue 21 
Pages 32190-32203

10.1007/s11356-021-18408-z 35013969 動物 - 1 1 1 1 0 250 mg/kg/day - - - - - - - - - - - - - - - - - - - - -

統合_1346 E. M. El Morsy and M. Ahmed 2020

Protective effects of lycopene on 
hippocampal neurotoxicity and 
memory impairment induced by 
bisphenol A in rats

Bisphenol A (BPA) is used to produce polycarbonate plastic and epoxy resins which are used in many consumer products. Most people encounter BPA in their daily routines. However, it has been heavily reported that BPA 
has a neurotoxic effect. The present study aimed to investigate the effect of lycopene on cognitive deficits induced by a high dose of BPA focusing on mitogen-activated protein kinase (MAPK)/extracellular signal-
regulated kinase (ERK) pathway, oxidative stress, apoptosis, and memory retrieval in adult male rats. Therefore, 72 rats were divided into four groups: control group, BPA group (50 mg/kg body weight (bw)) 3 days a week 
for 42 days, lycopene group (10 mg/kg bw) daily for 42 days, and lycopene + BPA group. Concurrent treatment of lycopene with BPA improved the learning and cognition memory in Morris water maze and novel object 
recognition tests along with an increase in acetylcholine esterase activity as well as inhibition of oxidative stress by restoring reduced glutathione and suppressing malondialdehyde hippocampal level to their normal 
levels. Mechanistically, lycopene upregulated the protein expression of tyrosine receptor kinase B, which resulted in an upsurge in its downstream cascades MAPK/ERK1/2/cAMP response element-binding protein 
(CREB)/brain-derived neurotrophic factor (BDNF) signaling pathway in the hippocampus of BPA-intoxicated rats. Furthermore, concurrent treatment of lycopene with BPA prevented apoptosis by marked decrease in Bcl-2 
associated X protein (Bax) gene expression and caspase 3 activity while restoring B-cell leukemia/lymphoma-2 (Bcl-2) gene expression. In conclusion, the present study provided evidence that lycopene exerted a 
neuroprotective effect against BPA intoxication in hippocampi of rats via its antioxidant properties, activation of MAPK/ERK pathway, and inhibiting a neuronal apoptosis which reflected on improving the learning and 
cognition memory.

Hum Exp Toxicol Vol.39 
Issue 8 Pages 1066-
1078

10.1177/0960327120909882 32153214 動物 - 1 1 1 1 0 50 mg/kg - - - - - - - - - - - - - - - - - - - - -

統合_1347 H. M. A. El Henafy, M. A. Ibrahim, S. A. Abd El 
Aziz and E. M. Gouda 2020

Oxidative Stress and DNA 
methylation in male rat pups 
provoked by the transplacental and 
translactational exposure to 
bisphenol A

The epigenetic changes induced by environmental contaminants play important roles in the inheritance of male reproductive dysfunction. The present study investigated DNA methylation changes and some oxidative 
stress biomarkers induced by bisphenol A (BPA) in male offspring. A total number of 48 female albino rats were administered orally with 50 μg/kg of BPA/day during gestation and/or lactation periods. At postnatal day 60, 
the samples were collected from the male pups to assess the serum testosterone, malondialdehyde (MDA) level, superoxide dismutase (SOD), glutathione S-transferase, and glutathione peroxidase (GSH-Px) activities in 
testicular tissue. DNA methylation in both DNA (cytosine-5)-methyltransferase 3A and estrogen receptor alpha genes was detected by methylation-specific PCR. BPA exposure resulted in significant decrease in the 
anogenital distance, testis and epididymis weights, serum testosterone level, SOD, GST, and GSH-Px levels with significant increase in weaning body weight and the MDA level. Additionally, BPA caused marked 
hypermethylation within Dnmt3A and ER- ∝ genes promoter regions in the testis of rat male pups. Graphical abstract.

Environ Sci Pollut Res 
Int Vol.27 Issue 4 Pages 
4513-4519

10.1007/s11356-019-06553-5 31773524 動物 - 1 1 1 不明 0 50 µg/kg/⽇ - - - - - - - - - - - - - - - - - - - - -

統合_1348 R. A. Eid, A. M. Abadi, A. F. El-Kott, M. S. A. Zaki 
and E. M. Abd-Ella 2023

The antioxidant effects of coenzyme 
Q10 on albino rat testicular toxicity 
and apoptosis triggered by 
bisphenol A

Polycarbonate plastics for packaging and epoxy resins are both made with the industrial chemical bisphenol A (BPA). This investigation looked at the histological structure, antioxidant enzymes, and albino rats' testis to 
determine how coenzyme Q10 (CoQ10) impacts BPA toxicity. For the experiments, three sets of 18 male adult rats were created: group 1 received no therapy, group 2 acquired BPA, and group 3 got the daily BPA treatment 
accompanied by coenzyme Q10, 1 h apart. The experimental period ran for 14 days. The biochemical biomarkers catalase (CAT), superoxide dismutase (SOD), and malondialdehyde (MDA) were altered as a result of BPA 
exposure. The testicular histological architecture, which is made up of apoptosis, was also exaggerated. Furthermore, rats given BPA and CoQ10 treatment may experience a diminution in these negative BPA effects. 
These protective properties of CoQ10 may be correlated with the ability to eliminate oxidizing substances that can harm living species. The outcomes might support the hypothesis that CoQ10 prevented oxidative damage 
and boosted rats' stress responses when BPA was introduced. Thus, by shielding mammals from oxidative stress, CoQ10 aids in the growth and development of the animals. BPA is extremely hazardous to humans and can 
persist in tissues. Human reproductive functions are a worry due to human exposure to BPA, especially for occupational workers who are typically exposed to higher doses of BPA. As a result, in order to reduce the health 
risks, BPA usage must be minimized across a diverse range of industries, and improper plastic container handling must be prohibited. By giving CoQ10 to patients, BPA's harmful effects on reproductive structures and 
functions may be avoided.

Environ Sci Pollut Res 
Int. 2023 
Mar;30(14):42339-
42350.

10.1007/s11356-022-24920-7 36648721 動物 精巣 1 1 1 1 0 0 - - - - - - 1 1 - 1 - - - - - - - - - - -
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統合_1349 B. E. Ehigiator, E. Adikwu and Z. N. Igweze 2022
Glutamine Supplementation 
Attenuates Bisphenol A-Induced 
Testicular Toxicity in Rats

BACKGROUND: The induction of testicular toxicity by bisphenol A (BPA) may involve oxidative stress. Glutamine (Gln) is a rate limiter for the synthesis of glutathione (GSH), which inhibits oxidative stress. AIM: This 
study assessed the potential of BPA to preserve testicular structure and function in BPA-treated albino rats. STUDY SETTINGS AND DESIGN: Thirty-two adult male albino rats (210-250 g) were randomly allocated to 4 
(A-D) of 8 rats per group with the approval of the Research Ethics Committee. MATERIALS AND METHODS: Groups B-D were orally treated with Gln (20 mg/kg body weight), BPA (50 mg/kg body weight) and Gln (20 
mg/kg body weight) + BPA (50 mg/kg body weight) daily for 65 days, respectively. Group A (control) was orally treated with normal saline (0.2 mL) daily for 65 days. At the termination of treatment, the rats were weighed 
and anaesthetized blood samples were collected and evaluated for gonadal hormones. The testes were weighed and evaluated for sperm parameters, oxidative stress markers and histology. STATISTICAL ANALYSIS 
USED: The data were analysed using one-way analysis of variance and Bonferroni post hoc test. RESULTS: BPA caused a significant (P < 0.001) decrease in testis and body weights, sperm count, volume, motility and 
normal morphology when compared to the control. BPA significantly (P < 0.001) decreased serum testosterone, follicle-stimulating hormone, luteinising hormone, testicular catalase, superoxide dismutase, GSH and GSH 
peroxidase levels relative to control. Significantly (P < 0.001) increased serum prolactin, estradiol and testicular malondialdehyde levels occurred in BPA-treated rats relative to control. The testes of BPA-treated rats 
showed sloughing and coalescence of germ cells. However, Gln supplementation prevents BPA-induced testicular toxicity. Gln supplementation restored testis histology. CONCLUSION: Based on the observation in this 
study, Gln seems effective against BPA-induced testicular toxicity.

J Hum Reprod Sci 
Vol.15 Issue 4 Pages 
337-342

10.4103/jhrs.jhrs_54_22 37033138 動物 - 1 1 1 1 0 50 mg/kg 体重 - - - - - - - - - - - - - - - - - - - - -

統合_1350 C. Duman, N. Özkan Yenal and A. Menteş 2022
How prenatal environmental factors 
affect rat molar enamel formation?

Amelogenin (AMELX) and ameloblastin (AMBN) are crucial for enamel formation, and interruptions in the production of these proteins may cause enamel defects. We investigated how prenatal environmental factors 
(chronic stress, bisphenol A (BPA), amoxicillin, and lipopolysaccharide (LPS)) affect AMELX and AMBN production of ameloblasts. Fifteen pregnant Sprague-Dawley rats were divided into four experimental groups and a 
control group. Chronic-stress group rats were exposed to a 12:12 light/light cycle (LL) from day E18 until delivery. BPA group rats were orally administered 5 μg/kg BPA daily from day E1 until delivery. Amoxicillin group 
rats were injected 100 mg/kg amoxicillin daily from day E18 until delivery. LPS-infection group rats were injected 125 μg/kg bacterial LPS once on day E18. Seven pups from the control group and ten pups from the 
experimental groups were euthanized on P10. Sections were stained with hematoxylin and eosin (H&E) and Gomori's one-step trichrome staining (GT) and incubated with rabbit polyclonal antibodies to AMELX and AMBN, 
to evaluate staining intensity at ameloblast stages. The surface morphology was evaluated with a stereomicroscope. AMELX (p = 0.008, p = 0.0001, p = 0.009) and AMBN (p = 0.002, p = 0.001, p = 0.0001) staining of all 
groups were significantly lower than that of the control group in the secretory, transitional, and maturation stages. Abnormal enamel matrix formation was observed in the H&E and GT staining sections of all experimental 
groups. Yellowish coloration of the amoxicillin group was observed in morphologic evaluation.

Odontology Vol.110 
Issue 4 Pages 655-663

10.1007/s10266-022-00699-4 35262822 動物 - 1 1 1 1 0 5 µg/kg - - - - - - - - - - - - - - - - - - - - -

統合_1351 M. Duan, Y. Wang, S. Chen, J. Lu, R. Dong, Q. 
Yu, J. Xie and Y. Chen 2025

Combined BPA and DIBP Exposure 
Induced Intestinal Mucosal Barrier 
Impairment Through the Notch 
Pathway and Gut Microbiota 
Dysbiosis in Mice

Bisphenol A (BPA) and diisobutyl (DIBP) phthalate are widely used as typical plasticizers in food packaging. Plasticizers can be released from polymers, migrate into food, and be ingested by humans, leading to various 
health problems. However, little research has investigated the combined toxicity of BPA and DIBP, particularly their intestinal toxicity. Our goal is to analyse the combined toxicity of BPA (50 mg/kg) and DIBP (500 mg/kg) 
on the intestines of KM mice. Additionally, we tried to find natural products that can inhibit or prevent the combined toxicity of BPA and DIBP. The results indicated that the combination of BPA and DIBP exposure resulted 
in a reduction of beneficial flora, an increase in D-Lac levels (136 ± 14 μmol/L), an increase in intestinal permeability, activation of the notch pathway, and a decline in intestinal stem cells (ISCs) to goblet cells, 
compared to single-exposure sources. Nevertheless, Rubus chingii Hu phenolic extract (RHPE) (200, 400 and 600 mg/kg) ameliorated the BPA and DIBP-induced intestinal microbiota disruption and intestinal mucosal 
barrier impairment by inhibiting the overactivation of the notch pathway. The results of this study highlight the potential risks to human health posed by the combination of BPA and DIBP and may help explain the potential 
pathways of enterotoxicity caused by combined ingestion.

Foods Vol.14 Issue 2 10.3390/foods14020214 39856883 動物 - 1 1 1 KM 0 50 mg/kg - - - - - - - - - - - - - - - - - - - - -

統合_1352 C. M. Drzewiecki, A. S. Brinks, E. P. Sellinger, A. 
D. Doshi, J. Y. Koh and J. M. Juraska 2023

Brief postnatal exposure to 
bisphenol A affects apoptosis and 
gene expression in the medial 
prefrontal cortex and social behavior 
in rats with sex specificity

Bisphenol A (BPA) is an endocrine disruptor found in polycarbonate plastics and exposure in humans is nearly ubiquitous and it has widespread effects on cognitive, emotional, and reproductive behaviors in both humans 
and animal models. In our laboratory we previously found that perinatal BPA exposure results in a higher number of neurons in the adult male rat prefrontal cortex (PFC) and less play in adolescents of both sexes. Here we 
examine changes in the rate of postnatal apoptosis in the rat prefrontal cortex and its timing with brief BPA exposure. Because an increased number of neurons in the PFC is a characteristic of a subtype of autism 
spectrum disorder, we tested social preference following brief BPA exposure and also expression of a small group of genes. Males and females were exposed to BPA from postnatal days (P) 6 through 8 or from P10 
through 12. Both exposures significantly decreased indicators of cell death in the developing medial prefrontal cortex in male subjects only. Additionally, males exposed to BPA from P6 - 8 showed decreased social 
preference and decreased cortical expression of Shank3 and Homer1, two synaptic scaffolding genes that have been implicated in social deficits. There were no significant effects of BPA in the female subjects. These 
results draw attention to the negative consequences following brief exposure to BPA during early development.

Neurotoxicology Vol.94 
Pages 126-134

10.1016/j.neuro.2022.11.011 36442689 動物 - 1 1 1 1 0 40, 400 µg BPA/kg - - - - - - - - - - - - - - - - - - - - -

統合_1353 J. F. Dou, M. Puttabyatappa, V. Padmanabhan 
and K. M. Bakulski 2020

Developmental programming: 
Transcriptional regulation of visceral 
and subcutaneous adipose by 
prenatal bisphenol-A in female 
sheep

BACKGROUND: Bisphenol-A (BPA) exposure is widespread and early life exposure is associated with metabolic syndrome. While visceral adipose tissue (VAT) and subcutaneous adipose tissue (SAT) are implicated in the 
development of metabolic syndrome, the adipose depot-specific effects of prenatal BPA treatment are poorly understood. OBJECTIVE: To determine the impact of prenatal BPA exposure on genome-wide gene expression 
of VAT and SAT depots. METHODS: RNA sequencing was performed on SAT and VAT from 21-month old control and prenatal BPA-treated female sheep. Gene expression and pathway differences between SAT and VAT 
depots with or without prenatal BPA-treatment and the effect of prenatal BPA treatment on each depot were tested. RESULTS: There were 179 differentially expressed genes (p(adjusted) < 0.05, log(2)-fold change >2.5) 
between SAT and VAT. Development and immune response pathways were upregulated in SAT, while metabolic pathways were upregulated in VAT. These adipose depot-specific genes and pathways were consistent 
with prenatal BPA-treatment. In SAT, BPA-treatment resulted in differential expression of 108 genes (78% upregulated with BPA) and altered pathways (immune response downregulated, RNA processing upregulated). In 
contrast in VAT, BPA-treatment differentially expressed 4 genes and upregulated chromatin and RNA processing pathways. CONCLUSION: Prenatal BPA-treatment induces adult depot-specific alterations in RNA 
expression in inflammation, RNA processing, and chromatin pathways, reflecting the diverse roles of SAT and VAT in regulating lipid storage and insulin sensitivity. These adipose tissue transcriptional dysregulations may 
contribute to the metabolic disorders observed in prenatal BPA-treated female sheep.

Chemosphere Vol.255 
Pages 127000

10.1016/j.chemosphere.2020.1270
00

32417515 動物 - 1 0 1 不明 0 0.5 mg/kg/⽇ - - - - - - - - - - - - - - - - - - - - -

統合_1354 J. Dou, S. V. Thangaraj, M. Puttabyatappa, V. R. 
Elangovan, K. Bakulski and V. Padmanabhan 2023

Developmental programming: 
Adipose depot-specific regulation of 
non-coding RNAs and their relation 
to coding RNA expression in 
prenatal testosterone and prenatal 
bisphenol-A -treated female sheep

Inappropriate developmental exposure to steroids is linked to metabolic disorders. Prenatal testosterone excess or bisphenol A (BPA, an environmental estrogen mimic) leads to insulin resistance and adipocyte 
disruptions in female lambs. Adipocytes are key regulators of insulin sensitivity. Metabolic tissue-specific differences in insulin sensitivity coupled with adipose depot-specific changes in key mRNAs, were previously 
observed with prenatal steroid exposure. We hypothesized that depot-specific changes in the non-coding RNA (ncRNA) - regulators of gene expression would account for the direction of changes seen in mRNAs. Non-
coding RNA (lncRNA, miRNA, snoRNA, snRNA) from various adipose depots of prenatal testosterone and BPA-treated animals were sequenced. Adipose depot-specific changes in the ncRNA that are consistent with the 
depot-specific mRNA expression in terms of directionality of changes and functional implications in insulin resistance, adipocyte differentiation and cardiac hypertrophy were found. Importantly, the adipose depot-specific 
ncRNA changes were model-specific and mutually exclusive, suggestive of different regulatory entry points in this regulation.

Mol Cell Endocrinol 
Vol.564 Pages 111868

10.1016/j.mce.2023.111868 36708980 動物 - 1 0 1 不明 0 0.5 mg/kg/day - - - - - - - - - - - - - - - - - - - - -

統合_1355 Y. Dong, Z. Zhang, H. Liu, L. Jia, M. Qin and X. 
Wang 2020

Exacerbating lupus nephritis 
following BPA exposure is 
associated with abnormal autophagy 
in MRL/lpr mice

For the development of Lupus nephritis, environmental factors are reasoned to be one of the risk factors. In recent years, the role of bisphenol A (BPA) in kidney injury has attracted wide attention. In this study, we 
explored the nephrotoxicity and its possible mechanism of BPA exposure to lupus-prone MRL/lpr mice. Orally exposure of BPA increased serum anti-dsDNA level and urinary protein, and aggravated renal pathological 
injury in MRL/lpr mice. BPA increased the expression of NF-κB protein and activated the inflammatory response in both MRL/lpr and C57 mice. Unlike C57 mice, BPA exposure partially activated autophagy associated 
proteins, but the autophagy signaling pathway lacked the regulation of Becline1 and LC3-associated phagocytosis deficiency, and decreased Nrf2 protein expression in renal tissue of MRL/lpr mice. Therefore, 
exacerbating lupus nephritis induced by BPA exposure was associated with the activation of inflammation, abnormal autophagy and decreased antioxidant ability.

Am J Transl Res Vol.12 
Issue 2 Pages 649-659

- 32194912 動物 - 1 1 1 MRL/lpr, C57/BL6 0 0.1, 0.2 µg/mL (飲⽔中濃度) - - - - - - - - - - - - - - - - - - - - -

統合_1356 Y. Dong, L. Gao, Q. Sun, L. Jia and D. Liu 2023

Increased levels of IL-17 and 
autoantibodies following Bisphenol 
A exposure were associated with 
activation of PI3K/AKT/mTOR 
pathway and abnormal autophagy in 
MRL/lpr mice

Bisphenol A (BPA) is a common environmental endocrine disruptor which mimic the effect of estrogen. The immunotoxicity of BPA has attracted widespread attention in recent years. However, the effects and mechanism 
of BPA on autoimmune disease were rarely reported. Systemic lupus erythematosus (SLE) is a typical autoimmune disease, and its etiology and mechanism are complex and unclear. Currently, inflammation and the 
production of autoantibodies are considered to be important pathological mechanisms of SLE, and estrogen contributes to the occurrence and development of SLE. Therefore, in order to explore whether BPA exposure can 
affect the development of SLE and its possible mechanism, we used MRL/lpr (lupus-prone mice) and C57/BL6 female mice exposed to 0.1 and 0.2 µg/mL BPA for 6 weeks. We discovered that BPA exposure increased the 
concentration of serum anti-dsDNA antibody and IL-17, and the level of RORγt protein (the transcription factor of Th17 cells). Moreover, there were higher expression of p-PI3K, p-AKT, p-mTOR, ULK, Rubicon, P62, 
Becline1 and LC3 protein in spleen tissue of BPA exposed MRL/lpr mice compared with the control. However, there were no significant changes in the expression of IL-17, RORγt or mTOR in C57 mice exposed to BPA at 
the same dose. Our study implied that BPA exposure induced the development of SLE, which might be related to the up-regulation of PI3K/AKT/mTOR signaling pathway and abnormal autophagy. Our study indicated that 
lupus mice were more susceptible to BPA, and provided a new insight into the mechanism by which BPA exacerbated SLE. Therefore, our study suggested that autoimmune patients and susceptible population should be 
considered when setting thresholds for environmental BPA exposure.

Ecotoxicol Environ Saf 
Vol.255 Pages 114788

10.1016/j.ecoenv.2023.114788 36948005 動物 - 1 1 1 MRL/lpr, C57/BL6 0 0.1, 0.2 µg/mL (飲⽔中濃度) - - - - - - - - - - - - - - - - - - - - -

統合_1357 W. Dong, J. He, J. Wang, W. Sun, Y. Sun and J. 
Yu 2022

Bisphenol A exposure advances 
puberty onset by changing Kiss1 
expression firstly in arcuate nucleus 
at juvenile period in female rats

Bisphenol A (BPA) is ubiquitous in the environment and its adverse effects on precocious puberty have been reported. But its mechanism is not clear. In the present study, the potential effects of BPA on endocrine 
functions of hypothalamus, especially in the arcuate (ARC) nucleus and anteroventral periventricular (AVPe) nucleus, were studied from postnatal day 15 (PND15) to PND35 in female Sprague-Dawley (SD) rats. Neonatal 
rats were exposed to 0.5 mg·kg(-1)·day(-1) BPA or corn oil vehicle from PND1 to PND14 via intramuscular injection. From PND20 to PND 25, BPA caused enrichment of H3K4me2 and H3K4me3 at Kiss1 promoter, 
concurrent with elevated gene expressions of Kiss1 and GnRH1 in ARC and strikingly increased serum E2 levels in BPA group on PND25. Until PND30, BPA induced obviously overexpression of Kiss1 and GnRH1 in AVPe 
nucleus. Subsequently, the vagina opening and first ovulation had occurred earlier in rats with BPA exposure in respect to vehicle by PND35. In this study, it is suggested that the effects of BPA on precocious puberty may 
be due to its action to activate Kiss1 gene in ARC during the juvenile period (from PND20 to PND25) firstly, subsequently to evoke the AVPe neurons, resulting in precocious puberty in the end.

Reprod Toxicol Vol.110 
Pages 141-149

10.1016/j.reprotox.2022.04.005 35429613 動物 - 1 0 1 1 0 0.5 mg/kg/day - - - - - - - - - - - - - - - - - - - - -

統合_1358 A. H. Dökmeci, İ. Karaboğa, S. Güzel, Z. F. Erboğ
a and A. Yılmaz 2022

Toxicological assessment of low-
dose bisphenol A, lead and 
endosulfan combination: chronic 
toxicity study in male rats

In the present study, toxic effects, both alone and combined, of bisphenol A (BPA), lead (Pb) and endosulfan (ES) in the low doses were investigated in rat liver and kidney functions. In the study, bisphenol A (BPA), lead 
(Pb) and endosulfan (ES) were chosen because although they are the chemicals people are most frequently exposed to, no combined toxic effect studies were conducted with these chemicals. Sixty-four male Wistar 
albino rats were used in the study, and they were randomly divided into eight groups (n = 8 per group); control, BPA (5 mg/kg), Pb (100 ppm), ES (0.61 mg/kg), BPA+Pb, BPA+ES, Pb+ES and BPA+P+ES. The rats were 
sacrificed after 65 days of treatment. Severe histopathological changes in the liver and kidney tissues were observed in the rats exposed to BPA+Pb+ES combination. Elevated malondialdehyde (MDA) in the liver and 
decreased superoxide dismutase activity (SOD) in the kidney tissue were detected in the BPA+Pb+ES group compared to those of the control group. It was found that serum alanine aminotransferase (ALT) and blood urea 
nitrogen (BUN) and creatinine (CREA) levels were higher in the BPA+Pb+ES combination group than the control group. Also, combined exposure of BPA, Pb and ES caused apoptotic cell numbers and inducible nitric oxide 
(iNOS) to increase in the liver and kidney tissues. The results of the present study suggested that the BPA, Pb and ES caused more dramatic changes to both histological architecture and cell apoptosis in the liver and 
kidney tissues when there was a combined exposure.

Environ Sci Pollut Res 
Int Vol.29 Issue 7 Pages 
10558-10574

10.1007/s11356-021-16407-8 34523106 動物 - 1 不明 1 1 0 5 mg/kg - - - - - - - - - - - - - - - - - - - - -

統合_1359 D. Dixit, A. Roy, A. Shukla, P. Sharma and M. 
Mandal 2024

The Effects of Short- and Long-
Term Ingestion of Plastic Toxin 
Bisphenol A on Gastrointestinal 
Transit Time in Rats

Introduction Exposure to bisphenol A (BPA), a toxic chemical released from plastic, affects various body functions, including reproduction, metabolism, and development. The most common route of exposure to BPA is oral, 
and the gastrointestinal (GI) tract is, therefore, the first body system to be exposed to BPA. BPA has been well-documented to impair gut contractility in rats, in vitro. It may therefore be hypothesized that BPA may 
adversely affect GI motility and hence slow down the movement of food, resulting in the increased transit of food bolus in the GI tract. There are no reports so far on the effects of BPA on GI transit time. Objectives The 
present study was undertaken to examine the impact of exposure to BPA by a single oral dose (termed as short-term ingestion of BPA) and chronic (28-day) oral dose (termed as long-term ingestion of BPA) on the transit 
time of food bolus in the gut of adult male albino rats. Methods and materials The study was conducted in the Department of Physiology, Institute of Medical Sciences, Banaras Hindu University, Varanasi, Uttar Pradesh, 
India. In one set of experiments, each animal was fed a food pellet, once (short-term ingestion) containing BPA (2 µg/kg and 50 µg/kg in different groups), and in another set of experiments, each animal was fed a food 
pellet containing BPA (50 µg/kg/day) for 28 consecutive days (long-term ingestion). Control rats in both sets were fed food pellets without BPA. Subsequently, the gastric transit index (GTI), ileocecal transit index (ICTI), 
and colonic transit time (CTT) were determined by the standard charcoal marker method. Results One-time ingestion of a food pellet containing BPA caused a significant (p < 0.05) drop in the GTI and ICTI and an 
increase in the CTT with both doses of BPA (2 and 50 µg/kg). Similarly, after chronic (28-day), oral BPA exposure, a significant decrease in the GTI and ICTT and an increase in CTT were observed. Conclusion Both short-
term (one-time) and long-term (28-day) oral exposure to BPA-containing food harmed GI transit. Slow GI transit may lead to metabolic disorders and GI motility disorders, such as constipation.

Cureus Vol.16 Issue 2 
Pages e53694

10.7759/cureus.53694 38455775 動物 - 1 1 1 1 0  2、50 µg/kg - - - - - - - - - - - - - - - - - - - - -

統合_1360 R. K. Dirkes, R. J. Welly, J. Mao, J. Kinkade, V. J. 
Vieira-Potter, C. S. Rosenfeld and P. S. Bruzina 2021

Gestational and lactational exposure 
to BPA, but not BPS, negatively 
impacts trabecular microarchitecture 
and cortical geometry in adult male 
offspring

Bisphenol-A (BPA) and bisphenol-S (BPS) are endocrine disrupting chemicals (EDCs) found primarily in plastics. Estrogen is a primary hormonal regulator of skeletal growth and development; however, the impact of 
gestational BPA or BPS exposure on skeletal health of offspring remains relatively unknown. Here, adult female mice were randomized into three treatment groups: 200 μg BPA/kg BW (BPA), 200 μg BPS/kg BW (BPS) or 
control (CON). Animals were then further randomized to exercising (EX) or sedentary (SED) groups. Treatment continued through mating, gestation, and lactation. One male offspring from each dam (n = 6-8/group) was 
assessed at 16 weeks of age to evaluate effects of EDC exposure on the adult skeleton. Cortical geometry of the mid-diaphysis and trabecular microarchitecture of the distal femur were assessed via micro-CT. 
Biomechanical strength and mineral apposition rate of the femoral diaphysis were assessed via three-point bending and dynamic histomorphometry, respectively. Two-factor ANOVA or ANCOVA were used to determine 
the effects of maternal EX and BPA or BPS on trabecular and cortical bone outcomes. Maternal EX led to a significant decrease in body fat percentage and bone stiffness, independent of EDC exposure. Offspring exposed 
to BPA had significantly lower trabecular bone volume, trabecular number, connectivity density, cortical thickness, and greater trabecular spacing compared to BPS or CON animals. In conclusion, gestational BPA, but not 
BPS, exposure negatively impacted trabecular microarchitecture and cortical geometry in adult male offspring. If these findings translate to humans, this could have significant public health impacts on expecting women or 
those seeking to become pregnant.

Bone Rep Vol.15 Pages 
101147

10.1016/j.bonr.2021.101147 34820485 動物 - 1 1 1 1 0 200 µg BPA/kg - - - - - - - - - - - - - - - - - - - - -

統合_1361 R. K. Dirkes, R. J. Welly, J. Mao, J. Kinkade, V. J. 
Vieira-Potter, C. S. Rosenfeld and P. S. Bruzina 2021

Gestational and lactational exposure 
to BPA or BPS has minimal effects 
on skeletal outcomes in adult female 
mice

Bisphenol-A (BPA) and bisphenol-S (BPS) are estrogen disrupting chemicals (EDCs) found in the environment and common household items. Estrogen is a primary hormonal regulator of bone growth and development; 
however, the impact of gestational BPA or BPS exposure on skeletal health of offspring remains relatively unknown. In this longitudinal study, adult female mice were randomized into three groups: 200 μg BPA/kg BW 
(BPA), 200 μg BPS/kg BW (BPS) or control (CON). Animals in each group were further randomized to exercise treatment (EX) or sedentary (SED) control, resulting in six overall groups. BPA/BPS/CON and EX/SED 
treatment were initiated prior to mating and continued through mating, gestation, and lactation. One female offspring from each dam (n = 6/group) was assessed at 17 weeks of age to evaluate effects of EDC exposure 
on the adult skeleton. Cortical geometry of the mid-diaphysis and trabecular microarchitecture of the distal femur were assessed via micro-computed tomography. Biomechanical strength and mineral apposition rate of 
the femoral diaphysis were assessed via three-point bending and dynamic histomorphometry, respectively. Sclerostin expression was measured using immunohistochemistry. Two-factor ANOVA or ANCOVA were used to 
determine the effects of maternal exercise and BPA or BPS exposure on trabecular and cortical bone outcomes, respectively. Consistent with prior studies, there were no significant differences in body weight, femoral 
length, cortical geometry, trabecular microarchitecture, or biomechanical strength between groups in female offspring. In conclusion, gestational BPA exposure and maternal exercise have minimal impact on skeletal 
outcomes in female adult offspring.

Bone Rep Vol.15 Pages 
101136

10.1016/j.bonr.2021.101136 34632005 動物 - 1 1 1 1 0 200 µg BPA/kg - - - - - - - - - - - - - - - - - - - - -
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 適格性評価（動物）1：該当、0：該当しない  適格性評価（疫学）1：該当、0：該当しない  適格性評価（in vitro）1：該当、0：該当しない

適格性評価はタイトル及び要旨の情報に基づ
き可能な範囲で実施。明らかに適格性基準不
適合と判断されるもの以外を信頼性評価へ進
め、信頼性評価段階で原著に基づき精査。

引⽤評価機関
●：該当

統合_1362

V. Dinca, A. O. Docea, A. I. Drocas, T. K. 
Nikolouzakis, P. D. Stivaktakis, D. Nikitovic, K. S. 
Golokhvast, A. F. Hernandez, D. Calina and A. 
Tsatsakis

2023

A mixture of 13 pesticides, 
contaminants, and food additives 
below individual NOAELs produces 
histopathological and organ weight 
changes in rats

The current approach for the risk assessment of chemicals does not account for the complex human real-life exposure scenarios. Exposure to chemical mixtures in everyday life has raised scientific, regulatory, and 
societal concerns in recent years. Several studies aiming to identify the safety limits of chemical mixtures determined hazardous levels lower than those of separate chemicals. Following these observations, this study 
built on the standards set by the real-life risk simulation (RLRS) scenario and investigated the effect of long-term exposure (18 months) to a mixture of 13 chemicals (methomyl, triadimefon, dimethoate, glyphosate, 
carbaryl, methyl parathion, aspartame, sodium benzoate, EDTA, ethylparaben, butylparaben, bisphenol A and acacia gum) in adult rats. Animals were divided into four dosing groups [0xNOAEL (control), 0.0025xNOAEL 
(low dose-LD), 0.01xNOAEL (medium dose-MD) and 0.05xNOAEL (high dose-HD) (mg/kg BW/day)]. After 18 months of exposure, all animals were sacrificed, and their organs were harvested, weighed, and pathologically 
examined. While organ weight tended to be higher in males than in females, when sex and dose were taken into account, lungs and hearts from female rats had significantly greater weight than that of males. This 
discrepancy was more obvious in the LD group. Histopathology showed that long-term exposure to the chemical mixture selected for this study caused dose-dependent changes in all examined organs. The main organs 
that contribute to chemical biotransformation and clearance (liver, kidneys, and lungs) consistently presented histopathological changes following exposure to the chemical mixture. In conclusion, exposure to very low 
doses (below the NOAEL) of the tested mixture for 18 months induced histopathological lesions and cytotoxic effects in a dose and tissue-dependent manner.

Arch Toxicol Vol.97 
Issue 5 Pages 1285-
1298

10.1007/s00204-023-03455-x 36892595 動物 - 1 不明 0 1 1 ー - - - - - - - - - - - - - - - - - - - - -

統合_1363
G. Diamante, I. Cely, Z. Zamora, J. Ding, M. 
Blencowe, J. Lang, A. Bline, M. Singh, A. J. Lusis 
and X. Yang

2021

Systems toxicogenomics of prenatal 
low-dose BPA exposure on liver 
metabolic pathways, gut microbiota, 
and metabolic health in mice

Bisphenol A (BPA) is an industrial plasticizer widely found in consumer products, and exposure to BPA during early development has been associated with the prevalence of various cardiometabolic diseases including 
obesity, metabolic syndrome, type 2 diabetes, and cardiovascular diseases. To elucidate the molecular perturbations underlying the connection of low-dose prenatal BPA exposure to cardiometabolic diseases, we 
conducted a multi-dimensional systems biology study assessing the liver transcriptome, gut microbial community, and diverse metabolic phenotypes in both male and female mouse offspring exposed to 5 μg/kg/day BPA 
during gestation. Prenatal exposure to low-dose BPA not only significantly affected liver genes involved in oxidative phosphorylation, PPAR signaling and fatty acid metabolism, but also affected the gut microbial 
composition in an age- and sex-dependent manner. Bacteria such as those belonging to the S24-7 and Lachnospiraceae families were correlated with offspring phenotypes, differentially expressed liver metabolic genes 
such as Acadl and Dgat1, and key drivers identified in our gene network modeling such as Malat1 and Apoa2. This multiomics study provides insight into the relationship between gut bacteria and host liver genes that 
could contribute to cardiometabolic disease risks upon low-dose BPA exposure.

Environ Int Vol.146 
Pages 106260

10.1016/j.envint.2020.106260 33221593 動物 - 1 1 1 1 0 5 µg/kg/⽇ - - - - - - - - - - - - - - - - - - - - -

統合_1364

V. H. Del Río-Araiza, M. I. Palacios-Arreola, K. E. 
Nava-Castro, N. Y. Pérez-Sánchez, R. Ruíz-
Manzano, M. Segovia-Mendoza, M. I. Girón-Pé
rez, M. S. Navidad-Murrieta and J. Morales-
Montor

2020

Perinatal exposure to bisphenol A 
increases in the adulthood of the 
offspring the susceptibility to the 
human parasite Toxocara canis

Bisphenol A, a very widespread environmental pollutant and endocrine disruptor compound, can interact with several steroid receptors, particularly with estrogen ones. In different studies, it has observed that the 
endocrine disruption during critical periods of development can trigger alterations in the immune response during the adult life. Male Wistar rats were exposed indirectly to BPA at a dose of 250 μg/kg day during the 
perinatal period (from day 5 of pregnancy until day 21 postnatal), At the 60 days of age, the adulthood, animals were infected with larvated eggs of the Toxocara canis, and were sacrificed at 7 days post-infection. 
Parasitic loads in the lung and in the liver were analyzed by artificial digestion. Furthermore, immune cell subpopulations (macrophages, NK cells, Tγδ, total T cells, T helper, T cytotoxic, and B lymphocytes) present in 
spleen, peripheral and mesenteric lymph nodes were analyzed by flow cytometry. The expression of Th1 and Th2 cytokines at the splenic level was determined by real-time quantitative PCR. Finally, the titers of specific 
antibodies against to the parasite were analyzed by ELISA. The BPA treatment administrated in the perinatally stage favors a significant increase of the percentage of Toxocara canis larvae in the lungs and liver in the 
adulthood. Additionally, the exposure to this compound caused a dramatically decrease in the production of specific antibodies against to this parasite, downregulating together Th2 cytokines (IL-4, IL-5 and IL-13), 
meanwhile upregulated Th1 cytokines (IFN-γ and TNF-α). Perinatal exposure to BPA affects the performance of the immune response during adult life, modifying both cytokines and antibodies production by these cells, 
which favors the susceptibility to infections, specifically toxocariosis.

Environ Res Vol.184 
Pages 109381

10.1016/j.envres.2020.109381 32199324 動物 - 1 不明 1 1 0 250 µg/kg/⽇ - - - - - - - - - - - - - - - - - - - - -

統合_1365
N. Dehdari Ebrahimi, S. Parsa, F. Nozari, M. A. 
Shahlaee, A. Maktabi, M. Sayadi, A. Sadeghi and 
N. Azarpira

2023

Protective effects of melatonin 
against the toxic effects of 
environmental pollutants and heavy 
metals on testicular tissue: A 
systematic review and meta-analysis 
of animal studies

BACKGROUND: Environmental pollution and infertility are two modern global challenges that agonize personal and public health. The causal relationship between these two deserves scientific efforts to intervene. It is 
believed that melatonin maintains antioxidant properties and may be utilized to protect the testicular tissue from oxidant effects caused by toxic materials. METHODS: A systematic literature search was conducted in 
PubMed, Scopus, and Web of Science to identify the animal trial studies that evaluated melatonin therapy's effects on rodents' testicular tissue against oxidative stress caused by heavy metal and non-heavy metal 
environmental pollutants. Data were pooled, and standardized mean difference and 95% confidence intervals were estimated using the random-effect model. Also, the risk of bias was assessed using the Systematic 
Review Centre for Laboratory animal Experimentation (SYRCLE) tool. (PROSPERO: CRD42022369872). RESULTS: Out of 10039 records, 38 studies were eligible for the review, of which 31 were included in the meta-
analysis. Most of them showed beneficial effects of melatonin therapy on testicular tissue histopathology. [20 toxic materials were evaluated in this review, including arsenic, lead, hexavalent chromium, cadmium, 
potassium dichromate, sodium fluoride, cigarette smoke, formaldehyde, carbon tetrachloride (CCl4), 2-Bromopropane, bisphenol A, thioacetamide, bisphenol S, ochratoxin A, nicotine, diazinon, Bis(2-ethylhexyl) phthalate 
(DEHP), Chlorpyrifos (CPF), nonylphenol, and acetamiprid.] The pooled results showed that melatonin therapy increased sperm count, motility, viability and body and testicular weights, germinal epithelial height, Johnsen's 
biopsy score, epididymis weight, seminiferous tubular diameter, serum testosterone, and luteinizing hormone levels, testicular tissue Malondialdehyde, glutathione peroxidase, superoxide dismutase, and glutathione 
levels. On the other hand, abnormal sperm morphology, apoptotic index, and testicular tissue nitric oxide were lower in the melatonin therapy arms. The included studies presented a high risk of bias in most SYRCLE 
domains. CONCLUSION: In conclusion, our study demonstrated amelioration of testicular histopathological characteristics, reproductive hormonal panel, and tissue markers of oxidative stress. Melatonin deserves 
scientific attention as a potential therapeutic agent for male infertility. SYSTEMATIC REVIEW REGISTRATION: https://www.crd.york.ac.uk/PROSPERO, identifier CRD42022369872.

Front Endocrinol 
(Lausanne) Vol.14 
Pages 1119553

10.3389/fendo.2023.1119553 36793277 動物 - 不明 不明 不明 不明 不明 不明 - - - - - - - - - - - - - - - - - - - - -

統合_1366
L. G. de Souza, T. F. R. Ruiz, G. E. B. Filho, L. J. 
Ferrato, S. J. Colleta, E. C. R. Leonel and S. R. 
Taboga

2025

Late histopathological impacts on 
the female prostate of gerbils 
exposed to BPA during pregnancy 
and lactation

The female prostate is regulated by steroid hormones, mainly androgens and estrogens. Exposure to exogenous chemical compounds leads to effects via endocrine pathways that alter prostate morphophysiology. 
Bisphenol A (BPA) is a widespread endocrine disruptor, which influences estrogenic pathways, facilitating pre-neoplastic and neoplastic alterations in hormone-sensitive organs. The aim of this study was to evaluate the 
influence of BPA on the prostate of aged female gerbils exposed to the compound during their gestational and lactational periods. The females were exposed to 50 μg/kg/daily during gestation and lactation, and the 
analysis was performed in the aged period (18-mo age). Our results showed that BPA increased epithelial alterations, observed by hyperplastic foci and a reduction in atrophies, commonly observed in aged female 
prostate. These data were supported by phopho-histone H3 immunostaining, that indicated proliferation of the epithelial and stromal compartments, leading to glandular hypertrophy. In addition, a pro-proliferative 
imbalance was observed through the differential expression of key proteins associated with cell death and proliferation, as well as in the expression of stromal components. Thus, the increase in cell proliferation implies 
the onset of epithelial alterations, as evidenced by the increased number of hyperplastic foci. The alterations reported after exposure to BPA demonstrated the increased likelihood of proliferative epithelial alterations, 
with tissue remodeling associated mainly with prostatic stroma.

Reprod Toxicol Vol.137 
Pages 109013

10.1016/j.reprotox.2025.109013 40716465 動物 - 1 1 1 不明 0 50 µg/kg/⽇ - - - - - - - - - - - - - - - - - - - - -

統合_1367 O. S. Davis, V. B. Truong, K. D. Hickey and L. A. 
Favetta 2023

Quality of fresh and cryopreserved 
bovine sperm is reduced by BPA 
and BPF exposure

Bisphenol A (BPA) is an endocrine disrupting compound, used as the key monomer of polycarbonate plastics and epoxy resins. BPA has been detected in both humans and farm animals and has been correlated with 
decreased sperm counts and motility. BPS and BPF are structural analogs of BPA and are increasingly being used in manufacturing as BPA substitutes. In this study we aim to assess the direct outcomes of BPA, BPS and 
BPF exposure on bovine sperm parameters in vitro to elucidate how they affect sperm quality and fertilization potential, and to assess whether BPS and/or BPF are less harmful than BPA. Sperm from three or more bulls 
was obtained from either fresh samples or cryopreserved straws and exposed to 0.05 mg/mL of BPA, BPS and BPF in vitro. After 4h incubation, motility, capacitation, apoptosis/necrosis, and mitochondrial membrane 
potential levels were measured by CASA or computational flow cytometry. Results showed that BPA exposure significantly reduced both fresh and cryopreserved sperm motility, capacitation, viability and mitochondrial 
membrane potential levels. Furthermore, BPF significantly decreased motility, capacitation and mitochondrial membrane potential in cryopreserved sperm only. BPS did not have any significant effects on any of the 
parameters measured. Our results suggest that BPA is the most harmful to sperm, while BPF is toxic under certain conditions, and BPS seems to be the least detrimental. Overall, this study provides an understanding of 
how the ubiquitous environmental chemicals, bisphenols, may impact male fertility even after ejaculation.

Reprod Fertil Vol.4 
Issue 4

10.1530/raf-23-0018 37698168 ex vivo - - - - - - - - - - 1 0 0.05 mg/mL - - - - - - - - - - - - - - -

統合_1368 S. Das, U. Mukherjee, S. Biswas, S. Banerjee, S. 
Karmakar and S. Maitra 2024

Unravelling bisphenol A-induced 
hepatotoxicity: Insights into 
oxidative stress, inflammation, and 
energy dysregulation

Bisphenol A (BPA), a prevalent plastic monomer and endocrine disruptor, negatively impacts metabolic functions. This study examines the chronic effects of eco-relevant BPA concentrations on hepatotoxicity, focusing on 
redox balance, inflammatory response, cellular energy sensors, and metabolic homeostasis in male Swiss albino mice. Chronic BPA exposure resulted in reactive oxygen species (ROS) accumulation, altered hepatic 
antioxidant defense, lipid peroxidation, and NOX4 expression, leading to reduced cell viability. Additionally, BPA exposure significantly upregulated hepatic pro-inflammatory cytokine genes (Tnf-α, Il-1β, Il-6), NOS2, and 
arginase II, correlating with increased TLR4 expression, NF-κB phosphorylation, and a dose-dependent decrease in IκBα levels. BPA-induced NF-κB nuclear localization and inflammasome activation (NLRP3, cleaved 
caspase-1, IL-1β) established an inflammatory milieu. Perturbations in hepatic AMPKα phosphorylation, SIRT1, and PGC-1α, along with elevated p38 MAPK phosphorylation and ERα expression, indicated BPA-induced 
energy dysregulation. Furthermore, increased PLA2G4A, COX1, COX2, and PTGES2 expression in BPA-treated liver correlated with hyperlipidemia, hepatic FASN expression, steatosis, and visceral adiposity, likely due to 
disrupted energy sensors, oxidative stress, and inflammasome activation. Elevated liver enzymes (ALP, AST, ALT) and apoptotic markers indicated liver damage. Notably, N-acetylcysteine (NAC) priming reversed BPA-
induced hepatocellular ROS accumulation, NF-κB-inflammasome activation, and intracellular lipid accumulation, while upregulating cellular energy sensors and attenuating ERα expression, suggesting NAC's protective 
effects against BPA-induced hepatotoxicity. Pharmacological inhibition of the NF-κB/NLRP3 cascade in BAY11-7082 pretreated, or NLRP3 immunodepleted hepatocytes reversed BPA's negative impact on SIRT1/p-
AMPKα/PGC-1α and intracellular lipid accumulation, providing mechanistic insights into BPA-induced metabolic disruption.

Environ Pollut. 2024 
Dec 1:362:124922.

10.1016/j.envpol.2024.124922 39260547 動物 代謝 1 1 1 1 1 1 - - - - - - 1 1 - 1 - - - - - - - - - - -

統合_1369 E. Darendelioglu, C. Caglayan, S. Küçükler, İ. 
Bayav, F. M. Kandemir, A. Ayna and S. Sağ 2025

18β-glycyrrhetinic acid Mitigates 
bisphenol A-induced liver and renal 
damage: Inhibition of TNF-α/NF-κ
B/p38-MAPK, JAK1/STAT1 
pathways, oxidative stress and 
apoptosis

Bisphenol A (BPA) has been commonly used in various consumer products, including water bottles, food containers, and canned food linings. However, there are concerns about its potential toxicity to human health, 
particularly its impact on the liver and kidneys. The objective of this research was to investigate the potential ameliorative effects of 18β-glycyrrhetinic acid (GA) against BPA-induced hepatotoxicity and nephrotoxicity in 
rats. The animals were supplemented with BPA (250 mg/kg b.w.) alone or with GA (50 and 100 mg/kg b.w.) for 14 days. GA treatment alleviated the BPA-induced hepato-renal tissue injuries through reducing the serum 
ALT, AST and ALP levels, and urea and creatinine levels. GA co-treatment also increased activities of SOD, CAT and GPx enzymes and levels of GSH, and suppressed MDA levels in BPA induced tissues. BPA also induced 
inflammation by increasing the levels of TNF-α, NF-κB, JAK1, STAT1, P38 MAPK and JNK in liver and kidney tissues and GA treatment ameliorated these effects. BPA triggered apoptosis by increasing caspase-3, Bax, 
and cytochrome c at protein levels and also by decreasing the antiapoptotic Bcl-2 level. However, treatment with GA (50 and 100 mg/kg) decreased apoptosis. Overall, our results have revealed the potential ameliorative 
mechanisms of GA, as a possible agent for BPA-induced hepatotoxicity and nephrotoxicity.

Food Chem Toxicol 
Vol.196 Pages 115218

10.1016/j.fct.2024.115218 39722417 動物 - 1 不明 1 1 0 250 mg/kg - - - - - - - - - - - - - - - - - - - - -

統合_1370

J. B. Dagher, C. K. Hahn-Townsend, A. Kaimal, 
M. A. Mansi, J. E. Henriquez, D. G. Tran, C. R. 
Laurent, C. J. Bacak, H. E. Buechter, C. Cambric, 
J. Spivey, Y. J. Chuang, E. J. Campbell, A. 
Mandal, P. S. Mohankumar and S. M. J. 
MohanKumar

2021

Independent and combined effects 
of Bisphenol A and Diethylhexyl 
Phthalate on gestational outcomes 
and offspring development in 
Sprague-Dawley rats

Bisphenol A (BPA) and Diethylhexyl Phthalate (DEHP) are well-studied endocrine disrupting chemicals (EDCs), however, the effects of mixtures of these EDCs are not. To assess the consequences of prenatal exposure 
to a mixture of these EDCs, dams were orally administered either saline (control), BPA (5 μg/kg BW/day), high dose DEHP (HD-D; 7.5 mg/kg BW/day), or a combination of BPA with HD-D in experiment 1; saline, BPA (5 
μg/kg BW/day), low-dose DEHP (LD-D; 5 μg/kg BW/day) or a combination of BPA with LD-D in experiment 2. Gestational weights, number of abortions, litter size and weights, number of live births and stillbirths were 
recorded. Morphometric measures were obtained at birth and body weight, food and water intake were monitored weekly from postnatal weeks 3-12. Offspring were sacrificed at 16-24 weeks of age and organ weights 
were measured. The abortion rate of dams exposed to HD-D and the mixtures, BPA + LD-D and BPA + HD-D were higher at 9, 14 and 27% respectively. Prenatal exposure to BPA or HD-D significantly decreased relative 
thymus weights in male but not female offspring. Apoptotic cells were detected in thymus sections of both male and female offspring prenatally exposed to DEHP. Relative heart weights increased in BPA + HD-D exposed 
male offspring compared to the other groups. The results indicate that a mixture of BPA and DEHP, produced a pronounced effect on pregnancy outcomes. Male offspring appear to be more susceptible to the programming 
effects of these EDCs or their mixture suggesting a need to reconsider the possible additive, antagonistic or synergistic effects of EDC mixtures.

Chemosphere Vol.263 
Pages 128307

10.1016/j.chemosphere.2020.1283
07

33297244 動物 - 1 不明 1 1 0 5 µg/kg/⽇、7.5 mg/kg/⽇ - - - - - - - - - - - - - - - - - - - - -

統合_1371 S. Dabeer and S. Raisuddin 2023

Perinatal exposure to environmental 
endocrine disruptor bisphenol A 
aggravates the onset of non-
alcoholic fatty liver disease (NAFLD) 
in weanling F1 offspring of obese 
rats

Bisphenol A (BPA) is a major environmental pollutant and food contaminant with endocrine-disrupting effects on human and animal health. Perinatal and developmental exposure to BPA has been known to cause 
hepatotoxicity in adulthood. However, its intergenerational effects in a metabolically challenged population have been scarcely investigated. Our study was designed to assess the intergenerational effect of an 
environmentally relevant dose of BPA and diet-induced parental obesity on the hepatic health outcome of F1 offspring. Wistar rats were given a high-fat diet to induce obesity, followed by chronic low dosages of BPA (10 
ppm × 180 days) in drinking water. Post-treatment, rats were crossed within groups to obtain the F1 generation. Weanling pups were observed for weight gain, levels of hepatic antioxidants, liver function enzymes, 
cholesterol, C-reactive protein, and triglyceride in the serum. Histological changes in the liver tissue were also investigated. mRNA expression of energy homeostasis genes (FTO and MCR-4) in the liver was analyzed 
alongside blood biomarkers. We observed higher birth weight and rapid weight gain in the test group in comparison with controls, which was consistent with the changes in mRNA and protein expression of FTO and MCR-
4. BPA caused a significant, treatment-related change in the inflammatory marker C-reactive protein, lipid peroxidation, antioxidants, and lipid profile. These findings were accompanied by histological changes in the liver 
tissue characteristic of hepatic steatosis indicating the onset of the non-alcoholic fatty liver disease (NAFLD). Our study offers a link between exposure to BPA in parents and onset of NAFLD in their offspring.

Environ Sci Pollut Res 
Int Vol.30 Issue 2 Pages 
3146-3165

10.1007/s11356-022-22246-y 35945320 動物 - 1 1 1 1 0 10 ppm (飲⽔中濃度) - - - - - - - - - - - - - - - - - - - - -

統合_1372 S. Dabeer, M. A. Afjal, S. Ahmad, M. Fatima, H. 
Habib, S. Parvez and S. Raisuddin 2020

Transgenerational effect of parental 
obesity and chronic parental 
bisphenol A exposure on hormonal 
profile and reproductive organs of 
preadolescent Wistar rats of F1 
generation: A one-generation study

There is a global concern about adverse health effects of endocrine-disrupting chemicals (EDCs). Bisphenol A (BPA), an estrogenic and obesogenic compound, used in the plastic and medical industry has a dominant 
position among EDCs as far as human health and regulatory scenario are concerned. Due to its omnipresence across the biosphere, population of all age groups and health status is unavoidably exposed to BPA. 
Transgenerational exposure to BPA and its effects have also been recognized. However, there is no report on the transgenerational effect of BPA on metabolically disordered parents, such as obese ones. We studied 
effect of BPA exposure in F0 generation and its impact on F1 generation and factored parental obesity in transgenerational effect of concurrent exposure to low dose BPA (10 ppm × 180 days) in Wistar rats in a one-
generation study protocol. The exposed F0 generation animals were crossed and F1 generation was analyzed 35 days after birth for indications of reproductive toxicity. We observed changes in hormone levels and 
disturbance in glucose and lipid homeostasis. Animals showed increased serum cholesterol and triglycerides along with higher birth weight and rapid weight gain. Histopathological evidence confirmed the presence of 
regressive and inflammatory changes in the ovary and testis. The test group showed metabolic disturbances in comparison to control group. Our study showed the additive effect of parental obesity in transgenerational 
reproductive toxicity of BPA. Female animals of F1 generation of BPA-treated obese parents showed more insulin resistance than males with similar exposure scenario. Our study highlights the confounding role of 
metabolic disorders such as obesity in the transgenerational toxicity of BPA, which otherwise itself is implicated in the aetiology of such metabolic disorders, directly or indirectly.

Hum Exp Toxicol Vol.39 
Issue 1 Pages 59-76

10.1177/0960327119873017 31510804 動物 - 1 1 1 1 0 10 ppm (飲⽔中濃度) - - - - - - - - - - - - - - - - - - - - -

統合_1373
M. M. da Silva, C. F. L. Gonçalves, L. Miranda-
Alves, R. S. Fortunato, D. P. Carvalho and A. C. 
F. Ferreira

2019
Inhibition of Type 1 Iodothyronine 
Deiodinase by Bisphenol A

Plastics are ubiquitously present in our daily life and some components of plastics are endocrine-disrupting chemicals, such as bisphenol A and phthalates. Herein, we aimed to evaluate the effect of plastic endocrine 
disruptors on type 1 and type 2 deiodinase activities, enzymes responsible for the conversion of the pro-hormone T4 into the biologically active thyroid hormone T3, both in vitro and in vivo. Initially, we incubated rat liver 
type 1 deiodinase and brown adipose tissue type 2 deiodinase samples with 0.5 mM of the plasticizers, and the deiodinase activity was measured. Among them, only BPA was capable to inhibit both type 1 and type 2 
deiodinases. Then, adult male Wistar rats were treated orally with bisphenol A (40 mg/kg b.w.) for 15 days and hepatic type 1 deiodinase and brown adipose tissue type 2 deiodinase activities and serum thyroid hormone 
concentrations were measured. In vivo bisphenol A treatment significantly reduced hepatic type 1 deiodinase activity but did not affect brown adipose tissue type 2 deiodinase activity. Serum T4 levels were higher in 
bisphenol A group, while T3 remained unchanged. T3/T4 ratio was decreased in rats treated with bisphenol A, reinforcing the idea that peripheral metabolism of thyroid hormone was affected by bisphenol A exposure. 
Therefore, our results suggest that bisphenol A can affect the metabolism of thyroid hormone thus disrupting thyroid signaling.

Horm Metab Res. 2019 
Oct;51(10):671-677.

10.1055/a-0919-3879 31174228 動物、in vitro - 1 1 1 1 0 40 mg/kg bw - - - 不明 0 不明 1 - - - - - - - - - - - - - -

統合_1374
W. Cui, H. Zhou, J. Zhang, J. Zhang, D. Wu, Y. 
Rong, F. Liu, J. Liu, H. Liu, B. Wei, Y. Tang, X. 
Liao and X. Xu

2023

Hepatoprotective effect of Artemisia 
Argyi essential oil on bisphenol A-
induced hepatotoxicity via inhibition 
of ferroptosis in mice

The environmental pollutant bisphenol A (BPA), used in the manufacture of plastic packaging materials for various diets, is widely distributed in the environment and causes severe hepatotoxicity by inducing oxidative 
stress. Artemisia argyi essential oil (AAEO), a volatile oil component isolated from Artemisia argyi H.Lév. & Vaniot, has pharmacological effects, especially for hepatoprotective actions. However, the potential effect of 
AAEO in BPA induced hepatotoxicity has not been characterized. First, we analyzed the chemical composition in AAEO by gas chromatography-mass spectrometry. Herein, we investigated the effect of AAEO on hepatic 
metabolic changes in mice exposed to BPA. Results showed that compared with the BPA group, AAEO could reduce the level of liver function enzymes in BPA mice serum, and ameliorate hepatic lesions and fibrosis. 
Additionally, 20 differential metabolites screened by metabolomics were mainly involved in the reprogramming of glutathione metabolism, purine metabolism, and polyunsaturated fatty acid synthesis. Moreover, AAEO 
could reduce hepatic ferroptosis induced by BPA, as demonstrated by reducing xanthine oxidase activity, up-regulating the activities of glutathione peroxidase 4 (GPX4), superoxide dismutase, and catalase and the 
expression of SLC7A11 to promote the glutathione synthetic, while inhibiting transferrin receptor 1 (TFR1) expression to reduce the accumulation of Fe(2+) in cells. Therefore, our study identified AAEO as a hepatic 
protectant against BPA-induced hepatotoxicity by reversing the occurrence of ferroptosis.

Environ Toxicol. 2023 
Oct;38(10):2416-2428.

10.1002/tox.23877 37347548 動物 肝 1 1 単独あり C57BL/6:1 0 700.00mg/kgとある - - - - - - 1 1 - 1 - - - - - - - - - - -
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 適格性評価（動物）1：該当、0：該当しない  適格性評価（疫学）1：該当、0：該当しない  適格性評価（in vitro）1：該当、0：該当しない

適格性評価はタイトル及び要旨の情報に基づ
き可能な範囲で実施。明らかに適格性基準不
適合と判断されるもの以外を信頼性評価へ進
め、信頼性評価段階で原著に基づき精査。

引⽤評価機関
●：該当

統合_1375
J. Ciarelli, S. V. Thangaraj, H. Sun, S. Domke, B. 
Alkhatib, A. K. Vyas, B. Gregg, R. M. Sargis and 
V. Padmanabhan

2024

Developmental programming: An 
exploratory analysis of pancreatic 
islet compromise in female sheep 
resulting from gestational BPA 
exposure

Developmental exposure to endocrine disruptors like bisphenol A (BPA) are implicated in later-life metabolic dysfunction. Leveraging a unique sheep model of developmental programming, we conducted an exploratory 
analysis of the programming effects of BPA on the endocrine pancreas. Pregnant ewes were administered environmentally relevant doses of BPA during gestational days (GD) 30-90, and pancreata from female fetuses 
and adult offspring were analyzed. Prenatal BPA exposure induced a trend toward decreased islet insulin staining and β-cell count, increased glucagon staining and α-cell count, and increased α-cell/β-cell ratio. 
Findings were most consistent in fetal pancreata assessed at GD90 and in adult offspring exposed to the lowest BPA dose. While not assessed in fetuses, adult islet fibrosis was increased. Collectively, these data 
provide further evidence that early-life BPA exposure is a likely threat to human metabolic health. Future studies should corroborate these findings and decipher the molecular mechanisms of BPA's developmental 
endocrine toxicity.

Mol Cell Endocrinol 
Vol.588 Pages 112202

10.1016/j.mce.2024.112202 38552943 動物 - 1 0 1 不明 1 0.05、0.5、5 mg/kg/⽇ - - - - - - - - - - - - - - - - - - - - -

統合_1376

S. Christiansen, M. Axelstad, M. Scholze, H. K. 
L. Johansson, U. Hass, K. Mandrup, H. L. 
Frandsen, H. Frederiksen, L. K. Isling and J. 
Boberg

2020

Grouping of endocrine disrupting 
chemicals for mixture risk 
assessment - Evidence from a rat 
study

Exposure to mixtures of endocrine disrupting chemicals may contribute to the rising incidence of hormone-related diseases in humans. Real-life mixtures are complex, comprised of chemicals with mixed modes of action, 
and essential knowledge is often lacking on how to group such chemicals into cumulative assessment groups, which is an essential prerequisite to conduct a chemical mixture risk assessment. We investigated if 
mixtures of chemicals with diverse endocrine modes of action can cause mixture effects on hormone sensitive endpoints in developing and adult rat offspring after perinatal exposure. Wistar rats were exposed during 
pregnancy and lactation simultaneously to either bisphenol A and butylparaben (Emix), diethylhexyl phthalate and procymidone (Amix), or a mixture of all four substances (Totalmix). In male offspring, the anogenital 
distance was significantly reduced and nipple retention increased in animals exposed to Amix and Totalmix, and the mixture effects were well approximated by the dose addition model. The combination of Amix and Emix 
responded with more marked changes on these and other endocrine-sensitive endpoints than each binary mixture on its own. Sperm counts were reduced by all exposures. These experimental outcomes suggest that the 
grouping of chemicals for mixture risk assessment should be based on common health outcomes rather than only similar modes or mechanisms of action. Mechanistic-based approaches such as the concept of Adverse 
Outcome Pathway (AOP) can provide important guidance if both the information on shared target tissues and the information on shared mode/mechanism of action are taken into account.

Environ Int Vol.142 
Pages 105870

10.1016/j.envint.2020.105870 32593051 動物 - 1 1 0 1 不明 ー - - - - - - - - - - - - - - - - - - - - -

統合_1377
T. Chioccarelli, M. Migliaccio, A. Suglia, F. 
Manfrevola, V. Porreca, N. Diano, S. Errico, S. 
Fasano and G. Cobellis

2021

Characterization of Estrogenic 
Activity and Site-Specific 
Accumulation of Bisphenol-A in 
Epididymal Fat Pad: Interfering 
Effects on the Endocannabinoid 
System and Temporal Progression of 
Germ Cells

The objective of this work has been to characterize the estrogenic activity of bisphenol-A (BPA) and the adverse effects on the endocannabinoid system (ECS) in modulating germ cell progression. Male offspring exposed 
to BPA during the foetal-perinatal period at doses below the no-observed-adverse-effect-level were used to investigate the exposure effects in adulthood. Results showed that BPA accumulates specifically in epididymal 
fat rather than in abdominal fat and targets testicular expression of 3β-hydroxysteroid dehydrogenase and cytochrome P450 aromatase, thus promoting sustained increase of estrogens and a decrease of testosterone. 
The exposure to BPA affects the expression levels of some ECS components, namely type-1 (CB1) and type-2 cannabinoid (CB2) receptor and monoacylglycerol-lipase (MAGL). Furthermore, it affects the temporal 
progression of germ cells reported to be responsive to ECS and promotes epithelial germ cell exfoliation. In particular, it increases the germ cell content (i.e., spermatogonia while reducing spermatocytes and spermatids), 
accelerates progression of spermatocytes and spermatids, promotes epithelial detachment of round and condensed spermatids and interferes with expression of cell-cell junction genes (i.e., zonula occcludens protein-1, 
vimentin and β-catenin). Altogether, our study provides evidence that early exposure to BPA produces in adulthood sustained and site-specific BPA accumulation in epididymal fat, becoming a risk factor for the 
reproductive endocrine pathways associated to ECS.

Int J Mol Sci Vol.22 
Issue 5

10.3390/ijms22052540 33802611 動物 - 1 1 1 1 0 10 µg/mL BPA (飲⽔中濃度) - - - - - - - - - - - - - - - - - - - - -

統合_1378 T. Chioccarelli, F. Manfrevola, M. Migliaccio, L. 
Altucci, V. Porreca, S. Fasano and G. Cobellis 2020

Fetal-Perinatal Exposure to 
Bisphenol-A Affects Quality of 
Spermatozoa in Adulthood Mouse

Bisphenol-A (BPA) is considered an endocrine disruptor with estrogenic activity. It is described as an environment-polluting industrial chemical whose adverse effects on the male reproductive system depend on the 
period of exposure (i.e., fetal, prepubertal, or adult life). We exposed male mice to BPA during the fetal-perinatal period (from 10 days post coitum to 31 days post partum) and investigated the impact of this early-life 
exposure on gamete health in adulthood animals at 78 days of age. Both in control and BPA-exposed mice, viability and motility of spermatozoa, as well as sperm motility acquisition and chromatin condensation of 
spermatozoa, have been evaluated. Results reveal harmful effect of BPA on viability and motility of sperm cells as well as on chromatin condensation status during epididymal maturation of spermatozoa. In particular, BPA 
exposure interferes with biochemical mechanism useful to stabilize sperm chromatin condensation, as it interferes with oxidation of thiol groups associated to chromatin.

Int J Endocrinol 
Vol.2020 Pages 2750501

10.1155/2020/2750501 32256569 動物 - 1 1 1 1 0 10 µg/mL BPA (飲⽔中濃度) - - - - - - - - - - - - - - - - - - - - -

統合_1379 S. V. Chigrinets, G. V. Bryuhin and S. N. Zavyalov 2020
Characterization of Sperm of White 
Rats at Exposure of Bisphenol A and 
Triclosan

We studied the effect of unstable ubiquitous endocrine disruptors (bisphenol A and triclosan) on the reproductive function of mature male Wistar rats. Animals of both experimental groups received bisphenol A and 
triclosan (homogeneity>97%) in a dose of 200 mg/kg daily for 2 months with food. The concentrations of disruptors were measured directly in the testicular tissue by gas chromatography with mass spectrometry (GC-
MS). In both experimental groups, the concentrations of bisphenol A and triclosan in the testicular tissue significantly differed from the control (intact animals). Animals exposed to bisphenol A significantly differed by 
sperm parameters (total number, motility, and sperm morphology) from control rats. Animals receiving triclosan significantly differed from control rats only by the number of actively motile spermatozoa and the weight of 
the testicles.

Bull Exp Biol Med 
Vol.168 Issue 6 Pages 
753-756

10.1007/s10517-020-04795-9 32328937 動物 - 1 1 不明 1 0 200 mg/kg - - - - - - - - - - - - - - - - - - - - -

統合_1380
L. K. Chi, Q. Yuan, M. Y. Wang, C. R. Guo, X. D. 
Zhu, H. B. Jiang, Q. H. Zhang, Y. Zhao, L. Li and 
H. Yan

2024
Metabolomics reveals that 
ferroptosis participates in bisphenol 
A-induced testicular injury

OBJECTIVE: Bisphenol A (BPA) is a common environmental endocrine disruptor that negatively impairs male reproductive ability. This study aimed to explore the alterations in serum metabolomics that occur following BPA 
exposure and the mechanism via which BPA induces the death of testicular cells in a male mouse model. METHODS: The mice were classified into two groups: BPA-exposed and control groups, and samples were 
collected for metabolomic determination, semen quality analysis, electron microscopy, enzyme-linked immunosorbent assay, quantitative real-time PCR, pathological staining, and Western blot analysis. RESULTS: BPA 
exposure caused testicular damage and significantly decreased sperm quality in mice. Combined with non-target metabolomic analysis, this was closely related to ferroptosis induced by abnormal metabolites of 
arachidonic acid and phosphatidylcholine, and the expression of its related genes, acyl CoA synthetase 4, glutathione peroxidase 4, lysophosphatidylcholine acyltransferase 3, and phosphatidylethanolamine-binding protein 
1 were altered. CONCLUSION: BPA induced ferroptosis, caused testicular damage, and reduced fertility by affecting lipid metabolism in male mice. Inhibiting ferroptosis may potentially function as a therapeutic strategy 
to mitigate the male reproductive toxicity induced by BPA.

Heliyon Vol.10 Issue 11 
Pages e31667

10.1016/j.heliyon.2024.e31667 38882385 動物 - 1 1 1 ICR 0 100 mg/kg - - - - - - - - - - - - - - - - - - - - -

統合_1381
M. D. Cheng, C. L. Li, X. Y. Pei, Y. F. Zhang, D. 
D. Jia, Y. B. Zuo, S. L. Cai, P. F. Li, H. Xin and Y. 
F. Zhang

2023

Integrative analysis of DNA 
methylome and transcriptome 
reveals epigenetic regulation of 
bisphenols-induced cardiomyocyte 
hypertrophy

Cardiac hypertrophy, a kind of cardiomyopathic abnormality, might trigger heart contractile and diastolic dysfunction, and even heart failure. Currently, bisphenols (BPs) including bisphenol A (BPA), and its alternatives 
bisphenol AF (BPAF), bisphenol F (BPF) and bisphenol S (BPS) are ubiquitously applied in various products and potentially possess high cardiovascular risks for humans. However, the substantial experimental evidences 
of BPs on heart function, and their structure-related effects on cardiomyocyte hypertrophy are still urgently needed. DNA methylation, a typical epigenetics, play key roles in BPs-induced transcription dysregulation, 
thereby affecting human health including cardiovascular system. Thus, in this study, we performed RNA-seq and reduced representation bisulfite sequencing (RRBS) to profile the landscapes of BPs-induced cardiotoxicity 
and to determine the key roles of DNA methylation in the transcription. Further, the capabilities of three BPA analogues, together with BPA, in impacting heart function and changing DNA methylation and transcription 
were compared. We concluded that similar to BPA, BPAF, BPF and BPS exposure deteriorated heart function in a mouse model, and induced cardiomyocyte hypertrophy in a H9c2 cell line. BPAF, BPF and BPS all played 
BPA-like roles in both transcriptive and methylated hierarchies. Moreover, we validated the expression levels of four cardiomyocyte hypertrophy related candidate genes, Psmc1, Piptnm2, Maz and Dusp18, which were all 
upregulated and with DNA hypomethylation. The findings on the induction of BPA analogues on cardiomyocyte hypertrophy and DNA methylation revealed their potential detrimental risks in heart function of humans.

Ecotoxicol Environ Saf 
Vol.263 Pages 115391

10.1016/j.ecoenv.2023.115391 37611474 動物 - 1 1 1 1 0 50 µg/kg - - - - - - - - - - - - - - - - - - - - -

統合_1382 Z. Chen, Z. Chen, J. Mo, Y. Chen, L. Chen and C. 
Deng 2025

m6A RNA methylation modulates 
autophagy by targeting Map1lc3b in 
bisphenol A induced Leydig cell 
dysfunction

Bisphenol A (BPA) exposure can affect testicular Leydig cells (LCs), potentially causing male infertility. Research suggests that RNA epigenetic response to environmental exposure may impact LCs function and 
testosterone production, but the role of N(6)-methyladenosine (m6A) RNA methylation in mediating BPA exposure and its regulatory mechanisms remain unknown. Here, we demonstrate that BPA exposure significantly 
reduces testosterone biosynthesis and upregulates m6A modification in LCs using both in vivo and in vitro models. The involvement of the m6A "writer" METTL3 and the "eraser" ALKBH5 in regulating LCs m6A levels 
during BPA exposure was discovered, highlighting their central role. Manipulating these factors to reduce m6A methylation levels demonstrated potential for alleviating BPA-induced damage to LCs. Furthermore, 
integrated analysis of transcriptomic and MeRIP sequencing data reveals that the upregulation of m6A levels induced by BPA specifically targets the Map1lc3b mRNA, a pivotal regulator of autophagy, thereby exerting 
suppressive effects on autophagic processes. In conclusion, our findings suggest that targeting m6A RNA methylation could be a potential therapeutic approach to mitigate BPA-induced reproductive toxicity, offering 
novel insights into the epigenetic regulation of male reproductive health.

J Hazard Mater. 2025 
Mar 5:485:136748.

10.1016/j.jhazmat.2024.136748 39662354 動物、in vitro 精巣 1 1 1 1 0 0 - - - 不明 不明 不明 1 1 - 1 - - - - - - - - - - -

統合_1383 W. Chen, Q. E, B. Sun, P. Zhang, N. Li, S. Fei, Y. 
Wang, S. Liu, X. Liu and X. Zhang 2023

PARP1-catalyzed PARylation of YY1 
mediates endoplasmic reticulum 
stress in granulosa cells to 
determine primordial follicle 
activation

Although only a small number of primordial follicles are known to be selectively activated during female reproductive cycles, the mechanisms that trigger this recruitment remain largely uncharacterized. Misregulated 
activation of primordial follicles may lead to the exhaustion of the non-renewable pool of primordial follicles, resulting in premature ovarian insufficiency. Here, we found that poly(ADP-ribose) polymerase 1 (PARP1) 
enzymatic activity in the surrounding granulosa cells (GCs) in follicles determines the subpopulation of the dormant primordial follicles to be awakened. Conversely, specifically inhibiting PARP1 in oocytes in an in vitro 
mouse follicle reconstitution model does not affect primordial follicle activation. Further analysis revealed that PARP1-catalyzed transcription factor YY1 PARylation at Y185 residue facilitates YY1 occupancy at Grp78 
promoter, a key molecular chaperone of endoplasmic reticulum stress (ERS), and promotes Grp78 transcription in GCs, which is required for GCs maintaining proper ERS during primordial follicle activation. Inhibiting 
PARP1 prevents the loss of primordial follicle pool by attenuating the excessive ERS in GCs under fetal bisphenol A exposure. Together, we demonstrate that PARP1 in GCs acts as a pivotal modulator to determine the 
fate of the primordial follicles and may represent a novel therapeutic target for the retention of primordial follicle pool in females.

Cell Death Dis Vol.14 
Issue 8 Pages 524

10.1038/s41419-023-05984-w 37582914 動物 - 1 0 1 不明 0 10 µg/kg/day - - - - - - - - - - - - - - - - - - - - -

統合_1384 J. Chen, S. I. Ikeda, L. Kang, K. Negishi, K. 
Tsubota and T. Kurihara 2023

Bisphenol A exposure triggers 
endoplasmic reticulum stress 
pathway leading to ocular axial 
elongation in mice

BACKGROUND: Ocular axial elongation is one of the features of myopia progression. Endoplasmic reticulum (ER) stress-associated scleral remodeling plays an important role in ocular axial elongation. Bisphenol A (BPA) 
is one of the most common environmental pollutants and is known to affect various human organs through ER stress. However, whether BPA exerts an effect on scleral remodeling remains unknown. The purpose of this 
study was to determine the effect of BPA on the development of myopia and scleral ER stress. METHODS: BPA was administered by intraperitoneal injection. 4-PBA was administered as an endoplasmic reticulum stress 
inhibitor by eye drops. Refraction and axial length were measured by refractometer and SD-OCT system. Western blot was performed to detect the expression level of ER stress-related proteins. RESULTS: BPA-
administered mice exhibit axial elongation and myopic refractive shift with endoplasmic reticulum stress in the sclera. BPA administration activated scleral PERK and ATF6 pathways, and 4-PBA eye drops attenuated ER 
stress response and suppressed myopia progression. CONCLUSION: BPA controlled axial elongation during myopia development in a mouse model by inducing scleral ER stress and activation of the PERK/ATF6 pathway. 
4-PBA eye drops as ER stress inhibitor suppressed BPA-induced myopia development.

Front Med (Lausanne) 
Vol.10 Pages 1255121

10.3389/fmed.2023.1255121 37746069 動物 - 1 0 1 1 0 100 mg/kg - - - - - - - - - - - - - - - - - - - - -

統合_1385
F. Chen, H. Zhang, H. Huang, J. Liu, W. Zhu, L. 
Lu, Y. Xie, H. Li, S. Pi, J. Zhong, S. Ding, K. 
Zhang, F. Wu, B. Zhang and Y. He

2025

Early-Life Exposure to Bisphenol A 
Damaged Pancreas That May 
Increase Offspring Sensitivity to 
High-Fat Diets

Previous studies have identified early life as a sensitive window for BPA exposure that may increase the risk of metabolic disease in adulthood. However, less attention has been paid to the effects of early-life BPA 
exposure on the pancreas and its relationship to the development of metabolic diseases. In this study, we exposed females to 50 μg/kg/d BPA in drinking water from 6 days of gestation to weaning of offspring mice and 
administered a high-fat diet after weaning of offspring mice. We found that early-life BPA-exposed male mice gained body weight, had downregulated pancreatic Ins1, Pdx1, and NeuroG3 gene expression, reduced β-cell 
mass, and resulted in abnormalities in glucose tolerance and insulin tolerance, whereas no significant alterations were observed in females. Lipidomic analyses of mouse pancreas using high-resolution mass 
spectrometry showed that early-life BPA exposure significantly altered the pancreas of offspring males. Lipid profiles of mouse pancreatic ceramidase gene mRNA expression were upregulated, enzyme activity was 
enhanced, and pancreatic ceramides, especially long-chain ceramides, were increased in abundance, the latter of which was closely correlated with the increased pancreatic MDA content as well as the decreased SOD 
enzyme activity. Taken together, our results suggest that early-life BPA exposure may increase the susceptibility of mice to a high-fat diet by altering pancreatic lipid metabolism in mice and that there are significant sex 
differences in this effect.

J Toxicol Vol.2025 
Pages 6189790

10.1155/jt/6189790 40842956 動物 - 1 1 1 1 0 50 µg/kg/⽇ - - - - - - - - - - - - - - - - - - - - -

統合_1386 D. Chen, X. Zhao, F. Huang, X. Guan, J. Tian, M. 
Ji, X. Wen, J. Shao, J. Xie, J. Wang and H. Chen 2022

Pubertal Bisphenol A exposure 
increases adult rat serum 
testosterone by resetting pituitary 
homeostasis

Bisphenol A (BPA) is widely used by manufacturers and in consumer products. Its release in the environment may affect male reproductive function. In this study, we examined the effect of low dose (0.1 mg/kg BW), short 
term exposure during puberty (PD21-35) on adult rat male reproduction. The results indicated that such exposure reset growth hormone (GH) and follicular stimulating hormone (FSH) homeostasis and resulted in a 
significantly higher level of serum testosterone without affecting serum luteinizing hormone level. QPCR and Western blot results showed that BPA significantly up-regulated selective genes/proteins in the Leydig cell 
steroidogenic pathway, including steroidogenic acute regulatory protein, cytochrome P450 11A1, cytochrome P450 17A, and low-density lipoprotein receptor. RNA-Seq analysis of testicular RNAs showed that BPA 
significantly affected the gene profiles of multiple testicular interstitial populations without affecting germ cells. Also, GO- and KEGG-analysis suggested that IGF1-related PI3K/AKT signaling was activated, which was 
confirmed by the increased phosphorylation of IRS1, AKT1 and CREB. The results indicated that a low-dose, short-term BPA exposure during puberty affected the adult male rat pituitary (GH and FSH) and testis 
(testosterone) homeostasis.

Environ Pollut Vol.298 
Pages 118764

10.1016/j.envpol.2021.118764 34973380 動物 - 1 不明 不明 1 0 0.1 mg/kg BW - - - - - - - - - - - - - - - - - - - - -

統合_1387 A. Charaya, C. Sahu, S. Singla and G. Jena 2023

Zinc Deficiency Exacerbates 
Bisphenol A-Induced Hepatic and 
Renal Damage: Delineation of 
Molecular Mechanisms

Zinc (Zn) plays an important role in the maintenance of redox status in the biological system. Zn deficiency has been found to be associated with negative effects on the functioning of many organ systems, including 
hepatic and renal systems. Bisphenol A (BPA) can alter Zn homeostasis and perturb the physiological system by provoking oxidative stress, which can lead to damage of different organs such as reproductive, immune, 
neuroendocrine, hepatic and renal systems. The present study aims to investigate the toxicity of BPA in Zn deficient condition in the liver and kidney of rat and to correlate its synergistic actions. Zn deficiency was 
induced by feeding Zn-deficient diet (ZDD), and BPA was administered orally (100 mg/kg/d). Male Sprague-Dawley rats were divided into four groups: NPD + Vehicle (normal feed and water), NPD + BPA (100 mg/kg/d), 
ZDD + Vehicle (fed with Zn-deficient diet only) and ZDD + BPA (Zn-deficient diet + BPA; 100 mg/kg/d) for 8 weeks. Biochemical, histopathological, TUNEL assay and protein expression profiles were determined to 
decipher the oxidative damage induced by ZDD and the toxicant BPA. Expression profile of nuclear factor erythroid 2-related factor 2, proliferating cell nuclear antigen, kelch-like ECH-associated protein 1, superoxide 
dismutase-1, metallothionein and apoptosis incidence showed that ZDD and BPA have a synergistic exacerbation effect on the liver and kidney of rat.

Biol Trace Elem Res 
Vol.201 Issue 6 Pages 
2879-2894

10.1007/s12011-022-03392-3 36076144 動物 - 1 1 1 1 0 100 mg/kg/⽇ - - - - - - - - - - - - - - - - - - - - -
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統合_1388 Y. S. Çetin, F. Altındağ and M. Berköz 2023
Protective role of resveratrol and 
apigenin against toxic effects of 
bisphenol a in rat salivary gland

OBJECTIVES: The aim of this study was to investigate the cellular changes caused by Bisphenol A (BPA) exposure in salivary gland cells and to examine the protective role of resveratrol (RSV) and apigenin (APG) 
molecules against the negative effects of BPA. MATERIALS AND METHODS: Forty-two rats were randomly divided into 6 groups as; (i) control, (ii) BPA (130 mg/kg), (iii) BPA + RSV100 (100 mg/kg), (iv) BPA + RSV200 
(200 mg/kg), (v) BPA + APG100 (100 mg/kg), and (vi) BPA + APG200 (200 mg/kg). In all experimental groups, the chemicals were given by gavage every day for a total of 28 days. RESULTS: The BPA administration caused a 
significant increase in tissue oxidative stress parameters as opposed to a significant decrease in tissue antioxidant levels (p < 0.05). On the other hand, it was observed that RSV and APG treatment reversed this situation 
(p < 0.05). The BPA administration did not cause a significant change in tissue prostaglandin E(2) (PGE(2)) and nitric oxide levels, whereas low-dose RSV significantly reduced the tissue PGE(2) levels compared to BPA (p
 < 0.05). BPA caused cytopathological changes and apoptosis in salivary gland cells. In the BPA group, edema, nuclear pleomorphism, and pyknotic nuclei were observed. Moreover, both RSV and APG were found to provide 
protection against BPA-induced cellular damage, while RSV provided better cellular protection than APG. The control group had a normal histological structure. CONCLUSION: BPA caused cytopathological changes and 
apoptosis in salivary gland cells. As a result, it was observed that these phytochemicals probably have cytoprotective effects in BPA intoxication.

Drug Chem Toxicol 
Vol.46 Issue 1 Pages 
88-96

10.1080/01480545.2021.2011310 34875952 動物 - 1 1 1 不明 0 130 mg/kg - - - - - - - - - - - - - - - - - - - - -

統合_1389

T. Cavalleri Sousa, C. B. de Oliveira, M. L. Silva 
Ricardo, A. Musa de Aquino, W. R. Scarano, A. 
S. Cruz Veras, M. E. Almeida Tavares, G. R. 
Teixeira, A. C. D. Castillho, F. L. Pacagnelli, J. 
Zalotti Brandt and L. de Oliveira Mendes

2024

Prostate histological investigation in 
rats exposed to bisphenol a and 
phytochemicals during the perinatal 
period and subjected to hormonal 
stimulus in adulthood

Bisphenol A (BPA) is an environmentally dispersed chemical associated with tumor development. Phytochemicals such as indole-3-carbinol (I3C) and genistein (GEN) have chemoprotective effects on tumor cells. Thus, 
this study aimed to evaluate the prostatic morphological aspects of rats exposed to BPA, GEN, and I3C during the perinatal period and submitted to hormonal stimulus in adulthood. Blood was collected to obtain hormone 
concentrations. Slides stained with hematoxylin & eosin, and picrosirius were subjected to fractal, stereological, morphometric, and collagen quantification analysis. I3C decreased the plasma dihydrotestosterone levels, 
and both phytochemicals increased the plasma estrogen levels. Unlike phytochemicals, BPA did not alter any of the parameters evaluated. GEN reduced the epithelial height, while I3C increased the fractal dimension and 
stromal collagen. Although BPA did not alter the prostate morphology, the phytochemicals provided beneficial effects for the prostate histological organization in adult animals subjected to hormonal stimulus.

Int J Environ Health 
Res. 2024 
Jan;34(1):201-212.

10.1080/09603123.2022.2140127 36319067 動物 内分泌/前⽴腺 1 1 1 1 0 1 - - - - - - 1 1 - 1 - - - - - - - - - - -

統合_1390
L. Y. Castillo, J. Ríos-Carrillo, J. C. González-
Orozco, I. Camacho-Arroyo, J. P. Morin, R. C. 
Zepeda and G. Roldán-Roldán

2022

Juvenile Exposure to BPA Alters the 
Estrous Cycle and Differentially 
Increases Anxiety-like Behavior and 
Brain Gene Expression in Adult Male 
and Female Rats

Perinatal exposure to bisphenol A (BPA) in murine models has been reported to affect social behavior and increase anxiety. However, there is little information about the effects of BPA exposure during puberty, a period in 
which sex hormones influence the maturation and differentiation of the brain. In this work, we evaluated the effect of BPA administration during the juvenile stage (PND 21-50) on anxiety in male and female rats. Newly 
weaned Wistar rats were treated with BPA (0, 50, or 500 µg/kg/day) for 30 days. To compare the intra- and inter-sex behavioral profiles, rats were evaluated using four different anxiety models: the Open field test (OFT), 
the Elevated plus maze (EPM), the Light-dark box test (LDBT), and the Defensive burying test (DBT). Males exhibited a clear-cut anxious profile at both doses in all four tests, while no clear behavioral effect of BPA 
exposure was observed in female rats. The latter showed an altered estrous cycle that initiated earlier in life and had a shorter duration, with the estrous phase predominating. Moreover, the expression of ESR1, ESR2, 
GABRA1, GRIN1, GR, MR, and AR genes increased in the hippocampus and hypothalamus of male rats treated with 50 µg/kg, but not in females. Our results indicate that BPA consistently induces a higher anxiety profile in 
male than in female rats, as evidenced predominantly by an increase in passive-coping behaviors and changes in brain gene expression, highlighting the importance of sex in peripubertal behavioral toxicology studies.

Toxics Vol.10 Issue 9 10.3390/toxics10090513 36136478 動物 - 1 1 1 1 0 50、500 µg/kg/⽇ - - - - - - - - - - - - - - - - - - - - -

統合_1391 D. Caserta, M. P. De Marco, A. R. Besharat and 
F. Costanzi 2022

Endocrine Disruptors and 
Endometrial Cancer: Molecular 
Mechanisms of Action and Clinical 
Implications, a Systematic Review

It has been widely demonstrated that endocrine disruptors play a central role in various physiopathological processes of human health. In the literature, various carcinogenic processes have been associated with 
endocrine disruptors. A review of the molecular mechanisms underlying the interaction between endocrine disruptors and the endometrial cancer has been poorly developed. A systematic review was performed using 
PubMed(®)/MEDLINE. A total of 25 in vivo and in vitro works were selected. Numerous endocrine disruptors were analyzed. The most relevant results showed how Bisphenol A (BPA) interacts with the carcinogenesis 
process on several levels. It has been demonstrated how BPA can interact with hormonal receptors and with different transcription proliferative and antiproliferative factors. Furthermore, the effect of Polycyclic aromatic 
hydrocarbons on Aryl hydrocarbon receptors was investigated, and the role of flame retardants in promoting proliferation and metastasis was confirmed. The results obtained demonstrate how the mechanisms of action of 
endocrine disruptors are manifold in the pathophysiology of endometrial cancer, acting on different levels of the cancerogenesis process.

Int J Mol Sci Vol.23 
Issue 6

10.3390/ijms23062956 35328379 動物 - 不明 不明 不明 不明 不明 不明 - - - - - - - - - - - - - - - - - - - - -

統合_1392
D. Caserta, F. Costanzi, M. P. De Marco, L. Di 
Benedetto, E. Matteucci, C. Assorgi, M. C. 
Pacilli, A. R. Besharat, F. Bellati and I. Ruscito

2021

Effects of Endocrine-Disrupting 
Chemicals on Endometrial 
Receptivity and Embryo 
Implantation: A Systematic Review 
of 34 Mouse Model Studies

Several available studies have already analyzed the systemic effects of endocrine-disrupting chemicals (EDCs) on fertile woman and neonatal outcomes, but little is still known in humans about the precise mechanisms 
of interference of these compounds with the endometrial receptivity. There is consistent evidence that continuous and prolonged exposure to EDCs is a risk factor for reduced fertility and fecundity in women. Preliminary 
studies on mammalian models provide robust evidence about this issue and could help gynecologists worldwide to prevent long term injury caused by EDCs on human fertility. In this systematic review, we aimed to 
systematically summarize all available data about EDC effects on blastocyst endometrial implantation. We performed a systematic review using PubMed(®)/MEDLINE(®) to summarize all in vivo studies, carried out on 
mice models, analyzing the molecular consequences of the prolonged exposure of EDC on the implantation process. 34 studies carried out on mouse models were included. Primary effects of EDC were a reduction of the 
number of implantation sites and pregnancy rates, particularly after BPA and phthalate exposure. Furthermore, the endometrial expression of estrogen (ER) and progesterone receptors (PR), as well as their activation 
pathways, is compromised after EDC exposure. Finally, the expression of the primary endometrial markers of receptivity (such as MUC1, HOXA10, Inn and E-cadherin) after EDC contact was analyzed. In conclusion EDC 
deeply affect blastocyst implantation in mouse model. Several players of the implantation mechanism are strongly influenced by the exposure to different categories of EDC.

Int J Environ Res Public 
Health Vol.18 Issue 13

10.3390/ijerph18136840 34202247 動物 - 不明 不明 不明 不明 不明 不明 - - - - - - - - - - - - - - - - - - - - -

統合_1393 Y. Cao, J. Xu, J. Liu, Y. Liang, F. Ao, S. Wang, Z. 
Wei and L. Wang 2023

Bisphenol A exposure decreases 
sperm production and male fertility 
through inhibition PCBP2 expression

Growing evidence suggests that the exposure of bisphenol A (BPA), an endocrine disruptor that commonly present in the environment, can impair reproduction. However, conflicting results have been reported, and the 
underlying mechanism has not been fully understood. In this study, 3-week-old male mice were oral exposed to 50 mg/kg/d BPA or equivalent corn oil for 28 days. Their testis and epididymis were then collected for 
morphology examination by HE stains. The number of sperm was counted, and the morphology was analyzed by PNA (peptide nucleic acid) and pap staining. Fertilization capacity and successful rate were analyzed after 
mating with wide-type females. Spermatid DNA damage and apoptosis were evaluated by DFI, γH2AX stain, and TUNEL assay. RNA sequencing analysis was conducted to identify differentially expressed genes in 
testicular tissue of mice exposed to BPA. RNA interference was used to verify the regulatory mechanism of BPA exposure on gene expression in GC-2 cells. Our data showed that the total number of sperm was decreased 
and the morphology was impaired in BPA-exposed mice. In addition, the serum testosterone level and fertilization efficiency were also reduced. Mechanism studies showed that BPA could suppress the expression of 
PCBP2, a key regulatory gene in spermatid development, by activating the EZH2/H3K27me3. In conclusion, we found that BPA exposure can impair spermatid development via affecting key gene expression that is at least 
partially due to epigenetic modification.

Environ Sci Pollut Res 
Int Vol.30 Issue 59 
Pages 123309-123323

10.1007/s11356-023-30815-y 37985585 動物 - 1 1 1 不明 0 50 mg/kg/⽇ - - - - - - - - - - - - - - - - - - - - -

統合_1394 Y. Cao, S. Chen, J. Lu, M. Zhang, L. Shi, J. Qin, J. 
Lv, D. Li, L. Ma and Y. Zhang 2023

BPA induces placental trophoblast 
proliferation inhibition and fetal 
growth restriction by inhibiting the 
expression of SRB1

Bisphenol-A (BPA) is a common environmental toxicant that is known to be associated with fetal growth restriction (FGR). However, the mechanisms of how BPA induce FGR is poorly characterized. We conducted 
proteomics to identify the abnormal expression of SRB1 in female placental tissues with high BPA-induced FGR and further verified its decreased expression in human placenta and BeWo cells. Next, the effect of BPA on 
fetal development was further confirmed in pregnant C57BL/6 mice. The expression of SRB1 was consistently downregulated in human FGR placentas, BPA-exposed trophoblasts and mouse placentas. In addition, we 
found that SRB1 interacted with PCNA, and BPA exposure indirectly reduced the expression of PCNA and further inhibited placental proliferation. In vitro studies showed that BPA exposure reduced the expression of 
CDK1, CDK2, cyclin B and phosphorylated Rb in placental trophoblast cells, indicating cell cycle arrest after exposure to BPA. In addition, the expression of γ-H2AX and phosphorylated ATM was upregulated in BPA-
exposed trophoblasts, indicating increased DNA damage. Our results indicate that BPA-induced FGR is achieved by reducing the expression of SRB1, inhibiting placental proliferation and increasing DNA damage. Our 
findings not only explain the mechanism of BPA-associated developmental toxicity but also shed light upon developing novel therapeutic targets.

Environ Sci Pollut Res 
Int. 2023 
May;30(21):60805-
60819.

10.1007/s11356-023-26850-4 37037937 動物、in vitro ⽣殖発⽣毒性 1 1 1 1 1 0 - - - 1 不明 不明 1 1 - 1 - - - - - - - - - - -

統合_1395 J. X. Cai, Z. Li, J. Dai, X. L. Wang, H. Zhang and 
J. X. Cheng 2022

[4-nonylphenol combined with 
bisphenol A induces testicular 
autophagy and spermatogenic 
impairment by inhibiting the 
Akt/mTOR pathway in F1 male 
offspring rats]

OBJECTIVE: To study the impacts of exposure of F0 generation rats to 4-nonylphenol (4-NP) and bisphenal A (BPA) on the autophagy of testicular cells and key gene expressions of the Akt/mTOR pathway in the F1 
generation offspring rats. METHODS: Using a 2×2 factorial design, F0 female and male rats were randomly assigned to receive intragastrically sigma vegetable oil (the control), BPA at 0.5 mg/kg, 4-NP at 5 mg/kg, and 
BPA+4-NP both at 0.5 mg/kg, respectively, qd alt for 30 days. Then the rats in each group were mated at a ratio of 1∶3. After pregnancy, the female rats continued the above intragastrical administration till delivery. The 
F1 generation male offspring rats were killed at 60 postnatal days, and their testes harvested for sperm count, observation of the morphological and autophagic changes of the testis, and determination of the relative 
mRNA expression levels of Akt, mTOR, 4EBP1 and p70S6K and protein expression levels of LC3-I and LC3-II. RESULTS: The sperm count of the F1 generation male offspring rats was markedly decreased in the BPA and 
BPA+4-NP groups compared with that in the control (P < 0.05) but no significant interactive effect was observed between BPA and 4-NP (P > 0.05). The ratio of LC3-II / LC3-I was remarkably increased in the 4-NP, BPA 
and BPA+4-NP groups in comparison with that in the control (P < 0.05), and a significant interactive effect was shown between BPA and 4-NP (P < 0.05). The cells in the seminiferous tubules of the rats in the 4-NP, BPA 
and BPA+4-NP groups were loosely arranged, with a decreased count of sperm and increased number of autophagic vacuoles. Significant down-regulation was observed in the relative mRNA expression of p70S6K in the 
4-NP group, as well as in that of mTOR in the BPA group and Akt in the BPA+4-NP group (all P < 0.05). A remarkably up-regulated expression of 4EBP1 mRNA was found in all the three intervention groups (P < 0.05), with 
a significant interactive effect between BPA and 4-NP on the expressions of Akt and 4EBP1 mRNA (P < 0.05). CONCLUSION: Long-term exposure to low-concentration BPA and 4-NP impairs the testicular function of the 
F1 generation male offspring rats, which is closely related to the autophagy of testicular cells and changes of the Akt/mTOR pathway.

Zhonghua Nan Ke Xue 
Vol.28 Issue 3 Pages 
195-202

- 37462956 動物 - 1 1 1 不明 0 0.5 mg/kg - - - - - - - - - - - - - - - - - - - - -

統合_1396 C. Caglayan, F. M. Kandemir, A. Ayna, C. Gür, S. 
Küçükler and E. Darendelioğlu 2022

Neuroprotective effects of 18β-
glycyrrhetinic acid against bisphenol 
A-induced neurotoxicity in rats: 
involvement of neuronal apoptosis, 
endoplasmic reticulum stress and 
JAK1/STAT1 signaling pathway

The exposure to bisphenol A (BPA) is inevitable owing to its common use in the production of polycarbonate plastics. Studies to reduce side effects are gaining importance since BPA causes severe toxicities in important 
tissues such as testes, lungs, brain, liver and kidney. The current study was planned to study ameliorative effect of 18β-glycyrrhetinic acid (18β-GA) on BPA induced neurotoxicity. Fourty Wistar albino rats were divided 
into five equal groups as follows: I-Control group, II-18β-GA group (100 mg/kg), III- BPA group (250 mg/kg), IV-250 mg/kg BPA + 50 mg/kg 18β-GA group, V-250 mg/kg BPA + 100 mg/kg 18β-GA group. BPA intoxication 
was associated with increased MDA level while reduced GSH concentration, activities of glutathione peroxidase, superoxide dismutase, and catalase. BPA supplementation caused apoptosis in the brain by up-regulating 
caspase-3 and Bax levels and down-regulating Bcl-2. BPA also caused endoplasmic reticulum (ER) stress by increasing mRNA transcript levels of PERK, IRE1, ATF-6 and GRP78. Additionally, it was observed that BPA 
administration activated JAK1/STAT1 signaling pathway and levels of TNF-α, NF-κB, p38 MAPK and JNK in the brain. However, co-treatment with 18β-GA at a dose of 50 and 100 mg/kg considerably ameliorated 
oxidative stress, inflammation, apoptosis, ER stress and JAK1/STAT1 signaling pathway in brain tissue. Overall, the data of this study indicate that brain damage associated with BPA toxicity could be ameliorated by 18β
-GA administration.

Metab Brain Dis Vol.37 
Issue 6 Pages 1931-
1940

10.1007/s11011-022-01027-z 35699857 動物 - 1 1 1 1 0 250 mg/kg（餌中濃度） - - - - - - - - - - - - - - - - - - - - -

統合_1397

M. C. Butler, C. N. Long, J. A. Kinkade, M. T. 
Green, R. E. Martin, B. L. Marshall, T. E. 
Willemse, A. K. Schenk, J. Mao and C. S. 
Rosenfeld

2020

Endocrine disruption of gene 
expression and microRNA profiles in 
hippocampus and hypothalamus of 
California mice: Association of gene 
expression changes with 
behavioural outcomes

The hypothalamus and hippocampus are sensitive to early exposure to endocrine disrupting chemicals (EDCs). Two EDCs that have raised particular concerns are bisphenol A (BPA), a widely prevalent chemical in many 
common household items, and genistein (GEN), a phyto-oestrogen present in soy and other plants. We hypothesised that early exposure to BPA or GEN may lead to permanent effects on gene expression profiles for both 
coding RNAs (mRNAs) and microRNAs (miRs), which can affect the translation of mRNAs. Such EDC-induced biomolecular changes may affect behavioural and metabolic patterns. California mice (Peromyscus 
californicus) male and female offspring were developmentally exposed via the maternal diet to BPA (5 mg kg(-1) feed weight low dose [LD] and 50 mg kg(-1) feed weight upper dose [UD]), GEN (250 mg kg(-1) feed 
weight) or a phyto-oestrogen-free diet (AIN) control. Behavioural and metabolic tests were performed at 180 days of age. A quantitative polymerase chain reacttion analysis was performed for candidate mRNAs and miRs 
in the hypothalamus and hippocampus. LD BPA and GEN exposed California mice offspring showed socio-communication impairments. Hypothalamic Avp, Esr1, Kiss1 and Lepr were increased in LD BPA offspring. miR-
153 was elevated but miR-181a was reduced in LD BPA offspring. miR-9 and miR-153 were increased in the hippocampi of LD BPA offspring, whereas GEN decreased hippocampal miR-7a and miR-153 expression. 
Correlation analyses revealed neural expression of miR-153 and miR-181a was associated with socio-communication deficits in LD BPA individuals. The findings reveal a cause for concern such that developmental 
exposure of BPA or GEN in California mice (and potentially by translation in humans) can lead to long standing neurobehavioural consequences.

J Neuroendocrinol 
Vol.32 Issue 5 Pages 
e12847

10.1111/jne.12847 32297422 動物 - 1 1 1 1 0 5 mg/kg（餌中濃度） - - - - - - - - - - - - - - - - - - - - -

統合_1398
F. Bujalance-Reyes, A. M. Molina-López, N. 
Ayala-Soldado, A. Lora-Benitez, R. Mora-
Medina and R. Moyano-Salvago

2022

Analysis of Indirect Biomarkers of 
Effect after Exposure to Low Doses 
of Bisphenol A in a Study of 
Successive Generations of Mice

Bisphenol A (BPA) is considered as being an emerging pollutant, to which both animal and human populations are continuously and inadvertently exposed. The identification of indirect biomarkers of effect could be a key 
factor in determining early adverse outcomes from exposure to low doses of BPA. Thus, this study on mice aims to evaluate and identify indirect biomarkers of effect through the analysis of their blood biochemistry, and of 
certain reproduction parameters after exposure to different BPA concentrations (0.5, 2, 4, 50, and 100 µg/kg BW/day) in drinking water over generations. Our results showed that there were no modifications in the 
reproductive parameters evaluated, like estrous cycle duration, litter size, or the percentage of the young alive at reaching the weaning stage, at the exposure levels evaluated. However, there were modifications in the 
biochemical parameters, e.g., alterations in the glucose levels, that increased significantly (p < 0.05) in the breeders at the higher exposure doses (50 and 100 µg/kg BW/day in F1; 50 µg/kg BW/day in F2 and 100 µg/kg 
BW/day in F3), that would suggest that the BPA could induce hyperglycemia and its complications in adult animals, probably due to some damage in the pancreas cells; albumin, that increased in the breeders exposed to 
the highest dose in F1 and F3, inferring possible hepatic alterations. Further, total proteins showed a diminution in their values in F1 and F2, except the group exposed to 100 µg/kg BW/day, whereas in F3 the values of 
this parameter increased with respect to the control group, this aspect likely being related to a possible hepatic and renal alteration. Based on these results, glucose, albumin, and total proteins could initially be 
considered as early indicators of indirect effect after prolonged exposure to low BPA doses over generations.

Animals (Basel). 2022 
Jan 26;12(3):300.

10.3390/ani12030300 35158624 動物 ⼀般毒性(繁殖、⽣化) 1 1 1 C57BL/6:1 1 0.5,2,4,50,100 µg/mg:1 - - - - - - 1 1 - 1 - - - - - - - - - - -

統合_1399 G. V. Bryukhin, D. S. Laskov, N. V. Gribachyova 
and D. R. Solyannikova 2025

Sexual Behavior of the Offspring of 
Female Rats Exposed to Bisphenol A

We studied the effect of bisphenol A orally administrated to female rats on sexual behavior of their offspring. The males of the experimental group demonstrated significantly decreased number of approaches to a partition 
separating them from a receptive female; the copulatory rate during direct interaction with the female was also reduced. In females of the experimental group, the lordosis quotient and lordosis intensity were decreased. 
The revealed changes indicate that bisphenol A intoxication of female rats leads to significant disturbance of sexual behavior in their offspring of both sexes.

Bull Exp Biol Med. 2025 
May;179(1):10-13.

10.1007/s10517-025-06423-w 40679519 動物 発達神経毒性 1 1 1 1 0 1 - - - - - - 1 1 - 1 - - - - - - - - - - -

統合_1400

K. A. Bruno, L. P. Macomb, A. C. Morales-Lara, 
J. E. Mathews, J. A. Frisancho, A. L. Yang, D. N. 
Di Florio, B. H. Edenfield, E. R. Whelan, G. R. 
Salomon, A. R. Hill, C. C. Hewa-Rahinduwage, 
A. J. Scott, H. D. Greyner, F. A. Molina, M. S. 
Greenaway, G. M. Cooper and D. Fairweather

2021
Sex-Specific Effects of Plastic 
Caging in Murine Viral Myocarditis

BACKGROUND: Myocarditis is an inflammatory heart disease caused by viral infections that can lead to heart failure, and occurs more often in men than women. Since animal studies have shown that myocarditis is 
influenced by sex hormones, we hypothesized that endocrine disruptors, which interfere with natural hormones, may play a role in the progression of the disease. The human population is exposed to the endocrine 
disruptor bisphenol A (BPA) from plastics, such as water bottles and plastic food containers. METHODS: Male and female adult BALB/c mice were housed in plastic versus glass caging, or exposed to BPA in drinking 
water versus control water. Myocarditis was induced with coxsackievirus B3 on day 0, and the endpoints were assessed on day 10 post infection. RESULTS: We found that male BALB/c mice that were exposed to plastic 
caging had increased myocarditis due to complement activation and elevated numbers of macrophages and neutrophils, whereas females had elevated mast cell activation and fibrosis. CONCLUSIONS: These findings 
show that housing mice in traditional plastic caging increases viral myocarditis in males and females, but using sex-specific immune mechanisms.

Int J Mol Sci. 2021 Aug 
17;22(16):8834.

10.3390/ijms22168834 34445539 動物 免疫 1 1 1 1 0 不明 - - - - - - 1 1 - 1 - - - - - - - - - - -
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統合_1401 A. Brulport, D. Vaiman, E. Bou-Maroun, M. C. 
Chagnon and L. L. Corre 2020

Hepatic transcriptome and DNA 
methylation patterns following 
perinatal and chronic BPS exposure 
in male mice

BACKGROUND: Bisphenol S (BPS) is a common bisphenol A (BPA) substitute, since BPA is virtually banned worldwide. However, BPS and BPA have both endocrine disrupting properties. Their effects appear mostly in 
adulthood following perinatal exposures. The objective of the present study was to investigate the impact of perinatal and chronic exposure to BPS at the low dose of 1.5 μg/kg body weight/day on the transcriptome and 
methylome of the liver in 23 weeks-old C57BL6/J male mice. RESULTS: This multi-omic study highlights a major impact of BPS on gene expression (374 significant deregulated genes) and Gene Set Enrichment Analysis 
show an enrichment focused on several biological pathways related to metabolic liver regulation. BPS exposure also induces a hypomethylation in 58.5% of the differentially methylated regions (DMR). Systematic 
connections were not found between gene expression and methylation profile excepted for 18 genes, including 4 genes involved in lipid metabolism pathways (Fasn, Hmgcr, Elovl6, Lpin1), which were downregulated and 
featured differentially methylated CpGs in their exons or introns. CONCLUSIONS: This descriptive study shows an impact of BPS on biological pathways mainly related to an integrative disruption of metabolism (energy 
metabolism, detoxification, protein and steroid metabolism) and, like most high-throughput studies, contributes to the identification of potential exposure biomarkers.

BMC Genomics Vol.21 
Issue 1 Pages 881

10.1186/s12864-020-07294-3 33297965 動物 - 1 1 1 1 0 1.5 µg/kg 体重/⽇ - - - - - - - - - - - - - - - - - - - - -

統合_1402 V. Brouard, M. Drouault, N. Elie, I. Guénon, V. 
Hanoux, H. Bouraïma-Lelong and C. Delalande 2022

Effects of bisphenol A and estradiol 
in adult rat testis after prepubertal 
and pubertal exposure

Over the past few decades, male fertility has been decreasing worldwide. Many studies attribute this outcome to endocrine disruptors exposure such as bisphenol A (BPA), which is a chemical compound used in plastics 
synthesis and exhibiting estrogenic activity. In order to assess how the window of exposure modulates the effects of BPA on the testis, prepubertal (15 dpp to 30 dpp) and pubertal (60 dpp to 75 dpp) male Sprague-Dawley 
rats were exposed to BPA (50 µg/kg bw/day), 17-β-estradiol (E2) (20 µg/kg bw/day) as a positive control, or to a combination of these compounds. For both periods of exposure, the rats were sacrificed and their testes 
were collected at 75 dpp. The histological analysis and the quantification of the gene expression of testis cell markers by RT-qPCR confirmed the complete spermatogenesis in all groups for both periods of exposure. 
However, our results suggest a deleterious effect of BPA on the blood-testis barrier in adults after pubertal exposure as BPA and BPA+E2 treatments induced a decrease in caveolin-1 and connexin-43 gene expression; 
which are proteins of the junctional complexes. As none of these effects were found after a prepubertal exposure, these results suggested the reversibility of BPA's effects. Caution must be taken when transposing this 
finding to humans and further studies are needed in this regard. However, from a regulatory perspective, this study emphasizes the importance of taking into account different periods of exposure, as they present different 
sensitivities to BPA exposure.

Reprod Toxicol Vol.111 
Pages 211-224

10.1016/j.reprotox.2022.06.004 35700937 動物 - 1 不明 1 1 0 50 µg/kg bw/⽇ - - - - - - - - - - - - - - - - - - - - -

統合_1403
G. E. Brito Filho, T. F. R. Ruiz, L. G. de Souza, L. 
J. Ferrato, F. C. A. Dos Santos, P. S. L. Vilamaior, 
E. C. R. Leonel and S. R. Taboga

2025

Mammary Gland Reactive Stroma 
Characterization at Aging After 
Bisphenol A Exposure During 
Hormonal Susceptibility Windows

Mammary glands development is influenced by endocrine signaling, which remodels epithelial and stromal compartments. Reactive stroma phenotype is observed when stromal disturbances occur, leading to changes in 
extracellular matrix composition and occurrence of reactive cell types. One of the triggers of these alterations is endocrine-disrupting chemical exposure, such as bisphenol A (BPA). Studies suggest that BPA acts on 
receptor binding sites of several hormones interfering the endocrine response. The aim of this study was to investigate the reactive stroma features on mammary glands of aged female gerbils (Meriones unguiculatus) 
exposed to BPA during windows of susceptibility. Thus, the analysis of cellular profile and growth factor expressions was provided. Fibroblastic population changed in BPA-exposed mammary glands, with a remarkable 
increase of myofibroblasts (vimentin(+)/α-SMA(+)) and active fibroblasts (FAP(+)). Normal fibroblasts (vimentin(+)/α-SMA(-)) were decreased mainly associated with the increase of FGF-10, an inductor of 
fibroblastic polarization. CD34(+) stromal cells were also identified and detected among epithelial cells after BPA-induction disruption. Angiogenesis was supported by VEGF increasing in the gland tissue, which 
promoted an increase in blood vessel density. Thus, our results demonstrated that reactive stroma was raised in the mammary gland after BPA exposure. This profile was supported by changes in the fibroblastic 
population due to an induction to synthetic phenotypes and the expression of FGF-10, as well as the angiogenic activity that could corroborate with the malignancy and aggressiveness induced by BPA exposure.

Cell Biol Int. 2025 
Apr;49(4):397-406.

10.1002/cbin.12280 39873202 動物 発がん性 1 1 1 0: スナネズミ（⼊⼿先不明） 0: 1⽤量（50 μg/kg/day） 1 - - - - - - 1 1 - 1 - - - - - - - - - - -

統合_1404
J. Brankovič, J. Leskovec, S. Šturm, V. 
Cerkvenik-Flajs, S. Šterpin, J. Osredkar, E. 
Pogorevc, D. Antolinc and M. Vrecl

2022

Experimental Exposure to Bisphenol 
A Has Minimal Effects on Bone 
Tissue in Growing Rams-A 
Preliminary Study

Bisphenol A (BPA) is a well-known synthetic compound that belongs to the group of endocrine-disrupting chemicals. Although bone tissue is a target for these compounds, studies on BPA-related effects on bone 
morphology in farm animals are limited. In this preliminary study, we investigated the effects of short-term dietary BPA exposure on femoral morphology, metabolism, mineral content, and biomechanical behavior in rams 
aged 9-12 months. Fourteen rams of the Istrian Pramenka breed were randomly divided into a BPA group and a control group (seven rams/group) and exposed to 25 µg BPA/kg bw for 64 days in feed. Blood was collected 
for determination of bone turnover markers (procollagen N-terminal propeptide, C-terminal telopeptide), and femurs were assessed via computed tomography, histomorphometry, three-point bending test, and mineral 
analysis. BPA had no significant effects on most of the parameters studied. Only mineral analysis showed decreased manganese (50%; p ≤ 0.05) and increased copper content (25%; p ≤ 0.05) in the femurs of BPA-
exposed rams. These results suggest that a 2-month, low-dose exposure to BPA in growing rams did not affect the histomorphology, metabolism, and biomechanical behavior of femurs; however, it affected the 
composition of microelements, which could affect the histometric and biophysical properties of bone in the long term.

Animals (Basel) Vol.12 
Issue 17

10.3390/ani12172179 36077899 動物 - 1 1 1 不明 0 25 µg/kg/day - - - - - - - - - - - - - - - - - - - - -

統合_1405 M. C. Bosland, M. J. Schlicht, N. Acevedo, A. M. 
Soto and G. Prins 2023

Effects of perinatal exposure to 
bisphenol A on induction of prostate 
cancer in Sprague Dawley rats by 
MNU and testosterone

Perinatal and neonatal exposure to bisphenol A (BPA) has been linked to enhancement of prostate carcinogenesis in rats induced by combined treatment with estradiol and testosterone, but human data are lacking. This 
study aimed to determine the effects of perinatal BPA exposure on induction of prostate cancer in rats by sequential treatment with N-methyl-N-nitrosamine (MNU) and continuous low dose administration of 
testosterone. Pregnant Sprague Dawley rats were exposed to BPA administered by subcutaneous Alzet minipumps at doses of 2.5 or 25 µg/kg body weight/day from gestational day 9 until postnatal day 28 when pups 
were weaned providing exposure of offspring in utero and via the mother's milk. At 10-12 weeks of age, one male offspring per litter was treated with an intraperitoneal injection of MNU after hormonal stimulation of 
prostatic cell proliferation followed two weeks later by subcutaneous insertion of Silastic implants containing testosterone until the termination of the study 57-58 weeks after MNU injection. The perinatal BPA exposure 
did not significantly affect the incidence of prostate carcinomas which was slightly lower in exposed rats (33-23 %) than in control animals (40 %). Carcinomas in all accessory sex glands combined were also 
insignificantly less frequent in exposed (46-48 %) than in control rats (60 %). The incidence of malignant tumors at any site in the body was significantly lower in exposed rats (81-65 %) than in controls (93 %). In 
conclusion, perinatal BPA exposure did not significantly modify prostate cancer induction by MNU plus testosterone in rats, unlike the enhancement of prostate carcinogenesis induced by treatments involving estradiol 
administration. Which of the two models of prostate carcinogenesis is more relevant for the human situation is unclear at present.

Toxicology Vol.484 
Pages 153394

10.1016/j.tox.2022.153394 36521576 動物 - 1 0 1 1 0 2.5, 25 µg/kg/day - - - - - - - - - - - - - - - - - - - - -

統合_1406
T. Boronat-Belda, H. Ferrero, R. Al-Abdulla, I. 
Quesada, J. A. Gustafsson, Á. Nadal and P. 
Alonso-Magdalena

2020

Bisphenol-A exposure during 
pregnancy alters pancreatic β-cell 
division and mass in male mice 
offspring: A role for ERβ

Bisphenol-A (BPA) is a widespread endocrine disrupting chemical that constitutes a risk factor for type 2 diabetes mellitus (T2DM). Data from animal and human studies have demonstrated that early exposure to BPA 
results in adverse metabolic outcomes in adult life. In the present work, we exposed pregnant heterozygous estrogen receptor β (ERβ) knock out (BERKO) mice to 10 μg/kg/day BPA, during days 9-16 of pregnancy, and 
measured β-cell mass and proliferation in wildtype (WT) and BERKO male offspring at postnatal day 30. We observed increased pancreatic β-cell proliferation and mass in WT, yet no effect was produced in BERKO 
mice. Dispersed islet cells in primary culture treated with 1 nM BPA showed an enhanced pancreatic β-cell replication rate, which was blunted in pancreatic β-cells from BERKO mice and mimicked by the selective ER
β agonist WAY200070. This increased β-cell proliferation was found in male adult as well as in neonate pancreatic β-cells, suggesting that BPA directly impacts β-cell division at earliest stages of life. These findings 
strongly indicate that BPA during pregnancy upregulates pancreatic β-cell division and mass in an ERβ-dependent manner. Thus, other natural or artificial chemicals may use this ERβ-mediated pathway to promote 
similar effects.

Food Chem Toxicol 
Vol.145 Pages 111681

10.1016/j.fct.2020.111681 32805339 動物 - 1 不明 1 wild type, ヘテロ接合性エストロゲン受容体β（ERβ）ノックアウト（BERKO）マウス 0 10 µg/kg/⽇ - - - - - - - - - - - - - - - - - - - - -

統合_1407 H. Bordbar, S. S. Yahyavi, A. Noorafshan, E. 
Aliabadi and M. Naseh 2023

Resveratrol ameliorates bisphenol A-
induced testicular toxicity in adult 
male rats: a stereological and 
functional study

BACKGROUND: Bisphenol A (BPA) is one of the most widely used synthetic chemicals worldwide. BPA as an endocrine disruptor affects the reproductive systems through estrogenic and antiandrogenic proprieties. 
Resveratrol (RES) as a natural polyphenol and potent antioxidant exhibits protective effects against reproductive toxicity by inhibiting of oxidative stress. 48 male rats were divided into eight groups (n=6), including 
CONTROL, OLIVE OIL (0.5 ml/ day), Carboxy methylcellulose (CMC) (1 ml of 10 g/l), RES (100mg/kg/day), low dose of BPA (25 mg/kg/day), high dose of BPA (50 mg/kg/day), low dose of BPA + RES, and high dose of 
BPA + RES. All treatments were done orally per day for 56 days. At the end of the 8th week, blood samples were collected for hormone assays. Then, the sperm parameters were analyzed, and the left testis was removed 
for stereological study. RESULTS: We showed a significant decrease in sperm parameters in the low and high doses of BPA groups compared to control groups (P<0.05). The volume of testicular components as well as 
the diameter and length of seminiferous tubules significantly reduced (11-64 %), and the total number of the testicular cell types decreased (34-67 %) on average in the low and high doses of BPA groups. Moreover, serum 
follicle-stimulating hormone (FSH), luteinizing hormone (LH), and testosterone hormones concentration showed a significant reduction in both doses of BPA groups (P<0.01). Nonetheless, treatment with RES could 
ameliorate all the above-mentioned changes in the low and high doses of BPA groups (P<0.05). CONCLUSIONS: RES could prevent BPA-induced testicular structural changes and sperm quality via improving gonadotropin 
hormones and testosterone levels.

Basic Clin Androl Vol.33 
Issue 1 Pages 1

10.1186/s12610-022-00174-8 36604652 動物 - 1 1 1 1 0 25, 50 mg/kg/⽇ - - - - - - - - - - - - - - - - - - - - -

統合_1408 H. Bordbar, F. Soleymani, E. Nadimi, S. S. 
Yahyavi and K. Fazelian-Dehkordi 2021

A Quantitative Study on the 
Protective Effects of Resveratrol 
against Bisphenol A-induced 
Hepatotoxicity in Rats: A 
Stereological Study

BACKGROUND: Bisphenol A (BPA) is a widely used chemical with toxic effects on the liver. Resveratrol (RES) is an herbal compound with protective properties. This study aimed to investigate the protective effects of 
RES on the liver in rats exposed to BPA. METHODS: This study was conducted in 2018 in Shiraz, Iran. Thirty Sprague-Dawley male rats were divided into five groups: a control group (distilled water), a sham group (olive 
oil as a BPA solvent), a BPA group (50 mg/kg), an RES group (100 mg/kg), and a RES+BPA group (50 mg/kg+100 mg/kg). Olive oil, BPA, and RES were administered to the animals via gavage for eight weeks. After eight 
weeks, the animals' livers were removed, and stereological measurements were made to obtain the total liver volume, portal triad volumes, hepatocyte nucleus and cytoplasm volumes, hepatocyte numbers, sinusoidal 
space volumes and lengths, and Kupffer cell (KC) numbers. The data were analyzed using the one-way analysis of variance test. RESULTS: The hepatocyte number, the total liver volume, and hepatocyte nucleus and 
cytoplasm volumes in the BPA group decreased by 41% (P<0.001), 18% (P<0.001), 32% (P=0.030), and 37% (P=0.014), respectively. The number of KCs and the length of sinusoids in the BPA group were increased 
compared with all the other groups (P<0.001). Our histological study revealed vacuolization, sinusoidal space dilatation, and congestion in the BPA group. CONCLUSION: In this study, the RES group, compared with the 
BPA group, exhibited a decrease in the total volume and length of sinusoids and the number of KCs. Additionally, the RES group showed an increase in the total liver volume, hepatocyte nucleus and cytoplasm volumes, 
portal triad volumes, and hepatocyte numbers after oral administration.

Iran J Med Sci Vol.46 
Issue 3 Pages 218-227

10.30476/ijms.2020.83308.1233 34083854 動物 - 1 1 1 1 0 50 mg/kg - - - - - - - - - - - - - - - - - - - - -

統合_1409 B. Bonaldo, L. Gioiosa, G. Panzica and M. 
Marraudino 2023

Exposure to either Bisphenol A or S 
Represents a Risk for Crucial 
Behaviors for Pup Survival, Such as 
Spontaneous Maternal Behavior in 
Mice

INTRODUCTION: Maternal behavior depends on a multitude of factors, including environmental ones, such as Endocrine Disrupting Chemicals (EDCs), which are increasingly attracting attention. Bisphenol A (BPA), an 
EDC present in plastic, is known to exert negative effects on maternal behavior. Bisphenol S (BPS), a BPA substitute, seems to share some endocrine disrupting properties. In this study, we focused on the analysis of the 
effects of low-dose (i.e., 4 µg/kg body weight/day, EFSA TDI for BPA) BPA or BPS exposure throughout pregnancy and lactation in mice. METHODS: We administered adult C57BL/6 J females orally BPA, BPS, or vehicle 
from mating to offspring weaning. We assessed the number of pups at birth, the sex ratio, and the percentage of dead pups in each litter, and during the first postnatal week, we observed spontaneous maternal behavior. 
At the weaning of the pups, we sacrificed the dams and analyzed the oxytocin system, known to be involved in the control of maternal care, in the hypothalamic magnocellular nuclei. RESULTS: At birth, pups from BPA-
treated dams tended to have a lower male-to-female ratio compared to controls, while the opposite was observed among BPS-treated dams' litters. During the first postnatal week, offspring mortality impacted 
differentially in the BPA and BPS litters, with more female dead pups among the BPA litters, while more male dead pups in the BPS litters, sharpening the difference in the sex ratio. BPA- and BPS-treated dams spent 
significantly less time in pup-related behaviors than controls. Oxytocin immunoreactivity in the paraventricular and supraoptic nuclei was increased only in the BPA-treated dams. DISCUSSION/CONCLUSIONS: 
Alterations in maternal care, along with the treatment itself, may affect, later in life, the offspring's physiology and behavior. Exposure to BPs during sensitive developmental periods represents a risk for both dams and 
offspring, even at low environmentally relevant doses, through the functional alteration of neural circuits controlling fundamental behaviors for pup survival, such as maternal behaviors.

Neuroendocrinology 
Vol.113 Issue 12 Pages 
1283-1297

10.1159/000526074 35850097 動物 - 1 1 1 1 0 4µg/kg体重/⽇ - - - - - - - - - - - - - - - - - - - - -

統合_1410
B. Bonaldo, A. Casile, M. T. Ostuni, M. Bettarelli, 
S. Nasini, M. Marraudino, G. Panzica and S. 
Gotti

2024
Perinatal exposure to bisphenol A or 
S: Effects on anxiety-related 
behaviors and serotonergic system

Bisphenols, synthetic organic compounds used in the production of plastics, are an extremely abundant class of Endocrine Disrupting Chemicals, i.e., exogenous chemicals or mixtures of chemicals that can interfere with 
any aspect of hormone action. Exposure to BPs can lead to a wide range of effects, and it is especially dangerous if it occurs during specific critical periods of life. Focusing on the perinatal exposure to BPA or its largely 
used substitute BPS, we investigated the effects on anxiety-related behaviors and the serotonergic system, which is highly involved in controlling these behaviors, in adult mice. We treated C57BL/6J dams orally with a 
dose of 4 μg/kg body weight/day (i.e., EFSA TDI) of BPA or BPS dissolved in corn oil or with vehicle alone, at the onset of mating and continued treatment until the offspring were weaned. Adult offspring of both sexes 
performed the elevated plus maze and the open field tests. Then, we analyzed the serotonergic system in dorsal (DR) and median (MnR) raphe nuclei by immunohistochemical techniques. Behavioral tests highlighted 
alterations in BPA- and BPS-treated mice, suggesting different effects of the bisphenols exposure on anxiety-related behavior in males (anxiolytic) and females (anxiogenic). The analysis of the serotonergic system 
highlighted a sex dimorphism in the DR only, with control females showing higher values of serotonin immunoreactivity (5-HT-ir) than control males. BPA-treated males displayed a significant increase of 5-HT-ir in all 
analyzed nuclei, whereas BPS-treated males showed an increase in ventral DR only. In females, both bisphenols-treated groups showed a significant increase of 5-HT-ir in dorsal DR compared to the controls, and BPA-
treated females also showed a significant increase in MnR.These results provide evidence that exposure during the early phases of life to BPA or BPS alters anxiety and the raphe serotonergic neurons in a sex-dependent 
manner.

Chemosphere Vol.349 
Pages 140827

10.1016/j.chemosphere.2023.1408
27

38042429 動物 - 1 1 1 1 0 4 µg/kg体重/⽇ - - - - - - - - - - - - - - - - - - - - -

統合_1411
B. Bonaldo, A. Casile, F. Montarolo, M. Bettarelli, 
F. Napoli, S. Gotti, G. Panzica and M. 
Marraudino

2023
Effects of perinatal exposure to 
bisphenol A or S in EAE model of 
multiple sclerosis

Epidemiological studies support the idea that multiple sclerosis (MS) is a multifactorial disease, overlapping genetic, epigenetic, and environmental factors. A better definition of environmental risks is critical to 
understand both etiology and the sex-related differences of MS. Exposure to endocrine-disrupting compounds (EDCs) fully represents one of these risks. EDCs are natural or synthetic exogenous substances (or mixtures) 
that alter the functions of the endocrine system. Among synthetic EDCs, exposure to bisphenol A (BPA) has been implicated in the etiology of MS, but to date, controversial data has emerged. Furthermore, nothing is 
known about bisphenol S (BPS), one of the most widely used substitutes for BPA. As exposure to bisphenols will not disappear soon, it is necessary to clarify their role also in this pathological condition defining their role 
in disease onset and course in both sexes. In this study, we examined, in both sexes, the effects of perinatal exposure to BPA and BPS in one of the most widely used mouse models of MS, experimental autoimmune 
encephalomyelitis (EAE). Exposure to bisphenols seemed to be particularly deleterious in males. In fact, both BPA- and BPS-treated males showed anticipation of the disease onset and an increased motoneuron loss in 
the spinal cord. Overall, BPA-treated males also displayed an exacerbation of EAE course and an increase in inflammation markers in the spinal cord. Analyzing the consequences of bisphenol exposure on EAE will help to 
better understand the role of both xenoestrogens and endogenous estrogens on the sexually dimorphic characteristics of MS.

Cell Tissue Res Vol.392 
Issue 2 Pages 467-480

10.1007/s00441-023-03746-w 36750500 動物 - 1 1 1 1 0 4 µg/kg体重/⽇ - - - - - - - - - - - - - - - - - - - - -

統合_1412 B. Bonaldo, A. Casile, M. Bettarelli, M. 
Marraudino and S. Gotti 2025

Perinatal exposure to bisphenol A or 
S alters differently sexual behavior 
and kisspeptin system in mice

The effects of bisphenol A (BPA), a highly diffused endocrine-disrupting chemical found mainly in plastics, on neural circuits and behaviors are well-known. However, the effects of its substitutes have not been fully 
investigated. Thus, in the present study, we compare the effects of perinatal exposure to bisphenol A or S (BPS) on reproductive behaviors and related hypothalamic kisspeptin system in mice. C57BL/6J dams were orally 
treated with 4 μg/kg body weight/day of BPA, BPS, or vehicle from mating until the weaning of the offspring. In the adult offspring, we performed the two-bedding T-Maze test, and we observed the spontaneous sexual 
behavior. Exposure to BPA caused a delay in puberty onset in females, while BPS caused anticipation in males, and both altered the estrous cycle in females. The sexual and sexual-related behaviors were partially altered 
in males, especially in the BPA-exposed ones. Regarding the kisspeptin immunoreactivity in the analyzed hypothalamic nuclei, in BPA- or BPS-treated females, we observed an increase within the rostral periventricular 
area, while BPA led to an increase in the paraventricular nucleus, and BPS induced a reduction compared to control females. Among males, we observed a significant increase in the arcuate nucleus of BPA-treated males 
and a significant decrease in the paraventricular nucleus of BPS-treated ones. These results support the idea that perinatal exposure to low doses of either BPA or BPS is altering, in a sexually differentiated way, some 
reproductive-relevant parameters, sexual behaviors, and kisspeptin hypothalamic nuclei.

Environ Res Vol.269 
Pages 120888

10.1016/j.envres.2025.120888 39828186 動物 - 1 1 1 1 0 4 µg/kg体重/⽇ - - - - - - - - - - - - - - - - - - - - -

統合_1413 B. Bonaldo, A. Casile, M. Bettarelli, S. Gotti, G. 
Panzica and M. Marraudino 2021

Effects of chronic exposure to 
bisphenol A in adult female mice on 
social behavior, vasopressin system, 
and estrogen membrane receptor 
(GPER1)

Bisphenol A (BPA), an organic synthetic compound found in some plastics and epoxy resins, is classified as an endocrine disrupting chemical. Exposure to BPA is especially dangerous if it occurs during specific "critical 
periods" of life, when organisms are more sensitive to hormonal changes (i.e., intrauterine, perinatal, juvenile or puberty periods). In this study, we focused on the effects of chronic exposure to BPA in adult female mice 
starting during pregnancy. Three months old C57BL/6J females were orally exposed to BPA or to vehicle (corn oil). The treatment (4 µg/kg body weight/day) started the day 0 of pregnancy and continued throughout 
pregnancy, lactation, and lasted for a total of 20 weeks. BPA-treated dams did not show differences in body weight or food intake, but they showed an altered estrous cycle compared to the controls. In order to evidence 
alterations in social and sociosexual behaviors, we performed the Three-Chamber test for sociability, and analyzed two hypothalamic circuits (well-known targets of endocrine disruption) particularly involved in the 
control of social behavior: the vasopressin and the oxytocin systems. The test revealed some alterations in the displaying of social behavior: BPA-treated dams have higher locomotor activity compared to the control dams, 
probably a signal of high level of anxiety. In addition, BPA-treated dams spent more time interacting with no-tester females than with no-tester males. In brain sections, we observed a decrease of vasopressin 
immunoreactivity (only in the paraventricular and suprachiasmatic nuclei) of BPA-treated females, while we did not find any alteration of the oxytocin system. In parallel, we have also observed, in the same hypothalamic 
nuclei, a significant reduction of the membrane estrogen receptor GPER1 expression.

Eur J Histochem Vol.65 
Issue s1

10.4081/ejh.2021.3272 34755506 動物 - 1 1 1 1 0 4 µg/kg体重/⽇ - - - - - - - - - - - - - - - - - - - - -
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統合_1414 N. Bi, X. Gu, A. Fan, D. Li, M. Wang, R. Zhou, Q. 
C. Sun and H. L. Wang 2022

Bisphenol-A exposure leads to 
neurotoxicity through upregulating 
the expression of histone 
deacetylase 2 in vivo and in vitro

Bisphenol-A (BPA), an environmental endocrine disruptor, is toxic to the central nervous system. Although recent studies have shown BPA-induced neurotoxicity, it is far from clear what precisely epigenetic mechanisms 
are involved in BPA-induced cognitive deficits. In this study, pheochromocytoma (PC12) cells were treated with BPA at 1 μM for 36 h in vitro. In vivo, C57BL/6 mice were administered to BPA at a dose of 1 mg/kg/day for 
10 weeks. The results showed that 1 μM BPA exposure for 36 h impaired neurite outgrowth of PC12 cells through decreasing the primary and secondary branches. Besides, BPA exposure decreased the level of Ac-H3K9 
(histone H3 Lys9 acetylation) by upregulating the expression of HDAC2 (histone deacetylases 2) in PC12 cells. Furthermore, treatment of both TSA (Trichostatin A, inhibitor of the histone deacetylase) and shHDAC2 
plasmid (HDAC2 knockdown construct) resulted in amelioration neurite outgrowth deficits induced by BPA. In addition, it was shown that repression of HDAC2 could markedly rescue the spine density impairment in the 
hippocampus and prevent the cognitive impairment caused by BPA exposure in mice. Collectively, HDAC2 plays an essential role in BPA-induced neurotoxicity, which provides a potential molecular target for medical 
intervention.

Toxicology Vol.465 
Pages 153052

10.1016/j.tox.2021.153052 34838597 動物、in vitro - 1 不明 1 1 0 1mg/kg/⽇ - - - 1 0 1 µM - - - - - - - - - - - - - - -

統合_1415 N. Bi, J. Ding, R. Zou, X. Gu, Z. H. Liu and H. L. 
Wang 2021

Developmental exposure of 
bisphenol A induces spatial memory 
deficits by weakening the excitatory 
neural circuits of CA3-CA1 and EC-
CA1 in mice

Bisphenol-A (BPA) is an environmental endocrine disruptor and impairs learning and memory. However, the direct evidence for BPA exposure affecting neural circuits has been limited. In this study, a virus tracing assay 
has been established to explore the brain's neural circuits. Thy1-Cre mice were used to investigate the effects of BPA on the neural projection of glutamatergic pyramidal neurons in hippocampal CA1 based on Thy1 
promoter. These transgenic mice were orally exposed to BPA (0, 0.5 mg/kg/day) from postnatal day (PND) 0 to PND60 and then subjected to behavioral tests. Morris water maze(MWM)and Barnes maze's showed that the 
spatial memory was seriously impaired in BPA exposed Thy1-Cre mice. Virus tracing assay indicated that CA1 pyramidal neurons mainly received neural inputs from hippocampal CA3, entorhinal cortex (EC), and medial 
septum (MS). The analysis showed that BPA reduced the number of RV(+) neurons in CA3 and EC but not MS. The immunohistochemistry experiment displayed that BPA decreased the percentage of CaMKII(RV+) cells in 
CA3 and EC. The results demonstrated that the synaptic connection of upstream glutamatergic neurons and CA1 pyramidal cells was weakened by BPA exposure. These point to potentially detrimental effects of BPA 
exposure on the excitatory neural circuit of CA3-CA1 and EC-CA1 in memory formation. Thus, our findings revealed that the decrease in excitatory neural circuits of CA3-CA1 and EC-CA1 contribute to the BPA-induced 
spatial memory deficits in Thy1-Cre mice.

Toxicol Appl Pharmacol 
Vol.426 Pages 115641

10.1016/j.taap.2021.115641 34242568 動物 - 1 1 1 Thy1-Cre 0 0.5 mg/kg/⽇ - - - - - - - - - - - - - - - - - - - - -

統合_1416 N. Bhardwaj, S. Rajaura, A. Singh, Rambabu, 
Nivedita and M. Z. Ahmed 2025

Bisphenol-A-induced ovarian 
cancer: Changes in epithelial 
diversity, apoptosis, antioxidant and 
anti-inflammatory mechanisms

This research was designed to study the carcinogenic mechanisms of BPA on ovarian epithelial cells. For four months, mice were treated with low (LD, 1 mg/kg) and high (HD, 5 mg/kg of body weight) doses of BPA on 
alternate days through oral gavage; the control group was given corn oil through gavaging during 4 months. The histopathological data suggest that repeated BPA administration induces a borderline epithelial neoplasm 
with altered epithelial morphology with branching papillae. Various epithelial cells (ECs) in ovaries were identified by flow cytometry based on anti-mouse CD74 and podoplanin (PDPL) receptors expression. Three 
different populations of ovarian epithelial cells were identified: epithelial cells type 1 (PDPL(+)CD74(-),EC1), epithelial cells type 2 (PDPL(-)CD74(+)(,) EC2), and transition epithelial cells (PDPL(+)CD74(+), TEC). The 
EC1 decreased, but EC2 was increased in BPA-exposed mice. The population of TEC was comparable to that in the control group at the low dose (LD) but decreased in the high dose (HD) BPA-treated groups. A 
significant increase in PDPL, CD74 receptor expression and apoptosis and necrosis in BPA-treated ovarian cells was seen. The RT-qPCR results suggest that the relative expression levels of pro-apoptotic (Bax and 
Casp3) and anti-apoptotic Cytc were markedly decreased, but Bcl2 expression was increased. The anti-inflammatory (IFN-γ, TNF-α, TGF-β, IL-6) gene expression was reduced, but NF-kB expression was increased. 
Hypoxia regulator (Hif-1α and Nrf2) and tumour suppressor genes (p53 and p21) were also decreased. Thus, BPA exposure changes EC diversity, induces mortality and alters antioxidant, apoptotic and inflammatory gene 
expression in ovary.

Reprod Toxicol Vol.135 
Pages 108909

10.1016/j.reprotox.2025.108909 40250572 動物 - 1 1 1 1 0 1,5 mg/kg - - - - - - - - - - - - - - - - - - - - -

統合_1417
R. K. Bhandari, J. A. Taylor, J. Sommerfeld-
Sager, D. E. Tillitt, W. A. Ricke and F. S. Vom 
Saal

2019

Estrogen receptor 1 expression and 
methylation of Esr1 promoter in 
mouse fetal prostate mesenchymal 
cells induced by gestational 
exposure to bisphenol A or 
ethinylestradiol

Fetal/neonatal environmental estrogen exposures alter developmental programing of the prostate gland causing onset of diseases later in life. We have previously shown in vitro that exposures to 17β-estradiol (E2) and 
the endocrine disrupting chemical bisphenol A, at concentrations relevant to human exposure, cause an elevation of estrogen receptor α (Esr1) mRNA in primary cultures of fetal mouse prostate mesenchymal cells; a 
similar result was observed in the fetal rat urogenital sinus. Effects of these chemicals on prostate mesenchyme in vivo are not well understood. Here we show effects in mice of fetal exposure to the estrogenic drug in 
mixed oral contraceptives, 17α-ethinylestradiol (EE2), at a concentration of EE2 encountered by human embryos/fetuses whose mothers become pregnant while on EE2-containing oral contraceptives, or bisphenol A at a 
concentration relevant to exposures observed in human fetuses in vivo. Expression of Esr1 was elevated by bisphenol A or EE2 exposures, which decreased the global expression of DNA methyltransferase 3A (Dnmt3a), 
while methylation of Esr1 promoter was significantly increased. These results show that exposures to the environmental estrogen bisphenol A and drug EE2 cause transcriptional and epigenetic alterations to expression 
of estrogen receptors in developing prostate mesenchyme in vivo.

Environ Epigenet Vol.5 
Issue 3 Pages dvz012

10.1093/eep/dvz012 31463084 動物 - 1 1 1 1 0  50, 500 µg/kg/day - - - - - - - - - - - - - - - - - - - - -

統合_1418 M. Berköz, S. Yalın and Ö. Türkmen 2025

Protective roles of some natural and 
synthetic aromatase inhibitors in 
testicular insufficiency caused by 
Bisphenol A exposure

In our study, the protective role of synthetic aromatase inhibitors anastrozole (ANS), letrozole (LTZ) and exemestane (EXM) and natural aromatase inhibitors resveratrol (RSV) and apigenin (APG) against testicular failure 
caused by exposure to Bisphenol A (BPA) was investigated. The epididymal sperm concentration, sperm motility and sperm morphology were determined. Oxidative stress and inflammatory response parameters were 
examined and histological examinations were performed in testicular tissues. Our results revealed that BPA exposure decreased serum testosterone and estrogen levels, increased FSH and LH levels (p < 0.05). BPA has 
been found to increase oxidative stress and inflammatory response and disrupt the histological structure. Also, BPA exposure decreased testicular weight, epididymal sperm concentration and motility, and increased 
abnormal sperm rate (p < 0.05). These results show that ANS, LTZ and RSV treatments reduce the BPA-induced testicular damage.

Int J Environ Health 
Res. 2025 
Feb;35(2):506-520.

10.1080/09603123.2024.2362810 38825800 動物 内分泌/精⼦/精巣 1 1 1 1 0 0 - - - - - - 1 1 - 1 - - - - - - - - - - -

統合_1419 L. Benincasa, M. Mandalà, L. Paulesu, L. 
Barberio and F. Ietta 2020

Prenatal Nutrition Containing 
Bisphenol A Affects Placenta 
Glucose Transfer: Evidence in Rats 
and Human Trophoblast

This work aims to clarify the effect of dietary supplementation with Bisphenol A (BPA), a chemical widely present in beverage and food containers, on placental glucose transfer and pregnancy outcome. The study was 
performed on female Sprague Dawley rats fed with a diet containing BPA (2.5, 25 or 250 μg/Kg/day) for a period of a month (virgin state) plus 20 days during pregnancy. Western blot analysis and immunohistochemistry 
were performed in placental tissues for glucose type 1 transporter (GLUT1). Furthermore, human trophoblast, HTR8-SV/neo cells, were used to evaluate the effect of BPA on glucose transport and uptake. Studies in rats 
showed that food supplementation with BPA, produces a higher fetal weight (FW) to placenta weight (PW) ratio at the lowest BPA concentration. Such low concentrations also reduced maternal weight gain in late 
pregnancy and up-regulated placental expression of GLUT1. Treatment of HTR8-SV/neo with the non-toxic dose of 1 nM BPA confirmed up-regulation of GLUT1 expression and revealed higher activity of the transporter 
with an increase in glucose uptake and GLUT1 membrane translocation. Overall, these results indicate that prenatal exposure to BPA affects pregnancy and fetal growth producing changes in the placental nutrients-
glucose transfer.

Nutrients. 2020 May 
11;12(5):1375.

10.3390/nu12051375 32403449 動物、in vitro ⽣殖発⽣毒性 1 1 1 1 1 1 - - - 1 0 1 nM 1 1 - 1 - 1 - - - - - - - - -

統合_1420
C. M. Bedolo, T. F. R. Ruiz, G. M. Amaro, P. S. L. 
Vilamaior, E. C. R. Leonel, S. R. Taboga and S. G. 
P. Campos

2023
The impacts of exposure to 
bisphenol A in the adult female 
prostate Meriones unguiculatus

The female prostate is associated with the urogenital system and presents homology in morphological terms with the male prostate. Due to its responsiveness to endogenous hormones, this gland is under a constant risk 
of developing prostatic pathologies and neoplasia when exposed to certain exogenous compounds. Bisphenol A (BPA) is an endocrine disruptor found in different plastic and resin products. Studies have emphasized the 
effects of perinatal exposure to this compound on different hormone-responsive organs. However, there have been few studies highlighting the influence on female prostate morphology of perinatal exposure to BPA. The 
objective of this study was to describe the histopathological alterations caused by perinatal exposure to BPA (50 µg/kg) and 17-β estradiol (E2) (35 µg/kg) in the prostate of adult female gerbils. The results showed that 
E2 and BPA induced proliferative lesions in the female prostate and acted along similar pathways by modulating steroid receptors in the epithelium. BPA was also found to be a pro-inflammatory and pro-angiogenic agent. 
The impacts of both agents were marked in the prostatic stroma. An increase in the thickness of the smooth muscle layer and a decrease in AR expression were observed, but no alterations in the expression of ERα and 
ERβ, leading to estrogenic sensitivity of the prostate. However, a peculiar response of the female prostate was to diminish the collagen frequency under BPA exposure correlated to smooth muscle layer. These data 
therefore indicate the development of features related to estrogenic and non-estrogenic tissue repercussions by BPA perinatally exposure in gerbil female prostate.

Reprod Toxicol Vol.119 
Pages 108412

10.1016/j.reprotox.2023.108412 37224931 動物 - 1 不明 不明 不明 0 50 µg/kg - - - - - - - - - - - - - - - - - - - - -

統合_1421
S. A. Beauty, J. Hossain, S. J. Sarder, N. Uddin, 
O. Goni, F. Abedin, K. N. Rossi, R. K. Rimi, S. 
Himeno, K. Hossain and Z. A. Saud

2025

Combined Effects of Arsenic and 
Bisphenol-A on Locomotor Activity 
and Oxidative Stress Mediated 
Neurotoxicity in Mice

Bisphenol A (BPA) is a monomer of plastic that can leach into water from scratched containers when used for an extended period. Arsenic (As) is an environmental toxicant, and people are exposed to both arsenic and 
BPA through drinking water and through scratched plastic containers used in contaminated areas. However, the combined effects of As and BPA on locomotor performance and neurobehavioral changes are yet to be 
investigated. Thus, this study was designed to assess the combined effect of As and BPA on locomotor activity and neurotoxicity through a mouse model. The neurobehavioral changes in experimental mice were evaluated 
using the different maze tests. Mice exposed to As or BPA exhibited higher anxiety-like behavior, decreased locomotor activity, and impaired learning and memory including social interaction compared with control mice. 
However, As + BPA-exposed mice showed a significantly reduced anxiety-like behavior, improved learning and memory including locomotor activity, and social interaction compared to individual As-exposed mice. 
Furthermore, mice exposed to As or BPA showed lower levels of antioxidant and cholinesterase enzymes activity, nuclear factor erythroid-2-related factor-2 (Nrf2), heme-oxygenase-1 (HO-1), and interleukin-10 (IL-10) in 
the brain and higher levels of interleukin-6 (IL-6) in the brain and lactate dehydrogenase (LDH) in the serum compared to control mice. However, combined exposure augmented antioxidant and cholinesterase enzymes 
activity, Nrf2, HO-1, IL-10 levels in the brain and reduced serum LDH activity and IL-6 in the brain compared to As exposure. Therefore, this study suggests that As and BPA may have antagonistic effects, and BPA could 
attenuate the As-induced neurobehavioral and biochemical changes in co-exposed mice.

Biol Trace Elem Res. 
2025 Sep;203(9):4694-
4706.

10.1007/s12011-025-04522-3 39853653 動物 神経 1 1 1 1 0 1 - - - - - - 1 1 - 1 - - - - - - - - - - -

統合_1422 I. Bayav, E. Darendelioğlu and C. Caglayan 2024

18β-Glycyrrhetinic acid exerts 
cardioprotective effects against 
BPA-induced cardiotoxicity through 
antiapoptotic and antioxidant 
mechanisms

Bisphenol A (BPA) is a synthetic environmental pollutant widely used in industry, as well as is an endocrine disrupting chemicals and has a toxic effects on heart tissue. The aim of this study is to reveal the 
cardioprotective effects of 18β-glycyrretinic acid (GA) against BPA-induced cardiotoxicity in rats. In this study, 40 male rats were used and five different groups (each group includes eight rats) were formed. The rats 
were applied BPA (250 mg/kg b.w.) alone or with GA (50 and 100 mg/kg b.w.) for 14 days. Rats were killed on Day 15 and heart tissues were taken for analysis. GA treatment decreased serum lactate dehydrogenase and 
creatine kinase MB levels, reducing BPA-induced heart damage. GA treatment showed ameliorative effects against lipid peroxidation and oxidative stress caused by BPA by increasing the antioxidant enzyme activities 
(glutathione peroxidase, superoxide dismutase, and catalase) and GSH level of the heart tissue and decreasing the MDA level. In addition, GA showed antiapoptotic effect by increasing Bcl-2, procaspase-3, and -9 protein 
expression levels and decreasing Bax, cytochrome c, and P53 protein levels in heart tissue. As a result, it was found that GA has cardioprotective effects on heart tissue by exhibiting antioxidant and antiapoptotic effects 
against heart damage caused by BPA, an environmental pollutant. Thus, it was supported that GA could be a potential cardioprotective agent.

J Biochem Mol Toxicol 
Vol.38 Issue 2 Pages 
e23655

10.1002/jbt.23655 38348715 動物 - 1 不明 不明 不明 0 250 mg/kg bw - - - - - - - - - - - - - - - - - - - - -

統合_1423 F. Basit, T. Akhtar, N. Hameed, M. H. Abbasi 
and N. Sheikh 2020

Subchronic toxicity of bisphenol A 
on the architecture of spleen and 
hepatic trace metals and protein 
profile of adult male Wistar rats

Bisphenol A (BPA) is one of the widely used chemical as a plasticizer and regarded as endocrine disruptor because of its ability to derail body metabolic functions and adverse effect on the vital organs. The present work 
outlined the subchronic effect of low-dose BPA (10 mg/kg) on histology of spleen, level of hepatic trace metals, and hepatic protein profile of Wistar rats. To conduct the research work, animals were grouped into two 
categories (n = 5). Group 1 was labelled as the control group and group 2 was taken as an experimental group. Experimental group was exposed to low-dose BPA for 12 weeks. Histopathology of spleen highlighted dilation 
in splenic sinuses, follicle activation, followed by depopulation in the area of white pulp and red pulp in the experimental group. Iron staining revealed significant hemosiderosis in the experimental group when compared 
with the control group. Statistically significant decrease was noted in zinc and copper concentrations, while nonsignificant change was observed for magnesium concentration through atomic absorption spectroscopy. 
Sodium dodecyl sulfate-polyacrylamide gel electrophoresis was run for hepatic protein profiling, and as compared to control, elevated levels of different proteins were observed in the experimental group. It can be 
concluded from the above results that even low dose of BPA causes changes in the major organs of the body. Hence, it is suggested that BPA alternative should be used, so that public health status can be secured.

Hum Exp Toxicol Vol.39 
Issue 10 Pages 1355-
1363

10.1177/0960327120921440 32394729 動物 - 1 不明 不明 1 0 10 mg/kg - - - - - - - - - - - - - - - - - - - - -

統合_1424 D. W. Bashir, Y. H. Ahmed and M. A. El-
Sakhawy 2023

Ameliorative effect of vitamin E and 
selenium against bisphenol A-
induced toxicity in spinal cord and 
submandibular salivary glands of 
adult male albino rats

Bisphenol A (BPA) used in plastic industry. This study evaluate ameliorative effect of vitamin E and selenium in combating BPA toxicity in spinal cord (SC) and submandibular glands (SMGs). Thirty rats divided into three 
groups [Group I, controls; Group II, BPA orally (25 mg/kg) three times a week, 60 days; Group III, BPA (25 mg/kg) plus vitamin E and selenium in water (1 ml/L/day)]. By histopathological, immunohistochemical, and 
biochemical investigations. Bisphenol A group showed degenerative alterations. SC gray matter showed pyknotic nuclei and white matter revealed neuropil degeneration. Myelinated fibers showed dispersed myelin. 
SMGs, exhibited vacuolated cytoplasm in acinar cells. Intense glial fibrillary acidic protein in SC and strong proliferating cell nuclear antigen in acinar and ductal cell nuclei of SMGs. Malondialdehyde elevated in SC and 
catalase decreased in SMG. Group III, SC and SMG revealed partial recovery. Vitamin E and selenium displayed protective effects against BPA toxicity in SC and SMGs.

Int J Environ Health Res 
2023 Vol. 33 Issue 10 
Pages 993-1009

10.1080/09603123.2022.2067327 35451911 動物 - 1 1 1 不明 0 25 mg/kg - - - - - - - - - - - - - - - - - - - - -

統合_1425 A. Barman, A. Ghosh, T. K. Kar and S. 
Chattopdhyay 2024

Methanolic extract of wheatgrass 
(Triticum aestivum L.) prevents 
BPA-induced disruptions in the 
ovarian steroidogenic pathway and 
alleviates uterine inflammation in 
Wistar rats

The present study examined the anti-inflammatory and functional improvement of the uterus and ovary, respectively, in bisphenol-A (BPA)-fed adult Wistar rats following the ingestion of methanolic extract of wheatgrass 
(WG-ME). Four groups of rats were conditioned as vehicle-treated control, BPA-treated (100 mg/kg b.w.), BPA + WG-ME (100 mg BPA/kg b.w. + 200 mg WG-ME/kg b.w.), and WG-ME (200 mg/kg b.w.) groups. The LC-
MS study confirmed the presence of numerous bioactive components in WG-ME. ELISA, PAGE, real-time PCR, and immunohistostaining were executed to test the efficacy of WG-ME against BPA. WG-ME was shown to 
induce significant weight gain of the uterus and ovaries as well as improve the estrous cycle and antioxidant status. WG-ME effectively suppressed the mRNA expression of TNF-α (tumor necrosis factor-alpha) and NF-
κB (nuclear factor kappa-B). This extract also increased the expression of the antiapoptotic factor BCL2 (B-cell lymphoma 2) in the uterine tissue of rats administered BPA while impeding the abnormal expression of the 
tumor proteins p53, cylcin-D1, and BAX (BCL2-associated protein X). An enhanced steroidogenic event was supported by improved gonadotropins and reproductive hormone levels, feeble signaling of androgen receptors, 
and improved ovarian follicular growth with a distinct appearance of granulosa layer as well as better uterine histomorphology. The abundance of apigenin and catechin compounds in WG-ME may potentiate the above 
effects. The molecular interaction study predicted that apigenin inhibits TNF-α by interacting with its major site. Hence, WG-ME may exert its preventive efficacy in managing the functional imbalance of reproductive 
organs caused by BPA. SUPPLEMENTARY INFORMATION: The online version contains supplementary material available at 10.1007/s13205-024-04117-0.

3 Biotech Vol.14 Issue 
12 Pages 310

10.1007/s13205-024-04117-0 39600302 動物 - 1 不明 不明 不明 0 100 mg/kg bw - - - - - - - - - - - - - - - - - - - - -

統合_1426

K. Baralić, K. Živančević, D. Jorgovanović, D. 
Javorac, J. Radovanović, T. Gojković, A. Buha 
Djordjevic, M. Ćurčić, Z. Mandinić, Z. Bulat, B. 
Antonijević and D. Đukić-Ćosić

2021

Probiotic reduced the impact of 
phthalates and bisphenol A mixture 
on type 2 diabetes mellitus 
development: Merging 
bioinformatics with in vivo analysis

Linkage between bis(2-ethylhexyl) phthalate (DEHP), dibutyl phthalate (DBP), and bisphenol A (BPA) co-exposure and type 2 diabetes mellitus (T2DM), as well as ability of multi-strained probiotic to reduce DEHP, DBP 
and BPA mixture-induced oxidative damage in rat pancreas were investigated. The Comparative Toxicogenomics Database, Cytoscape software and ToppGene Suite were used for data-mining. Animals were sorted into 
seven groups (n = 6): (1) Control group: corn oil, (2) P: probiotic: Saccharomyces boulardii + Lactobacillus rhamnosus + Lactobacillus plantarum LP 6595 + Lactobacillus plantarum HEAL9; (3) DEHP: 50 mg/kg b.w./day, 
(4) DBP: 50 mg/kg b.w./day, (5) BPA: 25 mg/kg b.w./day, and (6) MIX: 50 mg/kg b.w./day DEHP + 50 mg/kg b.w/day DBP + 25 mg/kg b.w./day BPA; (7) MIX + P. Rats were sacrificed after 28 days of oral exposure. In 
silico investigation highlighted 44 DEHP, DBP and BPA mutual genes linked to the T2DM, while apoptosis and oxidative stress were highlighted as the main mechanisms of DEHP, DBP and BPA mixture-linked T2DM. In 
vivo experiment confirmed the presence of significant changes in redox status parameters (TOS, SOD and SH groups) only in the MIX group, indicating possible additive effects, while probiotic ameliorated mixture-
induced redox status changes in rat pancreatic tissue.

Food Chem Toxicol 
Vol.154 Pages 112325

10.1016/j.fct.2021.112325 34097988 動物 - 1 1 1 不明 0 25 mg/kg 体重/⽇ - - - - - - - - - - - - - - - - - - - - -
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統合_1427

K. Baralić, K. Živančević, D. Javorac, A. Buha 
Djordjevic, M. Anđelković, D. Jorgovanović, E. 
Antonijević Miljaković, M. Ćurčić, Z. Bulat, B. 
Antonijević and D. Đukić-Ćosić

2020
Multi-strain probiotic ameliorated 
toxic effects of phthalates and 
bisphenol A mixture in Wistar rats

Phthalates and bisphenol A, to which people are mainly exposed through food, interfere with the body's endocrine system, along with various other toxic effects. Literature data suggest that probiotic cultures might be 
able to decrease the adverse effects of toxic substances by various mechanisms. The aim of this study was to investigate if treatment with multi-strained probiotic could reduce the toxicity of phthalates and bisphenol A 
mixture in Wistar rats. Animals were divided into four experimental groups (n = 6): (1) Control (corn oil); (2) P (probiotic (8.78 * 10(8) CFU/kg/day): Saccharomyces boulardii + Lactobacillus rhamnosus + Lactobacillus 
planarum LP 6595+ Lactobacillus planarum HEAL9); (3) MIX (50 mg/kg b.w./day DEHP + 50 mg/kg b.w/day DBP + 25 mg/kg b.w./day BPA); (4) MIX + P. Animals were euthanized after 28 days of daily oral gavage 
treatment; blood and organs were collected for further analysis. Probiotic reduced systemic inflammation and had protective effects on liver, kidneys, spleen, lipid status and serum glucose level. It almost completely 
annulled the changes in biochemical, hematological and hormonal parameters and mitigated changes in relative liver size, food consumption and organ histology. These results suggest considering multi-strained 
probiotics as a dietary therapeutic strategy against toxicity of the investigated mixture.

Food Chem Toxicol 
Vol.143 Pages 111540

10.1016/j.fct.2020.111540 32645469 動物 - 1 1 0 1 不明 - - - - - - - - - - - - - - - - - - - - - -

統合_1428

K. Baralić, A. Pavić, D. Javorac, K. Živančević, D. 
Božić, N. Radaković, E. Antonijević Miljaković, A. 
Buha Djordjevic, M. Ćurčić, Z. Bulat, B. 
Antonijević and D. Đukić-Ćosić

2023

Comprehensive investigation of 
hepatotoxicity of the mixture 
containing phthalates and bisphenol 
A

Connections between the mixture containing bis(2- ethylhexyl) phthalate (DEHP), dibutyl phthalate (DBP) and bisphenol A (BPA) and liver injury were explored through in silico investigation and 2 in vivo models. 
Comparative Toxicogenomics Database (CTD), ShinyGO, ToppCluster and Cytoscape were used for bioinformatic analysis. In vivo subacute study was performed on rats - five groups (n = 6): (1) Control: corn oil, (2) 
DEHP: 50 mg/kg b.w./day, (3) DBP: 50 mg/kg b.w./day, (4) BPA: 25 mg/kg b.w./day, (5) MIX: DEHP + DBP + BPA. Zebrafish embryos were exposed to the investigated substances in different doses, singularly and 
combined (binary and ternary mixtures). Liver injury was linked to 75 DEHP, DBP, and BPA genes, mostly connected to inflammation/oxidative stress. In rats, significant alterations in redox status/bioelements and 
pathohistology were most notable or exclusively present in MIX (probable additive effects). BPA decreased liver area (LA) index in dose-dependent manner. DEHP (< 2 µg/mL) and DBP (≤ 5 µg/mL) reduced LA values, 
while their higher doses increased LA index. The effect of DBP in binary mixtures led to a lethal outcome at the two highest concentrations, while the hepatotoxicity of DEHP/DBP/BPA mixture was dictated by BPA 
(confirmed by the benchmark dose analysis).

J Hazard Mater Vol.445 
Pages 130404

10.1016/j.jhazmat.2022.130404 36455319 動物 - 1 不明 1 1 0 25 mg/kg bw/⽇ - - - - - - - - - - - - - - - - - - - - -

統合_1429

K. Baralić, D. Jorgovanović, K. Živančević, A. 
Buha Djordjević, E. Antonijević Miljaković, M. 
Miljković, J. Kotur-Stevuljević, B. Antonijević 
and D. Đukić-Ćosić

2021

Combining in vivo pathohistological 
and redox status analysis with in 
silico toxicogenomic study to explore 
the phthalates and bisphenol A 
mixture-induced testicular toxicity

The aim of this study was to: (i) determine and compare the capacity of bis (2 -ethylhexyl) phthalate (DEHP), dibutyl phthalate (DBP), bisphenol A (BPA), and their mixture to produce testicular toxicity after the subacute 
exposure; (ii) explore the mechanisms behind the observed changes using in silico toxicogenomic approach. Male rats were randomly split into groups (n = 6): (1) Control (corn oil); (2) DEHP (50 mg/kg b.w./day); (3) DBP 
(50 mg/kg b.w./day); (4) BPA (25 mg/kg b.w./day); and (5) MIX (50 mg/kg b.w./day DEHP + 50 mg/kg b.w/day DBP + 25 mg/kg b.w./day BPA). Animals were sacrificed after 28 days of oral exposure, testes were 
extracted and prepared for histological assessments under the light microscope (haematoxylin and eosin staining) and redox status analysis. The Comparative Toxicogenomics Database (CTD; http://CTD.mdibl.org), 
Cytoscape software (https://cytoscape.org) and ToppGene Suite (https://toppgene.cchmc.org) were used for data-mining. Present pathohistological study has demonstrated more pronounced testicular toxicity of the 
MIX group (desquamated germinal epithelium cells, enlarged cells with hyperchromatic nuclei, multinucleated cell forms and intracytoplasmic vacuoles) in comparison with the single substances, while effects on redox 
status parameters were either more prominent, or present only in the MIX group. In silico investigation revealed 20 genes linked to male reproductive disorders, affected by all three investigated substances. Effects on 
metabolism, AhR pathway, apoptosis and oxidative stress could be singled out as the most probable mechanisms involved in the subacute DEHP, DBP and BPA mixture testicular toxicity, while the effect on oxidative 
stress parameters was confirmed by in vivo experiment.

Chemosphere Vol.267 
Pages 129296

10.1016/j.chemosphere.2020.1292
96

33348264 動物 - 1 不明 1 1 0 25 mg/kg bw/⽇ - - - - - - - - - - - - - - - - - - - - -

統合_1430
K. Baralić, A. Buha Djordjevic, K. Živančević, E. 
Antonijević, M. Anđelković, D. Javorac, M. Ćurči
ć, Z. Bulat, B. Antonijević and D. Đukić-Ćosić

2020

Toxic Effects of the Mixture of 
Phthalates and Bisphenol A-
Subacute Oral Toxicity Study in 
Wistar Rats

Phthalates and bisphenol A, classified as endocrine disruptors, have weak estrogenic, anti-androgenic properties, and affect thyroid hormone regulation. The aim of this study on male rats was to compare the subacute 
toxic effects of low doses of single compounds (bis (2 -ethylhexyl) phthalate (DEHP), dibutyl phthalate (DBP), and bisphenol A (BPA)) with the effects of their mixture through different biochemical, hormonal, and 
hematological parameters. Rats were divided into five experimental groups: Control (corn oil), DEHP (50 mg/kg b.w./day), DBP (50 mg/kg b.w./day), BPA (25 mg/kg b.w./day), and MIX (50 mg/kg b.w./day DEHP + 50 
mg/kg b.w/day DBP + 25 mg/kg b.w./day BPA). Animals were sacrificed after 28 days of oral treatment and blood was collected for further analysis. The results demonstrated that the mixture produced significant 
changes in lipid profile, liver-related biochemical parameters, and glucose level. Furthermore, the opposite effects of single substances on the thyroxine level have been shown in comparison with the mixture, as well as a 
more pronounced effect of the mixture on testosterone level. This study contributes to the body of knowledge on the toxicology of mixtures and gives one more evidence of the paramount importance of mixture toxicity 
studies, especially in assessing the endocrine disruptive effects of chemicals.

Int J Environ Res Public 
Health Vol.17 Issue 3

10.3390/ijerph17030746 31979393 動物 - 1 1 1 1 0 25 mg/kg bw/⽇ - - - - - - - - - - - - - - - - - - - - -

統合_1431

K. Baralić, D. Bozic, K. Živančević, M. Milenkovi
ć, D. Javorac, Đ. Marić, E. Antonijević Miljaković, 
A. Buha Djordjevic, P. Vukomanović, M. Ćurčić, 
Z. Bulat, B. Antonijević and D. Đukić-Ćosić

2021

Integrating in silico with in vivo 
approach to investigate phthalate 
and bisphenol A mixture-linked 
asthma development: Positive 
probiotic intervention

The aim of this study was to explore the mechanisms of bis(2- ethylhexyl) phthalate (DEHP), dibutyl phthalate (DBP) and bisphenol A (BPA) mixture-induced asthma development and test probiotic as a potential positive 
intervention. Comparative Toxicogenomics Database (CTD) and ToppGene Suite were used as the main tools for in silico analysis. In vivo 28-day experiment was conducted on rats - seven groups (n = 6): (1) Control: corn 
oil, (2) P: probiotic (8.78 * 10(8) CFU/kg/day); (3) DEHP: 50 mg/kg b.w./day, (4) DBP: 50 mg/kg b.w./day, (5) BPA: 25 mg/kg b.w./day; (6) MIX: DEHP + DBP + BPA; (7) MIX + P. Lungs, thymus and kidneys were extracted 
and prepared for redox status and essential metals analysis. By conducting additional in vitro experiment, probiotic phthalate and BPA binding ability was explored. There were 24 DEHP, DBP and BPA asthma-related 
genes, indicating the three most probable mechanisms - apoptosis, inflammation and oxidative stress. In vivo experiment confirmed that significant changes in redox status/essential metal parameters were either 
prominent, or only present in the MIX group, indicating possible additive effects. In vitro experiment confirmed the ability of the multy-strain probiotic to bind DEHP/DBP/BPA mixture, while probiotic administration 
ameliorated mixture-induced changes in rat tissue.

Food Chem Toxicol 
Vol.158 Pages 112671

10.1016/j.fct.2021.112671 34793900 動物 - 1 1 1 1 0 25 mg/kg bw/⽇ - - - - - - - - - - - - - - - - - - - - -

統合_1432 L. Bao, C. Zhao, L. Feng, Y. Zhao, S. Duan, M. 
Qiu, K. Wu, N. Zhang, X. Hu and Y. Fu 2022

Ferritinophagy is involved in 
Bisphenol A-induced ferroptosis of 
renal tubular epithelial cells through 
the activation of the AMPK-mTOR-
ULK1 pathway

Bisphenol A (BPA) is a common environmental contaminant, whose exposure is associated with the progression of various kidney diseases. BPA exposure has turned out to be associated with cytotoxicity to renal tubular 
epithelial cells, but its underlying mechanism remains unknown. Herein, we found that BPA induced ferroptosis in kidney and renal tubular epithelial cells, as showed by increased intracellular iron accumulation, lipid 
peroxidation and cells death upon BPA exposure. Additionally, utilization of ferrostatin-1 and desferrioxamine, typical ferroptosis inhibitors, can fundamentally diminish cells death. Intriguingly, we discovered that 
autophagy inhibitor chloroquine can shield renal tubular epithelial cells from BPA-caused ferroptosis. Furthermore, we found that ferritinophagy, a phenomenon that degradation of ferritin and inducing subsequent iron 
overload, occurred after BPA exposure and excessive iron promoted ferroptosis through Fenton reaction. We next demonstrated that BPA activated the AMPK-mTOR-ULK1 signaling pathway. In turn, AMPK, mTOR, and 
ULK1 knockdown dramatically mitigated BPA-induced TCMK-1 cells death, and decreased MDA and LC3 levels, but increased FTH protein content. These results indicate that activation of the AMPK-mTOR-ULK1 
signaling is involved in BPA-induced ferritinophagy. In conclusion, renal dysfunction and renal tubular epithelial damage induced by BPA are linked to ferroptosis, which depends on the activation of ferritinophagy through 
AMPK-mTOR-ULK1 axis.

Food Chem Toxicol. 
2022 May:163:112909.

10.1016/j.fct.2022.112909 35292335 動物 腎尿細管上⽪細胞 1 不明 単独 Balb/c mice 0 10, 100 µg/kg:1 - - - - - - 1 1 - 1 - - - - - - - - - - -

統合_1433
O. Banerjee, S. Singh, S. K. Prasad, A. 
Bhattacharjee, T. Seal, J. Mandal, S. Sinha, A. 
Banerjee, B. K. Maji and S. Mukherjee

2023

Exploring aryl hydrocarbon receptor 
(AhR) as a target for Bisphenol-A 
(BPA)-induced pancreatic islet 
toxicity and impaired glucose 
homeostasis: Protective efficacy of 
ethanol extract of Centella asiatica

The estrogenic impact of Bisphenol-A (BPA), a widely recognized endocrine disruptor, causes disruption of pancreatic β-cell function through estrogen receptors (ERs). While BPA's binding affinity for ERs is significantly 
lower than that of its natural counterpart, estrogen, recent observations of BPA's affinity for aryl hydrocarbon receptor (AhR) in specific cellular contexts have sparked a specific question: does AhR play a role in BPA's 
toxicological effects within the endocrine pancreas? To explore this question, we investigated BPA's (10 and 100 μg/ kg body weight/day for 21 days) potential to activate AhR within pancreatic islets and assessed the 
protective role of ethanol extract of Centella asiatica (CA) (200 and 400 mg/kg body weight/day for 21 days) against BPA-mediated toxicity in mouse model. Our results indicate that BPA effectively triggers the activation 
of AhR and modulates its target genes within pancreatic islets. In contrast, CA activates AhR but directs downstream pathways differentially and activates Nrf2. Additionally, CA was observed to counteract the disruption 
caused by BPA in glucose homeostasis and insulin sensitivity. Furthermore, BPA-induced oxidative stress and exaggerated production of proinflammatory cytokines were effectively counteracted by CA supplementation. In 
summary, our study suggests that CA influenced AhR signaling to mitigate the disrupted pancreatic endocrine function in BPA exposed mice. By shedding light on how BPA interacts with AhR, our research provides 
valuable insights into the mechanisms involved in the diabetogenic actions of BPA.

Toxicology. 2023 
Dec:500:153693.

10.1016/j.tox.2023.153693 38042274 動物 代謝 1 0 (ip) 1 1 0 1 - - - - - - 1 1 - 1 - - - - - - - - - - -

統合_1434 O. Banerjee, S. Singh, T. Paul, B. K. Maji and S. 
Mukherjee 2024

Centella asiatica mitigates the 
detrimental effects of Bisphenol-A 
(BPA) on pancreatic islets

Bisphenol-A (BPA) is widely used in food packaging and household products, leading to daily human exposure and potential health risks including metabolic diseases like type 2 diabetes mellitus (T2DM). Understanding 
BPA's mechanisms and developing intervention strategies is urgent. Centella asiatica, a traditional herbal medicine containing pentacyclic triterpenoids, shows promise due to its antioxidant and anti-inflammatory 
properties, utilized for centuries in Ayurvedic therapy. We investigated the effect of Centella asiatica (CA) ethanol extract on BPA-induced pancreatic islet toxicity in male Swiss albino mice. BPA administration (10 and 
100 μg/kg body weight, twice daily) for 21 days caused glucose homeostasis disturbances, insulin resistance, and islet dysfunction, which were partially mitigated by CA supplementation (200 and 400 mg/kg body 
weight). Additionally, heightened oxidative stress, elevated levels of proinflammatory cytokines, loss of mitochondrial membrane potential (MMP), abnormal cell cycle, and increased apoptosis were implicated in the 
detrimental impact of BPA on the endocrine pancreas which were effectively counteracted by CA supplementation. In summary, CA demonstrated a significant ability to mitigate BPA-induced apoptosis, modulate redox 
homeostasis, alleviate inflammation, preserve MMP, and regulate the cell cycle. As a result, CA emerged as a potent agent in neutralizing the diabetogenic effects of BPA to a considerable extent.

Sci Rep Vol.14 Issue 1 
Pages 8043

10.1038/s41598-024-58545-2 38580733 動物 - 1 0 1 1 0 10、100 µg/kg体重 - - - - - - - - - - - - - - - - - - - - -

統合_1435 O. Banerjee, T. Paul, S. Singh, B. K. Maji and S. 
Mukherjee 2025

Individual and combined antagonism 
of aryl hydrocarbon receptor (AhR) 
and estrogen receptors (ERs) offers 
distinct level of protection against 
Bisphenol A (BPA)-induced 
pancreatic islet cell toxicity in mice

Bisphenol A (BPA), a pervasive endocrine-disrupting chemical, is known to convey harmful impact on pancreatic islets through estrogen receptors (ERs). Conversely, BPA can activate aryl hydrocarbon receptor (AhR) in 
certain contexts and has raised concerns about potential toxicological effects. However, BPA-AhR interaction in the context of pancreatic islet toxicity is yet to be reported. We demonstrated the specific role of AhR and 
its interaction with ERs to mediate BPA toxicity in pancreatic islets. In vitro, isolated islet cells treated with BPA (1 nM), with or without CH22319 (10 mM) and ICI182780 (1 mM) and insulin release, glucose-stimulated 
insulin secretion (GSIS), cell viability, and pERK1/2 and pAkt expression were measured. In vivo, mice were treated with BPA (10 and 100 µg/kg body weight/day for 21 days) with or without intraperitonial co-treatment of 
CH22319 (AhR antagonist, 10mg/kg), and ICI182780 (ER antagonist, 500 µg/kg). Glucose homeostasis, insulin resistance, oxidative stress, and inflammatory markers were measured. In vitro data revealed the involvement 
of AhR in the BPA-mediated alteration in insulin secretion, GSIS, and pERK1/2 and pAkt expression which were counteracted by CH223191 (AhR antagonist) alone or with ICI182780 (ER antagonist). Further, CH223191 
alone or with ICI182780 modulated BPA-induced oxidative stress and pro-inflammatory cytokines and alleviated islet cell dysfunction and impaired insulin secretion. In conclusion, therapeutic targeting of AhR and ER 
combined might be a promising target against diabetogenic action of BPA.

Naunyn Schmiedebergs 
Arch Pharmacol.

10.1007/s00210-024-03506-9 39377923 動物、in vitro - 1 0 1 不明 0 10、100 µg/kg体重/⽇ - - - 1 0 1 nM 1 - - - - - - - - - - - - - -

統合_1436 A. Balcı, G. Özkemahlı, P. Erkekoglu, D. Zeybek, 
N. Yersal and B. Kocer-Gumusel 2022

Effects of prenatal and lactational 
bisphenol a and/or di(2-ethylhexyl) 
phthalate exposure on male 
reproductive system

Bisphenol A (BPA) and phthalates are abundantly used endocrine disrupting chemicals (EDCs). The aim of this study was to evaluate the effects of single and combined exposures to BPA and/or di(2-ethylhexyl) phthalate 
(DEHP) in prenatal and lactational period on rat male reproductive system in later stages of life. Pregnant Sprague-Dawley rats were divided randomly to four groups (n = 3/group): Control (corn oil); DEHP (30 
mg/kg/day); BPA (50 mg/kg/day); and BPA+ DEHP (30 mg/kg/day DEHP and 50 mg/kg/day BPA). Groups exposed to EDCs through 6-21 gestational days and lactation period by intragastric lavage. Male offspring (n = 
6/group) from each mother were fed till adulthood and were then euthanized. Later, reproductive hormones, sperm parameters, and oxidative stress parameters were determined. In conclusion, we can suggest that 
prenatal and lactational exposure to BPA and DEHP may cause adverse effects in male reproductive system in later stages of life especially after combined exposure.

Int J Environ Health Res 
Vol.32 Issue 4 Pages 
902-915

10.1080/09603123.2020.1805416 32787440 動物 - 1 1 1 1 0 50 mg/kg/⽇ - - - - - - - - - - - - - - - - - - - - -

統合_1437 A. Balci, G. Ozkemahli, P. Erkekoglu, N. D. 
Zeybek, N. Yersal and B. Kocer-Gumusel 2020

Histopathologic, apoptotic and 
autophagic, effects of prenatal 
bisphenol A and/or di(2-ethylhexyl) 
phthalate exposure on prepubertal 
rat testis

Bisphenol A (BPA) and di(2-ethylhexyl) phthalate (DEHP) are endocrine-disrupting chemicals (EDCs) used in a wide variety of industrial products as plasticizers. Exposure to EDCs, particularly in mixtures, in prenatal and 
early postnatal periods may lead to unwanted effects and can cause both developmental and reproductive problems. In this study, we aimed to determine the individual and combined effects of prenatal and lactational 
exposure to BPA and/or DEHP on testicular histology, apoptosis, and autophagic proteins. Pregnant Sprague-Dawley rats (n = 3) were divided into four groups (control, BPA (50 mg/kg/day), DEHP (30 mg/kg/day), and 
BPA (50 mg/kg/day) + DEHP (30 mg/kg/day)) and dosed by oral gavage during pregnancy and lactation. The male offspring (n = 6) from each group were chosen randomly, and their testicular examinations were performed 
on the twelfth week. The results showed that fetal and neonatal exposure to BPA and DEHP could lead to significant testicular histopathological alterations and cause increases in apoptosis markers (as evidenced by 
increases in caspase 3 and caspase 8 levels; increased TUNEL-positive spermatogonia and TUNEL-positive testicular apoptotic cells) and autophagic proteins (as evidenced by increased LC3 and Beclin levels and 
decreased p62 levels) in testicular tissue. We can suggest that EDCs cause more dramatic changes in both testicular structure and cell death when there is combined exposure.

Environ Sci Pollut Res 
Int Vol.27 Issue 16 
Pages 20104-20116

10.1007/s11356-020-08274-6 32239407 動物 - 1 1 1 1 0 50 mg/kg/⽇ - - - - - - - - - - - - - - - - - - - - -

統合_1438

M. M. Badawy, M. M. Elsherbiny, G. E. 
Elshopakey, A. E. Elsayyad, M. Abd-El-Same'e 
El-Kattan, M. G. Hamama, F. H. Aldariweesh 
and A. Fehaid

2022

Potential Effects of Bisphenol A on 
the Heart and Coronary Artery of 
Adult Male Rats and the Possible 
Role of L-Carnitine

Bisphenol A (BPA) is an environmental toxin utilized for the production of polycarbonate plastics and epoxy resins. Due to BPA's extensive production and environmental contamination, human exposure is unavoidable. The 
effects of low-dose of BPA on various body tissues and organs remain controversial. Our study investigated the potential of BPA to induce biochemical, histopathological, and immunohistochemical changes in the 
coronary artery and myocardium and the potential protective role of L-carnitine (LC). 24 adult Wistar albino male rats were divided equally into a control group, a BPA-treated group (40 mg/kg/d, by gavage for 4 weeks), 
and a BPA plus LC-treated group (received 40 mg/kg/d of BPA and 300 mg/kg/d of LC, by gavage for 4 weeks). BPA-exposed rats demonstrated structural anomalies in the coronary artery tissue including vacuolation of 
cells in the media and detachment of the endothelium of the intima. Congestion of blood vessels and infiltration by polynuclear cells were observed in the myocardium. There was an enhanced collagen deposition in both 
tissues indicating fibrosis. Immunohistochemical changes included enhanced eNOS and caspase-3 expression in the coronary artery and myocardium indicating vascular disease and apoptosis, respectively. Oxidative 
damage was evident in the coronary artery and the myocardium of BPA-treated rats, which was indicated by the reduced level of glutathione (GSH) and elevated malondydehyde (MDA) levels. The coadministration of LC 
significantly improved BPA-induced structural alterations and oxidative stress. In conclusion, BPA could potentially cause pathologic changes and oxidative damage in the coronary artery and myocardium, which could be 
improved by LC coadministration.

J Toxicol Vol.2022 
Pages 7760594

10.1155/2022/7760594 36601412 動物 - 1 1 1 1 0 40 mg/kg/⽇ - - - - - - - - - - - - - - - - - - - - -
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I. Babiloni-Chust, R. S. Dos Santos, R. M. 
Medina-Gali, A. A. Perez-Serna, J. A. Encinar, J. 
Martinez-Pinna, J. A. Gustafsson, L. Marroqui 
and A. Nadal

2022

G protein-coupled estrogen receptor 
activation by bisphenol-A disrupts 
the protection from apoptosis 
conferred by the estrogen receptors 
ERα and ERβ in pancreatic beta 
cells

17β-estradiol protects pancreatic β-cells from apoptosis via the estrogen receptors ERα, ERβ and GPER. Conversely, the endocrine disruptor bisphenol-A (BPA), which exerts multiple effects in this cell type via the 
same estrogen receptors, increased basal apoptosis. The molecular-initiated events that trigger these opposite actions have yet to be identified. We demonstrated that combined genetic downregulation and 
pharmacological blockade of each estrogen receptor increased apoptosis to a different extent. The increase in apoptosis induced by BPA was diminished by the pharmacological blockade or the genetic silencing of GPER, 
and it was partially reproduced by the GPER agonist G1. BPA and G1-induced apoptosis were abolished upon pharmacological inhibition, silencing of ERα and ERβ, or in dispersed islet cells from ERβ knockout (BERKO) 
mice. However, the ERα and ERβ agonists PPT and DPN, respectively, had no effect on beta cell viability. To exert their biological actions, ERα and ERβ form homodimers and heterodimers. Molecular dynamics 
simulations together with proximity ligand assays and coimmunoprecipitation experiments indicated that the interaction of BPA with ERα and ERβ as well as GPER activation by G1 decreased ERαβ heterodimers. We 
propose that ERαβ heterodimers play an antiapoptotic role in beta cells and that BPA- and G1-induced decreases in ERαβ heterodimers lead to beta cell apoptosis. Unveiling how different estrogenic chemicals affect 
the crosstalk among estrogen receptors should help to identify diabetogenic endocrine disruptors.

Environ Int Vol.164 
Pages 107250

10.1016/j.envint.2022.107250 35461094 動物 - 1 不明 不明 0 不明 不明 - - - - - - - - - - - - - - - - - - - - -
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統合_1440
L. F. Azevedo, C. R. Porto Dechandt, C. Cristina 
de Souza Rocha, M. F. Hornos Carneiro, L. C. 
Alberici and F. Barbosa, Jr.

2019

Long-term exposure to bisphenol A 
or S promotes glucose intolerance 
and changes hepatic mitochondrial 
metabolism in male Wistar rats

The present study evaluates the effects of low-level long-term exposure to bisphenol A (BPA) and bisphenol S (BPS) on serum biochemical markers, glucose homeostasis, mitochondrial energy metabolism, biogenesis and 
dynamics, and redox status in livers of Wistar rats. While only the exposure to BPS induces a significant body mass gain after 21 weeks, both compounds alter serum lipid levels and lead to the development of glucose 
intolerance. Regarding mitochondrial metabolism, both bisphenols augment the electron entry by complex II relative to complex I in the mitochondrial respiratory chain (MRC), and reduce mitochondrial content; BPA 
reduces OXPHOS capacity and uncouples respiration (relative to maximal capacity of MRC) but promotes a significant increase in fatty acid oxidation. Either exposure to BPA or BPS leads to an increase in mitochondrial-
derived reactive oxygen species, mainly at complex I. Additionally, BPA and BPS significantly upregulate the expression levels of dynamin-related protein 1 related to mitochondrial fission, while BPA downregulates the 
expression of proliferator-activated receptor gamma coactivator 1 alpha, a master regulator of mitochondrial biogenesis. In summary, our data shows that exposure to both compounds alters metabolic homeostasis and 
mitochondrial energy metabolism, providing new mechanisms by which BPA and BPS impair the mitochondrial metabolism.

Food Chem Toxicol 
Vol.132 Pages 110694

10.1016/j.fct.2019.110694 31344369 動物 - 1 1 1 1 0 50 µg/kg bw - - - - - - - - - - - - - - - - - - - - -

統合_1441
L. F. Azevedo, M. F. Hornos Carneiro, C. R. P. 
Dechandt, J. S. Cassoli, L. C. Alberici and F. 
Barbosa, Jr.

2020
Global liver proteomic analysis of 
Wistar rats chronically exposed to 
low-levels of bisphenol A and S

Exposure to bisphenol A (BPA) and bisphenol S (BPS) has been associated with the development of metabolic disorders, such as obesity, dyslipidemias, and nonalcoholic fatty liver disease. Nonetheless, the associated 
mechanisms are still not fully understood. BPS is being used with no restrictions to replace BPA, which increases the concern regarding its safety and claims for further investigation on its potential mechanisms of 
toxicity. The present study aims to access liver molecular disturbances which could be associated with systemic metabolic disorders following exposure to BPA or BPS. Therefore, body weight gain and serum biochemical 
parameters were measured in male Wistar rats chronically exposed to 50 or 500 µg/kg/day of BPA or BPS, while an extensive evaluation of liver protein expression changes was conducted after exposure to 50 µg/kg/day 
of both compounds. Exposure to the lowest dose of BPA led to the development of hyperglycemia and hypercholesterolemia, while the BPS lowest dose led to the development of hypertriglyceridemia. Besides, exposure to 
500 µg/kg/day of BPS significantly increased body weight gain and LDL-cholesterol levels. Hepatic proteins differentially expressed in BPA and BPS-exposed groups compared to the control group were mostly related to 
lipid metabolism and synthesis, with upregulation of glucokinase activity-related sequence 1 (1.8-fold in BPA and 2.4-fold in BPS), which is involved in glycerol triglycerides synthesis, and hydroxymethylglutaryl-CoA 
synthase cytoplasmic (2-fold in BPS), an enzyme involved in mevalonate biosynthesis. Essential mitochondrial proteins of the electron transport chain were upregulated after exposure to both contaminants. Also, BPA and 
BPS dysregulated expression of liver antioxidant enzymes, which are involved in cellular reactive oxygen species detoxification. Altogether, the results of the present study contribute to expand the scientific understanding 
of how BPA and BPS lead to the development of metabolic disorders and reinforce the risks associated with exposure to these contaminants.

Environ Res Vol.182 
Pages 109080

10.1016/j.envres.2019.109080 31901629 動物 - 1 不明 1 1 0 50, 500 µg/kg/⽇ - - - - - - - - - - - - - - - - - - - - -

統合_1442 I. Aydemir, C. Özbey, O. Özkan, Ş. Kum and M. 
Tuğlu 2020

Investigation of the effects of 
bisphenol-A exposure on lymphoid 
system in prenatal stage

Bisphenol-A (BPA) used in the production of plastic materials is a temperature-soluble agent. It also has a steroid hormone-like activity; therefore, it poses a danger to human health. In our study, we aimed to investigate 
the effects of BPA on lymph node and spleen in male rats exposed to this agent during prenatal stage. The pregnant female rats were divided into four groups: control, sham, low dose (300 µg/kg BPA), and high dose (900 
µg/kg BPA). BPA was dissolved in 1 mL of corn oil and administered to the pregnant rats every day during pregnancy. On the 21st and 45th day after the birth, male rats' lymph node and spleen samples were taken and 
histopathological examination was performed. Samples were stained with hematoxylin and eosin to determine the general histological appearance, and with CD3 and CD20 immunohistochemically. The results of staining 
were evaluated by H-score, and statistical analysis was performed. In the samples, BPA applications were not found to cause significant tissue damage. But there was a significant decrease in the immunoreactivities of 
CD3 and CD20 after BPA applications in both 21st and 45th day samples. After high dose BPA administration, decreased CD3 immunoreactivity was statistically significant. It is thought that BPA does not cause 
histologically significant tissue damage, but it may impair organ function at cellular level. The investigation of molecules involved in organ function will be useful in revealing the mechanisms that will cause dysfunction.

Toxicol Ind Health 
Vol.36 Issue 7 Pages 
502-513

10.1177/0748233720941759 32696725 動物 - 1 不明 1 不明 0 300, 900 µg/kg BPA - - - - - - - - - - - - - - - - - - - - -

統合_1443
B. Attema, O. Kummu, S. Pitkänen, J. Weisell, T. 
Vuorio, E. Pennanen, M. Vorimo, J. Rysä, S. 
Kersten, A. L. Levonen and J. Hakkola

2024

Metabolic effects of nuclear receptor 
activation in vivo after 28-day oral 
exposure to three endocrine-
disrupting chemicals

Environmental exposure to endocrine-disrupting chemicals (EDCs) can lead to metabolic disruption, resulting in metabolic complications including adiposity, dyslipidemia, hepatic lipid accumulation, and glucose 
intolerance. Hepatic nuclear receptor activation is one of the mechanisms mediating metabolic effects of EDCs. Here, we investigated the potential to use a repeated dose 28-day oral toxicity test for identification of 
EDCs with metabolic endpoints. Bisphenol A (BPA), pregnenolone-16α-carbonitrile (PCN), and perfluorooctanoic acid (PFOA) were used as reference compounds. Male and female wild-type C57BL/6 mice were orally 
exposed to 5, 50, and 500 μg/kg of BPA, 1000, 10 000, and 100 000 µg/kg of PCN and 50 and 300 μg/kg of PFOA for 28 days next to normal chow diet. Primary endpoints were glucose tolerance, hepatic lipid 
accumulation, and plasma lipids. After 28-day exposure, no changes in body weight and glucose tolerance were observed in BPA-, PCN-, or PFOA-treated males or females. PCN and PFOA at the highest dose in both 
sexes and BPA at the middle and high dose in males increased relative liver weight. PFOA reduced plasma triglycerides in males and females, and increased hepatic triglyceride content in males. PCN and PFOA induced 
hepatic expression of typical pregnane X receptor (PXR) and peroxisome proliferator-activated receptor (PPAR)α target genes, respectively. Exposure to BPA resulted in limited gene expression changes. In conclusion, 
the observed changes on metabolic health parameters were modest, suggesting that a standard repeated dose 28-day oral toxicity test is not a sensitive method for the detection of the metabolic effect of EDCs.

Arch Toxicol. 2024 
Mar;98(3):911-928.

10.1007/s00204-023-03658-2 38182912 動物 代謝 1 1 1 1 1 1 - - - - - - 1 1 - 1 - 1 - - - - - - - - -

統合_1444 A. Aslanturk and M. Uzunhisarcikli 2020
Protective potential of curcumin or 
taurine on nephrotoxicity caused by 
bisphenol A

Bisphenol A (BPA) received heightened attention in the recent years due to humans continuously being exposed to it. This study explores the effect of taurine or curcumin on subacute BPA treatment-induced 
nephrotoxicity in rats (Rattus norvegicus). Forty-two adult albino male rats were exposed to BPA (130 mg/kg daily) for 28 days by gastric gavage. BPA led to lipid peroxidation, inhibiting antioxidant enzyme activities like 
catalase (CAT), superoxide dismutase (SOD), glutathione peroxidase (GPx), and glutathione S-transferase (GST). BPA exposure also induced histopathological changes like tubular and glomerular degeneration, vascular 
congestion, and interstitial cell infiltration in kidney tissue. Cotreatment with taurine (100 mg/kg daily) or curcumin (100 mg/kg daily) alleviated the lipid peroxidation level and antioxidant enzyme activities and histological 
alterations brought about by BPA. In this study, curcumin and taurine application provided protection against renal toxicity caused by BPA but did not prevent toxic effect completely.

Environ Sci Pollut Res 
Int Vol.27 Issue 19 
Pages 23994-24003

10.1007/s11356-020-08716-1 32304054 動物 - 1 1 1 1 0 130 mg/kg - - - - - - - - - - - - - - - - - - - - -

統合_1445 Y. Asadi-Fard, M. Z. Soleimani, M. J. Khodayar, 
L. Khorsandi, M. Shirani and A. Samimi 2023

Morin improves Bisphenol-A-
induced toxicity in the rat testicular 
mitochondria and sperms

OBJECTIVE: The present study aimed to examine the ameliorative effects of Morin (MRN) on Bisphenol-A (BPA)-induced oxidative stress in testicular mitochondria and sperm quality of rats. METHODS: BPA and MRN (25, 
50, and 100 μM) were given to the spermatozoa and testicular tissue mitochondria. The sperm quality, mitochondrial viability, and MMP (mitochondrial membrane potential) were examined. Superoxide dismutase, CAT 
(catalase), malondialdehyde, and reactive oxygen species (ROS) levels of rat testicular mitochondria were measured. RESULTS: BPA raised mitochondrial oxidative stress biomarkers, whereas antioxidant acclivity and 
MMP were significantly lowered. BPA significantly lowered the normality, viability, and motility of the sperms. MRN dose-dependently lowered oxidative stress of the mitochondria, raised MMP, as well as improved the 
percentage of abnormality, motility, and viability of the sperms. CONCLUSIONS: These data demonstrated that MRN dose-dependently attenuated BPA-induced mitochondrial damage and improved sperm quality by 
preventing oxidative stress.

JBRA Assist Reprod 
Vol.27 Issue 2 Pages 
174-179

10.5935/1518-0557.20220010 36356172 ex vivo - - - - - - - - - - 1 0 25, 50, 100 µM - - - - - - - - - - - - - - -

統合_1446
Z. Y. An, T. Zhang, G. J. Lu, X. Xu, X. Fang, S. Z. 
Han, S. Y. Chang, X. J. Yin, L. H. Quan and J. D. 
Kang

2025

Chenodeoxycholic acid improves 
oocyte maturation and embryo 
quality during bisphenol A exposure 
by activating the EGFR-ERK1/2 
signaling pathway

Chenodeoxycholic acid (CDCA) is a free bile acid present in the follicular fluid surrounding growing oocytes. In this study, we demonstrate that supplementation with CDCA activates the EGFR signaling in cumulus-oocyte 
complexes (COCs) to improve oocyte quality. Bisphenol A (BPA), a well-documented environmental toxicant, disrupts female reproductive function. We found that BPA exposure suppressed EGFR signaling in porcine 
COCs, leading to meiotic arrest, increased the concentration of cGMP and cAMP. However, supplementation with CDCA improves oocyte maturation and embryo quality during BPA exposure. Cumulus cells, as essential 
support cells for oocytes, regulate oocyte meiotic resumption and maturation mainly by providing signaling molecules and energy. Notably, CDCA treatment of germinal vesicle (GV) stage denuded oocytes (DOs) did not 
significantly affect the oocyte maturation rate. These findings indicate that the influence of CDCA on oocyte development may be mediated via its action on the surrounding cumulus cells. In addition, we knocked down 
EGFR expression in cumulus cells using siRNA and co-cultured them with DOs. These findings revealed that when EGFR expression in cumulus cells was suppressed, the beneficial effects of CDCA were effectively 
attenuated. These findings demonstrate that CDCA affects oocyte quality by activating the EGFR signaling in cumulus cells. In summary, the present study reveals that CDCA promotes oocyte meiotic recovery and 
improves oocyte quality by activating EGFR signaling in cumulus cells, thereby enhancing the developmental potential of embryos.

Ecotoxicol Environ Saf 
Vol.302 Pages 118725

10.1016/j.ecoenv.2025.118725 40712544 ex vivo - - - - - - - - - - 1 0 25 µM - - - - - - - - - - - - - - -

統合_1447 M. A. S. Amin, H. M. A. Sonpol, R. H. E. Gouda 
and A. M. Aboregela 2023

Bisphenol A enhances apoptosis, 
fibrosis, and biochemical 
fluctuations in the liver of adult male 
rats with possible regression after 
recovery

Bisphenol A (BPA) is an environmental contaminant that might be harmful. Human exposure to BPA can occur during the fetal and postnatal periods and extends throughout life. This study aimed to estimate the effects of 
oral administration of BPA on rat liver and assess the possibility of recovery after cessation. Adult male albino rats were orally administered with BPA (50 mg/kg body weight) for 8 weeks, and then one group was left to 
recover for 4 weeks. Histological, immunohistochemical, biochemical, and quantitative real-time polymerase chain reaction assessments were performed. Loss of hepatic architecture, vascular dilatation congestion, and 
exudation, as well as cellular vacuolation, fat accumulation, and pyknotic nuclei were detected. Furthermore, inflammatory infiltration, localized metaplasia, and excessive collagen deposition in the portal triad were 
observed. Expression of Bcl-2-associated X protein and transforming growth factor beta 1 was prominent, denoting apoptosis and fibrosis. After the administration of BPA, serum levels of alanine aminotransferase, 
aspartate aminotransferase, alkaline phosphatase, total bilirubin, cholesterol, triglycerides, and low-density lipoproteins were enhanced. Additionally, total protein, albumin, and high-density lipoproteins decreased. After 
a recovery for 4 weeks, hepatic cellular and vascular pathologies returned to normal, except for some inflammatory infiltration. Regarding biochemical affection, most of the parameters were directed toward normal during 
recovery. However, most of them were still significantly different from controls. This explored BPA hepatotoxicity from structural and functional aspects, and the possible spontaneous reversibility was confirmed. 
However, the precise mechanisms underlying hepatotoxicity or recovery need more in-depth investigations.

Anat Rec (Hoboken) 
Vol.306 Issue 1 Pages 
213-225

10.1002/ar.25032 35773941 動物 - 1 1 1 1 0 50 mg/kg - - - - - - - - - - - - - - - - - - - - -

統合_1448 S. Ambreen, T. Akhtar, N. Hameed, I. Ashfaq 
and N. Sheikh 2019

In Vivo Evaluation of 
Histopathological Alterations and 
Trace Metals Estimation of the Small 
Intestine in Bisphenol A-Intoxicated 
Rats

BPA, a ubiquitously used plasticizer, has become one of the contaminants of emerging concern and causes many serious health implications in humans due to multiple exposure pathways. The current study was aimed at 
investigating the deformities of structures that arise by exposure of the small intestine to BPA through trace elements estimation of tissues as well as the study of serum profile. Two major groups of Wistar rats were 
established: one control group and the other experimental group, which was further divided into four groups based on dose (10 mg/kg/bodyweight and 25 mg/kg/bodyweight, respectively) and duration of exposure (6 and 
12 weeks, respectively). Histological study of the small intestine showed the distorted structures in the experimental groups. The special staining performed illustrated the accumulation of calcium deposits in the small 
intestinal tissue in treated groups. Trace metals estimation showed a significant increase in the metallic content of sodium and iron and a decrease in the calcium content in the experimental groups (p=0.05). Serum 
profiling illustrated an increase in total iron-binding capacity and glucose levels and a decrease in the serum total iron level (p=0.05). An increased expression of a proinflammatory cytokine (IFN-α) was observed in the 
liver. From all these findings, it was inferred that BPA caused many structural alterations in the small intestinal tissue, which further affected its functioning. The calcium deposits seen through special staining affected 
the motility of the small intestine and caused its dysfunction. It was also induced from serum profiling that BPA affected the homeostasis of iron and glucose and caused its imbalance. Also, as BPA got absorbed from the 
small intestine and reached the liver via the blood stream, it caused hepatoxicity in the liver and led to increased inflammatory response by IFN-α against the toxicant.

Can J Gastroenterol 
Hepatol Vol.2019 Pages 
9292316

10.1155/2019/9292316 31886155 動物 - 1 1 1 1 0 10、25 mg/kg/体重 - - - - - - - - - - - - - - - - - - - - -

統合_1449 M. Alvi, K. Rehman, M. S. H. Akash, A. Yaqoob 
and S. M. Shoaib 2022

Determination of Metabolomics 
Profiling in BPA-Induced Impaired 
Metabolism

Exposure to bisphenol A (BPA) is unavoidable and it has far-reaching negative effects on living systems. This study aimed to explore the toxic effects of BPA in an experimental animal model through a metabolomics 
approach that is useful in measuring small molecule perturbations. Beside this, we also examined the ameliorative effects of resveratrol (RSV) against BPA-induced disturbances in experimental mice. This study was 
conducted for 28 days, and the results showed that BPA indeed induced an impairment in amino acid metabolism, taking place in the mitochondria by significantly (p < 0.05) decreasing the levels of certain amino acids, 
i.e., taurine, threonine, asparagine, leucine, norleucine, and glutamic acid in the mice plasma. However, the administration of RSV did prove effective against the BPA-induced intoxication and significantly (p < 0.05) 
restored the level of free amino acids. Lipid metabolites, L-carnitine, sphinganine, phytosphingosine, and lysophosphatidylcholine were also determined in the mice serum. A significant (p < 0.05) decline in glutathione 
peroxidase (GPx), superoxide dismutase (SOD,) glutathione, and catalase levels and an elevation in malondialdehyde level in the BPA group confirmed the generation of oxidative stress and lipid peroxidation in 
experimental mice exposed to BPA. The expression of Carnitine palmitoyltransferase I (CPT-I), carnitine palmitoyltransferase II (CPT-II), lecithin−cholesterol acyltransferase (LCAT), carnitine O-octanoyltransferase 
(CROT), carnitine-acylcarnitine translocase (CACT), and 5-methyltetrahydrofolate-homocysteine methyltransferase (MTR) genes was significantly upregulated in the liver tissue homogenates of experimental mice 
exposed to BPA, although RSV regulated the expression of these genes when compared with BPA treated experimental mice. CPT-I, CPT-II, and CACT genes are located in the mitochondria and are involved in the 
metabolism and transportation of carnitine. Hence, this study confirms that BPA exposure induced oxidative stress, upregulated gene expression, and impaired lipid and amino acid metabolism in experimental mice.

Pharmaceutics Vol.14 
Issue 11

10.3390/pharmaceutics14112496 36432690 動物 - 1 1 1 1 0 50 mg/kg - - - - - - - - - - - - - - - - - - - - -

統合_1450

T. F. A. Almeida, S. R. Oliveira, J. Mayra da Silva, 
A. L. Fernandes de Oliveira, Z. de Lourdes 
Cardeal, H. C. Menezes, J. M. Gomes, G. H. 
Campolina-Silva, C. A. Oliveira, S. Macari, G. P. 
Garlet, I. M. Alves Diniz, A. M. Leopoldino and T. 
Aparecida Silva

2021
Effects of high-dose bisphenol A on 
the mouse oral mucosa: A possible 
link with oral cancers

Bisphenol A (BPA) is an endocrine disrupting chemical able to promote hormone-responsive tumors. The major route of BPA contamination being oral, the aim of the present study was to investigate BPA effects on oral 
cells. Here, we evaluated the impact of sub-chronic in vivo exposure to BPA and its in vitro effects on neoplastic and non-neoplastic oral cells. We evaluated the oral mucosa of mice chronically exposed to BPA (200 
mg/L). The response of keratinocytes (NOK-SI) and Head and Neck (HN) Squamous Cell Carcinoma (SCC), HN12 and HN13 cell lines to BPA was examined. In vivo, BPA accumulated in oral tissues and caused an 
increase in epithelial proliferative activity. BPA disrupted the function of keratinocytes by altering pro-survival and proliferative pathways and the secretion of cytokines and growth factors. In tumor cells, BPA induced 
proliferative, invasive, pro-angiogenic, and epigenetic paths. Our data highlight the harmful effects of BPA on oral mucosa and, tumorigenic and non-tumorigenic cells. Additionally, BPA may be a modifier of oral cancer cell 
behavior by prompting a functional shift to a more aggressive phenotype.

Environ Pollut. 2021 Oct 
1:286:117296.

10.1016/j.envpol.2021.117296 33971473 動物、in vitro - 1 1 1 1 0 200 mg/L - - - 不明 0 不明 1 - - - - - - - - - - - - - -

統合_1451
I. Allagui, J. Sdayria, K. Athmouni, N. Zammel, F. 
Guesmi, M. Saoudi, A. M. Giuffrè, M. S. Allagui, 
S. Nahdi and A. H. Harrath

2025

Cleome arabica L mitigates 
bisphenol A-induced ovarian 
dysfunction and inflammation in 
Wistar rats: biochemical, 
histopathological, pharmacokinetic, 
and in silico studies

The present study evaluated the antioxidant and anti-inflammatory properties of Cleome arabica (CA) fruit extract against bisphenol A (BPA)-induced ovarian injury in female Wistar rats. The antioxidant activity was 
estimated by the total antioxidant capacity (TAC) and superoxide radical (NBT) content. For the in vivo analyses, 24 animals were divided into the following 4 groups: the control group; the BPA group (50 mg/kg BW BPA 
for 30 days); the BPA  + CA group (50 mg/kg BW BPA and 50 mg/kg BW CA); and the CA group (50 mg/kg BW CA). The in vitro results demonstrated that CA exhibited strong antioxidant activity and scavenged O(2)•- 
radicals. . Pharmacokinetic properties were also explored, reflecting the physiological dynamics of the five active molecules (quercetin, catechin, kaempferol, rosmarinic acid, and naringenin). The in vivo findings revealed 
a significant increase in body weight associated with a significant increase in plasma C-reactive protein (CRP), proinflammatory cytokines (IL-1, IL-6, and TNF-α), and testosterone levels (p < 0.01). In addition, ovarian 
histological disruption was observed. However, co-administration of CA extract significantly improved ovarian histological integrity and attenuated inflammatory and androgenic disturbances. Moreover, in silico 
investigations showed that CA compounds interacted more strongly with the active sites of IL-1β, IL-6, or TNF-α. The best binding energy was observed between catechin (five H-bonds) and IL-1β and IL-6, at -6.0 and 
-6.1 kcal/mol, respectively, and between rosmarinic acid (four H-bonds) and TNF-α, at -6.4 kcal/mol. The present study supports the use of Cleome arabica in the treatment of infertility for female polycystic ovary 
syndrome (PCOS) patients.

3 Biotech. 2025 
Jan;15(1):21.

10.1007/s13205-024-04169-2 39720094 動物、in vitro - 1 不明 1 1 0 50 mg/kg BW - - - 1 0 不明 1 - - - - - - - - - - - - - -

統合_1452 A. S. Al-Shami, M. Haroun, A. E. Essawy, N. 
Moussa and H. A. E. Abd Elkader 2025

Early-life bisphenol A exposure 
causes detrimental age-related 
changes in anxiety, depression, 
learning, and memory in juvenile 
and adult male rats: Involvement of 
NMDAR/PSD-95-PTEN/AKT 
signaling pathway

Bisphenol A (BPA) is an endocrine disruptor monomer that is widely used in the manufacturing of epoxy resins and polycarbonate plastics. Several lines of evidence indicate the function of the pre- or perinatally PI3K/AKT 
signaling pathway in the development of psychiatric disorders. The present study aimed to evaluate for the first time the effect of modifying the NMDAR/PSD-95-PTEN/AKT signaling pathway on behavioral and synaptic 
plasticity of early-life BPA exposure and its long-lasting influence on juvenile and adulthood stages of development. We investigated the effects of oral BPA doses of 50 and 125 mg/kg/day on the prefrontal cortex (PFC) 
and hippocampus of male Sprague Dawley rats from postnatal day (PND) 18-60 and PND 18-95, which correspond to juvenile and adolescent stages, respectively. Subsequently, we performed a series of rat behavioral 
tests, including the open field, elevated plus-maze, forced swimming, and Y-maze. Notably, neurotransmitter levels such as dopamine, serotonin, and gamma-aminobutyric acid, levels of postsynaptic density protein 95 
and cAMP response element-binding protein, as well as mRNA levels of N-methyl-D-aspartate receptor subunits, fluctuated between reduction and elevation in the PFC and hippocampus. Furthermore, phosphatase and 
tensin (PTEN) mRNA and protein levels were upregulated in both brain areas, while PI3K, protein kinase B (AKT) and mammalian target of rapamycin (mTOR) mRNA and protein levels were decreased. Finally, our findings 
indicate that postnatal BPA exposure promotes long-term anxiety and depressive-like behaviors, as well as cognitive impairment, via modulation of the NMDAR/PSD-95-PTEN/AKT pathway. These findings could help to 
elucidate the potential developmental and neurobehavioral effects of early-life BPA exposure.

Neurotoxicology Vol.106 
Pages 17-36

10.1016/j.neuro.2024.11.006 39617347 動物 - 1 1 1 1 0 50, 125 mg/kg/⽇ - - - - - - - - - - - - - - - - - - - - -
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統合_1453 A. S. Al-Shami, H. A. E. Abd Elkader, N. Moussa, 
A. E. Essawy and M. Haroun 2025

Early-life bisphenol A exposure 
causes neuronal pyroptosis in 
juvenile and adult male rats through 
the NF-κB/IL-1β
/NLRP3/caspase-1 signaling 
pathway: exploration of age and 
dose as effective covariates using an 
in vivo and in silico modeling 
approach

Bisphenol A (BPA), a common endocrine-disrupting chemical, is found in a wide range of home plastics. Early-life BPA exposure has been linked to neurodevelopmental disorders; however, the link between 
neuroinflammation, pyroptosis, and the development of psychiatric disorders is rarely studied. The current study attempted to investigate the toxic effect of BPA on inflammatory and microglial activation markers, as well 
as behavioral responses, in the brains of male rats in a dose- and age-dependent manner. Early BPA exposure began on postnatal day (PND) 18 at dosages of 50 and 125 mg/kg/day. We started with a battery of behavioral 
activities, including open field, elevated plus- and Y-maze tests, performed on young PND 60 rats and adult PND 95 rats. BPA causes anxiogenic-related behaviors, as well as cognitive and memory deficits. The in vivo and 
in silico analyses revealed for the first time that BPA is a substantial activator of nuclear factor kappa B (NF-κB), interleukin (IL)-1β, -2, -12, cyclooxygenase-2, and the NOD-like receptor family pyrin domain-containing 
3 (NLRP3) inflammasome, with higher beclin-1 and LC3B levels in BPA rats' PFC and hippocampus. Furthermore, BPA increased the co-localization of caspase-1 immunoreactive neurons, as well as unique 
neurodegenerative histopathological hallmarks. In conclusion, our results support the hypothesis that neuroinflammation and microglial activation are involved with changes in the brain after postnatal BPA exposure and 
that these alterations may be linked to the development of psychiatric conditions later in life. Collectively, our findings indicate that BPA triggers anxiety-like behaviors and pyroptotic death of nerve cells via the NF-κ
B/IL-1β/NLRP3/Caspase-1 pathway.

Mol Cell Biochem 
Vol.480 Issue 4 Pages 
2301-2330

10.1007/s11010-024-05039-4 38941031 動物 - 1 1 1 1 0 50, 125 mg/kg/ - - - - - - - - - - - - - - - - - - - - -

統合_1454 M. A. Al-Griw, S. M. Zaed, I. M. Hdud and T. 
Shaibi 2023

Vitamin D ameliorates liver 
pathology in mice caused by 
exposure to endocrine disruptor 
bisphenol A

BACKGROUND: Increasing evidence suggests that bisphenol A (BPA) induces liver pathological changes. Further, an association between BPA and circulating vitamin D (VitD) levels were documented. AIM: The role of 
VitD in BPA-induced liver pathological changes was explored in this study. METHODS: Healthy 4.5-week-old male (n = 35) and female (n = 35) Swiss albino mice were used in this study. The animals were randomly 
divided into control and treated groups. The control groups were further divided into sham (no treatment) and vehicle (corn oil), whereas the treated groups were also divided into VitD (2195 U/kg), BPA (50 μg/kg), and 
BPA + VitD (50 μg/kg + 2195 U/kg) groups. For 6 weeks (twice a week), the animals were dosed intraperitoneally. One week later (at 10.5-weeks-old), the animals were sacrificed for biochemical and histological 
analyses. RESULTS: BPA produced a considerable rise in the body and liver weights in both genders of mice when compared to control mice. BPA also caused significant increases in the liver damage markers alanine 
transaminase (ALT), alkaline phosphatase (ALP), and gamma-glutamyl transferase (GGT). It also induced liver histopathological changes, including higher apoptotic indices in both genders. On the other hand, treatment 
with VitD considerably reduced liver damage and slightly decreased the apoptotic index rate. The ALP, ALT, and GGT levels were also markedly reduced. VitD has been proven to have a protective effect on both genders. 
CONCLUSIONS: According to our findings, VitD protects mice from BPA-induced liver damage, possibly via suppressing liver damage markers.

Open Vet J Vol.13 Issue 
1 Pages 90-98

10.5455/OVJ.2023.v13.i1.9 36777431 動物 - 1 0 1 1 0 50 µg/kg - - - - - - - - - - - - - - - - - - - - -

統合_1455

M. A. Al-Griw, S. M. Shalabi, R. O. Alghazeer, A. 
H. Elnfati, S. A. Treesh, A. E. Benjama, G. 
Shamlan, M. M. Habibullah, A. A. Eskandrani, A. 
M. Alnajeebi, N. A. Babteen and W. S. Alansari

2023

Nigella sativa Oil Alleviates Mouse 
Testis and Sperm Abnormalities 
Induced by BPA Potentially through 
Redox Homeostasis

BACKGROUND & AIM: Significant evidence indicates that endocrine disrupted bisphenol A (BPA) seriously endangers human health. In males, BPA affects testis architecture and sperm quality, and ultimately reduces 
fertility. This study explored the therapeutic potential of Nigella sativa (NS) seed extract on testis and sperm abnormalities in BPA-exposed mice and characterized the underlying mechanism. METHODS: Forty male Swiss 
albino mice (5.5 weeks old, N = 8 per group) were randomly divided into five groups: Group I, normal control, Group II, vehicle control (sterile corn oil); Group III, NS-exposed (oral 200 mg/kg); Group IV, BPA-exposed (oral 
400 μg/kg body weight); Group V, BPA + NS-exposed mice. Animals were treated for 6 weeks and sacrificed for biochemical and histological examination. RESULTS: The results indicated that BPA exposure results in 
significant testis and sperm abnormalities. Specifically, BPA promoted a marked reduction in the body and testis compared with the control group. Histopathological findings showed that BPA caused a widespread 
degeneration of spermatogenic cells of the seminiferous epithelium, decreased sperm counts and motility, and augmented sperm abnormalities, and whereas little alteration to sperm DNA was observed. In addition, BPA 
increased the levels of the lipid peroxidation marker, malondialdehyde (MDA), and reduced the levels of the antioxidant marker, reducing glutathione (GSH). Treatment with NS oil extract during BPA exposure significantly 
alleviated testis and sperm abnormalities, reduced MDA levels, and enhanced GSH levels. CONCLUSION: The results demonstrate that NS oil protects mice against BPA-induced sperm and testis abnormalities, likely by 
suppressing levels of the oxidative stress marker, MDA, and enhancing the levels of the antioxidant marker, GSH.

Comb Chem High 
Throughput Screen 
Vol.26 Issue 2 Pages 
301-312

10.2174/138620732566622051413
5606

35570547 動物 - 1 不明 1 1 0 400 µg/kg 体重 - - - - - - - - - - - - - - - - - - - - -

統合_1456 M. A. Al-Griw, Z. M. Marwan, I. M. Hdud and T. 
Shaibi 2021

Vitamin D mitigates adult onset 
diseases in male and female mice 
induced by early-life exposure to 
endocrine disruptor BPA

BACKGROUND: During early development, environmental compounds can induce adult onset diseases and disrupt the circulating vitamin D (VitD) levels. AIM: This study aimed to examine the protective role of VitD 
against the adverse effects of BPA on male and female mice. METHODS: A total of 60 male and female Swiss Albino mice (3 weeks old) were randomly divided into 5 groups; each consisted of 12 mice (6 males and 6 
females) and was treated as follows: Group I received no treatment (sham control); Group II, sterile corn oil only (vehicle control); Group III, BPA (400 μg/kg); Group IV, VitD (2,195 IU/kg); and Group V, BPA + VitD. At 10.5 
weeks, the animals were sacrificed to conduct histological examinations. RESULTS: BPA-exposed mice were found to have neurobehavioral abnormalities, heart, kidney, and lung diseases with increased apoptotic 
indices in both sexes. On the other hand, the treatment of BPA mice with VitD altered this scenario with modulated motor activity, enhanced body and organ weights, and preserved the heart, kidney, and lung architecture, 
alongside a decreased percent apoptotic index. CONCLUSION: Our findings illustrate that VitD protects mice against BPA-induced heart, kidney, and lung abnormalities.

Open Vet J Vol.11 Issue 
3 Pages 407-417

10.5455/OVJ.2021.v11.i3.12 34722204 動物 - 1 0 1 1 0 400 µg/kg 体重 - - - - - - - - - - - - - - - - - - - - -

統合_1457

M. A. Al-Griw, H. N. Balog, T. Shaibi, M. F. 
Elmoaket, I. S. A. AbuGamja, A. B. AlBadawi, G. 
Shamlan, A. Alfarga, A. A. Eskandrani, A. M. 
Alnajeebi, N. A. Babteen, W. S. Alansari and R. 
Alghazeer

2023
Therapeutic potential of vitamin D 
against bisphenol A-induced spleen 
injury in Swiss albino mice

Bisphenol A (BPA), a ubiquitous plasticizer, is capable of producing oxidative splenic injury, and ultimately led to spleen pathology. Further, a link between VitD levels and oxidative stress was reported. Hence the role of 
VitD in BPA-induced oxidative splenic injury was investigated in this study. Sixty male and female Swiss albino mice (3.5 weeks old) were randomly divided into control and treated groups 12 mice in each (six males and 
six females). The control groups were further divided into sham (no treatment) and vehicle (sterile corn oil), whereas the treatment group was divided into VitD (2,195 IU/kg), BPA (50 μg/kg), and BPA+VitD (50 μg/kg + 
2,195 IU/kg) groups. For six weeks, the animals were dosed intraperitoneally (i.p). One week later, at 10.5 weeks old, mice were sacrificed for biochemical and histological analyses. Findings showed BPA triggered 
neurobehavioral abnormalities and spleen injury with increased apoptotic indices (e.g. DNA fragmentation) in both sexes. A significant increase was found in lipid peroxidation marker, MDA in splenic tissue, and 
leukocytosis. Conversely, VitD treatment altered this scenario into motor performance preservation, reducing oxidative splenic injury with a decrease in the percent apoptotic index. This protection was significantly 
correlated with preserving leukocyte counts and reduced MDA levels in both genders. It can be concluded from the above findings that VitD treatment has an ameliorative effect on oxidative splenic injury induced by BPA, 
highlighting the continuous crosstalk between oxidative stress and the VitD signaling pathway.

PLoS One Vol.18 Issue 
3 Pages e0280719

10.1371/journal.pone.0280719 36893148 動物 - 1 0 1 1 0 50 µg/kg - - - - - - - - - - - - - - - - - - - - -
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2022

Histone deacetylase 2 inhibitor 
valproic acid attenuates bisphenol 
A-induced liver pathology in male 
mice

Accumulating evidence indicates the role of endocrine disruptor bisphenol A (BPA) in many pathological conditions. Histone deacetylase (HDAC) inhibition has potential for the treatment of many diseases/abnormalities. 
Using a mouse BPA exposure model, this study investigated the hepatoprotective effects of the Food and Drug Administration-approved HDAC2 inhibitor valproic acid (VPA) against BPA-induced liver pathology. We 
randomly divided 30 adult male Swiss albino mice (8 weeks old; N = 6) into five groups: group 1, no treatment (sham control (SC)); group 2, only oral sterile corn oil (vehicle control (VC)); group 3, 4 mg/kg/day of oral BPA 
(single dose (BPA group)); group 4, 0.4% oral VPA (VPA group); and group 5, oral BPA + VPA (BPA + VPA group). At the age of 10 weeks, the mice were euthanized for biochemical and histological examinations. BPA 
promoted a significant decrease in the body weight (BW), an increase in the liver weight, and a significant increase in the levels of liver damage markers aspartate aminotransferase and alanine aminotransferase in the 
BPA group compared to SC, as well as pathological changes in liver tissue. We also found an increase in the rate of apoptosis among hepatocytes. In addition, BPA significantly increased the levels of oxidative stress 
indices, malondialdehyde, and protein carbonylation but decreased the levels of reduced glutathione (GSH) in the BPA group compared to SC. In contrast, treatment with the HDAC2 inhibitor VPA significantly attenuated 
liver pathology, oxidative stress, and apoptosis and also enhanced GSH levels in VPA group and BPA + VPA group. The HDAC2 inhibitor VPA protects mice against BPA-induced liver pathology, likely by inhibiting oxidative 
stress and enhancing the levels of antioxidant-reduced GSH.

Sci Rep Vol.12 Issue 1 
Pages 10258

10.1038/s41598-022-12937-4 35715448 動物 - 1 1 1 1 0 4 mg/kg/⽇ - - - - - - - - - - - - - - - - - - - - -
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2021

Paternal bisphenol A exposure 
induces testis and sperm 
pathologies in mice offspring: 
Possibly due to oxidative stress?

Bisphenol A (BPA), an endocrine and metabolic disruptor, is widely used to manufacture polycarbonate plastics and epoxy resins. Accumulating evidence suggests that paternal BPA exposure adversely affects male 
germlines and results in atypical reproductive phenotypes that might persist for generations to come. Our study investigated this exposure on testicular architecture and sperm quality in mouse offspring, and 
characterised underlying molecular mechanism(s). A total of 18 immature male Swiss albino mice (3.5 weeks old) were randomly divided into three groups and treated as follows: Group I, no treatment (sham control); 
Group II, sterile corn oil only (vehicle control); Group III, BPA (400 μg/kg) in sterile corn oil. At 9.5 weeks old, F0 males were mated with unexposed females. F0 offspring (F1 generation) were monitored for postnatal 
development for 10 weeks. At 11.5 weeks old, the animals were sacrificed to examine testicular architecture, sperm parameters, including DNA integrity, and oxidative stress biomarkers. Results showed that BPA 
significantly induced changes in the body and testis weights of the F0 and F1 generation BPA lineages compared to F0 and F1 generation control lineages. A decrease in sperm count and motility with further, increased 
sperm abnormalities, no or few sperm DNA alterations and elevated levels of MDA, PC and NO were recorded. Similar effects were found in BPA exposed F0 males, but were more pronounced in the F0 offspring. In 
addition, BPA caused alterations in the testicular architecture. These pathological changes extended transgenerationally to F1 generation males' mice, but the pathological changes were more pronounced in the F1 
generation. Our findings demonstrate that the biological and health BPA impacts do not end in paternal adults, but are passed on to offspring generations. Hence, linking observed testis and sperm abnormalities in the F1 
generation to BPA exposure of their parental line was evident in this work. The findings also illustrate that oxidative stress appears to be a molecular component of the testis and sperm pathologies.

Saudi J Biol Sci Vol.28 
Issue 1 Pages 948-955

10.1016/j.sjbs.2020.11.003 33424387 動物 - 1 0 1 1 0 400 µg/kg - - - - - - - - - - - - - - - - - - - - -

統合_1460
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2024

Protective roles of herbal teas 
against the toxicity of Bisphenol A 
on morphometry of uterus and 
improving murine reproductive 
health (incomplete title and 
amended by the EIC)

The purpose of the current study was to investigate the potential ameliorating murine reproductive effects of herbal tea extracts against bisphenol A-induced (BPA) cytotoxicity. A comparative study was applied among 
red, green and blue teas in mice groups. Samples were coded as RTE, GTE and BTE groups, respectively. Several evaluations of murine reproductive were detected, such as diameters of uterine layers, pregnancy 
percentage, uterine, and offspring weights. The levels of malondialdehyde (MDA), oxytocin and cortisol were detected in plasma. The pregnancy percentage in the BTE + BPA group was 100% in the negative control group. 
The uterine weights of the mice groups with herbal teas ranged from 4.12g to 4.77 g. The offspring weights of litter from dams after exposure to BPA and various herbal teas ranged from 17.53g to 25.12 g and from 20.01 g 
to 28.19 g for females and males, respectively. The BPA toxicity exposure increased MDA levels to reach 19.18ng/ml in the BTE + BPA group as compared with the negative control group of 14.32ng/ml. The exposure to 
BPA toxins decreased the oxytocin level in the negative control group from 32.55ng/ml to 25.55ng/ml in the RTE + BPA group, while the cortisol levels reached 31.39ng/ml in the GTE + BPA group. The appearance of the 
luminal epithelial cells and endometrium in the BTE + BPA group was close to normal. It was indicated that herbal teas, particularly blue tea can be able to improve murine reproduction, while the harmful effects of BPA 
cannot entirely be mitigated.

Pak J Pharm Sci. 2024 
Nov-Dec;37(6):1281-
1287.
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and A. A. Mobarki

2023

Hematotoxicity of Co-Administration 
of Bisphenol A and Acetaminophen 
in Rats and its Amelioration by 
Melatonin

BACKGROUND: Hematotoxicity is an underexplored endpoint of toxicity in most of the chemical exposures. An adverse effect on the hematological system arising out of xenobiotic exposure causes impaired hemostasis 
and coagulation leading to disease. BPA and acetaminophen are widely used synthetic chemicals worldwide and both are known and have numerous toxic effects. Since both can be simultaneously exposed to humans over 
a period of time, we hypothesized that their exposure can cause hematotoxicity, which may be ameliorated by melatonin. OBJECTIVE: In the current study, we aimed to find the effect of single and co-treatment of 
bisphenol A and acetaminophen on the RBC and coagulation factors in rats, and amelioration of impairment by melatonin. METHODS: Oxidative stress in red blood cells, bleeding time, blood clotting time, prothrombin 
time, partial thromboplastin time, and fibrinogen levels were assessed as indicators of hematotoxicity with single and co-exposure to bisphenol A and acetaminophen in rats. The effect of melatonin as a hemato-
protective agent was assessed in the co-exposure. RESULTS: An increase in RBC oxidative stress and decrease in bleeding time, blood clotting time, prothrombin time, and partial thromboplastin time along with an 
increase in fibrinogen levels were observed with bisphenol A and acetaminophen treatment, which were further aggravated with cotreatment of the two. Melatonin treatment, however, was seen to decrease the increase 
in oxidative stress and ameliorate the impairment in coagulation factors. CONCLUSION: Bisphenol A and acetaminophen cause an increase in the oxidative stress in the red blood cells, and cause a shift toward pro-
coagulation, which is alleviated by treatment with melatonin.

Endocr Metab Immune 
Disord Drug Targets. 
2023;23(2):222-229.

10.2174/187153032266622060712
4757
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Peker

2020

The effects of melatonin on possible 
damage that will occur on 
adipocytokines and liver tissue by 
coadministration of fructose and 
bisphenol a (BPA)

BPA, one of the environmental endocrine disruptors, and fructose, reason of liver steatosis which is frequently encountered in the daily diet, contribute to the formation of metabolic syndrome (MetS). This study examines 
the possible effects of concurrent fructose and BPA administration on MetS and determines the effects of melatonin on this process. In the seven identified groups, a total of forty-two adult male Sprague Dawley rats 
were treated by following fructose, BPA, and melatonin amounts, separately and together: group 1 (control), group 2 (10% aqueous fructose), group 3 (25 mg/kg BPA), group 4 (10% fructose + 25 mg/kg BPA), group 5 (10% 
fructose + 20 mg/kg melatonin), group 6 (25 mg/kg BPA + 20 mg/kg melatonin), and group 7 (10% fructose + 25 mg/kg BPA + 20 mg/kg melatonin). At the end of 60 days, histochemical, immunohistochemical, and 
biochemical procedures were performed on liver tissue. As a result, it was seen that BPA and fructose + BPA induced morphological alteration and inflammation and increased intracellular lipid quantity and amount of 
collagen and reticular fibers. The percentage of apoptotic liver cells stained by annexin V-FITC/PI was lower in group 7 compared to the group 4 (p < 0,001) and also in group 6 compared to the group 3 (p = 0.014). Both 
BPA and fructose application caused an increase in lipid peroxidation level due to the increase of oxidative stress. Application of melatonin induced antioxidant enzyme activity and reduced lipid peroxidation level. Our 
results indicate that fructose and BPA administration triggered the formation of MetS, whereas melatonin healed these variations, although not entirely.

Environ Sci Pollut Res 
Int Vol.27 Issue 14 
Pages 16231-16245
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2023
Resveratrol Mitigates Bisphenol A-
Induced Metabolic Disruptions: 
Insights from Experimental Studies

The aim of this study was to investigate the disruptions of metabolic pathways induced by bisphenol A (BPA) and explore the potential therapeutic intervention provided by resveratrol (RSV) in mitigating these disruptions 
through the modulation of biochemical pathways. Wistar albino rats were divided into three groups: group 1 served as the control, group 2 received 70 mg/Kg of BPA, and group 3 received 70 mg/kg of BPA along with 100 
mg/Kg of RSV. After the treatment period, various biomarkers and gene expressions were measured to assess the effects of BPA and the potential protective effects of RSV. The results revealed that BPA exposure 
significantly increased the serum levels of α-amylase, α-glucosidase, G6PC, insulin, HbA1c, HMG-CoA reductase, FFAs, TGs, DPP-4, MDA, and proinflammatory cytokines such as TNF-α and IL-6. Concurrently, BPA 
exposure led to a reduction in the levels of antioxidant enzymes such as catalase (CAT), glutathione peroxidase (GPx), and superoxide dismutase (SOD), as well as GLUT4 and HDL cholesterol. However, the 
administration of RSV along with BPA significantly ameliorated these alterations in the biomarker levels induced through BPA exposure. RSV treatment effectively reduced the elevated levels of α-amylase, α-
glucosidase, G6PC, insulin, HbA1c, HMG-CoA reductase, FFAs, TGs, DPP-4, MDA, and proinflammatory cytokines, while increasing the levels of antioxidant enzymes, GLUT4, and HDL cholesterol. Furthermore, BPA 
exposure suppressed the mRNA expression of glucokinase (GCK), insulin-like growth factor 1 (IGF-1), and glucose transporter 2 (GLUT2) and up-regulated the mRNA expression of uncoupling protein 2 (UCP2), which are 
all critical biomarkers involved in glucose metabolism and insulin regulation. In contrast, RSV treatment effectively restored the altered mRNA expressions of these biomarkers, indicating its potential to modulate 
transcriptional pathways and restore normal metabolic function. In conclusion, the findings of this study strongly suggest that RSV holds promise as a therapeutic intervention for BPA-induced metabolic disorders. By 
mitigating the disruptions in various metabolic pathways and modulating gene expressions related to glucose metabolism and insulin regulation, RSV shows potential in restoring normal metabolic function and 
counteracting the adverse effects induced by BPA exposure. However, further research is necessary to fully understand the underlying mechanisms and optimize the dosage and duration of RSV treatment for maximum 
therapeutic benefits.

Molecules Vol.28 Issue 
15
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2020

Effects of co-administered 
melatonin, fructose and bisphenol A 
(BPA) on rat epididymis and sperm 
characteristics

Consumption of fructose-rich food and exposure to endocrine disrupting chemicals continue to increase. High fructose consumption is associated with increased incidence of dyslipidemia, hypertension, hyperuricemia 
and insulin resistance. Bisphenol A (BPA) is an environmental contaminant that exhibits estrogen-like activity; it impairs reproductive organs, sperm production, spermatogenesis and fertility. We investigated the possible 
ameliorative effects of melatonin on rat epididymis and sperm characteristics following exposure to fructose and BPA. We used 42 adult male Sprague-Dawley rats divided into seven groups. Group 1, control group, was 
treated with 25 mg/kg sesame oil + 25 mg/kg 0.1% ethanol. Group 2 was treated with 10% aqueous fructose. Group 3 was treated with 25 mg/kg BPA. Group 4 was treated with 10% fructose and 25 mg/kg BPA. Group 5 
was treated with 10% fructose and 20 mg/kg melatonin. Group 6 was treated with 25 mg/kg BPA and 20 mg/kg melatonin. Group 7 was treated with 10% fructose, 25 mg/kg BPA and 20 mg/kg melatonin. After 60 days, 
epididymal tissue was removed and analyzed using histochemistry and immunohistochemistry. Sperm were counted, and sperm motility and viability were investigated. Administration of BPA caused significant damage to 
both epididymal tissue and sperm quality; melatonin reduced the damage, but did not prevent it completely.

Biotech Histochem 
Vol.95 Issue 1 Pages 
18-26
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2024

Cardiovascular and renal oxidative 
stress-mediated toxicities 
associated with bisphenol-A 
exposures are mitigated by Curcuma 
longa in rats

OBJECTIVE: Curcuma longa Rhizome (CLR), due to its potent antioxidant phytochemical constituents, was investigated for its effects on bisphenol A (BPA)-induced cardiovascular and renal damage. MATERIALS AND 
METHODS: Sixty rats were randomly selected, and grouped as control, BPA (100 mg/ kg), BPA and CLR 100 mg/kg, BPA and CLR 200 mg/kg, CLR 100 mg/kg, and CLR 200 mg/kg for 21 days. Oxidative stress indices, 
antioxidant status, blood pressure parameters, genotoxicity, and immunohistochemistry were determined. RESULTS: Rats exposed to the toxic effects of BPA had heightened blood pressure, lowered frequency of 
micronucleated polychromatic erythrocytes, and decreased activities of antioxidant enzymes compared with rats treated with CLR. Moreover, administration of CLR significantly (p<0.05) lowered malondialdehyde content 
and reduced the serum myeloperoxidase activity. Immunohistochemical evaluation revealed significantly (p<0.05) increased expressions of cardiac troponin and Caspase 3 in the BPA group compared with the CLR-treated 
groups. CONCLUSION: C. longa ameliorated cardiotoxic and nephrotoxic actions of bisphenol-A via mitigation of oxidative stress, hypertension, and genotoxicity.

Avicenna J Phytomed 
Vol.14 Issue 2 Pages 
202-214

10.22038/ajp.2023.23367 38966628 動物 - 1 不明 1 1 0 100 mg/kg - - - - - - - - - - - - - - - - - - - - -

113



別添-2 統合⽂献リスト  

統合No. 著者名 発⾏年 タイトル アブストラクト 書誌情報 doi PMID
ヒト/動物/in vitro/ex 

vivo/in silico
分野

（疫学/動物） 哺乳動物 経⼝投与
BPA

単独ばく露

⼀般的な動物
種及び系統の
無処置動物

対照群と
3⽤量以上の
BPA投与群

10 mg/kg/⽇
以下の

⽤量設定

コホート研究/症例対照研究
/メタアナリシス

全ての
集団

全ての
ばく露経路

BPA
単独ばく露

遺伝毒性
試験

遺伝毒性試験以外
については100nM
以下の濃度設定の

試験

適格性評価基準
通過

（1534報）

信頼性評価対象
⽂献

(1012報)

疫学納品
⽂献(716報)

動物納品
⽂献(299報)

※１報取得不
可を含む

疫学情報
抽出⽂献

（170報）

動物情報
抽出⽂献

（123報）

EFSA
2023

EFSA
2016

EFSA
2015 BfR KEMI ANSES FDA NIFDS

CLARITY
-BPA

 適格性評価（動物）1：該当、0：該当しない  適格性評価（疫学）1：該当、0：該当しない  適格性評価（in vitro）1：該当、0：該当しない

適格性評価はタイトル及び要旨の情報に基づ
き可能な範囲で実施。明らかに適格性基準不
適合と判断されるもの以外を信頼性評価へ進
め、信頼性評価段階で原著に基づき精査。

引⽤評価機関
●：該当

統合_1466

P. M. Aja, H. A. Ogwoni, P. C. Agu, E. U. Ekpono, 
J. N. Awoke, O. U. Ukachi, O. U. Orji, B. A. Ale, C. 
P. Nweke, I. O. Igwenyi, E. U. Alum, D. C. 
Chukwu, C. E. Offor, A. A. Asuk, E. D. Eze, O. E. 
Yakubu, J. B. Akobi, O. G. Ani and C. G. Awuchi

2023

Cucumeropsis mannii seed oil 
protects against Bisphenol A-
induced testicular mitochondrial 
damages

There has been increasing search for the ameliorative properties of seed oils against toxicants. bisphenol A acts as an estrogenic endocrine-disrupting chemical capable of causing male infertility. This study aimed to 
explore Cucumeropsis mannii seed oil effects against mitochondrial damage in rats using bisphenol A. Forty-eight rats were randomly assigned to six groups (n = 6) of eight rats each and fed the same food and water for 
6 weeks. The group A rats were given 1 mL olive oil, while the ones in group B were given bisphenol A at 100 mL/kg body weight via oral route. Group C received C. mannii seed oil 7.5 mL/kg body weight C. mannii seed oil, 
while group D, group E, and group F were pre-administered bisphenol A at 100 mL/kg body weight, followed by treatment with C. mannii seed oil at 7.5, 5, and 2.5 mL/kg body weight, respectively. Antioxidant enzymes, 
glutathione, reactive oxygen species, testicular volume, malondialdehyde, body weight, and testicular studies were done using standard methods. The results of the bisphenol A-administered group showed a significant 
decrease in the antioxidant enzymes, glutathione, body weight, and testicular volume with elevation in the levels of reactive oxygen species, malondialdehyde, and testicular indices. BPA + CMSO-treated group showed a 
significant increase in GPx activity compared with BPA-exposed rats. CMSO treatment significantly increased catalase activity in comparison with that of rats exposed to BPA. Remarkably, C. mannii seed oil and 
bisphenol A co-administration significantly reversed the abnormalities observed in the dysregulated biochemical biomarkers. Our findings suggest that C. mannii seed oil has considerable antioxidant potential which can 
be explored in therapeutic development against systemic toxicity induced by exposure to bisphenol A. Cucumeropsis mannii seed oil protects against bisphenol A-induced testicular mitochondria damages.

Food Sci Nutr Vol.11 
Issue 6 Pages 2631-
2641
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2023

Cucumeropsis mannii seed oil 
ameliorates Bisphenol-A-induced 
adipokines dysfunctions and 
dyslipidemia

This study demonstrated the therapeutic potentials of Cucumeropsis mannii seed oil (CMSO) capable of alleviating BPA-induced dyslipidemia and adipokine dysfunction. In this study, we evaluated the effects of CMSO 
on adipokine dysfunctions and dyslipidemia in bisphenol-A (BPA)-induced male Wistar rats. Six-week-old 36 albino rats of 100-200 g weight were assigned randomly to six groups, which received varied doses of BPA 
and/or CMSO. The administration of BPA and CMSO was done at the same time for 42 days by oral intubation. The adipokine levels and lipid profile were measured in adipose tissue and plasma using standard methods. 
BPA induced significant (p < .05) increases in triglycerides, cholesterol, leptin, LDL-C, and atherogenic and coronary risk indices in adipose tissue and plasma, as well as a decrease in adiponectin and HDL-C levels in 
Group II animals. BPA administration significantly (p < .05) elevated Leptin levels and reduced adiponectin levels. BPA plus CMSO reduced triglycerides, cholesterol, leptin, LDL-C, and atherogenic and coronary risk 
indices while increasing adiponectin levels and HDL-C in adipose tissue and plasma (p < .05). The results showed that BPA exposure increased adipose tissue as well as serum levels of the atherogenic index, 
triglycerides, cholesterol, coronary risk index, LDL-C, leptin, and body weight with decreased adiponectin levels and HDL-C. Treatment with CMSO reduced the toxicities caused by BPA in rats by modulating the body 
weight, adiponectin/leptin levels, and lipid profiles in serum and adipose tissue. This study has shown that CMSO ameliorates BPA-induced dyslipidemia and adipokine dysfunctions. We suggest for further clinical trial to 
establish the clinical applications.

Food Sci Nutr Vol.11 
Issue 6 Pages 2642-
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2021

Role of dietary selenium in 
alleviating bisphenol A toxicity of 
liver albino rats: Histological, 
ultrastructural, and biomarker 
assessments

Bisphenol A (BPA) is used as a plasticizer in polycarbonate plastics. It has been used in consumer products and epoxy resins for decades as protective coatings and linings for food and beverage bottles. This can trigger 
human reactions to BPA which interferes with estrogen receptors. Our study explored the ameliorative effects of selenium (Se) in male rats on liver damage caused by BPA. Rats were divided into four groups at random: 
The first one obtained olive oil and acted as a control. Se (0.5 mg/kg diet) was given for the second group. The third one was treated with BPA (10 mg/kg body weight/day) orally. Concomitantly Se (0.5 mg/kg diet) and 
BPA (10 mg/kg body weight/day) were given orally in the fourth one. Liver specimens were prepared for light, electron microscopes and the serum samples were screened for biochemical markers. In the BPA received 
group, histological findings indicated apoptotic hepatic histological changes such as sinusoidal congestion, cytoplasmic vacuolation and leukocyte infiltration. Ultrastructurally, the same group had mitochondrial 
degeneration, rough endoplasmic reticulum swelling, and nuclear pyknosis, as well as fat droplet deposition and lysosome enhancement. Liver enzymes: In the BPA group, alanine aminotransferase (ALT) and aspartate 
aminotransferase (AST) have been substantially increased. Moreover, histological and ultrastructural improvements were seen in the rat population treated with BPA and Se, whereas ALT and AST levels were lowered 
and malondialdehyde (MDA), glutathione peroxidase (GPx), human C reactive protein (hCRP), and the serum levels of interleukin-6 (IL-6) were significantly modulated. PRACTICAL APPLICATIONS: Bisphenol A (BPA) is 
used in the manufacturing of polycarbonate plastic (e.g., water bottles, baby bottles) and epoxy resins (e.g., inner coating in metallic food cans). It is a non-polymer preservative for other plastics, one of the contaminants 
of the atmosphere and a common endocrine estrogenic disruptor. Our study explored the ameliorative effects of selenium (Se) in male rats on liver damage caused by BPA. Rats were divided into four groups at random: 
The first one obtained olive oil and acted as a control. Se (0.5 mg/kg diet) was given for the second group. The third one was treated with BPA (10 mg/kg body weight/day) orally. Concomitant Se (0.5 mg/kg diet) and BPA 
(10 mg/kg body weight/day) were given in the fourth one. Liver specimens were prepared for light, electron microscopes and the serum samples were screened for biochemical markers.

J Food Biochem Vol.45 
Issue 5 Pages e13725

10.1111/jfbc.13725 33847390 動物 - 1 1 1 不明 0 10 mg/kg 体重/⽇ - - - - - - - - - - - - - - - - - - - - -

統合_1469

P. C. Agu, P. M. Aja, E. Ekpono Ugbala, H. A. 
Ogwoni, E. M. Ezeh, P. C. Oscar-Amobi, A. Asuk 
Atamgba, O. G. Ani, J. N. Awoke, F. E. Nwite, O. 
U. Ukachi, O. U. Orji, P. C. Nweke, E. Ekpono 
Ugbala, G. O. Ewa, I. O. Igwenyi, C. O. Egwu, E. 
U. Alum, D. C. Chukwu and A. C. Famurewa

2022

Cucumeropsis mannii seed oil 
(CMSO) attenuates alterations in 
testicular biochemistry and histology 
against Bisphenol a-induced toxicity 
in male Wister albino rats

BACKGROUND: Male reproductive health has deteriorated in recent years as a result of industrialization, which has led to the use of desirable chemicals, like Bisphenol A (BPA), of underlying toxicity. Cucumeropsis 
mannii seed is a common soup thickener that produces vegetable oil as well as essential nutrients making it a source of nutraceuticals enlisted with a wide range of therapeutic effects. METHODS: A total of 48 adult 
male Wistar rats (120 ± 200g) were used in this study. They were completely randomized and divided into six groups: A (1ml olive oil) irrespective of the weight, B [BPA 100 mg/kg body weight (bw)], C (CMSO 7.5 ml/kg 
bw), D (CMSO 7.5 ml/kg bw + BPA 100 mg/kg bw), E (CMSO 5.0 ml/kg bw + BPA 100 mg/kg bw), and E (CMSO 2.5 ml/kg bw + BPA 100 mg/kg bw). At the end of the administration via oral routes, rats were sacrificed 
and testes were collected for biochemistry and histological analysis. RESULTS: BPA significantly (P < 0.05) decreased total testicular protein, epididymal sperm parameters (count, volume, and motility), Mitochondrial 
Membrane Potential (MMP), body weight, testicular volume; and significantly (P < 0.05) increased testicular enzymes (alkaline phosphatase and lactate dehydrogenase), testicular index; plus histological damages. 
Interestingly, co-administration of BPA and CMSO significantly (P < 0.05) reversed the biochemical and histological changes. CONCLUSIONS: CMSO prevented the biochemistry and histological alterations hence 
reducing the testicular toxicity. Therefore, CMSO has the potential to be a promising novel nutraceutical for the treatment and management of BPA-induced testicular toxicity.

Heliyon Vol.8 Issue 3 
Pages e09162

10.1016/j.heliyon.2022.e09162 35846473 動物 - 1 1 1 1 0 10 mg/kg 体重/⽇ - - - - - - - - - - - - - - - - - - - - -

統合_1470 A. A. Adeyanju, E. A. Akinwunmi, M. E. Karigidi, 
O. O. Agboola and O. O. Elekofehinti 2025

Cinnamic acid abrogates bisphenol 
A-induced hepatotoxicity via 
suppression of pro-inflammatory 
cytokine and modulation of gene 
expressions of antioxidant enzymes 
in rats

Bisphenol A (BPA) is regularly used to produce plastic products. Its hepatotoxicity has been unveiled. The effects of cinnamic acid on BPA exposure have not been comprehensively studied, and the key mechanism of 
action is yet to be unraveled. Rats were allocated into 5 groups. Group 1 (control) was given corn oil. Group 2 received BPA for 14 consecutive days. Group 3 received cinnamic acid at 50 mg/kg in co-administration with 
BPA while group 4 received cinnamic acid at 100 mg/kg, in co-administration with BPA. Cinnamic acid (CA) only (100 mg/kg) was given to group 5. BPA exposure significantly decreased catalase, glutathione-S-
transferase, and superoxide dismutase activities and non-significantly diminished glutathione level. A reduction in the gene expression of catalase accompanied this. Our result showed significant gene elevation at the 
mRNA level of tumor necrosis factor-α and elevated malondialdehyde by BPA. The significantly elevated alanine transaminase and aspartate transaminase activities in addition to increased levels of total cholesterol, 
triglycerides, and very low-density lipoprotein with reduced high-density lipoprotein reflected the detrimental effect of BPA in the liver. Our results revealed that cinnamic acid could alleviate the increased pro-
inflammatory cytokine level and oxidative stress by downregulating tumor necrosis factor-α gene. The histopathological evaluation confirmed the biochemical results. Hepatic alterations were ameliorated when cinnamic 
acid was co-administered with BPA. These findings suggest that downregulation of the TNF-α gene induced by cinnamic acid may participate in suppressing the BPA-induced oxidative stress. This offers a new idea to 
unmask the mechanism underlying cinnamic acid's interference with BPA-induced hepatic damage.

Toxicol Rep Vol.14 
Pages 101995

10.1016/j.toxrep.2025.101995 40226809 動物 - 1 不明 1 1 0 100 mg/kg - - - - - - - - - - - - - - - - - - - - -

統合_1471 E. O. Adegoke, M. S. Rahman, S. Amjad, W. K. 
Pang, D. Y. Ryu, Y. J. Park and M. G. Pang 2023

Environmentally relevant doses of 
endocrine disrupting chemicals 
affect male fertility by interfering 
with sertoli cell glucose metabolism 
in mice

The growing global deterioration in several aspects of human health has been partly attributed to hazardous effects of endocrine-disrupting chemicals (EDCs) exposure. Therefore, experts and government regulatory 
agencies have consistently advocated for studies on the combined effects of EDCs that model human exposure to multiple environmental chemicals in real life. Here, we investigated how low concentrations of bisphenol 
A (BPA), and phthalates compounds affect the Sertoli cell glucose uptake/lactate production in the testis and male fertility. An EDC mixture containing a detected amount of each chemical compound in humans, called 
daily exposure (DE), and DE increased in magnitude by 25 (DE25), 250 (DE250), and 2500 (DE2500), and corn oil (control) were administered for six weeks to male mice. We found that DE activated estrogen receptor beta 
(Erβ) and glucose-regulated protein 78 (Grp 78) and disrupted the estradiol (E2) balance. In addition, DE25, DE250, and DE2500 doses of the EDC mixture via binding with Sertoli cells' estrogen receptors (ERs) inhibited 
the glucose uptake and lactate production processes by downregulating glucose transporters (GLUTs) and glycolytic enzymes. As a result, endoplasmic reticulum stress (ERS), marked by unfolded protein response (UPR) 
activation, was induced. The accompanying upregulation of activating transcription factor 4 (ATF4), inositol requiring enzyme-1 (IRE1), C/EBP homologous protein (CHOP), and mitogen-activated protein kinase (MAPK) 
signaling promoted antioxidant depletion, testicular cell apoptosis, abnormal regulation of the blood-testis barrier, and decreased sperm count. Therefore, these findings suggest that human and wildlife exposure to 
multiple environmental chemicals can produce a wide range of reproductive health complications in male mammals.

Chemosphere Vol.337 
Pages 139277

10.1016/j.chemosphere.2023.1392
77

37364641 動物 - 1 不明 0 不明 不明 不明 - - - - - - - - - - - - - - - - - - - - -

統合_1472 E. O. Adegoke, M. S. Rahman, S. Amjad, W. K. 
Pang, D. Y. Ryu, Y. J. Park and M. G. Pang 2022

Bisphenol A damages testicular 
junctional proteins 
transgenerationally in mice

Testicular junctions are pivotal to male fertility and regulated by constituent proteins. Increasing evidence suggests that environmental chemicals, including bisphenol A (BPA), may impact these proteins, but whether the 
impacts persist for generations is not yet known. Here, we investigate the effect of BPA (a ubiquitous endocrine-disrupting chemical) on testis and sperm functions and whether the effects are transferred to subsequent 
generations. Male mice (F0) were exposed to corn oil (Control) or 5 or 50 mg BPA/kg body weight/day from 6 to 12 weeks of age. The F0 were mated with wild-type females to produce the first filial (F1) generation. F2 
and F3 were produced using similar procedures. Our results showed that BPA doses decreased the levels of some junctional proteins partly via binding with estrogen receptors (ERα and Erβ), upregulation of p-ERK1/2, 
P85, p-JNK and activation of p38 mitogen-activated protein kinase signaling. Consequently, testicular histological abnormalities, disrupted spermatogenesis, decreased sperm count, and inability to fertilize eggs were 
observed in mice exposed to BPA. These effects were transferred to successive generations (F2), partly through DNA methylation, but mostly alleviated in F3 males. Our findings suggest that paternal exposure to 
chemicals promoting alteration of testicular junctional proteins and its transgenerational inheritance is a key component of the origin of male reproductive health problems.

Environ Pollut Vol.302 
Pages 119067

10.1016/j.envpol.2022.119067 35231543 動物 - 1 不明 1 不明 0 5、50 mg/kg体重/⽇ - - - - - - - - - - - - - - - - - - - - -

統合_1473
T. C. Acısu, S. A. Akarsu, M. Sönmez, A. Yüce, S. 
Çeribaşı, S. D. Cinkara, Ş. Kaya, G. Türk and S. G
ür

2024
Ameliorative effects of Ganoderma 
lucidum (Reishi) on testicular tissue 
of rats exposed to bisphenol A

Bisphenol A (BPA), an endocrine disrupting chemical, is an environmental toxicant widely used in the production of polycarbonate plastics, epoxy resins and paints. Ganoderma lucidum (GDL) is a plant with biological 
activities widely used in Chinese medicine. The present study aims to determine the effects of GDL against testicular dysfunction in rats exposed to BPA. For this purpose, a total of 24 Sprague Dawley rats, 6 rats in each 
group, were used in the study. Rats were administered 25 mg/kg/bw BPA and 300 mg/kg/bw GDL by oral gavage for 8 weeks. After the treatments, the rats were sacrificed, and testicular tissues were removed. One of 
the testes was used for biochemical analyses and the other for histopathologic examinations. The caudal part of the epididymis was trimmed, and semen was obtained. As a result, BPA increased MDA level in blood and 
testicular tissue, while it decreased CAT, GPx activity and GSH level. GDL treatment provided protection from the impaired oxidant balance (p<0.001). Furthermore, BPA caused decreased epididymal sperm motility and 
density, vesicular seminalis weight and blood testosterone levels, increased testicular and epididymal tissue weight (p<0.001). Histopathological examination revealed that BPA caused narrowing in testicular tubules and 
apoptosis, decreased germinal cell thickness and androgen receptor number. It was determined that GDL administration preserved testicular histology. As a result, it was determined that BPA caused toxicity in the 
testicular tissue of rats, whereas GDL administration was ameliorative.

Pol J Vet Sci Vol.27 
Issue 3 Pages 459-467

10.24425/pjvs.2024.151741 39736129 動物 - 1 1 1 1 0 25 mg/kg/bw - - - - - - - - - - - - - - - - - - - - -

統合_1474 H. Abulehia, N. S. Mohd Nor, S. H. Sheikh Abdul 
Kadir, M. Abdul Aziz and S. Zulkifli 2023

The effects of trans fat diet intake 
on metabolic parameters and 
pancreatic tissue in offspring of 
prenatal bisphenol A exposed rats

Bisphenol A (BPA) is a plasticiser used in the manufacturing of many products and its effects on human health remain controversial. Up till now, BPA involvement in metabolic syndrome risk and development is still not 
fully understood. In this study, we aimed to investigate the effect of prenatal BPA exposure with postnatal trans-fat diet intake on metabolic parameters and pancreatic tissue histology. Eighteen pregnant rats were 
divided into control (CTL), vehicle tween 80 (VHC), and BPA (5 mg/kg/day) from gestational day (GD) 2 until GD 21, then their weaning rat's offspring were fed with normal diet (ND) or trans-fat diet (TFD) from postnatal 
week (PNW) 3 until PNW 14. The rats were then sacrificed and the blood (biochemical analysis) and pancreatic tissues (histological analysis) were collected. Glucose, insulin, and lipid profile were measured. The study 
has shown that there was no significant difference between groups with regard to glucose, insulin, and lipid profiles (p > 0.05). All pancreatic tissues showed normal architecture with irregular islets of Langerhans in 
TFD intake groups compared to offspring that consumed ND. Furthermore, the pancreatic histomorphometry was also affected whereby the study findings revealed that there was a significant increase in the mean 
number of pancreatic islets in rats from BPA-TFD group (5.987 ± 0.3159 islets/field, p = 0.0022) compared to those fed with ND and BPA non-exposed. In addition, the results have found that prenatal BPA exposure 
resulted in a significant decrease in the pancreatic islets diameter of the BPA-ND group (183.3 ± 23.28 µm, p = 0.0022) compared to all other groups. In conclusion, prenatal BPA exposure with postnatal TFD in the 
offspring may affect glucose homeostasis and pancreatic islets in adulthood, and the effect may be more aggravated in late adulthood.

Sci Rep Vol.13 Issue 1 
Pages 9322

10.1038/s41598-023-36043-1 37291156 動物 - 1 1 1 1 0 5 mg/kg/day - - - - - - - - - - - - - - - - - - - - -

統合_1475 H. Abulehia, N. S. Mohd Nor and S. H. Sheikh 
Abdul Kadir 2025

Intake of Trans-Fat Diet With 
Prenatal Bisphenol A Exposure 
Induce Global DNA Methylation in 
Rats Offspring

BACKGROUND: Bisphenol A (BPA) is a ubiquitous industrial compound found in an enormous variety of consumer goods such as plastics, epoxy resins, and thermal paper. Despite its widespread usage, the effects of BPA 
on the risk and development of metabolic syndrome are not fully understood. Prenatal exposure to BPA has been shown to disrupt the development of offspring's metabolically active tissues and increase their 
susceptibility to the adverse consequences of a trans-fat diet (TFD). METHODS: In this experiment, pregnant rats (n = 18) were randomly separated into three groups. These groups were treated from pregnancy day (PD) 
2 to PD 21. Subsequently, the male offspring of these rats were provided either a normal-diet (ND) or a TFD from 3rd postnatal week (PNW) to 14th PNW. Then, protein expression of PPAR-γ and global DNA methylation 
were assessed in the adult rat offspring that were exposed to in utero BPA and subjected to postnatal TFD intake. RESULTS: The study findings have shown that there was no association between prenatal exposure to 
BPA and/or TFD consumption and PPAR-γ protein expression within all the study groups in the liver tissue. On the other hand, changes at the molecular level, as reflected by the global DNA hypermethylation induced by 
prenatal BPA and postnatal TFD intake in adult male SD rat offspring (PNW 14). CONCLUSIONS: This study underscores the potential impact of prenatal BPA exposure and postnatal TFD intake on epigenetic regulation, 
as evidenced by global DNA hypermethylation, despite no observable changes in PPAR-γ protein expression. These findings suggest that early-life environmental exposures may predispose individuals to metabolic 
disruptions, including diabetes and obesity, in adulthood or future generations.

Birth Defects Res 
Vol.117 Issue 2 Pages 
e2450

10.1002/bdr2.2450 39953946 動物 - 1 不明 不明 不明 0 不明 - - - - - - - - - - - - - - - - - - - - -

統合_1476 H. M. H. Abou El-Naga, S. A. El-Hashash, E. M. 
Yasen, S. Leporatti and N. A. N. Hanafy 2022

Starch-Based Hydrogel 
Nanoparticles Loaded with 
Polyphenolic Compounds of Moringa 
Oleifera Leaf Extract Have 
Hepatoprotective Activity in 
Bisphenol A-Induced Animal Models

Bisphenol A (BPA) is an xenoestrogenic chemical used extensively in the fabrication of baby bottles, reusable plastic water bottles and polycarbonate plastic containers. The current study aims to investigate the 
hepatoprotective activity of Moringa oleifera Lam leaf extract (MOLE) and hydrogel NPs made of starch-MOLE-Bovine Serum Albumin (BSA) against Bisphenol A-induced liver toxicity in male rats. Fabrication and 
characterization of hydrogel NPs formed of starch-MOLE-BSA were investigated using FTIR, TEM, zeta potential, UV-visible spectroscopy and fluorescence spectrophotometer. The potential efficacy of hydrogel NPs was 
studied. Compared to the results of control, the level of liver function, oxidative stress markers and lipid profile status were remodulated in the groups treated with MOLE and hydrogel NPs (Encap. MOLE). Meanwhile, the 
administration of MOLE and Encap MOLE significantly increased antioxidant activity and decreased the level of apoptotic pathways. Heme oxygenase (HO)-1 and growth arrest -DNA damage-inducible gene 45b 
(Gadd45b) were also regulated in the groups treated with MOLE and Encap. MOLE compared to the group which received BPA alone. In the present study, MOLE and hydrogel NPs led to remarkable alterations in 
histological changes during BPA administration. Overall, MOLE has a potential antioxidant activity which can be used in the treatment of liver disorders.

Polymers (Basel) Vol.14 
Issue 14

10.3390/polym14142846 35890622 動物 - 1 1 1 1 0 50 mg/kg/daily - - - - - - - - - - - - - - - - - - - - -

統合_1477 O. A. R. Abo-Zaid, F. S. M. Moawed, H. A. 
Hassan and E. M. Moustafa 2022

Hydrogen sulfide attenuates lung 
injury instigated by Bisphenol-A via 
suppressing inflammation and 
oxidative stress

The xenoestrogen bisphenol A (BPA), a commonly used industrial chemical, has been linked to endocrine disruption. The point of the study was to consider the effects of chronic BPA exposure on the respiratory system of 
adult female rats, and the potential mitigating benefits of Sodium hydrosulfide (NaHS), a donor of hydrogen sulfide (H(2)S) administration. Detect biomarkers in Bronchoalveolar lavage fluid (BALF), including total protein 
content, Total cell counts, Neutrophils %, ICAM (intercellular adhesion molecule)-1 and TGF-β (Transforming growth factor beta). NaHS significantly reduced pro-inflammatory cytokines (IFN-β and MCAF,) also reduce 
(i.e. VCAM-1, VEGF, VIM, MMP-2, MMP-9), and reduced malondialdehyde and augmented activities of SOD and GSH-PX. Notably, H(2)S induced a marked decrease in the expression levels of p-extracellular signal-
regulated protein kinase (p-ERK), p-c-Jun N-terminal kinase (p-JNK), and p-p38, H(2)S inhibits BPA-induced inflammation and injury in alveolar epithelial cells. These results suggest NaHS may prevent inflammation via 
the suppression of the ERK/JNK/ p-p38MAPK signaling pathway, Subsequent inhibition of inflammation, epithelial cell injury, and apoptosis may be providing insight into potential avenues for the treatment of lung injury.

BMC Pharmacol Toxicol 
Vol.23 Issue 1 Pages 98

10.1186/s40360-022-00636-9 36585682 動物 - 1 0 1 1 0 150 mg/kg/ day - - - - - - - - - - - - - - - - - - - - -

統合_1478 O. A. Abo-Zaid, F. S. Moawed, H. A. Hassan and 
E. M. Moustafa 2022

Bisphenol-A/Radiation mediated 
inflammatory response activates 
EGFR/KRAS/ERK1/2 signaling 
pathway leads to lung 
carcinogenesis incidence

BACKGROUND: Bisphenol (BPA) and ionizing radiation exposure (IR) are potent oxidants that cause free radical induction, leading to signaling pathway activation that alters cell growth. Due to the insufficient knowledge 
of the impact of BPA and IR on the lungs, the current study determined the impact of BPA and IR on the lung tissue of adult female Wistar rats. METHODS: Forty Wister female rats were used in this study and were 
randomly divided into four groups. The rats received BPA (150 mg/kg body weight/day for 6 weeks) and were exposed to IR at 2 Gy/week up to 12 Gy for 6 weeks. RESULTS: It was found that BPA and IR possess a 
harmful effect on the lungs via induction of oxidative stress, confirmed by increasing levels of malondialdehyde (MDA), nitric oxide, myeloperoxidase (MPO), and lactate dehydrogenase (LDH). Exposure to BPA and IR 
activates inflammatory cytokines TNF-α, IL-6, IL-1β, growth factors such as TGF-β, and gastrin-releasing peptides. BPA/IR exposures induced phosphorylated expression p-ERK1/2 and p-MEK1/2 associated with 
triggering of the GPER/EGFR/KRAS signaling factors, resulting in matrix metalloproteinase-2 and 9 overexpression and the development of lung tumors. Our findings support the causal role of two deleterious 
environmental pollutants BPA and IR, via the cytotoxicity in the respiratory system in the form of severe lung damage resulting in cancerous cells.

Int J Immunopathol 
Pharmacol Vol.36 Pages 
3946320221092918

10.1177/03946320221092918 35410520 動物 - 1 0 1 1 0 150 mg/kg 体重/⽇ - - - - - - - - - - - - - - - - - - - - -
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統合_1479 R. Abo-Elsoud, S. Ahmed Mohamed Abdelaziz, 
M. Attia Abd Eldaim and S. M. Hazzaa 2022

Moringa oleifera alcoholic extract 
protected stomach from bisphenol 
A-induced gastric ulcer in rats via its 
anti-oxidant and anti-inflammatory 
activities

This study evaluated the protective potentials of Moringa oleifera leaf alcoholic extract (MOLE) against bisphenol A (BPA)-induced stomach ulceration and inflammation in rats. Control rats received olive oil. Second 
group administered MOLE (200 mg/kg bwt) by oral gavage. Third group was given BPA (50 mg/ kg bwt) for 4 weeks. Fourth group administrated BPA and MOLE simultaneously. Fifth group was given MOLE for 4 weeks 
then administered BPA and MOLE for another 4 weeks. Bisphenol A induced gastric ulceration and decreased the volume of gastric juice, prostaglandin E2 (PGE2), reduced glutathione (GSH) and interleukin 10 (IL-10) 
contents, superoxide dismutase (SOD) activity, and proliferating cell nuclear antigen (PCNA) protein in stomach tissues, while increased the titratable acidity, malondialdehyde (MDA), tumor necrosis factor alpha (TNF-
α) and interleukin 6 (IL-6) contents, and caspase-3 and NF-κB proteins in stomach tissue. However, MOLE ameliorated BPA-induced gastric ulceration and significantly increased the volume of gastric juice, PGE2, 
GSH and IL-10 contents, SOD activity, and PCNA protein while significantly decreased titratable acidity, MDA, TNF-α and IL-6 contents, and of NF-κB and caspase-3 proteins in gastric tissue. This study indicated that 
MOLE protected stomach against BPA-induced gastric injury via its anti-oxidant, anti-apoptotic, and anti-inflammatory activities.

Environ Sci Pollut Res 
Int Vol.29 Issue 45 
Pages 68830-68841

10.1007/s11356-022-20543-0 35554805 動物 - 1 1 1 1 0 50 mg/kg bw - - - - - - - - - - - - - - - - - - - - -

統合_1480 S. M. Abdulkareem 2022

Physiological, biochemical, and 
hormonal changes in rats exposed to 
bottled water left in a hot car and 
the freezer

The aim of this study was to investigate the effects of bottled water left in the car and those left in the refrigerator on the physiological and biochemical parameters of male rats. Eighteen male albino rats were randomly 
divided into control, warmed bottled water (WBW), and cooled bottled water (CBW) groups. The concentrations of bisphenol A (BPA) and antimony (Sb) in the water samples were measured. Results showed that the 
levels of BPA and Sb were higher in bottled water left in the car and those kept at room temperature (control), relative to the bottled water samples kept in the fridge. Bodyweight, some metabolic indicators, cTnT and 
CRP levels, hematological parameters, testosterone level, and sperm quality were significantly affected by storage conditions. These results indicate that storage conditions can potentially affect the quality of bottled 
water, which in turn can affect the biological parameters of living organisms. Moreover, since the concentrations of BPA and Sb were least in bottled water kept in the refrigerator, we recommend that manufacturers and 
households should endeavor to keep bottled water under cold storage.

Int J Environ Health 
Res. 2022 
Dec;32(12):2653-2664.

10.1080/09603123.2021.1982876 34933623 動物 代謝 1 1 0 1 0 おそらく1（測定していない） - - - - - - 1 1 - 1 - - - - - - - - - - -

統合_1481 H. M. Abdou, H. A. E. Abd Elkader, A. H. El-
Gendy and S. M. Eweda 2022

Neurotoxicity and 
neuroinflammatory effects of 
bisphenol A in male rats: the 
neuroprotective role of grape seed 
proanthocyanidins

Exposure to bisphenol A (BPA) contributes to neurological disorders, but the underlying mechanisms are still not completely understood. We studied the neurotoxic effect of BPA and how it promotes inflammation and 
alteration in the neurotransmission synthesis, release, and transmission. This study was also designed to investigate the neuroprotective effect of grape seed proanthocyanidins (GSPE) against BPA-induced neurotoxicity 
in rats. Rats were equally divided into 4 groups with 7 rats in each: control group, BPA group, GSPE + BPA group, and GSPE group. Rats were orally treated with their respective doses (50 mg BPA/kg BW and/or 200 mg 
GSPE/kg BW) daily for 70 days. BPA elicits significant elevation in malondialdehyde (MDA) and nitric oxide (NO) associated with a significant reduction in glutathione (GSH), total thiols, glutathione peroxidase (GPx), 
superoxide dismutase (SOD), and glutathione-S-transferase (GST). BPA exposure results in increased dopamine and serotonin levels, elevation in acetylcholinesterase (AChE) activity, and reduction in Na/K-ATPase and 
total ATPase activities in the brain. Also, BPA induces upregulation in the gene expression of the inflammatory markers, tumor necrosis factor-α (TNF-α) and cyclooxygenase-2 (COX-2), and in the tumor suppressor and 
pro-oxidant p53 protein. The pretreatment with GSPE attenuates or ameliorate all the oxidative and neurotoxic parameters induced by BPA. Our results suggest that GSPE has a promising role in modulating BPA-induced 
neuroinflammation and neurotoxicity and its antioxidant and free radical scavenging activities may in part be responsible for such effects.

Environ Sci Pollut Res 
Int Vol.29 Issue 6 Pages 
9257-9268

10.1007/s11356-021-16311-1 34505250 動物 - 1 1 1 不明 0 50 mg/kg体重 - - - - - - - - - - - - - - - - - - - - -

統合_1482
W. Y. Abdelzaher, M. Hassan, N. F. Gamal El-
Tahawy, A. Ali, D. Elroby Ali, M. N. N. Rezk, Z. H. 
Saeed and A. Geddawy

2025

Protective effect of modafinil in 
bisphenol A-induced lung injury in 
rats: roles of SIRT1-dependent 
signaling pathways

BACKGROUND: Bisphenol A (BPA) is an industrial chemical used in manufacturing epoxy resins, polycarbonate plastics. We aimed to evaluate the possible protective effect of modafinil (MOD) in BPA-induced lung injury. 
MATERIALS AND METHODS: Twenty-four adult male albino Wistar rats were divided into four groups: Control group, MOD group: rats received modafinil 10 mg/kg/day for 4 weeks, BPA group: rats received Bisphenol A 
(500 mg/kg/day) for 4 weeks, MOD/BPA group: rats received MOD+ BPA. We measured arterial blood gas (ABG), malondialdehyde (MDA), nitric oxide (NOx), total antioxidant capacity (TAC), interlukin-1b (IL-1b), Sirtuin 
type 1 (SIRT1), Keap1, Nuclear factor (erythroid-derived 2)-like 2 (Nrf2), caspase-3 and forkhead-box transcription factor1 (FOXO1) levels, tumor necrosis factor-alpha (TNF-α), nuclear factor-kappa B (NF-κB), 
apoptotic Bcl-2-associated protein x (Bax) and anti-apoptotic B-cell leukemia/lymphoma 2 protein (Bcl2) and Heme Oxygenase-1 (HO-1) gene expression. Furthermore; histological changes, interlukin-6 (IL-6) immuno-
expression were evaluated. RESULTS: BPA group showed significant increase in the partial pressure of carbon dioxide (PaCO2), MDA, NOx, IL-1b, keap1 and FOXO1, caspase-3 levels; TNF-α and NF-Κb, Bax and HO-1 
gene expression, IL-6 exhibited a notable rise in immune-expression in the alveolar wall cells, interstitial cells, and infiltrating inflammatory cells. Moreover; it showed toxic histological changes of marked lung injury. 
Meanwhile, there is a significant decrease in the partial pressure of oxygen (PaO2), TAC, SIRT1, Nrf2 levels, and Bcl2 gene expression. MOD showed a significant improvement in all parameters. CONCLUSION: MOD 
possesses potent ameliorative effects against lung injury caused by BPA via reducing oxidative stress, inflammatory process, and apoptosis through regulation of SIRT1/Nrf2 and SIRT1/FOXO1 signaling pathways.

Immunopharmacol 
Immunotoxicol Vol.47 
Issue 2 Pages 252-262

10.1080/08923973.2025.2469218 40033663 動物 - 1 不明 1 1 0 500 mg/kg/⽇ - - - - - - - - - - - - - - - - - - - - -

統合_1483 E. Abdelrazik, H. M. Hassan, Z. Abdallah, A. 
Magdy and E. A. Farrag 2022

Renoprotective effect of N-
acetylcystein and vitamin E in 
bisphenol A-induced rat 
nephrotoxicity; Modulators of Nrf2/ 
NF-κB and ROS signaling pathway

BACKGROUND AND AIM OF THE WORK: Bisphenol A (BPA) is a chemical product that is widely used as a plastic precursor. It acts directly on the kidney mitochondria, causing renal dysfunction. N-acetylcysteine is 
effective in protecting the kidneys from chemical-induced damage. Vitamin E is an antioxidant that protects cells from the damaging effects of free radicals. The aim of this study is to further evaluate and compare NAC 
and vitamin E to oppose the nephrotoxicity caused by BPA. RESEARCH DESIGN AND METHODS: Forty-two adult male rats were divided into 7 groups:  control, BPA, NAC, vitamin E, BPA plus NAC, BPA plus vitamin E, and 
combined BPA, NAC and vitamin E. BPA, NAC, vitamin E were given orally at doses of 50 mg/kg, 200 mg/kg, and 1000 mg/kg respectively, for 5 weeks. RESULTS: NAC and vitamin E groups showed improved kidney 
function tests and alleviated BPA-induced oxidative stress; increased GSH and decreased MDA, NO and iNOS levels. NAC and vitamin E significantly attenuated inflammation; decreased NF-κB and increased IL-4, and 
Nrf2, in addition there was alleviation of renal histopathology. To some extent, vitamin E administration showed significant improvement. Moreover, combined NAC and vitamin E treatment showed more significance than 
either NAC or vitamin E separate groups. CONCLUSIONS: This study determined the substantial protective effects of NAC and/or vitamin E in BPA-induced nephrotoxicity through modulation of Nrf2 with subsequent 
improvement of oxidative stress and inflammation. The alleviation was more significant in combined NAC and vitamin E treatment mainly through their synergistic effect on Nrf2.

Acta Biomed Vol.93 
Issue 6 Pages e2022301

10.23750/abm.v93i6.13732 36533744 動物 - 1 1 1 1 0 50 mg/kg/da - - - - - - - - - - - - - - - - - - - - -

統合_1484 A. Abdel-Wahab, K. M. A. Hassanin, S. S. 
Ibrahim, D. El-Kossi and A. H. Abdel-Razik 2021

Developmental Programming: 
Physiological Impacts of Prenatal 
Melatonin Administration on 
Reproductive Capacity and Serum 
Triiodothyronine of Adult Female 
Offspring Rat Born to Moms 
Exposed to Bisphenol A During 
Pregnancy

Gestational bisphenol A (BPA) exposure induced multiple programmed diseases in the adult offsprings. Thus, this study targeted exploring the physiological impacts of melatonin (MEL) as a reprogramming strategy 
against in utero BPA exposure on reproductive capacity of adult F1 female rat offspring. Forty adult pregnant albino female rats were divided equally into 5 groups (n = 8): group I (control), group II (low-dose BPA; 25 μg 
BPA/kg B.w.t.), group III (low-dose BPA + 10 mg MEL/kg B.w.t.), group IV (high-dose BPA; 250 μg/kg B.w.t.), and group V (high-dose BPA + MEL). Treatments were given daily by subcutaneous (s/c) injection from the 
fourth day of pregnancy until full term. After delivery, female offspring were selected, and on postnatal day 60, adult offspring were examined for estrus regularity and then were sacrificed at estrus to collect blood and 
tissue samples. Findings clarified that in utero BPA exposure (both doses) increased significantly (P < 0.05) the ovarian weights and the serum levels of estrogen but decreased that of triiodothyronine (T3) compared to 
control groups. Significant increasing of serum malondialdehyde (MDA) and decreasing of total antioxidant capacity (TAC) were also detected. Both doses of BPA disturbed remarkably the estrus cycles and caused 
marked aberrations in ovarian and uterine tissues. Interestingly, prenatal MEL co-treatment with BPA mitigated significantly all of these degenerative changes. Thus, this study first demonstrated that prenatal MEL 
therapy could be used as a potent reprogramming intervention against BPA-induced reproductive disorders in the adult F1 female rat offspring.

Reprod Sci Vol.28 Issue 
7 Pages 1956-1966

10.1007/s43032-020-00452-8 33469879 動物 - 1 0 1 1 0 25, 250 µg/kg - - - - - - - - - - - - - - - - - - - - -

統合_1485 M. K. Abdel-Rafei and N. M. Thabet 2020

Modulatory effect of 
methylsulfonylmethane against 
BPA/γ-radiation induced 
neurodegenerative alterations in 
rats: Influence of TREM-2/DAP-
12/Syk pathway

AIMS: Methylsulfonylmethane (MSM), is an organosulfur compound, has many health benefits. Bisphenol-A (BPA) and γ-radiation (R) are two risky environmental contaminants that human beings are exposed to in 
everyday life. This work aims at unveiling the modulatory role of MSM in combating BPA and R co-exposure induced neurodegenerative disorder (Alzheimer's (AD)-mimic neurotoxicity). MAIN METHODS: Female rats were 
randomly divided into five groups. One group was normal control and the other four groups were subjected to subacute BPA intoxication and/or exposed to fractionated weekly doses of R for 4 weeks and either untreated 
or treated with MSM concomitantly. KEY FINDINGS: BPA and R co-exposure induced typical hallmarks of neurodegenerative disorders as revealed by tremendously elevated oxidative stress, extensive neuroinflammation 
(tumor necrosis factor -α and interleukin-1β), elevated AD markers (amyloid-beta (Aβ(42)), acetylcholinesterase (AchE) activity and tau-phosphorylation) in cortex and hippocampus as well as up-regulation of 
microglial pro-inflammatory triggering receptor expressed on myeloid cell-2(TREM-2)/DNAX-activating protein of 12 kDa (DAP-12)/spleen-tyrosine kinase (Syk) pathway and its downstream targets (PLC-γ/DAG/p38-
MAPK) in hippocampus. Also, neurodegenerative lesions were revealed in histopathological examination of cortex and hippocampus coupled with marked Aβ deposition in hippocampus. Whereas, MSM treatment 
improved histopathological insults and ameliorated level of oxidative stress, neuroinflammation and AD markers as well as modulated TREM-2/DAP-12/Syk pathway. SIGNIFICANCE: Our data suggest that MSM afforded 
neuroprotection against BPA and R; supporting its potential application in the associated neurodegenerative disorders.

Life Sci. 2020 Nov 
1:260:118410.

10.1016/j.lfs.2020.118410 32926927 動物 神経毒性 1 0 (腹腔内） 0 1 0 0 - - - - - - 1 1 - 1 - - - - - - - - - - -

統合_1486 F. M. Abdel-Maksoud, F. A. Z. Ali and B. T. 
Akingbemi 2019

Prenatal exposures to bisphenol A 
and di (2-ethylhexyl) phthalate 
disrupted seminiferous tubular 
development in growing male rats

Endocrine-disrupting compounds (EDCs) are found in the environment due to their use in industrial and manufacturing activities. Exposure of the population to bisphenol A (BPA) and di (2-ethylhexyl) phthalate (DEHP) is 
significant because they are present in many consumer products. EDCs target the reproductive tract because they express high levels of steroid hormone receptors, which act as transcriptional factors to regulate 
reproductive development. In the present study, timed-pregnant Long-Evans female rats (n = 8-10) were administered BPA and DEHP by oral gavage at 2.5 or 25 μg/kg body weight and 5 or 50 μg/kg body weight, 
respectively. Exposures to chemicals were limited to the period between gestational days 12 and 21 followed by assessment of testicular development in male offspring in the postnatal period. Leydig cells and Sertoli 
cells are the two major somatic cells present in the testis. The 17β-hydroxysteroid dehydrogenase (17β-HSD) steroidogenic enzyme is a marker for Leydig cell maturation, whereas transferrin is a marker for Sertoli cell 
differentiation. At day 10 post-partum, testes were obtained from cohorts of control and chemical-exposed male rats and processed to measure 17β-HSD and transferrin expression levels in western blots. Compared to 
control, 17βHSD enzyme protein was increased in BPA-treated rats but levels were decreased in animals exposed to DEHP (P < 0.05). Transferrin protein was decreased in male rats exposed to both BPA and DEHP 
compared to control animals (P < 0.05). To assess qualitative cellular changes within the spermatogenic epithelium, testes were obtained from separate cohorts of male rats at 35 days of age and processed for 
histopathological analysis. Results showed that prenatal exposures of male rats to BPA and DEHP caused disruption of the spermatogenic epithelium evident as disorganization and atrophy of seminiferous tubules as well 
as desquamation of germ cells into the tubular lumen. Together, results from the present study support the view that developmental exposures to environmentally relevant levels of BPA and DEHP are associated with 
disruptions of testicular cell development, which have implications for endocrine and exocrine functions of testis.

Reprod Toxicol Vol.88 
Pages 85-90

10.1016/j.reprotox.2019.07.017 31369804 動物 - 1 1 1 1 0 2.5、25 µg/kg体重 - - - - - - - - - - - - - - - - - - - - -

統合_1487 H. A. E. Abd Elkader, A. S. Al-Shami and H. S. 
Darwish 2025

Perinatal bisphenol A exposure has 
an age- and dose-dependent 
association with thyroid allostasis 
adaptive response, as well as 
anxiogenic-depressive-like and 
asocial behaviors in juvenile and 
adult male rats

Thyroid hormones are essential for brain development, and a shortage throughout the fetal and postnatal periods can result in mood disorders. Perinatal exposure to bisphenol A (BPA) affects thyroid activity and 
dependent processes indirectly during pregnancy or early postnatal life. This is particularly important because it may cause changes in tissue ontogeny, increasing the risk of developing disorders later in life. The study 
aimed to investigate the consequences of thyroid hormone deficiency on anxiety, social, and depressive behaviors, as well as disruption in thyroid peroxidase (TPO) gene expression, which influences the NF-κB/Nrf-
2/HO-1/iNOS signaling pathway, leading to oxidative stress, inflammation, and DNA fragmentation in perinatal BPA exposure (PND18), and whether these effects can be observed in juvenile (PND60) and adult (PND95) 
male offspring rats. BPA increased anxiety-like behavior while decreasing sucrose preference and sociability on a choice task between novel conspecific male rats and enhanced immobility on the forced swim test. 
Perinatal exposure to BPA causes thyroid insult by overproducing ROS, increasing iNOS, and NF-κB levels-these effects, in turn, down-regulate Nrf-2/HO-1 signaling, resulting in DNA fragmentation within thyroid 
tissues. Furthermore, perinatal BPA exposure for 60 and 95 days resulted in a significant fold decrease in TPO mRNA levels in the thyroid tissues, with an insignificant fold rise in TPO expression levels in BPA 50-60. In 
conclusion, the present study found that perinatal BPA exposure induced thyroid allostasis-adaptive response by inhibiting the NF-κB/Nrf-2/HO-1/iNOS signaling pathway and altering the transcriptional expression of 
TPO, where TSH reinforced a possible association with TPO activity, disrupting thyroid hormone synthesis in juvenile rats and gradual deterioration reaching the adult stage.

Physiol Behav. 2025 Jan 
1:288:114732.

10.1016/j.physbeh.2024.114732 39510223 動物 甲状腺ホルモン合成 1 1 1 1 0 0 - - - - - - 1 1 - 1 - - - - - - - - - - -

統合_1488 H. A. E. Abd Elkader, H. M. Abdou, O. A. 
Khamiss and A. E. Essawy 2021

Anti-anxiety and antidepressant-like 
effects of astragaloside IV and 
saponins extracted from Astragalus 
spinosus against the bisphenol A-
induced motor and cognitive 
impairments in a postnatal rat model 
of schizophrenia

Bisphenol A (BPA) is a chemical endocrine disruptor to which humans are often exposed in daily life. Postnatal administration of BPA results in schizophrenia (SCZ)-like behaviours in rats. The present study was designed 
to elucidate whether treatment with astragaloside IV (ASIV) or saponins extracted from Astragalus spinosus improves the neurobehavioural and neurochemical disturbances induced by BPA. Fifty-two juvenile (PND20) 
male Sprague Dawley rats were divided into four groups. The rats in Group I were considered the control rats, while the rats in Group II were orally administered BPA (125 mg/kg) daily from PND20 to adult age (PND117). 
The rats in the third and fourth groups were administered BPA (125 mg/kg/day) supplemented with astragaloside IV (80 mg/kg/d) on PND20 or A. spinosus saponins (100 mg/kg/d) from PND50 to PND117, respectively. 
Administration of ASIV and saponins extracted from Astragalus spinosus reversed the anxiogenic and depressive-like behaviours and the social defects that were observed in the rats treated with BPA alone. Additionally, 
these compounds improved memory impairments, restored dopamine (DA), serotonin (5-HT), and monoamine oxidase (MAO-A) levels and normalized Tph(2) mRNA expression towards the control values. Taken together, it 
can be concluded that orally administered ASIV and A. spinosus saponins exhibit neuroprotective effects and that these compounds can be used as therapeutic strategies against BPA-induced neuropsychiatric symptoms 
in a rat model of SCZ.

Environ Sci Pollut Res 
Int Vol.28 Issue 26 
Pages 35171-35187

10.1007/s11356-021-12927-5 33666843 動物 - 1 1 1 1 0 125 mg/kg/⽇ - - - - - - - - - - - - - - - - - - - - -

統合_1489 K. Yin, X. Sun, Y. Zheng, W. Zhang and H. Lin 2023

Bisphenol A exacerbates selenium 
deficiency-induced pyroptosis via 
the NF-κB/NLRP3/Caspase-1 
pathway in chicken trachea

Selenium deficiency can lead to multiple tissue and organ damage in the body and could coexist with chronic toxic exposures. Contamination from Bisphenol A (BPA) exposure can induce the occurrence of various injuries 
including pyroptosis. However, it is not clear whether selenium deficiency and BPA exposure affect tracheal tissue pyroptosis in chickens. To investigate whether selenium deficiency and BPA exposure induce chicken 
tracheal tissue pyroptosis via the NF-κB/NLRP3/Caspase-1 pathway and the effect of their combined exposure on tissue injury, we developed a model of relevant chicken tracheal injury. Sixty broilers were divided into 
four groups: the control group (C group), selenium-deficient group (SeD group), BPA-exposed group (BPA group) and combined exposure group (SeD + BPA group). The study examined the expression indicators of markers 
of pyroptosis (NLRP3&GSDMD), NF-κB pathway-related inflammatory factors (NF-κB, iNOS, TNF-α, COX-2), pyroptosis-related factors (ASC, Caspase-1, IL-1β, IL-18), and some heat shock proteins and 
interleukins (HSP60, HSP90, IL-6, IL-17) in the samples. The results showed that the expression of the above indicators was significantly upregulated in the different treatment groups (P < 0.05). In addition, the 
expression levels of the above related indicators were more significantly up-regulated in the combined selenium-deficient and BPA-exposed group compared to the group in which they were individually exposed. It was 
concluded that selenium deficiency and BPA exposure induced tracheal tissue pyroptosis in chickens through NF-κB/NLRP3/Caspase-1 pathway, and BPA exposure exacerbated selenium deficiency-induced tracheal 
pyroptosis. The present study provides new ideas into studies related to the co-exposure of organismal micronutrient deficiency and chronic toxicants.

Comp Biochem Physiol 
C Toxicol Pharmacol 
Vol.263 Pages 109488

10.1016/j.cbpc.2022.109488 36257570 動物 - 0 不明 不明 不明 不明 不明 - - - - - - - - - - - - - - - - - - - - -

統合_1490 T. Xu, T. Chen, X. Shi, J. Ding, S. Chen and H. 
Lin 2024

Co-exposure of bisphenol A and 
selenium deficiency induces 
pyroptosis via ROS/NLRP3 pathway 
in chicken spleen

Bisphenol A (BPA) is widely applied in plastic products, which will produce immunotoxicity to organisms after spilling in the environment, and become a kind of endocrine disruptor. Selenium (Se) is an essential trace 
element and plays an important role in maintaining redox homeostasis and immune function. BPA exposure and Se deficiency often occur together in livestock and poultry farming, however, studies on the effects of joint 
exposure on chicken immunotoxins have not been reported. Therefore, this study established a chicken spleen and MDCC-MSB1 cell model under the combined effects of BPA exposure or/and Se deficiency. 
Transcriptomic analysis showed that BPA exposure and/or Se deficiency induced differential enrichment of positive regulatory pathways such as NLRP3 inflammatory complex assembly, inflammatory response and 
cellular oxidative stress response. In the -Se+BPA group, pathological damage was significantly increased, Se content decreased, BPA accumulation, oxidative stress and pyroptosis. Meanwhile, the roles and 
mechanisms of oxidative stress and pyroptosis in BPA exposure or/and Se deficiency-induced splenic tissue injury were investigated by using IF and qRT-PCR methods. The results showed that joint BPA exposure with 
Se deficiency resulted in more significant changes in the above outcomes than 1 of them. The oxidative stress inhibitor NAC effectually reduced Se deficiency and BPA-induced oxidative stress and pyroptosis, further 
suggests that oxidative stress mediated Se deficiency or/and BPA-induced pyroptosis. This study revealed that BPA exposure and Se deficiency induced spleen pyroptosis in chickens via the ROS/NLRP3 pathway. These 
results provide the theoretical basis for the toxicity of BPA in poultry and enrich the toxicological mechanism of combined exposure of Se deficiency and environmental toxins.

Poult Sci Vol.103 Issue 
10 Pages 104150

10.1016/j.psj.2024.104150 39146921 動物 - 0 不明 不明 不明 不明 不明 - - - - - - - - - - - - - - - - - - - - -

統合_1491 D. Wu, Y. Su, G. Hu and X. Lin 2024

Bisphenol A and selenium deficiency 
exposure induces pyroptosis and 
myogenic differentiation disorder in 
chicken muscle stomach

Bisphenol A (BPA), which is commonly found in the environment due to its release from the use of plastics and food overpacks, has become a major stressor for environmental sustainability and livestock and poultry 
farming health. Selenium (Se) deficiency causes structural damage and inflammatory responses to the digestive system and muscle tissue, and there is a potential for concurrent space-time exposure to nutritional 
deficiency diseases and environmental toxicants in livestock and poultry. The mechanisms of damage to chicken muscular stomach from BPA or/and Se deficiency treatment are still not known. Here, we established a 
chicken model of BPA (20 mg/kg) or/and Se deficiency (0.039 mg/kg) exposure, and detected histopathological changes in the muscular stomach tissue, the levels of iNOS/NO pathway, IL-6/JAK/STAT3 pathway, 
pyroptosis, and myogenic differentiation by H&E staining, immunofluorescence staining, real-time quantitative PCR, and western blot methods. The data revealed that BPA or Se deficiency exposure caused gaps between 
muscle fibers with inflammatory cell infiltration; up-regulation of the iNOS/NO pathway and IL-6/JAK/STAT3 pathway; up-regulation of NLRP3/Caspase-1-dependent pyroptosis related genes; down-regulation of 
muscle-forming differentiation (MyoD, MyoG, and MyHC) genes. The combination of BPA and Se deficiency was associated with higher toxic impairment than alone exposure. In conclusion, we discovered that BPA and Se 
deficiency caused myogastric pyroptosis and myogenic differentiation disorder. These findings provide a theoretical basis for the co-occurrence of animal nutritional deficiency diseases and environmental toxicant 
exposures in livestock and poultry farming, and may provide important insights into limiting the production of harmful substances.

Poult Sci Vol.103 Issue 
6 Pages 103641

10.1016/j.psj.2024.103641 38626692 動物 - 0 不明 不明 不明 不明 不明 - - - - - - - - - - - - - - - - - - - - -
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統合_1492 C. J. Welch and K. A. Mulligan 2022

Evaluating Learning and Memory in 
Drosophila melanogaster to Study 
the Neurodevelopmental Impacts of 
Toxicants

Neurodevelopmental disorders are a heterogeneous group of behaviorally defined disorders with both genetic and environmental risk factors. Given that many neurodevelopmental disorders are characterized by impaired 
learning and/or intellectual abilities, behavioral paradigms that assess cognition in animal models have been effective tools in delineating underlying genetic variants that impact disease pathophysiology. For example, 
learning and memory paradigms in the common fruit fly Drosophila melanogaster have been successfully used to study risk genes and biological pathways associated with several neurodevelopmental disorders, including 
fragile X syndrome, autism spectrum disorder, and CHARGE syndrome. While these established Drosophila behavioral paradigms have historically been used to investigate genetic risk factors, they also have many other 
applications, including use in developmental neurotoxicology studies to determine environmental risk factors for neurodevelopmental disorders. There is, however, a deficit of step-by-step protocols that describe how to 
apply learning and memory assays in fruit flies to developmental neurotoxicology studies. Here, we describe two quantitative behavioral paradigms for Drosophila-predator-induced oviposition and courtship conditioning-
that can be used to measure different forms of learning and memory in the context of a developmental neurotoxicology study. Non-associative learning and memory are measured here by examining female Drosophila 
oviposition behavior in response to endoparasitoid wasps, while associative learning and memory are measured in males using courtship conditioning. Our protocols outline procedures for oral toxicant exposure of 
developing fruit flies, culturing of endoparasitoid wasps, measuring Drosophila oviposition activity, and assessing conditioned courtship in order to identify the impact of toxicants on learning and memory in both females 
and males. As an example, we present the protocols using bisphenol A, a chemical utilized in the synthesis of polycarbonate plastics, to determine its impacts on learning and memory. These protocols are inexpensive and 
relatively simple to perform, and can be used by labs that are new to Drosophila behavioral research to evaluate how toxicant exposure influences learning and memory in male and female flies. © 2022 Wiley Periodicals 
LLC. Basic Protocol 1: Preparation of toxicant-containing food and developmental exposure Basic Protocol 2: Predator-induced oviposition assay Support Protocol: Culture of Leptopilina heterotoma Basic Protocol 3: 
Conditioned courtship assay.

Curr Protoc Vol.2 Issue 
10 Pages e576

10.1002/cpz1.576 36282085 動物 - 0 不明 不明 不明 不明 不明 - - - - - - - - - - - - - - - - - - - - -

統合_1493

C. Welch, E. Johnson, A. Tupikova, J. Anderson, 
B. Tinsley, J. Newman, E. Widman, A. Alfareh, A. 
Davis, L. Rodriguez, C. Visger, J. P. Miller-
Schulze, W. Lee and K. Mulligan

2022

Bisphenol a affects 
neurodevelopmental gene 
expression, cognitive function, and 
neuromuscular synaptic morphology 
in Drosophila melanogaster

Bisphenol A (BPA) is an environmentally prevalent endocrine disrupting chemical that can impact human health and may be an environmental risk factor for neurodevelopmental disorders. BPA has been associated with 
behavioral impairment in children and a variety of neurodevelopmental phenotypes in model organisms. We used Drosophila melanogaster to explore the consequences of developmental BPA exposure on gene expression, 
cognitive function, and synapse development. Our transcriptome analysis indicated neurodevelopmentally relevant genes were predominantly downregulated by BPA. Among the misregulated genes were those with roles in 
learning, memory, and synapse development, as well as orthologs of human genes associated with neurodevelopmental and neuropsychiatric disorders. To examine how gene expression data corresponded to behavioral 
and cellular phenotypes, we first used a predator-response behavioral paradigm and found that BPA disrupts visual perception. Further analysis using conditioned courtship suppression showed that BPA impairs 
associative learning. Finally, we examined synapse morphology within the larval neuromuscular junction and found that BPA significantly increased the number of axonal branches. Given that our findings align with studies 
of BPA in mammalian model organisms, this data indicates that BPA impairs neurodevelopmental pathways that are functionally conserved from invertebrates to mammals. Further, because Drosophila do not possess 
classic estrogen receptors or estrogen, this research suggests that BPA can impact neurodevelopment by molecular mechanisms distinct from its role as an estrogen mimic.

Neurotoxicology Vol.89 
Pages 67-78

10.1016/j.neuro.2022.01.006 35041872 動物 - 0 不明 不明 不明 不明 不明 - - - - - - - - - - - - - - - - - - - - -

統合_1494 J. Wang, C. Wu, X. Zhang, Y. Song, B. Wang, K. 
Zhang and M. Sun 2023

Developmental neurotoxic effects of 
bisphenol A and its derivatives in 
Drosophila melanogaster

As a result of the ban on bisphenol A (BPA), a hormone disruptor with developmental neurotoxicity, several BPA derivatives (BPs) have been widely used in industrial production. However, there are no effective methods for 
assessing the neurodevelopmental toxic effects of BPs. To address this, a Drosophila exposure model was established, and W(1118) was reared in food containing these BPs. Results showed that each BPs displayed 
different semi-lethal doses ranging from 1.76 to 19.43 mM. Exposure to BPs delayed larval development and affected axonal growth, resulting in the abnormal crossing of the midline of axons in the β lobules of mushroom 
bodies, but the damage caused by BPE and BPF was relatively minor. BPC, BPAF, and BPAP have the most significant effects on locomotor behavior, whereas BPC exhibited the most affected social interactions. 
Furthermore, exposure to high-dose BPA, BPC, BPS, BPAF, and BPAP also significantly increased the expression of Drosophila estrogen-related receptors. These demonstrated that different kinds of BPs had different 
levels of neurodevelopmental toxicity, and the severity was BPZ > BPC and BPAF > BPB > BPS > BPAP ≈ BPAl ≈ BPF > BPE. Therefore, BPZ, BPC, BPS, BPAF, and BPAP should be evaluated as potential alternatives to 
BPA.

Ecotoxicol Environ Saf 
Vol.260 Pages 115098

10.1016/j.ecoenv.2023.115098 37269611 動物 - 0 不明 不明 不明 不明 不明 - - - - - - - - - - - - - - - - - - - - -

統合_1495 D. Vimal, S. Saini, R. R. Kristipati and D. K. 
Chowdhuri 2019

Atrazine or bisphenol A mediated 
negative modulation of mismatch 
repair gene, mlh1 leads to defective 
oogenesis and reduced female 
fertility in Drosophila melanogaster

The study reports the effects of an herbicide (atrazine) and a plasticizer (Bisphenol A, BPA) on the transcriptional modulation of a mismatch repair gene (mlh1) and its adverse consequences on female fertility using 
Drosophila as a model. Through a chemical screen, we show that exposure to atrazine or BPA significantly downregulates mlh1 and the exposed flies had reduced fertility with smaller ovaries having reduced number of 
mature oocytes and abnormal distribution of ovarian follicles with increased apoptosis in them. These females had increased double-strand breaks as well as reduced synaptonemal complex formation in their ovaries 
suggesting altered meiotic crossing over. The eggs of these females were defective in their maternal transcripts as well as proteins and consequently, after fertilization, these eggs exhibited abnormal embryonic 
development. Interestingly, these phenotypes parallel that of mlh1 mutants. Further, exposure of females having reduced Mlh1 levels (mlh1(e00130)/CyO) to atrazine or BPA caused severe defective phenotypes at a higher 
proportion than normal flies. Our findings reveal the critical role of mlh1 in atrazine and BPA mediated female reproductive toxicity, and opens up a possibility of toxicants affecting female fertility by modulating the MMR 
genes.

Chemosphere Vol.225 
Pages 247-258

10.1016/j.chemosphere.2019.02.1
34

30877919 動物 - 0 不明 不明 不明 不明 不明 - - - - - - - - - - - - - - - - - - - - -

統合_1496
P. Vega-Cuesta, D. Pulido, D. Abia, S. Herrera, 
A. Lopez-Varea, A. Ruiz-Gómez, P. Fernández-
Freire, A. Peropadre and J. F. de Celis

2025
A Drosophila ecdysone-deficient 
model to assess the endocrine 
disruptor activity of Bisphenol A

Bisphenol A (BPA) is a well characterized endocrine disruptor that interferes with the activity of a variety of nuclear receptors. For this reason, BPA has the potential to impact the function of the endocrine system and 
alter cellular physiology. In this study, we present a novel experimental system to characterize the actions of dietary BPA on organism physiology. We used Drosophila melanogaster larvae genetically deficient for the 
synthesis of the major insect steroid hormone, ecdysone. These larvae exhibit a variety of phenotypes that can be rescued by dietary supplementation of 20-hydroxy-ecdysone or Ponasterone A, a naturally occurring 
ecdysteroid. We tested the effect of different concentrations of BPA exposure in this genetic background, and found that this chemical partially rescues the deficit in ecdysone. Furthermore, through in silico structural 
predictions of the Ecdysone receptor's ligand binding domain, we identified a protein domain capable of accommodating with different affinities ecdysone, Ponasterone A and BPA molecules. These findings pave the way 
for novel experimental approaches to identify and characterize new potential vertebrate endocrine disruptors.

Ecotoxicol Environ Saf 
Vol.300 Pages 118483

10.1016/j.ecoenv.2025.118483 40499484 動物 - 0 不明 不明 不明 不明 不明 - - - - - - - - - - - - - - - - - - - - -

統合_1497

A. Sarkar, T. S. Mahendran, A. 
Meenakshisundaram, R. V. Christopher, P. Dan, 
V. Sundararajan, N. Jana, D. Venkatasubbu and 
S. Sheik Mohideen

2021

Role of cerium oxide nanoparticles in 
improving oxidative stress and 
developmental delays in Drosophila 
melanogaster as an in-vivo model 
for bisphenol a toxicity

Bisphenol A (BPA) is an endocrine-disrupting chemical used commonly in the manufacture of plastic bottles, beverage cans, consumer products, and medical devices. It has a high risk of disrupting hormone-mediated 
processes which are critical for the growth and development of an infant. In the present study, the flies are exposed to different concentrations of BPA (0.05 and 0.5 mM), which represented the federally regulated LOAEL 
(50 mg/kg bw/day) and a higher dose of 1 mM, to study the change in cell death, nuclear instability oxidative stress, and behavioral anomalies leading to complex behavioral disorders like Autism. Effects of BPA doses 
(0.05, 0.5, 1 mM) were studied and the flies showed deficits in social interaction, locomotion, and enhanced oxidative stress that was found to be deteriorating among the flies. Automated tracking and robust MATLAB 
analysis of behavioral paradigms like position, movement, velocity, and courtship have given us an insight into a detrimental change in development and behavior when exposed to BPA. The flies were also co-treated with 
Cerium Oxide nanoparticles (CeO(2) NP), well known for its antioxidant properties due to their antioxidant enzyme biomimetic nature, resulted in low oxidative stress, genotoxicity, and an improvement in behavior. In this 
work, we have tested our hypothesis of oxidative stress and nuclear instability as a potent cause for improper development in Drosophila when exposed to EDCs like BPA which is a potential hazard for both health and 
environment and might lead to various developmental disorders in children.

Chemosphere Vol.284 
Pages 131363

10.1016/j.chemosphere.2021.1313
63

34225110 動物 - 0 不明 不明 不明 不明 不明 - - - - - - - - - - - - - - - - - - - - -

統合_1498 L. Rani, S. Saini, R. S. Thakur, D. K. Patel, D. K. 
Chowdhuri and N. K. Gautam 2022

Single and combined effect of 
bisphenol A with high sucrose diet 
on the diabetic and renal tubular 
dysfunction phenotypes in 
Drosophila melanogaster

In the present study, effect of exposure of bisphenol A (BPA) and combined exposure of BPA + HSD has been investigated on the glucose homeostasis and associated renal complications in Drosophila. Exposure of 1.0 
mM BPA alone induced type 2 diabetes like condition (T2D) in adult male D. melanogaster via oxidative stress. Elevated TGF-β signaling was evident by increased expression of baboon (babo) in BPA exposed organism 
that stimulated the modulation of extracellular matrix (ECM) component collagen IV resulting in the fibrosis of the Malpighian tubules (MTs). Combined exposure of BPA + HSD (high sucrose diet) resulted in the 
increased magnitude of T2D and MTs dysfunction parameters. Taken together, the study illustrates that BPA has diabetogenic potential in exposed Drosophila that caused adverse effects on their MTs and combined 
exposure with BPA and HSD could aggravate the renal tubular dysfunction. The study further suggests the use of Drosophila model to study the environmental chemicals induced diabetes mediated renal dysfunction.

Environ Toxicol 
Pharmacol Vol.96 Pages 
103977

10.1016/j.etap.2022.103977 36210596 動物 - 0 不明 不明 不明 不明 不明 - - - - - - - - - - - - - - - - - - - - -

統合_1499

U. Nguyen, B. Tinsley, Y. Sen, J. Stein, Y. 
Palacios, A. Ceballos, C. Welch, K. Nzenkue, A. 
Penn, L. Murphy, K. Leodones, J. Casiquin, I. 
Ivory, K. Ghenta, K. Danziger, E. Widman, J. 
Newman, M. Triplehorn, Z. Hindi and K. 
Mulligan

2021

Exposure to bisphenol A 
differentially impacts 
neurodevelopment and behavior in 
Drosophila melanogaster from 
distinct genetic backgrounds

Bisphenol A (BPA) is a ubiquitous environmental chemical that has been linked to behavioral differences in children and shown to impact critical neurodevelopmental processes in animal models. Though data is emerging, 
we still have an incomplete picture of how BPA disrupts neurodevelopment; in particular, how its impacts may vary across different genetic backgrounds. Given the genetic tractability of Drosophila melanogaster, they 
present a valuable model to address this question. Fruit flies are increasingly being used for assessment of neurotoxicants because of their relatively simple brain structure and variety of measurable behaviors. Here we 
investigated the neurodevelopmental impacts of BPA across two genetic strains of Drosophila-w(1118) (control) and the Fragile X Syndrome (FXS) model-by examining both behavioral and neuronal phenotypes. We show 
that BPA induces hyperactivity in larvae, increases repetitive grooming behavior in adults, reduces courtship behavior, impairs axon guidance in the mushroom body, and disrupts neural stem cell development in the 
w(1118) genetic strain. Remarkably, for every behavioral and neuronal phenotype examined, the impact of BPA in FXS flies was either insignificant or contrasted with the phenotypes observed in the w(1118) strain. This 
data indicates that the neurodevelopmental impacts of BPA can vary widely depending on genetic background and suggests BPA may elicit a gene-environment interaction with Drosophila fragile X mental retardation 1 
(dFmr1)-the ortholog of human FMR1, which causes Fragile X Syndrome and is associated with autism spectrum disorder.

Neurotoxicology Vol.82 
Pages 146-157

10.1016/j.neuro.2020.12.007 33309840 動物 - 0 不明 不明 不明 不明 不明 - - - - - - - - - - - - - - - - - - - - -

統合_1500
E. A. S. Musachio, M. R. Poetini, D. E. Janner, L. 
B. Meichtry, K. H. Poleto, E. J. Fernandes, G. P. 
Guerra and M. Prigol

2022

Sex-specific changes in oxidative 
stress parameters and longevity 
produced by Bisphenol F and S 
compared to Bisphenol A in 
Drosophila melanogaster

Female and male Drosophila melanogaster were exposed separately for seven days to Bisphenol A (BPA), Bisphenol F (BPF), and Bisphenol S (BPS) at concentrations of 0.25, 0.5, and 1 mM. We observed that males 
exposed to 0.5 and 1 mM BPS showed lower catalase (CAT) activity and higher superoxide dismutase (SOD) and reactive species (RS); CAT activity decreased for BPF 0.5 and 1 mM. Nevertheless, BPA 0.5 and 1 mM 
decreased CAT activity, increased RS and lipid peroxidation (LPO), and reduced mitochondrial viability. None of the bisphenols altered the cell viability of male flies, although BPA 0.5 and 1 mM reduced longevity. In female 
flies, BPA and BPS 0.5 and 1 mM increased RS and LPO levels and decreased CAT activity and glutathione-S-transferase (GST), which may have contributed to lower mitochondrial and cell viability. Furthermore, BPS 
decreased SOD activity at the 1 mM concentration, and BPA reduced the SOD activity at concentrations of 0.5 and 1 mM. In the BPF 1 mM group, there was a reduction in GST activity and an increase in RS and LPO 
levels. The toxicological effects were different between sexes, and BPA was more harmful than BPF and BPS in male flies. Thus, our findings showed that females were more susceptible to oxidative cell damage when 
exposed to BPA and BPS than to BPF, and daily exposure to BPA and BPS at all concentrations reduced female longevity, as well as in BPF 1 mM.

Comp Biochem Physiol 
C Toxicol Pharmacol 
Vol.257 Pages 109329

10.1016/j.cbpc.2022.109329 35318128 動物 - 0 不明 不明 不明 不明 不明 - - - - - - - - - - - - - - - - - - - - -

統合_1501 S. Kim, K. H. Kang and H. Koh 2021

Maternal Exposure to Bisphenol A 
Impacts on Fecundity in F1 and F2 
Generations in Drosophila 
melanogaster

In previous reports, bisphenol A (BPA) exposure affects reproductive function in Drosophila melanogaster females. To test the maternal effect of BPA exposure on fly reproductive function, F0 mothers were exposed to 0, 
0.1, 1, and 10 mg/L of BPA and the fecundity in F1 and F2 generations were checked. In this experiment, 1 and 10 mg/L BPA significantly decreased the fecundity of F1 females. Moreover, 0.1 and 1 mg/L BPA 
substantially reduced egg production in the F2 generation. These results suggested that maternal exposure to BPA at enviromentally relavant concnetrations reduces reproductive function in Drosophila melanogaster 
females and that this effect is transgenerational.

Dev Reprod Vol.25 
Issue 3 Pages 193-197

10.12717/dr.2021.25.3.193 34950822 動物 - 0 不明 不明 不明 不明 不明 - - - - - - - - - - - - - - - - - - - - -

統合_1502
L. Frat, T. Chertemps, E. Pesce, F. Bozzolan, M. 
Dacher, R. Planello, O. Herrero, L. Llorente, D. 
Moers and D. Siaussat

2023

Impact of single and combined 
exposure to priority pollutants on 
gene expression and post-
embryonic development in 
Drosophila melanogaster

Many priority pollutants are concentrated in the environment due to human activity. Most are highly toxic to various organisms, including endocrine disruptors EDCs, aromatic polycyclic hydrocarbons PAHs, pesticides. 
While the effects of single and binary exposure have been widely explored, several pollutants can be simultaneously present at the same time in the environment, in in more or less polluted matrices. Effective pollution 
control requires the presence and sources of contamination to be identified. Previously we used Drosophila melanogaster to investigate metal pollution. Here, we re-used Drosophila to identify the biomarkers of pollution, 
and to determine if they can be used for specific types of pollution. Single and combined exposure of Bis(2-ethylhexyl) phthalate (DEHP), bisphenol A, nonylphenol, benzo(a)pyrene, and glyphosate was investigated. The 
impact of these pollutants on post-embryonic development and the expression pattern of 38 molecular targets were examined using qPCR. During single exposure, different profiles were observed at the molecular level. In 
complex mixtures, the expression profile resembled that of bisphenol A. In contrast, relatively specific gene expression profiles were obtained for the effects of each pollutant separately. While direct pollutant-gene 
profiling remains difficult in mixtures, molecular biology analyses enhance pollution monitoring, and should be incorporated in toxicological studies.

Ecotoxicol Environ Saf 
Vol.250 Pages 114491

10.1016/j.ecoenv.2022.114491 36603486 動物 - 0 不明 不明 不明 不明 不明 - - - - - - - - - - - - - - - - - - - - -

統合_1503 T. F. Bovier, D. Cavaliere, M. Colombo, G. 
Peluso, E. Giordano and F. A. Digilio 2019

Methods to Test Endocrine 
Disruption in Drosophila 
melanogaster

In recent years there has been growing evidence that all organisms and the environment are exposed to hormone-like chemicals, known as endocrine disruptor chemicals (EDCs). These chemicals may alter the normal 
balance of endocrine systems and lead to adverse effects, as well as an increasing number of hormonal disorders in the human population or disturbed growth and reduced reproduction in the wildlife species. For some 
EDCs, there are documented health effects and restrictions on their use. However, for most of them, there is still no scientific evidence in this sense. In order to verify potential endocrine effects of a chemical in the full 
organism, we need to test it in appropriate model systems, as well as in the fruit fly, Drosophila melanogaster. Here we report detailed in vivo protocols to study endocrine disruption in Drosophila, addressing EDC effects 
on the fecundity/fertility, developmental timing, and lifespan of the fly. In the last few years, we used these Drosophila life traits to investigate the effects of exposure to 17-α-ethinylestradiol (EE2), bisphenol A (BPA), 
and bisphenol AF (BPA F). Altogether, these assays covered all Drosophila life stages and made it possible to evaluate endocrine disruption in all hormone-mediated processes. Fecundity/fertility and developmental 
timing assays were useful to measure the EDC impact on the fly reproductive performance and on developmental stages, respectively. Finally, the lifespan assay involved chronic EDC exposures to adults and measured 
their survivorship. However, these life traits can also be influenced by several experimental factors that had to be carefully controlled. So, in this work, we suggest a series of procedures we have optimized for the right 
outcome of these assays. These methods allow scientists to establish endocrine disruption for any EDC or for a mixture of different EDCs in Drosophila, although to identify the endocrine mechanism responsible for the 
effect, further essays could be needed.

J Vis Exp Issue 149 10.3791/59535 31329169 動物 - 0 不明 不明 不明 不明 不明 - - - - - - - - - - - - - - - - - - - - -

統合_1504 M. Begum, P. Paul, D. Das, K. Chakraborty, A. 
Bhattacharjee and S. Ghosh 2021

Genes regulating development and 
behavior exhibited altered 
expression in Drosophila 
melanogaster exposed to bisphenol 
A: use of real-time quantitative PCR 
(qRT-PCR) and droplet digital PCR 
(ddPCR) in genotoxicity study

Toxicity of bisphenol A on morphological and life-history traits of model insect Drosophila melanogaster was reported in our previous work. In the present study, we have analyzed the adversity of bisphenol A on the 
reproductive behavior of adult and on the expression of selected genes in the larva and adult stage of fruit fly exposed to bisphenol A (0.007 g/2 ml. or 3.5 mg/ml), in addition to determination of LC50 value of bisphenol A 
in larva and pupal stage. We employed both the quantitative reverse transcriptase PCR and droplet digital PCR for analyzing the expression profile of seven genes namely, decapentaplegic, vestigial, wingless, foraging, 
insulin-like receptor, doublesex, and fruitless. We found bisphenol A has more adverse effects on male sexual behavior than females. Moreover, we observed significant downregulation of all the selected genes in treated 
larvae except, fruitless in male where it showed significant upregulation. On contrary among the treated adult flies, significant downregulation of all target genes in both sexes is evident, except, doublesex and fruitless in 
males which showed significant upregulation. We did not observe any deviation of male: female sex ratio from 1:1 under bisphenol A exposure. All these results suggest bisphenol A adversely affects the optimum 
functioning of genes which are involved in the regulation of metabolic pathways, behavioral pattern, stress response, endocrine homeostasis, neural functioning, and the development of the specific organ in Drosophila 
melanogaster. Our result not only provides a foundation to study further the bisphenol A toxicity on different pivotal genes in Drosophila but also suggests the use of the droplet digital PCR technology in toxicity 
measurement at the molecular level in eukaryotic model systems.

Environ Sci Pollut Res 
Int Vol.28 Issue 6 Pages 
7090-7104

10.1007/s11356-020-10805-0 33025430 動物 - 0 不明 不明 不明 不明 不明 - - - - - - - - - - - - - - - - - - - - -
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統合_1505 O. A. Adesanoye, A. O. Abolaji, T. R. Faloye, H. 
O. Olaoye and A. O. Adedara 2020

Luteolin-Supplemented diets 
ameliorates Bisphenol A-Induced 
toxicity in Drosophila melanogaster

Bisphenol A (BPA) is an industrial chemical used in the production of various plastic materials. It is associated with reproductive, immunological and neurological disorders. Luteolin, a flavonoid found in fruits and 
vegetables, possesses anti-oxidative, anti-inflammatory and free radical scavenging properties. Here, we carried out studies to ascertain if Luteolin would ameliorate BPA-induced toxicity in Drosophila melanogaster. 
Firstly, flies were treated separately with Luteolin (0, 50, 100, 150 and 300 mg/kg diet) and BPA (0, 0.01, 0.05 and 0.1 mM) for 28 days survival assessments. Consequently, Luteolin (150 and 300 mg/kg diet) and/or BPA 
(0.05 mM) were exposed to D. melanogaster for 7 days for the evaluation of nitric oxide level, eclosion rate, viability assay, histology of fat body, antioxidant (Glutathione-S-transferase, catalase and total thiol), oxidative 
stress (hydrogen peroxide) and behavioural (negative geotaxis and acetylcholinesterase) markers. The results showed that BPA induced antioxidant-oxidative stress imbalance and behavioural deficit in flies. Luteolin 
increased survival rate and augmented antioxidant markers in flies. Importantly, Luteolin ameliorated BPA-induced degeneration in the fat body around the rostral, thorax and abdominal regions, oxidative stress, 
behavioural deficit, reduction in cell viability and eclosion rate of D. melanogaster (p < 0.05). Overall, this study offered further insights on the antioxidative and chemopreventive properties of Luteolin against BPA-induced 
toxicity.

Food Chem Toxicol 
Vol.142 Pages 111478

10.1016/j.fct.2020.111478 32504732 動物 - 0 不明 不明 不明 不明 不明 - - - - - - - - - - - - - - - - - - - - -

統合_1506 T. Xu, Y. Zhang, H. Liu, X. Shi and Y. Liu 2024
BPA exposure and Se deficiency 
caused spleen damage in chickens 
by nitrification stress-TNF-α

With the increasing production and demand of plastic products in life, inescapable bisphenol A (BPA) exposure results in a threat to the health of organisms. Selenium (Se) is an essential trace element for living 
organisms. The insufficient Se intake can cause multi-tissue organ damage. In the process of production and life, the exposure of BPA is usually accompanied by Se deficiency. In this study, the models of chicken with 
BPA exposure and/or Se deficiency was duplicated, the status of nitrification stress, apoptosis, necroptosis, and changes in TNF-α/FADD signaling pathways in chicken spleen were examined. At the same time, 
nitrification stress inhibitor and TNF-α inhibitor were introduced into MSB-1 cell model tests in vitro, indicating that BPA exposure and Se deficiency up-regulated TNF-α/FADD signaling pathway through nitrification 
stress, inducing necroptosis and apoptosis, and heat shock protein was also involved in this process. This study provides a new control idea for healthy poultry breeding based on Se, and also provides a new reference for 
toxicity control of environmental pollutants.

J Environ Manage. 2024 
Sep:367:121994.

10.1016/j.jenvman.2024.121994 39083939 動物、in vitro - 0 不明 不明 不明 不明 不明 - - - 不明 0 不明 1 - - - - - - - - - - - - - -

統合_1507 W. Sun, Y. Lei, Z. Jiang, K. Wang, H. Liu and T. 
Xu 2025

BPA and low-Se exacerbate 
apoptosis and mitophagy in chicken 
pancreatic cells by regulating the 
PTEN/PI3K/AKT/mTOR pathway

INTRODUCTION: Bisphenol A (BPA) is a widespread environmental pollutant which has serious toxic effects on organisms. One of the crucial trace elements is selenium (Se), whose shortage can harm biological tissues 
and enhance the toxicity of contaminants, in which apoptosis and autophagy are core events. OBJECTIVES: An in vivo model was established to investigate the effects of BPA and low-Se on chicken pancreatic tissue, and 
identify the possible potential molecular mechanism. METHODS: A total of 80 1-day-old broiler chickens (Xinghua Chicken Farm, Harbin, China) were stochastically divided into 4 groups (n = 20/group): Control group, 
BPA group, low-Se group, and low-Se + BPA group. Pancreatic tissue was collected at day 42 to detect changes in markers. RESULTS: First, the data showed that BPA and low-Se exposure gave rose to structural 
abnormalities in pancreatic tissue, oxidative stress, mitochondrial dysfunction and homeostasis imbalance, apoptosis and mitophagy. In addition, the co-exposure of BPA and low-Se caused the most serious damage to 
pancreatic tissue. In terms of mechanism, it was found that apoptosis and mitophagy induced by BPA and low-Se were related to the activation of PTEN/PI3K/AKT/mTOR pathway. CONCLUSION: In summary, the study 
found that BPA and low-Se exacerbated mitochondria damage, apoptosis and mitophagy by regulating the PTEN/PI3K/AKT/mTOR pathway.

J Adv Res Vol.67 Pages 
61-69

10.1016/j.jare.2024.01.029 38311007 動物 - 0 不明 不明 不明 0 不明 - - - - - - - - - - - - - - - - - - - - -

統合_1508 T. Sharin, K. L. Williams, R. W. Mueller, D. 
Crump and J. M. O'Brien 2025

Avian-Specific Evidence for an 
Estrogen Receptor Agonism Adverse 
Outcome Pathway Based on 
Chicken Embryos and LMH 3D 
Spheroids Exposed to 
Ethinylestradiol and Bisphenol A

Several adverse outcome pathways (AOPs) describe the effects of endocrine disrupting compounds on estrogen signaling. Substantial data support an AOP related to estrogen receptor (ER) antagonism, leading to 
decreased fecundity in fish. In this study, data were generated for an ER agonism AOP leading to reduced fecundity in avian species (AOP537). Chicken embryos and the chicken leghorn male hepatoma cell line, LMH, 
were used to elucidate key events associated with estrogen signaling following exposure to 17α-ethinylestradiol (EE2) and bisphenol A (BPA). Embryos were exposed via egg injection. Viability and hepatic estrogen-
responsive gene expression data were collected at midincubation (embryonic day [ED] 11). Changes in plasma vitellogenin (VTG), gonad morphology and growth were evaluated prior to pipping (ED20). Both chemicals 
dysregulated estrogen-responsive genes in hepatic tissue and increased plasma VTG concentrations. In LMH spheroids, EE2 and BPA altered estrogen-responsive genes and VTG concentrations at 24 and 48 h, 
respectively. Gonadal histology revealed oocyte-type cells and loss of testicular cords in male embryos exposed to EE2 and BPA. Overall, EE2 and BPA upregulated VTG mRNA expression, increased plasma VTG, and 
caused impairments in gonadal development. These results contribute avian-specific evidence to support an endocrine disruption AOP describing the relationship between disrupted VTG synthesis and impaired 
reproduction.

Environ Sci Technol. 
2025 Jun 
3;59(21):10136-10144.

10.1021/acs.est.4c10887 40383999 ex vivo - - - - - - - - - - 1 0 不明 1 - - - - - - - - - - - - - -

統合_1509 L. Peng, S. Chen, H. Lin, C. Wan, X. Li, S. Xu 
and S. Li 2023

Bisphenol A exposure exacerbates 
tracheal inflammatory injury in 
selenium-deficient chickens by 
regulating the miR-155/TRAF3/ROS 
pathway

Bisphenol A (BPA) is an endocrine disruptor. Excessive BPA intake can damage the structure and function of the respiratory tract. Dietary selenium (Se) deficiency may also cause immune tissue damage. To investigate 
the potential mechanism of BPA on tracheal damage in selenium-deficient chickens and the role of microRNAs (miRNAs) in this process, we established in vitro and in vivo Se deficiency and BPA exposure models and 
screened out miR-155 for follow-up experiments. We further predicted and confirmed the targeting relationship between miR-155 and TRAF3 using TargetScan and dual luciferase assays and found that miR-155 was 
highly expressed and caused inflammatory damage. Further studies showed that BPA exposure increased airway oxidative stress, activated the NF-κB pathway, and caused inflammation and immune damage in selenium-
deficient chickens, but down-regulating miR-155 and NAC treatment could reverse this phenomenon. This suggested that these pathways are regulated by the miR-155/TRAF3/ROS axis. In conclusion, BPA exposure 
aggravates airway inflammation in selenium-deficient chickens by regulating miR-155/TRAF3/ROS. This study revealed the mechanism of BPA exposure combined with Se deficiency in tracheal inflammatory injury in 
chickens and enriched the theoretical basis of BPA injury in poultry.

Int J Biol Macromol 
Vol.253 Issue Pt 8 
Pages 127501

10.1016/j.ijbiomac.2023.127501 37866585 動物 - 0 不明 不明 不明 不明 不明 - - - - - - - - - - - - - - - - - - - - -

統合_1510 Y. Öznurlu, T. Özaydın, E. Sur and H. Özparlak 2021
The effects of in ovo administered 
bisphenol A on tibial growth plate 
histology in chicken

OBJECTIVES: The aim of this study was to determine of the effects of in ovo administered BPA on embryonic development of the tibial growth plate using histological methods in chickens. METHODS: Three hundred and 
ten fertile eggs of Isa Brown laying parent stock were divided into five groups as untreated control, vehicle-injected control, 50, 100, and 250 μg/egg BPA. At the 13th, 18th, and 21st days of incubation, eggs were 
randomly opened from each group until 10 live embryos were obtained. Embryos were weighed and crown-rump length was measured. Tibial tissue samples were taken from embryos. Tibia weight, relative tibia weight and 
tibia length were determined. Tissue samples were fixed in 10% buffered formalin solution. Sections were stained with Safranin O staining methods and zones in the growth plate were measured. Also, proliferating cell 
nuclear antigen (PCNA) was stained immunohistochemically. RESULTS: The mortality in the BPA treated groups was higher than untreated control group. The results have revealed that mean relative embryo weights, 
crown-rump length, mean tibia weight, relative tibia weight, and tibia length of BPA treated groups were significantly lower when compared to the untreated control and vehicle-injected control groups. Also, proliferative 
zone get significantly narrowed, whereas the transitional and hypertrophic zone thickened and PCNA positive chondrocytes increased in growth plate of BPA treated groups. CONCLUSION: These results have suggested 
that developmental exposure to BPA adversely affected development of the tibial growth plate.

Birth Defects Res 
Vol.113 Issue 15 Pages 
1130-1139

10.1002/bdr2.1925 33991407 動物 - 0 不明 不明 不明 1 50、100、250 µg/卵 - - - - - - - - - - - - - - - - - - - - -

統合_1511 L. Liu, X. Liu, L. Zhao and Y. Liu 2021

1,8-cineole alleviates bisphenol A-
induced apoptosis and necroptosis 
in bursa of Fabricius in chicken 
through regulating oxidative stress 
and PI3K/AKT pathway

Bisphenol A (BPA), an important chemical raw material, is now a ubiquitous environmental contaminant. As an endocrine disruptor similar to estrogen, BPA increases the risk of various metabolic and chronic diseases. 
BPA has immunotoxicity to humans and animals. 1,8-cineole (CIN) is a plant-derived monoterpene with antioxidant and antiapoptosis actions. However, there are no reports about whether CIN could antagonize the BPA-
induced apoptosis and necroptosis in bursa of Fabricius (BF) of chicken. This study was to elucidate the ameliorative mechanism of CIN on the apoptosis and necroptosis in BF induced by BPA. 120 broilers (1-day-old) 
were randomly divided into four groups: control group, CIN group, CIN and BPA co-treatment group, and BPA group. TUNEL analysis results, histopathological variations, and the overexpression of proapoptosis biomakers 
(Caspase 3, Bax, Cyt-c, and p53) and necroptosis pathway-related factors (RIPK1, RIPK3, MLKL, and FADD) indicated that BPA exposure induced the apoptosis and necroptosis in chicken BF. Moreover, BPA treatment 
elevated the levels of oxidative stress indexes (MDA, iNOS, and NO) and weaken antioxidases activity (SOD, GPx, and CAT) and total antioxidant capacity in chicken BF. BPA administration also lessened the expression of 
PI3K and AKT and promoted HSPs (HSP27, HSP40, HSP60, and HSP70) activation. whereas CIN supplementation prominently mitigated BPA-caused these changes and the apoptosis and necroptosis damages. In brief, 
this study illuminated that CIN could protect the chicken BF against BPA-induced apoptosis and necroptosis through restraining oxidative stress and activating PI3K/AKT pathway.

Ecotoxicol Environ Saf 
Vol.226 Pages 112877

10.1016/j.ecoenv.2021.112877 34634738 動物 - 0 不明 不明 不明 不明 不明 - - - - - - - - - - - - - - - - - - - - -

統合_1512 J. Liu, T. Chen, S. Wang, H. Wu and S. Xu 2022

BPA exposure aggravates 
necroptosis of myocardial tissue in 
selenium deficient broilers through 
NO-dependent endoplasmic 
reticulum stress

The environmental problem of BPA pollution has seriously endangered the health of humans and animals. As an essential trace element, the health problems caused by insufficient intake of selenium have always been 
widespread. Under toxic and other harmful stimuli, severe endoplasmic reticulum (ER) stress is one of multitude factors leading to death such as apoptosis and necrotic apoptosis. For investigating the damage of BPA 
and selenium deficiency combined effect to the myocardial tissue of broilers and the role of ER stress, 1-day-old broilers were fed with toxic feed and selenium deficiency feed for 35 days. Histopathological results 
showed that the combined exposure of BPA and low selenium resulted in more severe necrosis of cardiomyocytes in broilers than the single exposure, but there was no significant change in apoptosis compared with 
single exposure. Molecular biology studies showed that NO-dependent ER stress induced by BPA increased the expression of necroptosis related genes in myocardium of selenium deficient broilers, but had no effect on 
apoptosis pathway. In conclusion, our records state that the NO-dependent ER stress caused by combined exposure of BPA and low selenium can cause serious damage to the myocardial tissue of broilers by promoting 
the activation of the necroptosis pathway.

Toxicology Vol.472 
Pages 153190

10.1016/j.tox.2022.153190 35461921 動物 - 0 不明 不明 不明 不明 不明 - - - - - - - - - - - - - - - - - - - - -

統合_1513 H. Liu, H. Lin, T. Xu, X. Shi, Y. Yao, P. A. Khoso, 
Z. Jiang and S. Xu 2023

New insights into brain injury in 
chickens induced by bisphenol A 
and selenium deficiency-
Mitochondrial reactive oxygen 
species and mitophagy-apoptosis 
crosstalk homeostasis

Bisphenol A (BPA), a component of plastic products, can penetrate the blood-brain barrier and pose a threat to the nervous system. Selenium (Se) deficiency can also cause nervous system damage. Resulting from the 
rapid industrial development, BPA pollution and Se deficiency often coexist. However, it is unclear whether brain damage in chickens caused by BPA exposure and Se deficiency is related to the crosstalk disorder between 
mitophagy and apoptosis. In this study, 60 chickens (1 day old) were fed with a diet that contained 20 mg/kg BPA but was insufficient in Se (only 0.039 mg/kg) for 42 days to establish a chicken brain injury model. In vitro, 
the primary chicken embryo brain neurons were treated for 24 h with Se-deficient medium containing 75 μM BPA. The results showed that BPA exposure and Se deficiency inhibited the expression of the mitochondrial 
respiratory chain complex in brain neurons, and a large number of mitochondrial reactive oxygen species were released. Furthermore, the expression levels of mitochondrial fusion proteins (OPA1, Mfn1, and Mfn2) 
decreased, while the expression levels of mitochondrial fission proteins (Drp1, Mff, and Fis1) increased, thus exacerbating mitochondrial division. In addition, the results of immunofluorescence and flow cytometry 
analysis, as well as the elevated expressions of mitophagy related genes (PINK1, Parkin, ATG5, and LC3II/I) and pro-apoptotic markers (Bax, Cytc, Caspase3, and Caspase9) indicated that BPA exposure and Se 
deficiency disrupted the crosstalk homeostasis between mitophagy and apoptosis. However, this crosstalk homeostasis was restored after Mito-Tempo and Rapamycin treatment. In contrast, 3-methyladenine treatment 
exacerbated this crosstalk disorder. In conclusion, BPA exposure and Se deficiency can induce mitochondrial reactive oxygen species bursts and disorders of mitochondrial dynamics by destroying the mitochondrial 
respiratory chain complex. The result is indicative of an imbalance in mitochondrial autophagy and apoptosis crosstalk homeostasis, which damages the chicken brain.

Sci Total Environ 
Vol.905 Pages 166890

10.1016/j.scitotenv.2023.166890 37683847 動物 - 0 不明 不明 不明 不明 20 mg/kg - - - - - - - - - - - - - - - - - - - - -

統合_1514 W. He, Z. Gao, S. Liu, L. Tan, Y. Wu, J. Liu, Z. 
Zheng, W. Fan, Y. Luo, Z. Chen and S. Song 2023

G protein-coupled estrogen receptor 
activation by bisphenol-A disrupts 
lipid metabolism and induces 
ferroptosis in the liver

As a metabolic disruptor, bisphenol A (BPA) has been widely reported to disrupt lipid balance. Moreover, BPA has gained significant attention due to its estrogenic activity. While both ferroptosis and the G-protein-coupled 
estrogen receptor (GPER) have been implicated in lipid metabolism, their link to BPA-induced lipid accumulation remains unclear. In this study, chickens were randomly assigned to three groups and housed them for 4 
weeks: a control group (0 μg/L BPA), a low dose group (50 μg/L BPA) and a high dose group (5000 μg/L BPA) to investigate the underlying mechanism of BPA-induced hepatotoxicity. Our results showed that BPA 
exposure significantly increased the contents of TG, TC, and LDL-C while decreasing HDL-C levels. We also found that BPA treatment altered the levels of genes involved in fatty acid β-oxidation (ampkα, cpt-1, and 
ppaα), synthesis (acc, fas, scd-1, and srebp-1) and absorption (lpl and cd36). Moreover, the results showed that the BPA group had higher levels of IL-1β, IL-18 and TNF-α. These results indicated that BPA exposure 
disrupted lipid metabolism and induced inflammation in the liver. We also demonstrated that BPA caused hepatic ferroptosis by raising iron content and the expression of genes related to lipid peroxidation (lpcat3, acsl4 
and alox15), while reducing the expression of antioxidant system-associated genes (gpx4, slc7a11 and slc3a2). Importantly, BPA remarkably activated GPER expression in the liver. Interestingly, inhibition of GPER 
remarkably ameliorated BPA-induced lipid metabolism disorder, inflammatory response, and ferroptosis, indicating the crucial role of GPER in BPA-induced liver abnormalities. These findings highlight the link between 
GPER and ferroptosis in BPA-induced hepatotoxicity, providing new insights into the potential hazard of BPA.

Environ Pollut Vol.334 
Pages 122211

10.1016/j.envpol.2023.122211 37454720 動物 - 0 不明 不明 不明 不明 不明 - - - - - - - - - - - - - - - - - - - - -

統合_1515 K. G. Harnett, L. G. Moore, A. Chin, I. C. Cohen, 
R. R. Lautrup and S. M. Schuh 2021

Teratogenicity and toxicity of the 
new BPA alternative TMBPF, and 
BPA, BPS, and BPAF in chick 
embryonic development

Bisphenol A (BPA) is a widely known, yet controversial reproductive toxin, capable of inducing reproductive, developmental, and somatic growth defects across species. Due to scientific findings and public concern, 
companies have developed BPA alternatives remarkably similar to BPA. However, these alternatives have had much less testing and oversight, yet they are already being mass-produced and used across industries from 
plastics to food-contact coatings. The newest one, tetramethyl bisphenol F (TMBPF), is the least well-studied and has never been investigated in embryological models, however it continues to be mass produced and 
found in various products. Here, we used the chicken embryotoxicity screening test to compare the toxicities and potencies of several BPA analogs including TMBPF. We exposed developing chicken (Gallus gallus 
domesticus) embryos in ovo, from embryonic day 5 to 12 (E5-12), to increasing concentrations of BPA, bisphenol S (BPS), bisphenol AF (BPAF), and TMBPF, from 0.003 to 30 μM, and analyzed their developmental and 
toxic effects. The bisphenols significantly impaired development, growth, and survival in a dose-dependent manner, even at low, environmentally relevant concentrations of 3-30 nM. There was severely reduced growth 
and developmental delay, with exposed embryos averaging half the size and weight of control vehicle-treated embryos. The most common and severe dysmorphologies were craniofacial, eye, gastrointestinal, and body 
pigmentation abnormalities. The bisphenols caused dose-dependent toxicity with the lowest LC(50)s (lethal concentration with 50% survival) ever demonstrated in chick embryos, at 0.83-2.92 μM. Notably, TMBPF was 
the second-most toxic and teratogenic of all chemicals tested (rank order of BPAF > TMBPF > BPS > BPA). These results underscore the adverse effects of BPA replacements on early embryo development and may have 
implications for reproductive health and disease across species, including pregnancy exposures in humans.

Curr Res Toxicol Vol.2 
Pages 399-410

10.1016/j.crtox.2021.11.001 34901887 動物 - 0 不明 不明 不明 不明 0.003 µMから30 µM - - - - - - - - - - - - - - - - - - - - -

統合_1516 Z. Gao, X. Gao, W. Fan, S. Liu, M. Li, Y. Miao, C. 
Ding, Z. Tang, L. Yan, G. Liu, X. Shi and S. Song 2021

Bisphenol A and genistein have 
opposite effects on adult chicken 
ovary by acting on ERα/Nrf2-
Keap1-signaling pathway

The reproductive toxicity of endocrine-disrupting chemicals has become a matter of great concern. However, the potential toxicological mechanism of typical environmental estrogens, bisphenol A (BPA) and genistein 
(GEN), on adult ovary remains ambiguous. In this study, we used laying hens as the experimental model and aimed to clarify the effect of long-term exposure to safe reference doses of BPA and GEN on adult ovary. 
Results demonstrated that 1/10 no-observable-adverse effect-level dose (1/10 NOAEL, 500 μg/kg body weight [bw]/day) of BPA significantly reduced the production performance and caused the degeneration of follicles 
and stromal cells and the increase of atretic follicles. Moreover, 1/10 NOAEL dose of BPA undermined the redox homeostasis of the ovary through activating Keap1 and suppressing the Nrf2-signaling pathway (Nrf2, 
NQO1, and HO-1). On the contrary, GEN (20, 40 mg/kg bw/day) dramatically improved the antioxidant capacity of the ovary by regulating the Nrf2-Keap1 pathway, enhancing the activities of antioxidant-related enzymes 
(CAT, GSH-Px, and T-SOD), and inhibiting the excessive accumulation of lipid peroxidation products (MDA). Parallel in vitro studies confirmed that the differential role of BPA and GEN on ovarian redox balance was 
directly mediated by Nrf2-Keap1 antioxidant system. And GEN could ameliorate BPA-induced oxidative stress. Importantly, our research found that exposure to BPA and GEN altered estrogen receptor alpha (ERα) 
expression in the ovary. And the use of specific ERα agonist/antagonist confirmed that BPA and GEN have opposite regulatory effects on the Nrf2-Keap1 pathway by targeting ERα.

Chem Biol Interact 
Vol.347 Pages 109616

10.1016/j.cbi.2021.109616 34363818 動物 - 0 不明 不明 不明 不明 不明 - - - - - - - - - - - - - - - - - - - - -

統合_1517 X. Gao, S. Liu, C. Ding, Y. Miao, Z. Gao, M. Li, W. 
Fan, Z. Tang, N. H. Mhlambi, L. Yan and S. Song 2021

Comparative effects of genistein and 
bisphenol A on non-alcoholic fatty 
liver disease in laying hens

Bisphenol A (BPA) and genistein (GEN) are selective estrogen receptor modulators, which are involved in the occurrence and development of metabolic syndrome. However, their roles in non-alcoholic fatty liver disease 
(NAFLD) of laying hens have not been reported. Here, we investigated the effects of different concentrations of GEN and BPA on the NAFLD of laying hens. Results showed that GEN ameliorated the high-energy and low-
protein diet (HELP)-induced NAFLD by improving pathological damage, hepatic steatosis, and insulin resistance and blocking the expression of NOD-like receptor family pyrin domain containing 3 (NLRP3) inflammasome-
related factors. By contrast, high dose of BPA could aggravate these changes with serious symptom of NAFLD and suppress the level of ERα in the liver considerably, while GEN could reverse this phenomenon in a dose-
dependent manner. In general, our research shows that the protective effect of GEN on NAFLD aims to improve the metabolic disorders and inflammation closely connected to ERα, while BPA can inhibit the expression of 
ERα and exacerbate the symptom of NAFLD. In conclusion, we elucidate the opposing effects of GEN and BPA in NAFLD of laying hens, thus providing a potential mechanism related to ERα and inflammation.

Environ Pollut Vol.288 
Pages 117795

10.1016/j.envpol.2021.117795 34274649 動物 - 0 不明 不明 不明 不明 不明 - - - - - - - - - - - - - - - - - - - - -
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統合_1518 X. Fan, Y. Wang, J. Zhang, H. Lin, Z. Bai and S. 
Li 2024

Bisphenol A Regulates the TNFR1 
Pathway and Excessive ROS 
Mediated by miR-26a-5p/ADAM17 
Axis to Aggravate Selenium 
Deficiency-Induced Necroptosis in 
Broiler Veins

Selenium (Se) deficiency can affect the expression of microRNA (miRNA) and induce necroptosis, apoptosis, etc., resulting in damage to various tissues and organs. Bisphenol A (BPA) exposure can cause adverse 
consequences such as oxidative stress, endothelial dysfunction, and atherosclerosis. The toxic effects of combined treatment with Se-deficiency and BPA exposure may have a synergistic effect. We replicated the BPA 
exposure and Se-deficiency model in broiler to investigate whether the combined treatment of Se-deficiency and BPA exposure induced necroptosis and inflammation of chicken vascular tissue via the miR-26A-
5p/ADAM17 axis. We found that Se deficiency and BPA exposure significantly inhibited the expression of miR-26a-5p and increased the expression of ADAM17, thereby increasing reactive oxygen species (ROS) 
production. Subsequently, we discovered that the tumor necrosis factor receptor (TNFR1), which was highly expressed, activated the necroptosis pathway through receptor-interacting protein kinase 1 (RIPK1), receptor-
interacting protein kinase 3 (RIPK3), and mixed-lineage kinase domain-like (MLKL), and regulated the heat shock proteins-related genes expressions and inflammation-related genes expressions after exposure to BPA 
and selenium deficiency. In vitro, we found that miR-26a-5p knockdown and increased ADAM17 can induce necroptosis by activating the TNFR1 pathway. Similarly, both N-Acetyl-L-cysteine (NAC), Necrostatin-1 (Nec-
1), and miR-26a-5p mimic prevented necroptosis and inflammation caused by BPA exposure and Se deficiency. These results suggest that BPA exposure activates the miR-26a-5p/ADAM17 axis and exacerbates Se 
deficient-induced necroptosis and inflammation through the TNFR1 pathway and excess ROS. This study lays a data foundation for future ecological and health risk assessments of nutrient deficiencies and environmental 
toxic pollution.

Biol Trace Elem Res 
Vol.202 Issue 4 Pages 
1722-1740

10.1007/s12011-023-03756-3 37422542 動物 - 0 不明 不明 不明 不明 不明 - - - - - - - - - - - - - - - - - - - - -

統合_1519
F. Eldefrawy, H. S. Xu, E. Pusch, A. Karkoura, M. 
Alsafy, S. Elgendy, S. M. Williams, K. Navara and 
T. L. Guo

2021

Modulation of folliculogenesis in 
adult laying chickens by bisphenol A 
and bisphenol S: Perspectives on 
ovarian morphology and gene 
expression

Both bisphenol A (BPA) and its analog bisphenol S (BPS) are industrial chemicals that have been used to make certain plastic products applied in chicken farms, including food and water containers. They are endocrine 
disrupting chemicals (EDCs) with xenoestrogenic activities and affect reproductive success in many ways. It was hypothesized that BPA and BPS could adversely affect the folliculogenesis in chickens due to their 
disruption of the estrogen responses, using either genomic or non-genomic mechanisms. This study investigated the deleterious effects of BPA and BPS on the ovaries when adult layer chickens were orally treated with 
these EDCs at 50 μg/kg body weight, the reference dose for chronic oral exposure of BPA established by the U.S. EPA. The chickens in both BPA and BPS-treated groups showed a decreased number of the preovulatory 
follicles. BPA-treated chickens showed a significant decrease in the diameter of F1. Additionally, both BPA and BPS treatments increased the infiltrations of lymphocytes and plasma cells in ovaries. Moreover, it was 
found that the ovaries of BPS-treated chickens weighed the most among the groups. RNA sequencing and subsequent pathway enrichment analysis of differentially expressed genes revealed that both BPA- and BPS-
treatment groups showed significant changes in gene expression and pathways related to reproduction, immune function and carcinogenesis. Taken together, both BPA and BPS are potentially carcinogenic and have 
deleterious effects on the fertility of laying chickens by inducing inflammation, suggesting that BPS may not be a safe replacement for BPA.

Reprod Toxicol Vol.103 
Pages 181-190

10.1016/j.reprotox.2021.06.010 34147626 動物 - 0 不明 不明 不明 不明  50 µg/kg 体重 - - - - - - - - - - - - - - - - - - - - -

統合_1520 J. T. Dzungwe, K. Tozo and C. Chrysostome 2022

Growth performance, mortality, and 
carcass yield evaluation of pure and 
reciprocal crosses between Sasso 
and Wassache chickens

The indigenous chicken production has become an integral part of smallholder farming systems in Africa. Their products are preferred due to their taste and flavor; crossbreeding using exotic breeds can improve the 
productivity of these chickens without sacrificing their genetic merits. This study was aimed at improving the Wassache chicken. F(1) generations of the crosses between the Wassache and Sasso chickens were 
simultaneously evaluated for growth traits, mortality, and carcass yield in a pure and reciprocal cross design. Data on body weight, performance, and mortality were collected on 451 birds (Sasso × Sasso [SS] = 110; 
Wassache × Wassache [WW] = 113; Sasso × Wassache [SW] = 113 and Wassache × Sasso [WS] = 115) for 12 weeks. On the 12th week of the study, 20 birds from each genotype were dissected to determine carcass 
yield. All data collected were analyzed using Minitab 19. The results showed significantly higher (P < 0.05) values reported for the SS genotype in all parameters studied. Likewise, the reciprocal crosses showed higher 
performance in growth and carcass traits next to pure Sasso. However, the feed conversion ratio and dressing percentage of the hybrids did not differ (P < 0.05) from those of the SS and WW genotypes. Within the 
reciprocal crosses, there was no significant difference (P > 0.05) in all parameters measured except for hatch weight where the WS showed a higher (P < 0.05) hatch weight compared to the SW cross. The study 
encourages the crossbreeding of the Wassache and Sasso chickens for improved meat production in this region.

Trop Anim Health Prod 
Vol.54 Issue 5 Pages 
298

10.1007/s11250-022-03272-x 36103006 動物 - 0 不明 不明 不明 不明 不明 - - - - - - - - - - - - - - - - - - - - -

統合_1521 H. Chen, Y. Zhang, M. Zou, X. Qi and S. Xu 2022

Bisphenol A aggravates renal 
apoptosis and necroptosis in 
selenium-deficient chickens via 
oxidative stress and PI3K/AKT 
pathway

Bisphenol A (BPA) in the environment can have deleterious effects on humans and animals. BPA can exert nephrotoxicity by inducing oxidative stress. Selenium (Se) deficiency can specifically impair kidney tissues and 
additionally show a synergistic effect on the toxicity of several environmental chemicals. However, the toxic effects of BPA on the chicken kidney and whether Se deficiency produces synergistic effects on the toxicity of 
BPA remain poorly understood. Herein, we established BPA exposure models and Se deficiency model in vivo and in vitro, and described the discovery path of BPA aggravation on apoptosis and necroptosis in Se-deficient 
chicken kidneys via regulation of oxidative stress and phosphatidylinositol 3-kinase/threonine kinase (PI3K/AKT) signaling pathway. We found that BPA exposure increased reactive oxygen species and malondialdehyde 
levels, reduced activities of catalase, GPx, and superoxide dismutase, downregulated PI3K and AKT expressions, activated Bcl/Bax-Caspase 9-Caspase 3, and receptor-interacting protein kinase 1/mixed lineage kinase 
domain-like protein signaling pathways, resulting in apoptosis and necroptosis in the chicken kidney. In addition, Se deficiency significantly promoted the expression of renal apoptosis and necroptosis in BPA-exposed 
chicken kidneys. Altogether, our results showed that BPA aggravates apoptosis and necroptosis in Se-deficient chicken kidneys via regulation of oxidative stress and PI3K/AKT signaling pathway. Our findings elucidate 
the mechanism of BPA nephrotoxicity and Se deficiency exacerbation toxicity in chickens and will provide great significance for the protection of the ecological environment and animal health.

J Cell Physiol Vol.237 
Issue 8 Pages 3292-
3304

10.1002/jcp.30781 35616291 動物 - 0 不明 不明 不明 不明 不明 - - - - - - - - - - - - - - - - - - - - -

統合_1522 H. Chen, Y. Zhang, X. Qi, X. Shi, X. Huang and S. 
W. Xu 2022

Selenium deficiency aggravates 
bisphenol A-induced autophagy in 
chicken kidney through regulation of 
nitric oxide and adenosine 
monophosphate activated protein 
kinase/mammalian target of 
rapamycin signaling pathway

Bisphenol A (BPA), a phenolic compound, is harmful to humans and animals as its residue in the water threatens multiple organs, especially the kidney. Low selenium (Se) diets are consumed in many regions of the world, 
and poor Se status has exacerbating effect on toxicity of several environmental chemicals. Here, we described the discovery path of Se deficiency aggravation on autophagy in BPA treated chicken kidney through 
regulating nitric oxide (NO) and adenosine monophosphate activated protein kinase (AMPK)/mammalian target of rapamycin (mTOR) signaling pathways. The actual dietary Se intake for chickens was 0.30 mg/kg in 
control group and 0.03 mg/kg in Low-Se group, and BPA exposure concentration for chickens was 0.05 g/kg. Chicken embryo kidney (CEK) cells were used in vitro and the BPA exposure concentration for CEK cells was 
150 nM. We found that BPA significantly increased levels of NO and inducible nitric oxide synthase, activated AMPK/mTOR signaling pathways, thereby triggering p62/LC3/Beclin1 signaling, resulting in formations of 
autophagosome and autolysosome, and finally stimulating autophagy in the chicken kidney. Additionally, Se deficiency promoted the occurrence of autophagy in BPA-treated kidneys. Altogether, our findings showed that 
Se deficiency exacerbates BPA-induced renal autophagy in chickens via regulation of NO and AMPK/mTOR signaling pathways. These findings will improve our understandings of the mechanisms of nephrotoxicity of BPA 
and detoxification by Se in chickens. In addition, further work is required to determine if Se status of exposed populations needs to be considered in future epidemiological assessments.

Environ Toxicol Vol.37 
Issue 10 Pages 2503-
2514

10.1002/tox.23613 35830335 動物 - 0 不明 不明 不明 不明 不明 - - - - - - - - - - - - - - - - - - - - -

統合_1523 S. Çetin and T. Özaydın 2021

The effects of bisphenol A given in 
ovo on bursa of Fabricius 
development and percentage of acid 
phosphatase positive lymphocyte in 
chicken

Bisphenol A (BPA), one of the endocrine disrupting chemicals, is the object of great concern because of its widespread use throughout the world. In this study, it was aimed to determine the effects of in ovo administrated 
BPA on the bursa of Fabricius and percentage of acid phosphatase positive lymphocyte in peripheral blood by means of histological and enzyme histochemical methods. For this purpose, 310 fertile eggs of Isa Brown 
laying parent stock were used. The eggs were divided into 5 groups as control, vehicle control, 50, 100, and 250μg/egg BPA. At days 13, 18, and 21 of incubation, eggs were opened until 10 living embryos were obtained 
from each group. Tissue samples were taken from the obtained embryos and processed for enzyme histochemical methods in addition to routine histological techniques. It was observed that, in BPA-treated groups, 
embryonic development of bursa of Fabricius was retarded. It was also indicated that the percentage of peripheral blood ACP-ase positive lymphocytes was significantly decreased. These results suggested that a limited 
maternal transfer of BPA into the eggs might be lead to immunosuppression in chicks.

Environ Sci Pollut Res 
Int Vol.28 Issue 31 
Pages 41688-41697

10.1007/s11356-021-13640-z 33791960 動物 - 0 不明 不明 不明 不明 不明 - - - - - - - - - - - - - - - - - - - - -

統合_1524 Y. Wang, T. Gai, L. Zhang, L. Chen, S. Wang, T. 
Ye and W. Zhang 2023

Neurotoxicity of bisphenol A 
exposure on Caenorhabditis elegans 
induced by disturbance of 
neurotransmitter and oxidative 
damage

Bisphenol A (BPA) is putatively regarded as an environmental neurotoxicant found in everyday plastic products and materials, however, the possible neurobehavioral adverse consequences and molecular mechanisms in 
animals have not been clearly characterized. The nematode Caenorhabditis elegans has become a promising animal model for neurotoxicological researches. To investigate the dose-effect relationships of BPA-induced 
neurotoxicity effects, the locomotion behavior and developmental parameters of the nematode were determined after BPA exposure. The present data demonstrated that BPA caused neurobehavioral toxicities, including 
head thrashes and body bends inhibition. In addition, when C. elegans was exposed to BPA at a concentration higher than 2 μM, growth and survival rate were decreased. The serotonergic, dopaminergic and GABAergic 
neurons were damaged by BPA. Furthermore, lower levels of mRNA expression related to dopamine, serotonin and GABA were detected in the worms exposed to 50 μM BPA. Increased SOD-3 expression might be 
adaptive response to BPA exposure. Moreover, oxidative damage triggered by BPA was manifested by changes in GST-4 expression, accompany with abnormity of ATP synthesis, but not nuclear localization of DAF-
16/FOXO. Finally, we showed that epigallocatechin-3-gallate partially rescued BPA-induced reactive oxygen species (ROS) production and neurobehavioral toxicity. Altogether, the neurobehavioral and developmental 
toxicity of BPA may be induced by neurotransmission abnormity and oxidative damage. The present data imply that oxidative stress is linked to neuronal damage and neurobehavioral harm resulting from developmental BPA 
exposure.

Ecotoxicol Environ Saf 
Vol.252 Pages 114617

10.1016/j.ecoenv.2023.114617 36758510 動物 - 0 不明 不明 不明 不明 不明 - - - - - - - - - - - - - - - - - - - - -

統合_1525 A. Kaiglová, Z. Bárdyová, P. Hockicková, A. 
Zvolenská, K. Melnikov and S. Kucharíková 2025

Caenorhabditis elegans as a Model 
to Assess the Potential Risk to 
Human Health Associated with the 
Use of Bisphenol A and Its 
Substitutes

Given its simplicity, Caenorhabditis elegans appears to be a promising model for future research on endocrine disruptors, including bisphenol A and its supposedly safer alternatives. The aim of this study was to 
investigate the impact of embryonic exposure of C. elegans to different concentrations (0.5, 1.0, and 5 µM) of bisphenol A and its analogs (bisphenol S, bisphenol F, and bisphenol AF) on selected biological characteristics 
of the nematode C. elegans and to compare them with an unexposed control group. Embryonal exposure of C. elegans to bisphenol A, as well as bisphenol S, F, and AF at concentrations of 0.5, 1.0, and 5 µM resulted in a 
significant influence on the percentage of hatched eggs and habituation to anterior stimuli (with significant results ranging from p ≤ 0.05 to p ≤ 0.001). The growth of C. elegans was also significantly impaired by 
bisphenol A, S, and AF in some concentrations (with p-values ranging from p ≤ 0.05 to p ≤ 0.001). Our findings confirm prior research that bisphenol A and its supposedly safer analogs exert a detrimental effect on diverse 
biological processes. Therefore, bisphenol A analogs should be employed with caution, particularly until a comprehensive risk assessment has been conducted.

Int J Mol Sci Vol.26 
Issue 5

10.3390/ijms26052013 40076635 動物 - 0 不明 不明 不明 1 0.5、1.0、5 µM - - - - - - - - - - - - - - - - - - - - -

統合_1526
M. Hyun, L. Rathor, H. J. Kim, T. McElroy, K. H. 
Hwang, S. Wohlgemuth, S. Curry, R. Xiao, C. 
Leeuwenburgh, J. D. Heo and S. M. Han

2021

Comparative toxicities of BPA, BPS, 
BPF, and TMBPF in the nematode 
Caenorhabditis elegans and 
mammalian fibroblast cells

Bisphenol A (BPA) is a chemical compound commonly used in the production of plastics for daily lives and industry. As BPA is well known for its adverse health effects, several alternative materials have been developed. 
This study comprehensively analyzed the toxicity of BPA and its three substitutes including bisphenol S (BPS), bisphenol F (BPF), and tetramethyl bisphenol F (TMBPF) on aging, healthspan, and mitochondria using an in 
vivo Caenorhabditis elegans (C. elegans) model animal and cultured mammalian fibroblast cells. C. elegans treated with 1 mM BPA exhibited abnormalities in the four tested parameters related to development and growth, 
including delayed development, decreased body growth, reduced reproduction, and abnormal tissue morphology. Exposure to the same concentration of each alternative including TMBPF, which has been proposed as a 
relatively safe BPA alternative, detrimentally affected at least three of these events. Moreover, all bisphenols (except BPS) remarkably shortened the organismal lifespan and increased age-related changes in neurons. 
Exposure to BPA and BPF resulted in mitochondrial abnormalities, such as reduced oxygen consumption and mitochondrial membrane potential. In contrast, the ATP levels were noticeably higher after treatment with all 
bisphenols. In mammalian fibroblast cells, exposure to increasing concentrations of all bisphenols (ranging from 50 μM to 500 μM) caused a severe decrease in cell viability in a dose-dependent manner. BPA increased 
ATP levels and decreased ROS but did not affect mitochondrial permeability transition pores (mPTP). Notably, TMBPF was the only bisphenol that caused a significant increase in mitochondrial ROS and mPTP opening. 
These results suggest that the potentially harmful physiological effects of BPA alternatives should be considered.

Toxicology Vol.461 
Pages 152924

10.1016/j.tox.2021.152924 34474090 動物 - 0 不明 不明 不明 不明 不明 - - - - - - - - - - - - - - - - - - - - -

統合_1527 M. F. Hornos Carneiro, N. Shin, R. Karthikraj, F. 
Barbosa, Jr., K. Kannan and M. P. Colaiácovo 2020

Antioxidant CoQ10 Restores Fertility 
by Rescuing Bisphenol A-Induced 
Oxidative DNA Damage in the 
Caenorhabditis elegans Germline

Endocrine-disrupting chemicals are ubiquitously present in our environment, but the mechanisms by which they adversely affect human reproductive health and strategies to circumvent their effects remain largely 
unknown. Here, we show in Caenorhabditis elegans that supplementation with the antioxidant Coenzyme Q10 (CoQ10) rescues the reprotoxicity induced by the widely used plasticizer and endocrine disruptor bisphenol A 
(BPA), in part by neutralizing DNA damage resulting from oxidative stress. CoQ10 significantly reduces BPA-induced elevated levels of germ cell apoptosis, phosphorylated checkpoint kinase 1 (CHK-1), double-strand 
breaks (DSBs), and chromosome defects in diakinesis oocytes. BPA-induced oxidative stress, mitochondrial dysfunction, and increased gene expression of antioxidant enzymes in the germline are counteracted by CoQ10. 
Finally, CoQ10 treatment also reduced the levels of aneuploid embryos and BPA-induced defects observed in early embryonic divisions. We propose that CoQ10 may counteract BPA-induced reprotoxicity through the 
scavenging of reactive oxygen species and free radicals, and that this natural antioxidant could constitute a low-risk and low-cost strategy to attenuate the impact on fertility by BPA.

Genetics Vol.214 Issue 
2 Pages 381-395

10.1534/genetics.119.302939 31852725 動物 - 0 不明 不明 不明 不明 不明 - - - - - - - - - - - - - - - - - - - - -

統合_1528 C. M. Higley, K. D. Waligora, J. R. Clore, S. C. 
Timmons and A. Kuzmanov 2025

Effects of bisphenol A, bisphenol S, 
and tetramethyl bisphenol F on male 
fertility in Caenorhabditis elegans

Research has shown that exposure to bisphenol A (BPA), a widely used plasticizer, can lead to meiotic errors, resulting in poor reproductive cell quality and infertility. Health-related concerns have prompted the search for 
BPA alternatives; however, evidence suggests that currently used BPA analogs, such as bisphenol S (BPS), may pose similar risks to human health. While the effects of BPA on female fertility are well documented, the 
impact of BPA exposure on sperm quality is poorly understood. To better understand the effects of bisphenol analogs on spermatogenesis, we synthesized a less investigated BPA analog, tetramethyl bisphenol F 
(TMBPF), and compared its reprotoxic potential to that of widely used BPA and BPS using C. elegans-based assays. We evaluated germ cell count, spermatid size, morphology, and activation in males treated with 0.5 mM 
ethanol-dissolved bisphenol analogs for 48 h as well as their cross-progeny number and viability. Our results indicated that all of the evaluated bisphenol analogs-BPA, BPS, and TMBPF-adversely affect male fertility to 
varying degrees. Whereas all three bisphenols reduced spermatid size, only BPA exposure resulted in impaired spermatid activation and significantly reduced brood size. In addition, a decrease in embryonic viability, 
suggestive of an increased incidence of sperm chromosomal aberrations, was observed following exposure to all of the tested bisphenols. Further investigation is necessary to fully elucidate the underlying mechanisms 
and implications of BPA, BPS, and TMBPF on spermatogenesis.

Toxicol Ind Health 
Vol.41 Issue 1 Pages 
11-19

10.1177/07482337241287967 39344986 動物 - 0 不明 不明 不明 不明 不明 - - - - - - - - - - - - - - - - - - - - -

統合_1529 S. E. Ha, M. H. Lee, S. M. Han, S. H. Kim, M. 
Hyun and J. D. Heo 2025

Comparative toxicity of eleven 
bisphenol analogs in the nematode 
Caenorhabditis elegans

Bisphenol analogs are widely used as industrial substitutes for Bisphenol A (BPA) and are included in water bottles, food containers, and receipts commonly encountered daily. However, there are currently no specific 
regulations on these substitute substances, and reports on their harmful effects are also lacking. In this study, we examined the toxicity of eleven bisphenol analogs, including BPAP, BPB, BPC, BPC2, BPE, BPG, BPM, 
BPP, BPPH, BPZ, and TBBPA at 1 mM concentration using the C. elegans model. Our findings revealed that several bisphenol analogs, most notably BPB, BPC, BPE, and BPG, significantly increased lethality in embryonic 
and L1 larval stages. Additionally, developmental delays were observed with BPAP, BPB, BPC, and BPG, with a reduced fraction of animals reaching adulthood. Regarding reproductive toxicity, we found that BPAP, BPB, 
BPC, BPC2, and BPG reduced egg production. Furthermore, exposure to the analogs significantly shortened the lifespan of C. elegans, particularly with BPAP, BPB, BPC, and BPG, raising concerns about their potential 
impact on aging. This study suggests their potential harmful effects on development, reproduction, and longevity.

Toxicol Lett Vol.409 
Pages 12-20

10.1016/j.toxlet.2025.04.008 40287112 動物 - 0 不明 不明 不明 不明 不明 - - - - - - - - - - - - - - - - - - - - -

統合_1530 G. Ficociello, V. Gerardi, D. Uccelletti and A. 
Setini 2021

Molecular and cellular responses to 
short exposure to bisphenols A, F, 
and S and eluates of microplastics 
in C. elegans

Bisphenol F (BPF) and bisphenol S (BPS) have been developed as an alternative to bisphenol A (BPA), a well-known endocrine disruptor, leading to their detection in the aquatic environment. In this work, we used the 
animal model Caenorhabditis elegans to improve our understanding of their potential effects on the biota and the environment. Our findings demonstrated that, after 24 h exposure, all the bisphenols examined increased 
the number of apoptotic corpses and the expression of the detoxifying enzymes SOD-3 and GST-4, without affecting the ROS levels, while BPA and BPS significantly enhanced DNA fragmentation. Furthermore, similarly to 
BPA, BPF and BPS did not alter the lifespan through the activation of SEK-1 and SKN-1 pathways. Thus, this study raises the attention of the risks associated with exposure to BPA alternatives. We also examined the 
effects of microplastic (MP) eluates on C. elegans. Aqueous extracts of weathered microplastic samples, both at high and low degradation state and pellets, have been evaluated for their effects on lifespan, DNA 
fragmentation, germline apoptosis, and oxidative stress response. Overall, our findings showed that eluates of low degraded plastics exert a greater toxic effect on the nematode C. elegans compared with the aqueous 
sample of high degraded plastic fragments and pellets.

Environ Sci Pollut Res 
Int Vol.28 Issue 1 Pages 
805-818

10.1007/s11356-020-10498-5 32820443 動物 - 0 不明 不明 不明 不明 不明 - - - - - - - - - - - - - - - - - - - - -
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統合_1531 Y. Chen, B. Panter, A. Hussain, K. Gibbs, D. 
Ferreira and P. Allard 2019

BPA interferes with StAR-mediated 
mitochondrial cholesterol transport 
to induce germline dysfunctions

Bisphenol A is an endocrine disruptor associated with hormone synthesis and reproduction alterations. However, the initiating events underpinning these dysfunctions are still unclear. Here, we address the hypothesis 
that BPA interferes with the highly evolutionary conserved process of mitochondrial cholesterol transport, a crucial step in steroid hormone biosynthesis, by using the model organism C. elegans. We observed that 
embryonic lethality and germline apoptosis, hallmarks of BPA's reproductive toxicity in C. elegans, are fully rescued by low exogenous cholesterol supplementation. We also observed that increasing BPA concentrations 
proportionally reduced mitochondrial cholesterol levels. Mutants for strl-1 (ortholog of StAR), but not C41G7.9 (ortholog of TSPO), show reproductive defects similar to BPA's while BPA exposure in a strl-1 background did 
not worsen these effects. Finally, cholesterol supplementation rescued these defects for all strl-1 genotype/BPA combinations assessed. Together, these results uncover a novel mechanism underlying BPA's germline 
toxicity through the alteration of cholesterol transport.

Reprod Toxicol Vol.90 
Pages 24-32

10.1016/j.reprotox.2019.08.001 31445225 動物 - 0 不明 不明 不明 不明 不明 - - - - - - - - - - - - - - - - - - - - -

統合_1532

B. R. Bradford, N. E. Briand, N. Fassnacht, E. D. 
Gervasio, A. M. Nowakowski, T. C. FitzGibbon, 
S. Maurina, A. V. Benjamin, M. Kelly and P. M. 
Checchi

2020

Counteracting Environmental 
Chemicals with Coenzyme Q10: An 
Educational Primer for Use with 
"Antioxidant CoQ10 Restores 
Fertility by Rescuing Bisphenol A-
Induced Oxidative DNA Damage in 
the Caenorhabditis elegans 
Germline"

Environmental toxicants are chemicals that negatively affect human health. Although there are numerous ways to limit exposure, the ubiquitous nature of certain environmental toxicants makes it impossible to avoid them 
entirely. Consequently, scientists are continuously working toward developing strategies for combating their harmful effects. Using the nematode Caenorhabditis elegans, a model with many genetic and physiological 
similarities to humans, researchers in the Colaiácovo laboratory have identified several molecular mechanisms by which the toxic agent bisphenol A (BPA) interferes with reproduction. Here, we address their recent 
discovery that a widely available compound, Coenzyme Q10 (CoQ10), can rescue BPA-induced damage. This work is significant in that it poses a low-cost method for improving reproductive success in humans. The goal 
of this primer is to assist educators and students with navigating the paper entitled "Antioxidant CoQ10 Restores Fertility by Rescuing Bisphenol A-Induced Oxidative DNA Damage in the Caenorhabditis elegans 
Germline." It is ideally suited for integration into an upper-level undergraduate course such as Genetics, Cell and Molecular Biology, Developmental Biology, or Toxicology. The primer provides background information on 
the history of BPA, the utility of the C. elegans germ line as a model for studying reproductive toxicity, and research methods including assessment of programmed cell death, fluorescent microscopy applications, and 
assays to quantify gene expression. Questions for deeper exploration in-class or online are provided.Related article in GENETICS: Hornos Carneiro MF, Shin N, Karthikraj R, Barbosa F Jr, Kannan K, Colaiácovo MP. 
Antioxidant CoQ10 restores fertility by rescuing bisphenol A-induced oxidative DNA damage in the Caenorhabditis elegans Germline. Genetics 214:381-395.

Genetics Vol.216 Issue 
4 Pages 879-890

10.1534/genetics.120.303577 33268390 動物 - 0 不明 不明 不明 不明 不明 - - - - - - - - - - - - - - - - - - - - -

統合_1533 A. Zygmuntowicz, W. Markiewicz, T. Grabowski 
and J. Jaroszewski 2022

Effects of Bisphenol A and 
Bisphenol F on Porcine Uterus 
Contractility

INTRODUCTION: Bisphenols, as endocrine disruptors, may cause a wide range of health problems in humans, but so far, not all of them have been confirmed in animals, including pigs. Since animals are also exposed to 
bisphenols, we hypothesised that these substances may have an effect on uterine contractility in pigs. Therefore, the aim of the study was to investigate the effect of the most-used bisphenol, bisphenol A (BPA), and a 
selected analogue, bisphenol F (BPF), on the contractile activity of the pig uterus. MATERIAL AND METHODS: The investigation utilised smooth muscles from immature pigs (n = 6), cyclic pigs on days 12-14 of the 
oestrous cycle (n = 6) or early pregnant pigs on days 12-16 of pregnancy (n = 6). Strips of the myometrium were exposed to BPA and BPF at concentrations of 10(-13)-10(-1) M. Smooth muscle contractility was 
determined with equipment for measuring isometric contractions. RESULTS: BPA caused a significant decrease in contraction amplitude, and frequency and in myometrial tension in all groups examined. BPF caused a 
decrease in the amplitude and frequency of contractions in all groups and in myometrial tension in the early pregnant group. CONCLUSION: The obtained results indicate that both BPA and BPF relaxed the porcine 
myometrium, but these changes, especially in the amplitude and frequency of contractions, were more evident after BPF treatment. The extent of relaxation is dependent on the physiological status of the animals.

J Vet Res. 2022 Jul 
5;66(2):257-265.

10.2478/jvetres-2022-0031 35892107 in vitro - - - - - - - - - - 1 0 1 1 - - - - - - - - - - - - - -

統合_1534 Z. Zou, L. K. Harris, K. Forbes and A. E. P. 
Heazell 2022

Sex-specific effects of bisphenol A 
on the signaling pathway of ESRRG 
in the human placenta

Bisphenol A (BPA) exposure during pregnancy is associated with low fetal weight, particularly in male fetuses. The expression of estrogen-related receptor gamma (ESRRG), a receptor for BPA in the human placenta, is 
reduced in fetal growth restriction. This study sought to explore whether ESRRG signaling mediates BPA-induced placental dysfunction and determine whether changes in the ESRRG signaling pathway are sex-specific. 
Placental villous explants from 18 normal term pregnancies were cultured with a range of BPA concentrations (1 nM-1 μM). Baseline BPA concentrations in the placental tissue used for explant culture ranged from 0.04 
to 5.1 nM (average 2.3 ±1.9 nM; n = 6). Expression of ESRRG signaling pathway constituents and cell turnover were quantified. BPA (1 μM) increased ESRRG mRNA expression after 24 h in both sexes. ESRRG mRNA and 
protein expression was increased in female placentas treated with 1 μM BPA for 24 h but was decreased in male placentas treated with 1 nM or 1 μM for 48 h. Levels of 17β-hydroxysteroid dehydrogenase type 1 
(HSD17B1) and placenta specific-1 (PLAC1), genes downstream of ESRRG, were also affected. HSD17B1 mRNA expression was increased in female placentas by 1 μM BPA; however, 1 nM BPA reduced HSD17B1 and 
PLAC1 expression in male placentas at 48 h. BPA treatment did not affect rates of proliferation, apoptosis, or syncytiotrophoblast differentiation in cultured villous explants. This study has demonstrated that BPA affects 
the ESRRG signaling pathway in a sex-specific manner in human placentas and a possible biological mechanism to explain the differential effects of BPA exposure on male and female fetuses observed in epidemiological 
studies.

Biol Reprod. 2022 Jun 
13;106(6):1278-1291.

10.1093/biolre/ioac044 35220427 in vitro - - - - - - - - - - 1 0 1 nM〜1 µM 1 - - - - - - - - - - - - - -

統合_1535 L. Zimmermann, G. Dierkes, T. A. Ternes, C. Vö
lker and M. Wagner 2019

Benchmarking the in Vitro Toxicity 
and Chemical Composition of Plastic 
Consumer Products

Plastics are known sources of chemical exposure and few, prominent plastic-associated chemicals, such as bisphenol A and phthalates, have been thoroughly studied. However, a comprehensive characterization of the 
complex chemical mixtures present in plastics is missing. In this study, we benchmark plastic consumer products, covering eight major polymer types, according to their toxicological and chemical signatures using in vitro 
bioassays and nontarget high-resolution mass spectrometry. Most (74%) of the 34 plastic extracts contained chemicals triggering at least one end point, including baseline toxicity (62%), oxidative stress (41%), 
cytotoxicity (32%), estrogenicity (12%), and antiandrogenicity (27%). In total, we detected 1411 features, tentatively identified 260, including monomers, additives, and nonintentionally added substances, and prioritized 27 
chemicals. Extracts of polyvinyl chloride (PVC) and polyurethane (PUR) induced the highest toxicity, whereas polyethylene terephthalate (PET) and high-density polyethylene (HDPE) caused no or low toxicity. High 
baseline toxicity was detected in all "bioplastics" made of polylactic acid (PLA). The toxicities of low-density polyethylene (LDPE), polystyrene (PS), and polypropylene (PP) varied. Our study demonstrates that consumer 
plastics contain compounds that are toxic in vitro but remain largely unidentified. Since the risk of unknown compounds cannot be assessed, this poses a challenge to manufacturers, public health authorities, and 
researchers alike. However, we also demonstrate that products not inducing toxicity are already on the market.

Environ Sci Technol. 
2019 Oct 
1;53(19):11467-11477.

10.1021/acs.est.9b02293 31380625 in vitro - - - - - - - - - - 不明 0 不明 1 - - - - - - - - - - - - - -

統合_1536 X. Zhu, G. Wu, Y. Xing, C. Wang, X. Yuan and B. 
Li 2020

Evaluation of single and combined 
toxicity of bisphenol A and its 
analogues using a highly-sensitive 
micro-biosensor

Bisphenol analogues have been developed as alternatives to bisphenol A (BPA), a common chemical with potential adverse effects on human health. It is imperative to perform a fast and sensitive evaluation for the toxicity 
of these bisphenol analogues. This study introduces a label-free electrochemical biosensor based on a screen-printed electrode modified with the carboxylated multi-walled carbon nanotube/rhodamine B/gold 
nanoparticle. Ctenopharyngodon idella kidney (CIK) cells were used as the biological recognition agent to detect changes in electrochemical signals and indicate the cell viability. Only 20 μL of sample was required for 
detection, which was much lower than that of other conventional electrochemical methods (≥ 1 mL). This biosensor was examined for the cytotoxicity of BPA, bisphenol AF (BPAF), bisphenol B (BPB), bisphenol F (BPF), 
and bisphenol S (BPS) to CIK cells. The half inhibition concentration (IC(50)) values after 48 h of exposure indicated that the rank order of cytotoxicities was BPAF > BPB > BPA > BPF > BPS. The morphological changes in 
CIK cells after treatment with various bisphenols were investigated, and the combined toxicities of the binary bisphenol mixtures were determined. Potentially synergistic and additive effects were observed. These 
findings provide new insights into the cytotoxicity of bisphenol analogues.

J Hazard Mater. 2020 
Jan 5:381:120908.

10.1016/j.jhazmat.2019.120908 31352154 in vitro - - - - - - - - - - 1 0 不明 1 - - - - - - - - - - - - - -

統合_1537 R. Zhu, X. Yu and Y. Li 2025

Identification and validation of 
biomarkers associated with 
glycolysis in polycystic ovarian 
syndrome

Polycystic ovary syndrome (PCOS), an endocrine disorder emerging in adolescence and reproductive years, has been linked to glycolysis in prior studies, though the precise mechanistic role of glycolysis in its 
pathogenesis remains unclear. Therefore, this study sought to identify glycolysis-related biomarkers in PCOS and elucidate their regulatory mechanisms to provide novel therapeutic strategies. Utilizing publicly available 
datasets, biomarkers were identified via differential analysis, various PPI algorithms, and validation of expression patterns. Subsequent analyses included functional enrichment, tissue and cell-specific expression 
profiling, m6A modification site prediction, compound screening, molecular network construction, and molecular docking. RT-qPCR was performed on clinical samples for experimental validation. Two biomarkers, TXNIP 
and TGFBI, were identified and jointly enriched in "complement and coagulation cascades". TXNIP showed elevated expression in tongue and endocrine cells, whereas TGFBI was highly expressed in placental and 
adipocyte tissues. TGFBI had 14 high-confidence m6A modification sites and TXNIP had 1 high-confidence m6A modification site. The identified regulatory networks included hsa-miR-6761-5p-TXNIP-PPARG and hsa-
miR-6761-5p-TGFBI-RB1. Four key compounds-acetaminophen, bisphenol A, tetrachlorodibenzodioxin, and valproic acid-were prioritized, with molecular docking revealing strongest binding affinities between bisphenol A 
and both biomarkers (TXNIP: -5.9 kcal/mol; TGFBI: -13.1 kcal/mol). RT-qPCR validation in granulosa cells from PCOS patients confirmed significant upregulation of TGFBI and TXNIP, aligning with bioinformatics 
predictions. These findings suggest that TXNIP and TGFBI may serve as potential biomarkers associated with glycolytic dysregulation in PCOS, offering insights into the interplay between metabolic dysfunction and 
disease mechanisms.

Sci Rep. 2025 Jul 
26;15(1):27199.

10.1038/s41598-025-11591-w 40715316 in vitro - - - - - - - - - - 1 0 不明 1 - - - - - - - - - - - - - -

統合_1538
S. M. Zhou, W. B. Yuan, J. Z. Li, H. Q. Chen, Y. 
Zeng, N. Wang, J. Fan, Z. Zhang, Y. Xu, J. Cao 
and W. B. Liu

2023

TET1 involved in bisphenol A 
induced TM3 Leydig cell toxicity by 
regulating Cav3.3 
hydroxymethylation

Bisphenol A (BPA), an important environmental pollutant, is known to damage reproductive development. However, the underlying epigenetic mechanism in Leydig cells during BPA exposure has not been explored in detail. 
In this study, TM3 Leydig cells were treated with BPA (0, 20, 40 and 80 μM) for 72 h. The differentially expressed TET1 cell model was constructed to explore the mechanism of BPA-induced cytotoxicity. Results showed 
that BPA exposure significantly inhibited cell viability and increased apoptosis of TM3 Leydig cells. Meanwhile, the mRNA of TET1, Cav3.2 and Cav3.3 decreased significantly with the increase of BPA exposure. 
Importantly, TET1 significantly promoted proliferation of TM3 Leydig cells and inhibited apoptosis. Differentially expressed TET1 significantly affected BPA-induced toxicity in TM3 Leydig cells. Notably, TET1 elevated the 
mRNA levels of Cav3.2 and Cav3.3. MeDIP and hMeDIP confirmed that TET1 regulated the expression of Cav3.3 through DNA hydroxymethylation. Our study firstly presented that TET1 participated in BPA-induced toxicity 
in TM3 Leydig cells through regulating Cav3.3 hydroxymethylation modification. These findings suggest that TET1 acts as a potential epigenetic marker for reproductive toxicity induced by BPA exposure and may provide a 
new direction for the research on male reproductive damage.

Chemosphere. 2023 
Jan;312(Pt 1):137171.

10.1016/j.chemosphere.2022.1371
71

36370755 in vitro - - - - - - - - - - 1 0 1 1 - - - - - - - - - - - - - -

統合_1539 R. Zhou, M. Xia, L. Zhang, W. Cheng, J. Yan, Y. 
Sun, Y. Wang and H. Jiang 2021

Individual and combined effects of 
BPA, BPS and BPAF on the 
cardiomyocyte differentiation of 
embryonic stem cells

Exposure to many kinds of bisphenols (BPs) is common, and the effects of BP mixtures may differ from those of individual BPs. Therefore, evaluating combined exposure effects is necessary. Our study evaluated the 
individual and combined exposure effects of bisphenol A (BPA), bisphenol S (BPS) and bisphenol AF (BPAF) on embryonic development using an embryonic stem cell test (EST) and a concentration additive (CA) model at 
relatively high doses to uncover the interaction model of the three BPs. Environmentally relevant concentrations were then used to evaluate the possible effects of the individual and combined BPs at actual human 
exposure levels. Exposure to relatively high-dose BPA, BPS and BPAF inhibited embryonic stem cell differentiation into cardiomyocytes and exhibited weak embryo toxicity. Individually, BPA, BPS and BPAF inhibited 
endoderm, mesoderm and ectoderm marker expression but enhanced pluripotency marker expression. Combined exposure to BPs had an additive effect on cardiomyocyte differentiation and embryonic stem cell 
proliferation based on the CA model. Environmentally relevant individual or combined BP doses (10 ng/ml individual BPA, BPS and BPAF doses or 1 ng/ml and 10 ng/ml BP mixture doses) failed to cause oxidative stress, 
DNA damage or apoptosis changes in stem cell differentiation. The cardiomyocyte differentiation ratio also did not change significantly. Individual and combined exposure to environmentally relevant BP doses led to a 
significant increase in collagen expression. BPAF and the combination of BPs increased the type 1 collagen level, while the combination also increased the type 3 collagen level, which may be related to p38 pathway 
activation. The p38 pathway inhibitor SB203580 inhibited the increase in collagen during cardiomyocyte differentiation caused by low-dose BPs. These results suggest that relatively high-dose BPs in combination have an 
additive effect on cardiomyocyte differentiation. Low-dose BPs individually and in combination may affect cardiomyocyte collagen through the p38 pathway.

Ecotoxicol Environ Saf. 
2021 Sep 1:220:112366.

10.1016/j.ecoenv.2021.112366 34058679 in vitro - - - - - - - - - - 1 0 不明 1 - - - - - - - - - - - - - -

統合_1540 Y. Zheng, H. Li, Y. Wang, L. Huang, L. Chen, S. 
Lin and S. Lin 2025

Identification and immunoassay of 
biomarkers associated with T cell 
exhaustion in systemic lupus 
erythematosus

BACKGROUND: Systemic lupus erythematosus (SLE) is an autoimmune disease with unclear etiology. T cell exhaustion (TEX) suppresses the immune response and can be a potential therapeutic strategy for autoimmune 
diseases. Therefore, this study primarily investigated the mechanism by which TEX influences SLE, offering a novel target for its treatment. METHODS: GSE72326 and GSE81622 were utilized in this study. TEX related 
genes (TEX-RGs) were obtained from the published literature. Differentially expressed genes (DEGs) were obtained through differential expression analysis. Subsequently, candidate genes were selected by overlapping 
DEGs and TEX-RGs. These candidate genes underwent protein-protein interactions (PPIs) analysis for further screening. Machine learning was applied to identify candidate key genes from the PPI-identified genes. The 
candidate key genes exhibiting an area under the receiver operating characteristic (ROC) curve (AUC) greater than 0.7, along with consistent expression trends and significant differences in GSE72326 and GSE81622 
were defined as biomarkers. Additionally, enrichment analysis, immune infiltration analysis, chemical compounds prediction and molecular docking were carried out. Importantly, the biomarkers were validated for 
expression by reverse transcription-quantitative polymerase chain reaction (RT-qPCR). RESULTS: The biomarkers MX1, LY6E, IFI44 and OASL were screened by overlapping 327 DEGs and 1,408 TEX-RGs. Gene set 
enrichment analysis (GSEA) showed that there was a significant positive correlation between the expression of these biomarkers and immune-related pathways, such as the NOD-like receptor signaling pathway, Toll-like 
receptor signaling pathway and RIG-I-like receptor signaling pathway significant positive correlation. The immune infiltration of 8 types of immune cells differed significantly in SLE. Naive B cells, resting memory CD4 T 
cells and resting NK cells were significantly down-regulated in the SLE group. 4 biomarkers showed the highest correlation with resting memory CD4 T cells. Bisphenol A targeted OASL and LY6E, whereas 
acetaminophen targeted IFI44 and MX1.The binding activity between the biomarkers and the chemical compounds targeting them was very strong. Finally, RT-qPCR expression of MX1, LY6E, IFI44 and OASL was 
consistent with the results of the dataset. CONCLUSION: MX1, LY6E, IFI44 and OASL were identified as biomarkers related to TEX in SLE. These biomarkers could be detected in the blood for early diagnosis of the 
disease or to monitor the efficacy of the disease treatment, thus providing a new target for the management of SLE.

Front Immunol. 2025 
Mar 26:16:1476575.

10.3389/fimmu.2025.1476575 40207215 in vitro - - - - - - - - - - 1 0 不明 1 - - - - - - - - - - - - - -

統合_1541 J. Zheng, S. Chen, H. Lu, M. Xia, S. Wang, X. Li, 
H. Li, Y. Wang, R. S. Ge and Y. Liu 2024

Enhanced inhibition of human and 
rat aromatase activity by benzene 
ring substitutions in bisphenol A: 
QSAR structure-activity relationship 
and in silico docking analysis

Bisphenol A (BPA) is a widely used plastic material, but its potential endocrine disrupting effect has restricted its use. The BPA alternatives have raised concerns. This study aimed to compare inhibitory potencies of 11 
BPA analogues on human and rat placental aromatase (CYP19A1). The inhibitory potency on human CYP19A1 ranged from bisphenol H (IC(50), 0.93 μM) to tetramethyl BPA and tetrabromobisphenol S (ineffective at 100 
μM) when compared to BPA (IC(50), 73.48 μM). Most of them were mixed/competitive inhibitors and inhibited estradiol production in human BeWo cells. Molecular docking analysis showed all BPA analogues bind to 
steroid active site or in between steroid and heme of CYP19A1 and form a hydrogen bond with catalytic residue Met374. Pharmacophore analysis showed that there were 4 hydrophobic regions for BPA analogues, with 
bisphenol H occupying 4 regions. Bivariate correlation analysis showed that LogP (lipophilicity) and LogS (water solubility) of BPA analogues were correlated with their IC(50) values. Computerized drug metabolism and 
pharmacokinetics analysis showed that bisphenol H, tetrabromobisphenol A, and tetrachlorobisphenol A had low solubility, which might explain their weaker inhibition on estradiol production on BeWo cells. In conclusion, 
BPA analogues mostly can inhibit CYP19A1 and the lipophilicity determines their inhibitory strength.

J Hazard Mater. 2024 
Mar 5:465:133252.

10.1016/j.jhazmat.2023.133252 38128231 in vitro - - - - - - - - - - 1 0 1 1 - - - - - - - - - - - - - -

統合_1542 H. Zhao, M. Liu, Y. Lv and M. Fang 2022

Dose-response metabolomics and 
pathway sensitivity to map 
molecular cartography of bisphenol 
A exposure

In the toxicological regime, the toxicological endpoint and its dose-response relationship are two of the most prominent characters in conducting a risk assessment for chemical exposure. Systems biological methods 
have been used to comprehensively characterize the impact of toxicants on the biochemical pathways. However, the majority of the current studies are only based on single-dose, and limited information can be 
extrapolated to other doses from these experiments, regardless of the sensitivity of each endpoint. This study aims to understand the dose-response metabolite dysregulation pattern and metabolite sensitivity at the 
system-biological level. Here, we applied bisphenol A (BPA), an endocrine-disrupting chemical (EDC), as the model chemical. We first employed the global metabolomics method to characterize the metabolome of breast 
cancer cells (MCF-7) upon exposure to different doses (0, 20, 50, and 100 µM) of BPA. The dysregulated features with a clear dose-response relationship were also effectively picked up with an R-package named 
TOXcms. Overall, most metabolites were dysregulated by showing a significant dose-dependent behaviour. The results suggested that BPA exposure greatly perturbed purine metabolism and pyrimidine metabolism. 
Interestingly, most metabolites within the purine metabolism were described as a biphasic dose-response relationship. With the established dose-response relationship, we were able to fully map the metabolite 
cartography of BPA exposure within a wide range of concentrations and observe some unique patterns. Furthermore, an effective concentration of certain fold changes (e.g., EC(+10) means the dose at which metabolite 
is 10% upregulated) and metabolite sensitivity were defined and introduced to this dose-response omics information. The result showed that the purine metabolism pathway is the most venerable target of BPA, which can 
be a potential endogenous biomarker for its exposure. Overall, this study applied the dose-response metabolomics method to fully understand the biochemical pathway disruption of BPA treatment at different doses. Both 
dose-response omics strategy and metabolite sensitivity analysis can be further considered and emphasized in future chemical risk assessments.

Environ Int. 2022 
Jan:158:106893.

10.1016/j.envint.2021.106893 34592654 in vitro - - - - - - - - - - 1 0 不明 1 - - - - - - - - - - - - - -

統合_1543 F. Zhao, H. Liu, Z. Li, P. Lin, A. Wang, Y. Jin and 
Y. Yi 2021

Low-dose bisphenol A impairs the 
function of mouse decidual stromal 
cells by activating LUMAN-mediated 
unfolded protein response

The nonsteroidal estrogenic compound bisphenol A (BPA) is widely present in several industrial and medical products including plastic food containers and sealants in dentistry. There are growing concerns on the toxic 
effects of this compounds since BPA is known to have reproductive toxicity. This study evaluated the effects of low-dose BPA exposure on decidual stromal cells (DSCs) of mice. The results showed that although 10 nM 
of BPA have no significant effect on the cell viability, it alters the expression of decidualization-related genes including Prl8a2, Prl3c1, Ptgs2, and Mmp2. Moreover, we found that low-dose BPA exposure induces UPR 
response in DSCs. However, the expression of the three major UPR receptors (Perk, Ire 1, and Xbp1) did not change significantly. Interestingly, the expression of Luman, a novel receptor of UPR, was significantly 
upregulated in a dose-dependent manner. Lentivirus containing shLuman sequence was used to generate stable Luman silencing DSCs. It's showed that Luman knockdown could affect the expression of decidualization-
related genes in decidual cells after BPA treatment. In summary, these results suggest that Luman plays a key role in low dose BPA-induced decidual toxicity of DSCs in mouse.

Food Chem Toxicol. 
2021 Jul:153:112242.

10.1016/j.fct.2021.112242 33930482 in vitro - - - - - - - - - - 1 0 不明 1 - - - - - - - - - - - - - -
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統合_1544 Y. Zhang, M. Yan, W. Shan, T. Zhang, Y. Shen, 
R. Zhu, J. Fang and H. Mao 2022

Bisphenol A induces pyroptotic cell 
death via ROS/NLRP3/Caspase-1 
pathway in osteocytes MLO-Y4

Bisphenol A (BPA), a ubiquitous endocrine-disrupting chemical, is commonly used as a plasticizer to manufacture various food packaging materials. Evidence has demonstrated that BPA disturbed bone health. However, 
few studies focused on the effect of BPA on osteocytes, making up over 95% of all the bone cells. Here, we reported that BPA inhibited the cell viability of MLO-Y4 cells, and increased apoptosis in a dose-dependent 
manner. Furthermore, BPA up-regulated protein expressions of speck-like protein containing CARD (ASC), NLRP3, cleaved caspase-1 (Casp-1 p20) and cleaved gasdermin D (GSDMD-N), and increased the ratios of 
interleukin (IL)-1β/pro-IL-1β and IL-18/pro-IL-18 in MLO-Y4 cells. BPA enhanced levels of lactate dehydrogenase (LDH), IL-1β and IL-18 in culture supernatants. This pyroptotic death and the NLPR3 inflammasome 
activation were reversed by the caspase-1 inhibitor VX765 or the NLRP3 inflammasome inhibitor MCC950. Furthermore, BPA stimulated the production of intracellular reactive oxygen species (ROS), mitochondrial ROS 
(mtROS), elevated malondialdehyde (MDA) level and decreased superoxide dismutase (SOD) activity, which led to oxidative damage in MLO-Y4 cells. The ROS scavenger N-acetylcysteine (NAC) or the mitochondrial 
antioxidant Mito-TEMPO inhibited the NLPR3 inflammasome activation and pyroptotic death induced by BPA. Collectively, our data suggest that BPA causes pyroptotic death of osteocytes via ROS/NLRP3/Caspase-1 
pathway.

Food Chem Toxicol. 
2022 Jan:159:112772.

10.1016/j.fct.2021.112772 34929351 in vitro - - - - - - - - - - 1 0 不明 1 - - - - - - - - - - - - - -

統合_1545 Y. Zhang, M. Yan, S. Kuang, Y. Lou, S. Wu, Y. Li, 
Z. Wang and H. Mao 2022

Bisphenol A induces apoptosis and 
autophagy in murine osteocytes 
MLO-Y4: Involvement of ROS-
mediated mTOR/ULK1 pathway

Bisphenol A (BPA) is a widely environmental endocrine disruptor. The accumulated BPA in humans is toxic to osteoblasts and osteoclasts, but few studies focused on the effects of BPA on osteocytes, the most abundant 
bone cell type, contributing to the development and metabolism of bone. Here, we reported that BPA (50, 100, 200 μmol/L) inhibited the cell viability of osteocytes MLO-Y4, promoted G0/G1 phase arrest and apoptosis in 
a dose-dependent manner. BPA treatment significantly increased the levels of autophagy-regulated proteins including Beclin-1 and LC3-II along with the decrease of p62, accompanied by the elevation of autophagy flux 
and the accumulation of acidic vacuoles, which was blocked by the autophagy inhibitor bafilomycin A1 (BafA1). Furthermore, BPA significantly inhibited the mammalian target of rapamycin (mTOR) and activated Unc-51 
like autophagy activating kinase 1 (ULK1) signaling, leading to the decreased p-mTOR/mTOR ratio and the increased p-ULK1/ULK1 ratio. The mTOR activator MHY1485 (MHY) or the ULK1 inhibitor SBI-0206965 (SBI) 
prevented autophagy and enhanced apoptosis caused by BPA, respectively. In addition, BPA increased the levels of intracellular reactive oxygen species (ROS) and malondialdehyde (MDA) and decreased antioxidant 
enzymes nuclear factor E2-related factor 2 (Nrf2) and heme oxygenase-1 (HO-1) levels, resulting in oxidative stress. The ROS scavenger N-acetylcysteine (NAC) attenuated BPA-induced the mTOR/ULK1 pathway 
activation, apoptosis and autophagy. Collectively, ROS-mediated mTOR/ULK1 signaling is involved in BPA-induced apoptosis and autophagy in osteocytes MLO-Y4. Our data first provide in vitro evidence that apoptosis 
and autophagy as cellular mechanisms for the toxic effect of BPA on osteocytes, thereby advancing our understanding of the potential role of osteocytes in the adverse effect of BPA on bone health.

Ecotoxicol Environ Saf. 
2022 Jan 
15:230:113119.

10.1016/j.ecoenv.2021.113119 34954677 in vitro - - - - - - - - - - 1 0 不明 1 - - - - - - - - - - - - - -

統合_1546 Y. Zhang, C. Yan, Q. Xie, B. Wu and Y. Zhang 2024

Exposure to bisphenol A affects 
transcriptome-wide N6-
methyladenine methylation in 
ovarian granulosa cells

Bisphenol A (BPA) is an endocrine disruptor of potential reproductive toxicities. Increasingly research elucidated that BPA exposure to the environment would change the epigenetic modifications of transcriptome, but the 
mechanism by which BPA affects m6A methylation in interfering with female reproductive health remains uncertain. Therefore, this study preliminarily proposed and tested the hypothesis that BPA exposure alters the m6A 
modification level in transcripts in female ovarian granulosa cells. After BPA was exposed to granulosa cells for 24 h, RNA methylation related regulatory genes (such as METTL3, METTL14, ALKBH5, FTO) and the global 
m6A levels showed significant differences. Next, we applied MERIP-seq analysis to obtain information on the genome-wide m6A modification changes and identified 1595 differentially methylated mRNA transcripts, and 
50 differentially methylated lncRNA transcripts. Further joint analysis of gene common expression showed that 33 genes were hypermethylated and up-regulated, 71 were hypermethylated and down-regulated, 49 were 
hypomethylated and up-regulated, and 20 were hypomethylated and down-regulated. Enriched Gene Ontology (GO) and biological pathway analysis revealed that these unique genes were mainly enriched in lipid 
metabolism, cell proliferation, and apoptosis related pathways. Six of these genes (mRNAs IMPA1, MCOLN1, DCTN3, BRCA2, and lncRNAs MALAT1, XIST) were validated using RT-qPCR and IGV software. Through 
comprehensive analysis of epitranscriptome and protein-protein interaction (PPI) data, lncRNAs MALAT1 and XIST are expected to serve as new markers for BPA interfering with the female reproductive system. In brief, 
these data show a novel and necessary connection between the damage of BPA exposure on female ovarian granulosa cells and RNA methylation modification.

Ecotoxicol Environ Saf. 
2024 Mar 1:272:116071.

10.1016/j.ecoenv.2024.116071 38354435 in vitro - - - - - - - - - - 1 0 不明 1 - - - - - - - - - - - - - -

統合_1547 Y. Zhang, X. Xie, H. Cheng, Y. Zhang, H. Li, Y. 
Zhu, R. Wang, W. Li, R. Wang and F. Wu 2023

Bisphenol A interferes with lncRNA 
Fhadlos2 and RUNX3 association in 
adolescent mouse ovary

Bisphenol A (BPA) has a number of adverse effects on the reproductive development of females. In particular, the mechanism of disruption of ovarian development in adolescent mice is still unclear. Based on 
transcriptome sequencing results, a differentially expressed lncRNA, Fhad1os2, was detected in the ovaries of BPA-exposed pubertal mice. In our study, the lncRNA Fhad1os2, localized in the ovarian granulosa cell 
cytoplasm, could regulate the proliferation of mouse ovarian granulosa cells. Mechanistically, the results of RNA pull-down experiments as well as mass spectrometry analysis showed that ERα, an interfering signaling 
molecule of BPA, could directly bind lncRNA Fhad1os2 and decrease the transcription of lncRNA Fhad1os2 in response to the estrogen-like effect of BPA. BPA exposure also caused abnormal lncRNA Fhad1os2 pulldown 
protein-related signaling pathways in the ovaries of adolescent mice. Furthermore, lncRNA Fhad1os2 interacted with RUNX3, a transcription factor related to follicle development and hormone synthesis. As a negative 
regulator, lncRNA Fhad1os2 transactivated the expression of Runx3, which in turn induced RUNX3 to positively regulate aromatase (Cyp19a1) expression in mouse ovarian granulosa cells and promote estrogen synthesis. 
In conclusion, our study indicates that BPA exposure interferes with ERα-regulated lncRNA Fhad1os2 interactions with RUNX3 in pubertal mice, affecting estrogen synthesis in mouse granulosa cells and contributing to 
premature ovarian maturation in pubertal mice.

Ecotoxicol Environ Saf. 
2023 Jul 1:259:115060.

10.1016/j.ecoenv.2023.115060 37229876 in vitro - - - - - - - - - - 不明 0 不明 1 - - - - - - - - - - - - - -

統合_1548
Y. Zhang, S. Li, J. Wu, Y. Peng, J. Bai, B. Ning, X. 
Wang, Y. Fang, D. Han, S. Ren, S. Li, R. Chen, K. 
Li, H. Du and Z. Gao

2021
The orphan nuclear receptor Nur77 
plays a vital role in BPA-induced 
PC12 cell apoptosis

Bisphenol A (BPA) is a typical environmental endocrine disruptor that can migrate into organisms through skin contact, breathing, diet and various other approaches. The reproductive toxicity and neurotoxicity of BPA has 
been confirmed by several toxicological studies. However, the neurotoxicity of BPA is still controversial. In the present study, we used PC12 cells as a model to investigate the mechanism of BPA-induced neuronal 
apoptosis. BPA exposure reduced cell viability, altered cell morphology and aggravated intracellular Lactate dehydrogenase (LDH) release, intracellular Ca(2+) concentration, Reactive oxygen species (ROS) levels, 
apoptosis and the reduction in the mitochondrial transmembrane potential (ΔΨm). Moreover, the results of the Western blot (WB) and Real-time quantitative polymerase chain reaction (RT-qPCR) assays indicated that 
the expression levels of Nur77 in the BPA group were down-regulated and accompanied by the downregulation of the NF-κb/Bcl-2 proteins and the upregulation of cleaved-caspase 3, which is a marker of apoptosis. 
However, these changes were significantly reversed with the upregulation of the Nur77 protein by introducing plasmids carrying the nur77 gene. These results indicated that BPA-induced apoptosis was closely related to 
Nur77-mediated inhibition of the NF-κb/Bcl-2 pathway.

Ecotoxicol Environ Saf. 
2021 Apr 
15:213:112026.

10.1016/j.ecoenv.2021.112026 33582411 in vitro - - - - - - - - - - 不明 0 不明 1 - - - - - - - - - - - - - -

統合_1549 Y. Zhang, S. Han, T. Li, L. Zhu and F. Wei 2024
Bisphenol A induces non-alcoholic 
fatty liver disease by promoting the 
O-GlcNAcylation of NLRP3

Non-alcoholic fatty liver disease (NAFLD) is the most common liver disease. The mechanism by which bisphenol A (BPA) promots NAFLD remains unclear. Palmitic acid (PA) and lipopolysaccharide (LPS) were used to 
simulate NAFLD in HepG2 cells in vitro. Total cholesterol (TC), triglyceride (TG) content, and lipid accumulation were measured to evaluate lipid metabolism. The caspase-1-stained cells and NLRP3 inflammasome-
associated proteins were evaluated for pyroptosis. Western blot analysis was used to detect protein levels and co-immunoprecipitation (Co-IP) was used to detect the association between the proteins. Cycloheximide 
(CHX) treatment combined with western blot was performed to access protein stability. This data have shown that BPA induces lipid metabolism dysfunction and pyroptosis by upregulating O-GlcNAc transferase (OGT) 
level. NLRP3 directly interacts with OGT, and elevated OGT enhanced the stability of NLRP3 protein. BPA promoted OGT-mediated O-GlcNAcylation to stabilised NLRP3, thus accelerating NAFLD progress in vitro. Our 
study reveals that BPA, as an environmental factor, may be involved in the promotion of NAFLD, and that targeting NLRP3 and OGT may inhibit BPA's induction of NAFLD.

Arch Physiol Biochem. 
2024 Dec;130(6):814-
822.

10.1080/13813455.2023.2288533 38038745 in vitro - - - - - - - - - - 1 0 不明 1 - - - - - - - - - - - - - -

統合_1550 X. Zhang, J. S. Mahajan, J. Zhang, L. T. J. Korley, 
T. H. Epps, 3rd and C. Wu 2024

Lignin-derivable alternatives to 
bisphenol A with potentially 
undetectable estrogenic activity and 
minimal developmental toxicity

Lignin-derivable bisguaiacols/bissyringols are viable alternatives to commercial bisphenols; however, many bisguaiacols/bissyringols (e.g., bisguaiacol F [BGF]) have unsubstituted bridging carbons between the aromatic 
rings, making them more structurally similar to bisphenol F (BPF) than bisphenol A (BPA) - both of which are suspected endocrine disruptors. Herein, we investigated the estrogenic activity (EA) and developmental toxicity 
of dimethyl-substituted bridging carbon-based lignin-derivable bisphenols (bisguaiacol A [BGA] and bissyringol A [BSA]). Notably, BSA showed undetectable EA at seven test concentrations (from 10(-12) M to 10(-6) M) 
in the MCF-7 cell proliferation assay, whereas BPA had detectable EA at five concentrations (from 10(-10) M to 10(-6) M). In silico results indicated that BSA had the lowest binding affinity with estrogen receptors. 
Moreover, in vivo chicken embryonic assay results revealed that lignin-derivable monomers had minimal developmental toxicity vs. BPA at environmentally relevant test concentrations (8.7-116 μg/kg). Additionally, all 
lignin-derivable compounds showed significantly lower expression fold changes (from ~1.81 to ~4.41) in chicken fetal liver tests for an estrogen-response gene (apolipoprotein II) in comparison to BPA (fold change of ~
11.51), which was indicative of significantly reduced estrogenic response. Altogether, the methoxy substituents on lignin-derivable bisphenols appeared to be a positive factor in reducing the EA of BPA alternatives.

Food Chem Toxicol. 
2024 Aug:190:114787.

10.1016/j.fct.2024.114787 38838754 in vitro - - - - - - - - - - 不明 0 不明 1 - - - - - - - - - - - - - -

統合_1551 X. Zhang, L. Jiang, Y. Tian, Y. Xia, L. Yan, C. Wu, 
T. Zhang and J. Zhu 2019

Establishment of in-vitro three 
dimensional rat follicle culture 
system and validation of the 
applicability as an in vitro female 
reproductive toxicity testing system

-
Toxicol In Vitro. 2019 
Aug:58:161-169.

10.1016/j.tiv.2019.03.019 30902691 in vitro - - - - - - - - - - 不明 0 不明 1 - - - - - - - - - - - - - -

統合_1552 S. Zhang, Q. Wu, W. He, H. Zhu, Z. Wang, H. 
Liang, X. Ni, W. Yuan and D. Lu 2025

Bisphenol A alters JUN promoter 
methylation, impairing steroid 
metabolism in placental cells and 
linking to sub-representative 
phenotypes

Bisphenol A (BPA) is a widely used industrial compound commonly found in various everyday plastic products. Known for its endocrine-disrupting properties, BPA can enter the human body through multiple pathways. 
Prenatal exposure to BPA not only disrupts placental structure and function but also interferes with normal steroid metabolism. This study investigates the epigenetic regulatory mechanisms by which BPA influences 
steroid metabolism in the placenta. Using BPA-treated JEG3 cells, we analyzed hormone levels, gene promoter DNA methylation, and gene expression, further validating our findings in placental samples. Additionally, we 
explored the role of epigenetic modifications in regulating steroid metabolism at the cellular level and assessed related phenotypes in cohort samples. The results demonstrated that BPA significantly reduced the levels of 
progesterone, estradiol, and testosterone, and notably affected the promoter methylation and expression levels of 63 genes. Enrichment analysis highlighted PLA2G4F, JUN, MRAS, ERBB4, DUSP1, and GADD45G as being 
primarily enriched in the MAPK signaling pathway. Further studies revealed that the methylation level of the JUN promoter regulates its expression, impacting hormone levels by modulating downstream signaling 
pathways. In placental samples, male offspring in the hypermethylated JUN promoter group had shorter anogenital distance (AGD) compared to those in the hypomethylated group. These findings suggest that BPA reduces 
the expression of steroid metabolism genes via the epigenetic regulation of the JUN gene, thereby decreasing progesterone, estradiol, and testosterone levels and leading to shortened AGD in offspring.

Gene. 2025 Mar 
15:941:149210.

10.1016/j.gene.2024.149210 39755265 in vitro - - - - - - - - - - 1 0 不明 1 - - - - - - - - - - - - - -

統合_1553 S. Zhang, J. Li, J. Fan and X. Wu 2020
Bisphenol A triggers the malignancy 
of acute myeloid leukemia cells via 
regulation of IL-4 and IL-6

Acute myeloid leukemia (AML) is a cancer of hematopoietic stem cells with a rapid progression. The progression of AML can be regulated by estrogenic signals. Our present data showed that an industrial endocrine-
disrupting chemical, bisphenol A (BPA), can promote the proliferation of AML cells and decrease their sensitivity to daunorubicin and cytarabine treatment. Among the tested cytokines, BPA treatment can decrease the 
expression of interleukin-4 (IL-4) while increasing the expression of IL-6. Overexpression of IL-4 or neutralization antibody of IL-6 (anti-IL-6) can attenuate BPA-induced proliferation of AML cells and reverse BPA-
suppressed chemosensitivity. Furthermore, activation of nuclear factor kappa B is essential for BPA-induced upregulation of IL-6 in AML cells. As to IL-4, BPA can increase the expression of NFAT1 to inhibit its 
transcription. Collectively, our data showed that BPA can trigger the malignancy of AML cells via regulation of IL-4 and IL-6.

J Biochem Mol Toxicol. 
2020 Jan;34(1):e22412.

10.1002/jbt.22412 31714645 in vitro - - - - - - - - - - 1 0 不明 1 - - - - - - - - - - - - - -

統合_1554 Q. Zhang, M. Li, P. Wang, X. Lin, K. P. Lai and Z. 
Ding 2024

Integrated analysis reveals the 
immunotoxicity mechanism of BPs 
on human lymphocytes

Bisphenol A (BPA) is a well-documented endocrine-disrupting chemical widely used in plastic products. In addition to its endocrine-disrupting effects, BPA exhibits immunotoxicity. Many countries have banned BPA 
because of its adverse effects on human health. In recent years, many chemicals such as bisphenol B (BPB), bisphenol E (BPE), bisphenol S (BPS), and bisphenol fluorene (BHPF) have been used to replace BPA. Because 
these replacement chemicals have chemical structures similar to that of BPA, they may also harm human health. However, their immunotoxicity and the molecular mechanisms underlying their toxicity remain largely 
unknown. The aim of this study was to investigate the immunotoxicity of BPA and its replacement chemicals, as well as the underlying mechanisms by exposing primary human lymphocytes to BPA and its replacement 
chemicals. Our results showed that exposure to BPA and its replacement chemicals altered the interleukin (IL) and cytokine production, such as IL-1b, IL-5, IL-6, IL-8, interferon alfa-2b (IFN-a2B), and tumor necrosis 
factor alpha (TNF-α), in the lymphocytes. Among these, BPA and BHPF caused a greater inhibition. Using comparative transcriptomic analysis, we further investigated the biological processes and signaling pathways 
altered by BHPF exposure. Our data highlighted alterations in the immune response, T cell function, and cytokine-cytokine receptor interactions in human lymphocytes through the deregulation of gene clusters. In addition, 
the results of ingenuity pathway analysis demonstrated the inhibition of T lymphocyte function, including differentiation, movement, and infiltration. Our results, for the first time, delineate the mechanisms underlying the 
immunotoxicity of BHPF in human lymphocytes.

Chem Biol Interact. 
2024 Aug 
25:399:111148.

10.1016/j.cbi.2024.111148 39004390 in vitro - - - - - - - - - - 1 0 不明 1 - - - - - - - - - - - - - -

統合_1555
N. Zhang, Y. Wang, Z. Chen, J. Ren, A. Rehman, 
D. W. Ahmad, D. Long, J. Hou, Y. Zhou, L. Yang, 
Y. Ni, Y. Li, C. Du, Y. Yu and M. Liao

2022

Single-cell transcriptome analysis of 
Bisphenol A exposure reveals the 
key roles of the testicular 
microenvironment in male 
reproduction

Testicular development during juvenile is crucial for subsequent male reproductive function. However, it remains poorly understood about the contribution of the testis microenvironment to human germ cell maturation. 
Therefore, we systematically analyzed scRNA-seq transcriptome and found the dramatic changes in cell-type composition in human testis during puberty. Then we constructed cell-cell communication networks between 
germ cells and somatic cells in the juvenile testis, which may be achieved via immune-related pathways. Our results showed that maturation-promoting factors are the switches of the Sertoli cells that drive sperm 
maturation. Furthermore, we found that Bisphenol A(BPA) enhanced the maturation and growth of germ cells through the Sertoli cell's secretory protein. Finally, our results indicate Bisphenol A would lead to the 
dysregulation of secreted protein expression in Sertoli cells during spermatogenesis, which in turn has direct cytotoxicity to Sertoli cells. Bisphenol A is one of the underlying causes of non-obstructive azoospermia (NOA). 
In summary, our results reveal the reproductive toxicity and molecular mechanism of Bisphenol A in Sertoli cells and male reproduction. Provide a reference for the toxicity of Bisphenol A to human reproduction.

Biomed Pharmacother. 
2022 Jan:145:112449.

10.1016/j.biopha.2021.112449 34808557 in vitro - - - - - - - - - - 1 0 不明 1 - - - - - - - - - - - - - -

統合_1556 M. Zhang, B. Ma, S. Yang, J. Wang and J. Chen 2023
Bisphenol A (BPA) induces 
apoptosis of mouse Leydig cells via 
oxidative stress

As one of the most frequently produced synthetic compounds worldwide, bisphenol A (BPA) has been widely used in many kinds of products such as appliances, housewares, and beverage cans. BPA has been shown to 
cause damage to male reproductive system; however, the potential mechanism remains to be investigated. In the present study, BPA exposure decreased the testis and epididymis coefficient, caused a disintegration of 
germinal epithelium, decreased the density and motility of sperm in the epididymis tissue, and increased the number of abnormal sperm morphology, which indicated that BPA exposure could cause damage to testis. BPA 
was also shown to induce apoptosis and oxidative stress in the testis tissue. The serum testosterone concentration was decreased in the BPA-treated group, suggesting that BPA could lead to Leydig cell damage. 
Subsequently, mouse TM3 cell, a kind of mouse Leydig cell line, was utilized to investigate the potential mechanism. Herein, we showed that BPA exposure could inhibit cell viability and induce apoptosis of TM3 cells. 
Furthermore, oxidative stress in the cells could also be induced by BPA, while the inhibition of oxidative stress by N-acetyl-L-cysteine (NAC), an oxidative stress scavenger, could reverse the inhibition of cell viability and 
induction of apoptosis by BPA exposure, indicating that oxidative stress was involved in BPA-induced apoptosis of TM3 cells. Finally, RNA-sequencing and real-time PCR were utilized to screen and validate the potential 
oxidative stress-related genes involving in BPA-induced apoptosis. We found that BPA exposure increased the mRNA levels of oxidative stress-related genes such as Lonp1, Klf4, Rack1, Egln1, Txn2, Msrb1, Atox1, Mtr, 
and Atp2a2, as well as decreased the mRNA level of Dhfr gene; while NAC could rescue the expression of these genes. Taken together, oxidative stress was involved in BPA-induced apoptosis of mouse Leydig cells.

Environ Toxicol. 2023 
Feb;38(2):312-321.

10.1002/tox.23690 36315628 in vitro - - - - - - - - - - 不明 0 不明 1 - - - - - - - - - - - - - -
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統合_1557 D. Zhang, X. Liu, Y. Qi, Y. Lin, K. Zhao, Y. Jin, J. 
Luo, L. Xu, D. Yu and C. Li 2023

Binding, activity and risk 
assessment of bisphenols toward 
farnesoid X receptor pathway: In 
vitro and in silico study

Bisphenols have been identified as emerging environmental pollutants of high concern with potential adverse effects through interactions with receptor-mediated pathways. However, their potential mechanism of action 
and health risks through the farnesoid X receptor (FXR) pathway remain poorly understood. In the present study, we aimed to explore the potential disruption mechanism of bisphenols through the FXR signalling pathway. 
Receptor binding assays showed that bisphenols bound to FXR directly, with tetrabromobisphenol A (TBBPA; 34-fold), tetrachlorobisphenol A (TCBPA; 8.7-fold), bisphenol AF (BPAF; 2.0-fold), and bisphenol B (BPB; 1.9-
fold) showing a significantly stronger binding potency than bisphenol A (BPA). In receptor transcriptional activity assays, bisphenols showed agonistic activity toward FXR, with BPAF, BPB, and bisphenol F (BPF) 
exhibiting higher activity than BPA, but TBBPA and TCBPA showing significantly weaker activity than BPA. Molecular docking results indicated that the number of hydrogen bonds dictated their binding strength. 
Intracellular concentrations of bisphenols were quantified using liquid chromatography-tandem mass spectrometry (LC-MS/MS) in receptor activity assays, and it was found that the intracellular concentrations of TBBPA 
and TCBPA were 40-fold lower than those of BPA. Using the bioactivity concentrations in the FXR receptor activity assay, the liver concentrations of bisphenols were estimated using physiologically-based 
pharmacokinetic (PBPK) models through their serum concentrations, and the hazard quotient (HQ) values were calculated. The results suggest a potentially high concern for the risk of activating the FXR pathway for 
some populations with high exposure. Overall, these results indicate that bisphenols can bind to and activate FXR receptors, and that the activation mechanism is dependent on cellular uptake and binding strength. This 
study provides important information regarding the exposure risk of bisphenols, which can promote the development of environmentally friendly bisphenols.

Sci Total Environ. 2023 
Apr 15:869:161701.

10.1016/j.scitotenv.2023.161701 36709907 in vitro - - - - - - - - - - 不明 0 不明 1 - - - - - - - - - - - - - -

統合_1558

B. A. Zhang, B. Miao, S. Fu, C. Coarfa, R. Kumar, 
P. K. Kuntala, B. Park, S. L. Grimm, R. Jangid, J. 
A. Colacino, L. K. Svoboda, W. Shao, X. Xing, D. 
Li, S. Liu, R. B. Hamanaka, C. Lalancette, M. A. 
Sartor, C. Krapp, G. E. Crawford, H. B. Patisaul, 
T. Wiltshire, D. Aylor, S. Biswal, G. M. Mutlu, S. 
Rajagopalan, W. Y. Tang, T. Wang, D. C. Dolinoy, 
M. S. Bartolomei and C. Walker

2025

Comprehensive Transcriptomic and 
Epigenomic Insights into 
Environmental Toxicant Exposures: 
The TaRGET II Resource

Environmental exposures to toxic chemicals can profoundly alter the transcriptome and epigenome in both humans and animals, contributing to disease development across the lifespan. To elucidate how early-life 
exposure to toxicants exerts such persistent effects, the Toxicant Exposures and Responses by Genomic and Epigenomic Regulators of Transcription II (TaRGET II) Consortium generated a landmark resource comprising 
2,564 epigenomes and 1,043 transcriptomes from longitudinal studies in mice. All data are publicly available through the TaRGET II data portal and the WashU Epigenome Browser. This resource from target (liver, brain, 
lung, heart) and surrogate (blood) tissues at weaning (3 weeks) and two adult time-points (5 and 10 months) characterized the molecular response to arsenic (As), lead (Pb), bisphenol-A (BPA), di-2-ethylhexyl 
phthalate(DEHP), tributyltin (TBT), tetrachlorodibenzo-p-dioxin (TCDD), and particulate matter with a diameter of <2.5μm (PM(2.5)). The findings revealed persistent, toxicant-specific, sex-dependent epigenomic and 
transcriptomic perturbations, resulting in disrupted expression of 14,908 genes, altered chromatin accessibility at 87,409 regulatory elements, DNA methylation changes at 113,186 genomic regions, and chromatin state 
switching of histone modifications. The resulting high-resolution map of how environmental exposures reprogram the epigenome and transcriptome is broadly accessible via ToxiTaRGET database, offering unparalleled 
opportunities for the scientific community to investigate the molecular underpinnings of environmental toxicant exposures and their contributions to disease pathogenesis.

bioRxiv [Preprint]. 2025 
Jul 
31:2025.07.28.667191.

10.1101/2025.07.28.667191 40766696 in vitro - - - - - - - - - - 不明 0 不明 1 - - - - - - - - - - - - - -

統合_1559 B. Zhang, S. Wang, Y. Tang, Z. Hu, L. Shi, J. Lu, 
H. Li, Y. Wang, Y. Zhu, H. Lin and R. S. Ge 2023

Direct inhibition of bisphenols on 
human and rat 11β-hydroxysteroid 
dehydrogenase 2: Structure-activity 
relationship and docking analysis

Bisphenols (BPs) as endocrine-disrupting compounds have drawn attention to their health hazards. Whether a BP interferes with glucocorticoid metabolism remains unclear. 11β-Hydroxysteroid dehydrogenase 2 (11β-
HSD2) is a key glucocorticoid-metabolizing enzyme that controls fetal glucocorticoid levels across the placental barrier and mineralocorticoid receptor specificity in the kidney. In this study, 11 BPs were tested to inhibit 
human placental and rat renal 11β-HSD2 and were analyzed for inhibitory potency, mode action, and docking parameters. BPs had inhibitory potency against human 11β-HSD2: 
BPFL>BPAP>BPZ>BPB>BPC>BPAF>BPA>TDP and the IC(10) values were 0.21, 0.55, 1.04, 2.04, 2.43, 2.57, 14.43, and 22.18 μM, respectively. All BPs are mixed inhibitors except BPAP, which is a competitive inhibitor 
for human 11β-HSD2. Some BPs also inhibited rat renal 11β-HSD2, with BPB (IC(50), 27.74 ± 0.95) > BPZ (42.14 ± 0.59) > BPAF (54.87 ± 1.73) > BPA (77.32 ± 1.20) > other BPs (about 100 μM). Docking analysis 
showed that all BPs bound to the steroid-binding site, interacting with the catalytic residue Tyr232 of both enzymes and the most potent human 11β-HSD2 inhibitor BPFL acts possibly due to its large fluorene ring that 
has hydrophobic interaction with residues Glu172 and Val270 and π-stacking interaction with catalytic residue Tyr232. The increase in the size of substituted alkanes and halogenated groups in the methane moiety of the 
bridge of BPs increases its inhibitory potency. Regressions of the lowest binding energy with inhibition constant indicated that there was an inverse regression. These results indicated that BPs significantly inhibited 
human and rat 11β-HSD2 activity and that there were species-dependent differences.

Ecotoxicol Environ Saf. 
2023 Apr 1:254:114715.

10.1016/j.ecoenv.2023.114715 36871355 in vitro - - - - - - - - - - 不明 0 不明 1 - - - - - - - - - - - - - -

統合_1560 W. Zeng 2020

Bisphenol A triggers the malignancy 
of nasopharyngeal carcinoma cells 
via activation of Wnt/β-catenin 
pathway

It is critical to understand the risk factors responsible for the tumorigenesis and progression of nasopharyngeal carcinoma (NPC). Bisphenol A (BPA) can regulate the estrogenic signals to modulate cancer progression, 
while its roles in NC were not investigated. Our present study revealed that the BPA can increase proliferation and migration of NPC cells while decrease the chemosensitivity to doxorubicin (Dox). The inhibitor of GSK-3
β/β-catenin (LiCl) can restore BPA-induced cell proliferation of NPC cells, which is due to that BPA can decrease phosphorylation while increase expression and nucleus localization of β-catenin. Mechanistically, BPA 
can increase the mRNA stability of β-catenin (encoded by CTNNB1) via suppressing the expression of miR-214-3p, which can direct target the 3'UTR of β-catenin mRNA. Further, BPA can decrease phosphorylation of β
-catenin via repressing the expression of CK1α. Collectively, our data showed that BPA can trigger the proliferation and malignancy of NPC cells via activation of Wnt/β-catenin pathway. It indicated that body 
accumulation and inhalation exposure of BPA might be a risk factor for NPC development.

Toxicol In Vitro. 2020 
Aug:66:104881.

10.1016/j.tiv.2020.104881 32360864 in vitro - - - - - - - - - - 不明 0 不明 1 - - - - - - - - - - - - - -

統合_1561 J. Zeng, J. Li, S. Liu, Z. Yang, Y. Zhong, X. Chen, 
G. Li and J. Li 2021

Lipidome disturbances in 
preadipocyte differentiation 
associated with bisphenol A and 
replacement bisphenol S exposure

Bisphenol S (BPS) is the major substitute for the production of bisphenol A (BPA)-free products and detected in both food and environment. Although the relationship between BPA exposure and increased risk of obesity 
and diabetes has been noted, the potential influence of BPS is not fully understood. Herein, a non-targeted lipidomic study was performed to explore BPA/BPS exposure actions using the 3T3-L1 preadipocyte 
differentiation model, and revealed the comprehensive lipidome disturbance induced by either BPA or BPS exposure at different doses of 0.01, 1 and 100 μM. BPA was more potent than BPS in disturbance of lipid 
metabolism. A considerable similarity of BPS exposure to BPA was discovered. The key lipid remodeling in response to exposure was found to involve the cardiolipins, phosphatidylglycerols and fatty acids metabolic 
pathways, providing novel clues of potential mechanism in which both BPA and BPS exposure could be associated with increased risk of insulin resistance. Our study supplies the perspective into the lipidome response to 
environmental stress induced by BPA/BPS, and shows that BPA-free products are not necessarily safer. Substitution of BPA by its structural analog BPS should be therefore performed with caution.

Sci Total Environ. 2021 
Jan 20:753:141949.

10.1016/j.scitotenv.2020.141949 32891999 in vitro - - - - - - - - - - 1 0 1 1 - - - - - - - - - - - - - -

統合_1562 Z. Zamora, S. Wang, Y. W. Chen, G. Diamante 
and X. Yang 2024

Systematic transcriptome-wide 
meta-analysis across endocrine 
disrupting chemicals reveals shared 
and unique liver pathways, gene 
networks, and disease associations

Cardiometabolic disorders (CMD) are a growing public health problem across the world. Among the known cardiometabolic risk factors are compounds that induce endocrine and metabolic dysfunctions, such as 
endocrine disrupting chemicals (EDCs). To date, how EDCs influence molecular programs and cardiometabolic risks has yet to be fully elucidated, especially considering the complexity contributed by species-, chemical-, 
and dose-specific effects. Moreover, different experimental and analytical methodologies employed by different studies pose challenges when comparing findings across studies. To explore the molecular mechanisms of 
EDCs in a systematic manner, we established a data-driven computational approach to meta-analyze 30 human, mouse, and rat liver transcriptomic datasets for 4 EDCs, namely bisphenol A (BPA), bis(2-ethylhexyl) 
phthalate (DEHP), tributyltin (TBT), and perfluorooctanoic acid (PFOA). Our computational pipeline uniformly re-analyzed pre-processed quality-controlled microarray data and raw RNAseq data, derived differentially 
expressed genes (DEGs) and biological pathways, modeled gene regulatory networks and regulators, and determined CMD associations based on gene overlap analysis. Our approach revealed that DEHP and PFOA shared 
stable transcriptomic signatures that are enriched for genes associated with CMDs, suggesting similar mechanisms of action such as perturbations of peroxisome proliferator-activated receptor gamma (PPARγ) 
signaling and liver gene network regulators VNN1 and ACOT2. In contrast, TBT exhibited highly divergent gene signatures, pathways, network regulators, and disease associations from the other EDCs. In addition, we 
found that the rat, mouse, and human BPA studies showed highly variable transcriptomic patterns, providing molecular support for the variability in BPA responses. Our work offers insights into the commonality and 
differences in the molecular mechanisms of various EDCs and establishes a streamlined data-driven workflow to compare molecular mechanisms of environmental substances to elucidate the underlying connections 
between chemical exposure and disease risks.

Environ Int. 2024 
Jan:183:108339.

10.1016/j.envint.2023.108339 38043319 in vitro - - - - - - - - - - 不明 0 不明 1 - - - - - - - - - - - - - -

統合_1563 A. Zahra, R. Kerslake, I. Kyrou, H. S. Randeva, C. 
Sisu and E. Karteris 2022

Impact of Environmentally Relevant 
Concentrations of Bisphenol A 
(BPA) on the Gene Expression 
Profile in an In Vitro Model of the 
Normal Human Ovary

Endocrine-disrupting chemicals (EDCs), including the xenoestrogen Bisphenol A (BPA), can interfere with hormonal signalling. Despite increasing reports of adverse health effects associated with exposure to EDCs, 
there are limited data on the effect of BPA in normal human ovaries. In this paper, we present a detailed analysis of the transcriptomic landscape in normal Human Epithelial Ovarian Cells (HOSEpiC) treated with BPA (10 
and 100 nM). Gene expression profiles were determined using high-throughput RNA sequencing, followed by functional analyses using bioinformatics tools. In total, 272 and 454 differentially expressed genes (DEGs) were 
identified in 10 and 100 nM BPA-treated HOSEpiCs, respectively, compared to untreated controls. Biological pathways included mRNA surveillance pathways, oocyte meiosis, cellular senescence, and transcriptional 
misregulation in cancer. BPA exposure has a considerable impact on 10 genes: ANAPC2, AURKA, CDK1, CCNA2, CCNB1, PLK1, BUB1, KIF22, PDE3B, and CCNB3, which are also associated with progesterone-mediated 
oocyte maturation pathways. Future studies should further explore the effects of BPA and its metabolites in the ovaries in health and disease, making use of validated in vitro and in vivo models to generate data that will 
address existing knowledge gaps in basic biology, hazard characterisation, and risk assessment associated with the use of xenoestrogens such as BPA.

Int J Mol Sci. 2022 May 
10;23(10):5334.

10.3390/ijms23105334 35628146 in vitro - - - - - - - - - - 1 0 1 1 - - - - - - - - - - - - - -

統合_1564 S. Yue, J. Yu, Y. Kong, H. Chen, M. Mao, C. Ji, S. 
Shao, J. Zhu, J. Gu and M. Zhao 2019

Metabolomic modulations of HepG2 
cells exposed to bisphenol 
analogues

Bisphenol analogues including bisphenol A (BPA), bisphenol AF (BPAF), bisphenol F (BPF), and bisphenol S (BPS) share similar chemical structures and endocrine disrupting effects. Their effects on metabolisms, 
however, are so far only marginally understood. In this study, NMR-based metabonomic profiles of HepG2 cell culture media and PCR array were used to assess the metabolomics disturbances and gene expression levels 
of HepG2 in response to four BPs (BPA, BPAF, BPF, and BPS). The results indicated that BP analogues resulted in disturbances in 7-15 metabolites that were classified as amino acid (alanine, glutamine, glutamate), 
intermediates and end-products in the glycolysis (pyruvate) and the tricarboxylic acid cycle (acetate, lactate). Their rank in order according to the number of metabolites and pathways was BPF > BPA > BPAF > BPS. The 
common disrupted pathways (pyruvate metabolism; alanine, aspartate, and glutamate metabolism) indicated enhanced glycolysis. The following glucometabolic PCR array analysis suggested that although four BPs shared 
the capability of disrupting glucose metabolism, they may act through different mechanisms: BPAF has increased the pyruvate kinase (PKLR) expression level, which implied enhanced glycolysis that was agreed with 
NMR results. The other three BP analogues, however, decreased the expression level of glucokinase (GCK) that indicated glucose sensing impairment. Our results demonstrated the potential for using metabolomic and 
PCR array to understand the underlying action of mechanisms and identify the potential targets for future targeted risk assessment.

Environ Int. 2019 
Aug:129:59-67.

10.1016/j.envint.2019.05.008 31121516 in vitro - - - - - - - - - - 不明 0 不明 1 - - - - - - - - - - - - - -

統合_1565
X. Yuan, K. Chen, F. Zheng, S. Xu, Y. Li, Y. 
Wang, H. Ni, F. Wang, Z. Cui, Y. Qin, D. Xia and 
Y. Wu

2023

Low-dose BPA and its substitute 
BPS promote ovarian cancer cell 
stemness via a non-canonical 
PINK1/p53 mitophagic signaling

The environmental toxicity of bisphenol A (BPA) and its analog like bisphenol S (BPS) have drawn wide attention, but their roles in cancer progression remain controversial. Here, we investigated the effect of BPA/BPS on 
the development of ovarian cancer. Human internal BPA/BPS exposure levels were analyzed from NHANES 2013-2016 data. We treated human ovarian cancer cells with 0-1000 nM BPA/BPS and found that 100 nM 
BPA/BPS treatment significantly increased Cancer Stem Cell (CSC) markers expression including OCT4, NANOG and SOX2. Cancer cell stemness evaluation induced by BPA/BPS was notably attenuated by the 
knockdown of PINK1 or Mdivi-1 treatment. The activation of PINK1 initiated mitophagy by inhibiting p-p53 nuclear translocation in a non-canonical manner. In vivo studies validated that BPA/BPS-exposed mice have 
higher tumor metastasis incidence compared with the control group, while mitophagy inhibition blocked such a promotion effect. In addition, CSC markers such as SOX2 had been found to be overexpressed in the tumor 
tissues of BPA/BPS exposure group. Taken together, the findings herein first provide the evidence that environmentally relevant BPA/BPS exposure could enhance ovarian cancer cell stemness through a non-canonical 
PINK1/p53 mitophagic pathway, raising concerns about the potential population hazards of BPA and other bisphenol analogs.

J Hazard Mater. 2023 
Jun 15:452:131288.

10.1016/j.jhazmat.2023.131288 36989771 in vitro - - - - - - - - - - 1 0 1 1 - - - - - - - - - - - - - -

統合_1566
W. B. Yuan, H. Q. Chen, J. Z. Li, S. M. Zhou, Y. 
Zeng, J. Fan, Z. Zhang, J. Y. Liu, J. Cao and W. B. 
Liu

2022

TET1 mediated male reproductive 
toxicity induced by Bisphenol A 
through Catsper-Ca(2+) signaling 
pathway

Bisphenol A (BPA) exposure has many adverse effects on the reproductive system in animals and humans. Ten-eleven translocation 1 (TET1) is closely related to a variety of biological processes through regulating the 
dynamic balance of DNA demethylation and methylation. However, the role and mechanism of TET1 during BPA induced reproductive toxicity are largely unknown. In this study, mouse spermatogonia cell line GC-2 was 
treated with BPA in the final concentration of 0, 20, 40 and 80 μM for 72 h. The cell model of differential TET1 gene expression was established to explore the role and mechanism. We found that the growth rate of GC-2 
cells, and the intracellular calcium level decreased significantly with the increase of BPA dose, while TET1 and Catsper1-4 expression level decrease with a dose-dependent relationship. Furthermore, TET1 
overexpression promoted the proliferation of GC-2 cell, the increase of calcium ion concentration, and the expression level of Catsper1-4, while knockdown of TET1 leads to the opposite results. Mechanistically, TET1 
expression promoted the hydroxymethylation of Catsper1-4 and reduced their methylation level. In addition, the expression level of Catsper1-4 was positively correlated with TET1 gene expression level in semen samples 
of the population. Our study revealed for the first time that TET1 gene regulates the expression of related molecules in the Catsper calcium signal pathway through its hydroxymethylation modification to affect the calcium 
level, thereby participating in the process of BPA induced damage. These results indicated that TET1 gene may be a potential biomarker of BPA induced male reproductive toxicity.

Environ Pollut. 2022 
Mar 1:296:118739.

10.1016/j.envpol.2021.118739 34953956 in vitro - - - - - - - - - - 1 0 1 1 - - - - - - - - - - - - - -

統合_1567 B. Yuan, J. Li, Q. Shu, X. Wang, G. Luo and R. 
Ma 2025

Identification of comorbid genes 
between type 2 diabetes and 
migraine through peripheral blood 
single-cell and Mendelian 
randomization analysis

BACKGROUND: Type 2 diabetes mellitus (T2DM) is a metabolic disorder characterized by hyperglycemia and insulin resistance, Migraine is a common chronic neurological disease caused by increased excitability of the 
central nervous system, both exerting substantial health burdens. However, the shared genetic basis and underlying molecular mechanisms remain largely unexplored. This study integrates single-cell data and Mendelian 
randomization (MR) analysis to identify comorbidity-associated genes and elucidate potential mechanistic links between these two conditions. METHODS: Single-cell datasets from T2DM and migraine were analyzed to 
identify differentially expressed genes (DEGs). MR analysis was employed to prioritize key causal genes, followed by network-based functional characterization, disease-drug association analysis, cell annotation, and 
pseudo-time trajectory modeling. RESULTS: Analysis of single-cell data identified 2,128 migraine-associated and 3,833 T2DM-associated genes, with 714 genes shared between the two diseases. MR analysis 
highlighted AP4E1 and HSD17B12 as key regulators implicated in both conditions. Network analysis further linked these genes to lipid metabolism and vesicle transport pathways. Computational predictions revealed 
common comorbidities, including metabolic dysregulation and chemical-induced liver injury, as well as potential therapeutic agents such as valproic acid and bisphenol A. Single-cell annotation identified six major immune 
cell types in T2DM (T cells, NK cells, B cells, CD14 monocytes, CD16 monocytes, and dendritic cells), with T cells emerging as central players. In migraine, five immune cell types were identified (CD4 T cells, CD8 T 
cells, B cells, NK cells, and monocytes), with monocytes being the predominant cell type. Pseudo-time analysis delineated seven subpopulations of T cells and four subpopulations of monocytes, suggesting distinct 
functional trajectories in disease pathogenesis. However, due to the use of peripheral blood-derived single-cell data, genes primarily expressed in the central nervous system, such as CALCA and RAMP1, could not be 
detected, limiting the identification of certain migraine-specific pathways. CONCLUSIONS: This single-cell data and MR analysis investigation identifies AP4E1 and HSD17B12 as pivotal genetic determinants in T2DM-
migraine comorbidity, shedding light on their molecular interplay and potential therapeutic relevance.

J Headache Pain. 2025 
Jul 1;26(1):151.

10.1186/s10194-025-02090-4 40596821 in vitro - - - - - - - - - - 不明 0 不明 1 - - - - - - - - - - - - - -

統合_1568 Z. Yu, W. Yang, Q. Zhang and M. Zheng 2025

Unveiling the impact of estrogen 
exposure on ovarian cancer: a 
comprehensive risk model and 
immune landscape analysis

This study examines the impact of estrogenic compounds like bisphenol A (BPA), estradiol (E2), and zearalenone (ZEA) on human ovarian cancer, focusing on constructing a risk model, conducting gene set variation 
analysis (GSVA), and evaluating immune infiltration. Differential gene expression analysis identified 980 shared differentially expressed genes (DEGs) in human ovarian cells exposed to BPA, E2, and ZEA, indicating 
disruptions in ribosome biogenesis and RNA processing. Using the cancer genome atlas ovarian cancer (TCGA-OV) dataset, a least absolute shrinkage and selection operator (LASSO)-based risk model was developed 
incorporating prognostic genes 4-hydroxyphenylpyruvate dioxygenase like (HPDL), Thy-1 cell surface antigen (THY1), and peptidase inhibitor 3 (PI3). This model effectively stratified ovarian cancer patients into high-risk 
and low-risk categories, showing significant differences in overall survival, disease-specific survival, and progression-free survival. GSVA analysis linked HPDL expression to pathways related to the cell cycle, DNA 
damage, and repair, while THY1 and PI3 were associated with apoptosis, hypoxia, and proliferation pathways. Immune infiltration analysis revealed distinct immune cell profiles for high and low-expression groups of 
HPDL, THY1, and PI3, indicating their influence on the tumor microenvironment. The findings demonstrate that estrogenic compounds significantly alter gene expression and oncogenic pathways in ovarian cancer. The 
risk model integrating HPDL, THY1, and PI3 offers a strong prognostic tool, with GSVA and immune infiltration analyses providing insights into the interplay between these genes and the tumor microenvironment, 
suggesting potential targets for personalized therapies.

Toxicol Mech Methods. 
2025 Mar;35(3):279-
291.

10.1080/15376516.2024.2402865 39252197 in vitro - - - - - - - - - - 不明 0 不明 1 - - - - - - - - - - - - - -

統合_1569 H. Yu and Y. Liu 2023

Impact of Extended and Combined 
Exposure of Bisphenol Compounds 
on Their Chromosome-Damaging 
Effect─Increased Potency and 
Shifted Mode of Action

Bisphenol (BP) compounds are important environmental pollutants and endocrine disruptors. BPs are capable of inducing DNA/chromosome breaks (clastogenesis, involved in carcinogenesis), which requires activation by 
human CYP1A1. We hypothesized that combined BPs and extended (from the standard two-cell cycle) exposure may enhance their genotoxicity via modulating CYP enzymes. In this study, individual and combined 
BPA/BPF/BPS/BPAF and a human hepatoma (HepG2) cell line were used for testing several genotoxicity end points. Exposing for a two-cell cycle period (48 h), each BP alone (0.625-10 μM) was negative in the 
micronucleus test, while micronucleus was formed under three- (72 h) and four-cell cycle (96 h) exposure; BP combinations further elevated the potency (with nanomolar thresholds). Immunofluorescence analysis of the 
centromere with formed micronucleus indicated that 48 h exposure produced centromere-negative micronucleus and phosphorylated histone H2AX (γ-H2AX) (evidencing clastogenesis), while extended (72 and 96 h) 
exposure formed centromere-positive micronucleus and phosphorylated histone H3 (p-H3) (indicating chromosome loss, i.e., aneugenesis); moreover, 1-aminotriabenzotriazole (CYP inhibitor) selectively blocked the 
formation of centromere-negative micronucleus and γ-H2AX, without affecting that of centromere-positive micronucleus and p-H3. This study suggests that the genotoxicity of BPs is potentiated by combined and 
extended exposure, the latter being specific for aneuploidy formation, a CYP activity-independent effect.

Environ Sci Technol. 
2023 Jan 10;57(1):498-
508.

10.1021/acs.est.2c06064 36571243 in vitro - - - - - - - - - - 1 1 不明 1 - - - - - - - - - - - - - -
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統合_1570 H. Yu, L. Gu, H. Ma and L. Yu 2025
Identification and analysis of 
diagnostic markers related to lactate 
metabolism in myocardial infarction

Lactate metabolism is implicated in myocardial infarction (MI), yet the underlying mechanisms are not fully understood. Identifying lactate metabolism-related genes (LMRGs) could uncover new diagnostic and 
therapeutic targets for MI. We conducted a bioinformatics analysis on GeneCards database to identify 498 LMRGs and intersected them with differentially expressed genes (DEGs) from MI samples, yielding 17 key genes. 
We utilized consensus clustering and weighted gene co-expression network analysis (WGCNA) to refine our gene list to 981 candidate genes. Machine learning algorithms identified three biomarkers: OLIG1, LIN52, and 
RLBP1, associated with 'ribosome' and 'carbon metabolism' pathways. Enrichment analyses and immune microenvironment assessments were performed, and networks including drug-gene interactions and kinase-
transcription factor (TF)-mRNA-miRNA were constructed to explore the functions and potential therapeutic implications of these genes. The three biomarkers showed significant correlations with immune cell types, with 
OLIG1 having the highest positive correlation with monocytes and the highest negative correlation with neutrophils. The drug-gene network revealed potential interactions such as methapyrilene with LIN52 and 'bisphenol 
A' with RLBP1. The kinase-TF-mRNA-miRNA network comprised 209 nodes and 470 edges, indicating complex regulatory mechanisms. Our study identified three key biomarkers, OLIG1, LIN52, and RLBP1, in lactate 
metabolism associated with MI, providing insights into potential diagnostic markers and therapeutic targets. These findings warrant further investigation into the molecular mechanisms of these biomarkers in MI.

Pathol Res Pract. 2025 
Jul:271:156010.

10.1016/j.prp.2025.156010 40367892 in vitro - - - - - - - - - - 不明 0 不明 1 - - - - - - - - - - - - - -

統合_1571 M. H. Yoo, S. J. Lee, W. Kim, Y. Kim, Y. B. Kim, 
K. S. Moon and B. S. Lee 2022

Bisphenol A impairs renal function 
by reducing Na(+)/K(+)-ATPase 
and F-actin expression, kidney 
tubule formation in vitro and in vivo

The kidney proximal tubule is responsible for reabsorbing water and NaCl to maintain the homeostasis of the body fluids, electrolytes, and nutrients. Thus, abnormal functioning of the renal proximal tubule can lead to life-
threatening imbalances. Bisphenol A (BPA) has been used for decades as a representative chemical in household plastic products, but studies on its effects on the kidney proximal tubule are insufficient. In this study, 
immunocytochemical and cytotoxicity tests were performed using two- and three-dimensional human renal proximal tubular epithelial cell (hRPTEC) cultures to investigate the impact of low-dose BPA (1-10 μM) 
exposure. BPA was found to interfere with straight tubule formation as observed by low filamentous actin formation and reduced Na(+)/K(+)-ATPase expression in the tubules of hRPTEC 3D cultures. Similar results were 
observed in rat pup kidneys following oral administration of 250 mg/kg BPA. Moreover, the expression of HO-1 and 8-OHdG, key markers for oxidative stress, was increased in vitro and in vivo following BPA 
administration, whereas that of OAT1 and OAT, important transporters of the renal proximal tubules, was not altered. Overall, no-observed-adverse-effect-level (NOAEL)-dose BPA exposure can decrease renal function 
by promoting abnormal tubular formation both in vitro and in vivo. Therefore, we propose that although it does not exhibit life-threatening toxicity, exposure to low levels of BPA can negatively affect homeostasis in the 
body by means of long-term deterioration of renal proximal tubular function in humans.

Ecotoxicol Environ Saf. 
2022 Nov:246:114141.

10.1016/j.ecoenv.2022.114141 36206637 in vitro - - - - - - - - - - 1 0 1 1 - - - - - - - - - - - - - -

統合_1572 Z. Yin, L. Hua, L. Chen, D. Hu, J. Li, Z. An, T. 
Tian, H. Ning and Y. Ge 2020

Bisphenol-A exposure induced 
neurotoxicity and associated with 
synapse and cytoskeleton in Neuro-
2a cells

Bisphenol A (BPA) is an environmental chemical that induces neurotoxic effects for human. Synaptophysin (SYP) and drebrin (Dbn) proteins are involved in regulating synaptic morphology. The stability of the cytoskeleton 
in nerve cells in the brain is regulated by Tau and MAP2. This study aimed to determine the toxicity of BPA to Neuro-2a cells by investigating the synaptic and cytoskeletal damage induced in these cells by 24 h of 
exposure to 0 (MEM), 50, 100, 150, or 200 μM BPA or DMSO. MTT and LDH assays showed that the death rates of Neuro-2a cells increased, as the BPA concentration increased. Ultrastructural assays revealed that 
cells underwent nucleolar swelling as well as nuclear membrane and partial mitochondrial dissolution or condensation, following BPA exposure. Morphological analysis further revealed that compared with the cells in the 
control group, the cells in the BPA-treated groups shrank, became rounded, and exhibited a reduced number of synapses. BPA also significantly decreased the relative protein and mRNA expression levels of Dbn, MAP2 
and Tau (P < .01), but increased the relative protein and mRNA expression levels of SYP (P < .01). These results indicated that BPA suppressed the development and proliferation of Neuro-2a cells by disrupting cellular 
and synaptic integrity and inflicting cytoskeleton injury.

Toxicol In Vitro. 2020 
Sep:67:104911.

10.1016/j.tiv.2020.104911 32512148 in vitro - - - - - - - - - - 1 0 1 1 - - - - - - - - - - - - - -

統合_1573
N. Yin, X. Liang, S. Liang, S. Liang, R. Yang, B. 
Hu, Z. Cheng, S. Liu, H. Dong, S. Liu and F. 
Faiola

2019

Embryonic stem cell- and 
transcriptomics-based in vitro 
analyses reveal that bisphenols A, F 
and S have similar and very complex 
potential developmental toxicities

Bisphenol A (BPA) is a very versatile industrial chemical. Many reports have associated BPA with several health effects. Some bisphenol alternatives have been introduced to replace BPA in its many applications. 
However, comprehensive toxicological evaluations for these replacements are still lacking. In this study, we examined the potential effects of BPA, bisphenol F (BPF) and bisphenol S (BPS), on embryonic development 
with an in vitro stem cell toxicology system and transcriptomics analyses. Mouse embryonic stem cells (mESCs) were differentiated via embryoid body formation, either globally towards the three primary germ layers and 
their lineages, or specifically into neuroectoderm/neural progenitor cells. During the differentiation, cells were treated with BPA, BPF, BPS, or DMSO control. Samples were collected at different time points, for qRT-PCR 
and RNA-seq analyses. BPA, BPF and BPS disrupted many processes, during mESC global and neural differentiations, in very similar manners. In fact, at each time point the three chemicals differentially regulated 
analogous gene categories, particularly the ones involved in cell-matrix and cell-cell adhesion, signal transduction pathways, and medical conditions such as cardiovascular diseases and cancer. Our findings demonstrate 
once more then BPA substitutes may not be very safe. They potentially have a very complex developmental toxicity, similarly to BPA, and seem more toxic than BPA itself. In addition, our results reveal that stem cell-based 
developmental toxicity assays can be very comprehensive.

Ecotoxicol Environ Saf. 
2019 Jul 30:176:330-
338.

10.1016/j.ecoenv.2019.03.115 30951980 in vitro - - - - - - - - - - 1 0 不明 1 - - - - - - - - - - - - - -

統合_1574 L. Yin, C. Hu and X. J. Yu 2023

High-content analysis of testicular 
toxicity of BPA and its selected 
analogs in mouse spermatogonial, 
Sertoli cells, and Leydig cells 
revealed BPAF induced unique 
multinucleation phenotype 
associated with the increased DNA 
synthesis

Bisphenol A is an endocrine disruptor that has been shown to have testicular toxicity in animal models. Its structural analog, including bisphenol S (BPS), bisphenol AF (BPAF), and tetrabromobisphenol A (TBBPA) have 
been introduced to the market as BPA alternatives. Previously, we developed high-content analysis (HCA) assays and applied machine learning to compare the testicular toxicity of BPA and its analogs in spermatogonial 
cells and testicular cell co-culture models. There are diverse cell populations in the testis to support spermatogenesis, but their cell type-specific toxicities are still not clear. The purpose of this study is to examine the 
selective toxicity of BPA, BPS), BPAF, and TBBPA on these testicular cells, including Sertoli cells, Leydig cells, and spermatogonia cells. We developed a high-content image-based single-cell analysis and measured a 
broad spectrum of adverse endpoints related to the development of reproductive toxicology, including cell number, nuclear morphology, DNA synthesis, cell cycle progression, early DNA damage response, cytoskeleton 
structure, DNA methylation status, and autophagy. We introduced an HCA index and spectrum to reveal multiple HCA parameters and observed distinct toxicity profiling of BPA and its analogs among three testicular types. 
The HCA spectrum shows the dynamic, chemical-specific, dose-dependent changes of each HCA parameter. Each chemical displayed a unique dose-dependent profile within each type of cell. All three types of cells 
showed the highest response to BPAF at 10 μM across all endpoints measured. BPAF targeted spermatogonial cell (C18) more significantly at 5 μM. BPS more likely targeted Sertoli cell (TM4) and Leydig cell (TM3) and 
less at spermatogonia cells. TBBPA targeted spermatogonia, Sertoli cells, and less at TM3 cells. BPA is mainly targeted at TM4, followed by TM3 cells, and less at spermatogonial cells. Most importantly, we observed 
that BPAF induced a dose-dependent increase in spermatogonia cells, not in Sertoli and Leydig cells. In summary, our current HCA assays revealed the cell-type-specific toxicities of BPA and its analogs in different 
testicular cells. Multinucleation induced by BPAF, along with increased DNA damage and synthesis at low doses, could possibly have a profound long-term effect on reproductive systems.

Toxicol In Vitro. 2023 
Jun:89:105589.

10.1016/j.tiv.2023.105589 36958674 in vitro - - - - - - - - - - 1 0 不明 1 - - - - - - - - - - - - - -

統合_1575
X. Ye, Z. Liu, H. W. Han, J. Y. Noh, Z. Shen, D. 
M. Kim, H. Wang, H. Guo, J. Ballard, A. Golovko, 
B. Morpurgo and Y. Sun

2023

Nutrient-Sensing Ghrelin Receptor 
in Macrophages Modulates 
Bisphenol A-Induced Intestinal 
Inflammation in Mice

Bisphenols are environmental toxins with endocrine disruptor activity, yet bisphenol A (BPA) and its analogs are still widely used in manufacturing plastic products. There is evidence showing that BPA elicits inflammation 
in humans and animals, but the target cell types of BPA are not well understood. In this study, we sought to determine BPA's direct effect on macrophages and BPA immunotoxicity in mouse intestine. Ghrelin is an 
important nutrient-sensing hormone, acting through its receptor growth hormone secretagogue receptor (GHSR) to regulate metabolism and inflammation. We found that BPA promotes intestinal inflammation, showing 
increased infiltrating immune cells in colons and enhanced expression of Ghsr and pro-inflammatory cytokines and chemokines, such as Il6 and Ccl2, in colonic mucosa. Moreover, we found that both long- and short-term 
BPA exposure elevated pro-inflammatory monocytes and macrophages in mouse peripheral blood mononuclear cells (PBMC) and peritoneal macrophages (PM), respectively. To determine the role of GHSR in BPA-
mediated inflammation, we generated Ghsr deletion mutation in murine macrophage RAW264.7 using CRISPR gene editing. In wild-type RAW264.7 cells, the BPA exposure promotes macrophage pro-inflammatory 
polarization and increases Ghsr and cytokine/chemokine Il6 and Ccl2 expression. Interestingly, Ghsr deletion mutants showed a marked reduction in pro-inflammatory cytokine/chemokine expression in response to BPA, 
suggesting that GHSR is required for the BPA-induced pro-inflammatory response. Further understanding how nutrient-sensing GHSR signaling regulates BPA intestinal immunotoxicity will help design new strategies to 
mitigate BPA immunotoxicity and provide policy guidance for BPA biosafety.

Genes (Basel). 2023 Jul 
16;14(7):1455.

10.3390/genes14071455 37510359 in vitro - - - - - - - - - - 不明 0 不明 1 - - - - - - - - - - - - - -

統合_1576 A. Yawer, E. Sychrová, J. Raška, P. Babica and I. 
Sovadinová 2022

Endocrine-disrupting chemicals 
affect Sertoli TM4 cell functionality 
through dysregulation of gap 
junctional intercellular 
communication in vitro

The frequencies of adverse outcomes associated with male reproductive health, including infertility and testicular cancer, are increasing. These adverse trends are partially attributed to increased exposure to 
environmental agents such as endocrine-disrupting chemicals (EDCs). This study addresses effects on EDCs on adjacent prepubertal Sertoli TM4 cells, specifically on 1) testicular gap junctional intercellular 
communication (GJIC), one of the hallmarks of non-genotoxic carcinogenicity, 2) GJIC building blocks connexins (Cx), and 3) mitogen-activated protein kinases MAPKs. We selected eight representatives of EDCs: 
organochlorine chemicals such as pesticides dichlorodiphenyltrichloroethane, lindane, methoxychlor, and vinclozolin, industrial chemicals bisphenol A and 2,2',4,4',5,5'-hexachlorobiphenyl, and components of personal care 
products, triclocarban and triclosan. EDCs rapidly dysregulated GJIC in Sertoli TM4 cells mainly via MAPK p38 and/or Erk1/2 pathways by the intermediate hyper- or de-phosphorylation of Cx43 (Ser368, Ser282) and 
translocation of Cx43 from the plasma membrane, suggesting disturbed intracellular trafficking of Cx43 protein. Surprisingly, EDCs did not rapidly activate MAPK Erk1/2 or p38; on the contrary, TCC and TCS decreased 
their activity (phosphorylation). Our results indicate that EDCs might disrupt testicular homeostasis and development via testicular GJIC, junctional and non-junctional functions of Cx43 and MAPK-signaling pathways in 
Sertoli cells.

Food Chem Toxicol. 
2022 Jun:164:113004.

10.1016/j.fct.2022.113004 35413382 in vitro - - - - - - - - - - 不明 0 不明 1 - - - - - - - - - - - - - -

統合_1577 A. Yawer, E. Sychrová, P. Labohá, J. Raška, T. 
Jambor, P. Babica and I. Sovadinová 2020

Endocrine-disrupting chemicals 
rapidly affect intercellular signaling 
in Leydig cells

A decline in male fertility possibly caused by environmental contaminants, namely endocrine-disrupting chemicals (EDCs), is a topic of public concern and scientific interest. This study addresses a specific role of 
testicular gap junctional intercellular communication (GJIC) between adjacent prepubertal Leydig cells in endocrine disruption and male reproductive toxicity. Organochlorine pesticides (lindane, methoxychlor, DDT), 
industrial chemicals (PCB153, bisphenol A, nonylphenol and octylphenol) as well as personal care product components (triclosan, triclocarban) rapidly dysregulated GJIC in murine Leydig TM3 cells. The selected GJIC-
inhibiting EDCs (methoxychlor, triclosan, triclocarban, lindane, DDT) caused the immediate GJIC disruption by the relocation of gap junctional protein connexin 43 (Cx43) from the plasma membrane and the alternation of 
Cx43 phosphorylation pattern (Ser368, Ser279, Ser282) of its full-length and two N-truncated isoforms. After more prolonged exposure (24 h), EDCs decreased steady-state levels of full-length Cx43 protein and its two N-
truncated isoforms, and eventually (triclosan, triclocarban) also tight junction protein Tjp-1. The disturbance of GJIC was accompanied by altered activity of mitogen-activated protein kinases MAPK-Erk1/2 and MAPK-
p38, and a decrease in stimulated progesterone production. Our results indicate that EDCs might disrupt testicular homeostasis and development via disruption of testicular GJIC, a dysregulation of junctional and non-
junctional functions of Cx43, activation of MAPKs, and disruption of an early stage of steroidogenesis in prepubertal Leydig cells. These critical disturbances of Leydig cell development and functions during a prepubertal 
period might be contributing to impaired male reproduction health later on.

Toxicol Appl Pharmacol. 
2020 Oct 1:404:115177.

10.1016/j.taap.2020.115177 32739526 in vitro - - - - - - - - - - 不明 0 不明 1 - - - - - - - - - - - - - -

統合_1578 V. Yarahalli Jayaram, S. Baggavalli, D. Reddy, S. 
Sistla and R. Malempati 2020

Effect of endosulfan and bisphenol 
A on the expression of SUMO and 
UBC9

This study was designed to investigate possible interference of Xenobiotics with SUMOylation in eukaryotic cells. To begin with, we docked 71 chemical structures from PubChem with human SUMO1 and UBC9 protein 
structures using Auto Dock 4.2 and Hex 6.3 and selected five compounds for binding studies in Surface Plasmon Resonance (SPR) with human SUMO1. In SPR studies, only endosulfan showed binding to SUMO1 
(K(d)1.313 × 10-4 M). Further, we treated HePG2 and differentiated 3T3-L1 cells with endosulfan/bisphenol A/perfluorooctanoic acid (PFOA) to test induction of oxidative stress and SUMO isoform/UBC9 expression. 
Treatment with these compounds resulted in higher levels of nitric oxide (NO), NOS2A mRNA, and reactive oxygen species (ROS) associated with decreased NADPH levels. Additionally, treatment with these chemicals 
resulted in elevated mRNA levels of IL-6 and IL-1β in 3T3-L1 cells. In HePG2 cells, endosulfan treatment resulted in elevated mRNA levels of SUMO1, 3 and UBC9, whereas, treatment with bisphenol A resulted in 
increased mRNA of SUMO2, 3 and UBC9. Treatment with PFOA resulted in elevated mRNA levels of SUMO2. Apart from influencing the gene expression, endosulfan caused decrease in SUMO1-Sumoylation of few 
proteins. We propose that one reason for the severe health consequences of exposure to endosulfan/bisphenol could be due to induction of oxidative stress and modulation in SUMO and UBC9 gene expression.

Drug Chem Toxicol. 
2020 Nov;43(6):637-
644.

10.1080/01480545.2018.1526179 30426790 in vitro - - - - - - - - - - 不明 0 不明 1 - - - - - - - - - - - - - -

統合_1579
W. Yang, F. Pan, T. Zhao, F. Chen, W. Shao, J. 
Wang, S. Wang, Z. Zhao, K. Liu, S. Zhao and L. 
Zhao

2025

Bisphenol A induces apoptosis and 
disrupts testosterone synthesis in 
TM3 cells via reactive oxygen 
species-mediated mitochondrial 
pathway and autophagic flux 
inhibition

Bisphenol A (BPA) is a common endocrine disruptor chemical that is widely used in the production of food plastic packaging, and it has been shown to potentially harm the reproductive system. However, the specific 
mechanism by which BPA induces apoptosis of Leydig cells (LCs) and inhibits testosterone synthesis in these cells is unclear. In the present study, TM3 cells were used as an experimental model in combination with a 
reactive oxygen species (ROS) scavenger (N-acetylcysteine), Caspase-3 inhibitor (Ac-DEVD-CHO), autophagy activator (Torin2), and autophagy inhibitor (Chloroquine) to investigate the potential mechanisms by which 
BPA causes TM3 cell damage in vitro. BPA treatment increased ROS production, which led to a marked decrease in antioxidant enzyme activity and the expression levels of antioxidant-related genes and proteins in TM3 
cells. Upregulated ROS cause excessive opening of the mitochondrial permeability transition pore and significantly decrease the expression levels of genes related to membrane potential and mitochondrial function in TM3 
cells. The release of cytochrome C from damaged mitochondria into the cytoplasm activated a Caspase cascade reaction. In addition, excessive ROS levels impaired autophagic degradation by inhibiting the fusion of 
autophagosomes with lysosomes. These abnormalities eventually induced apoptosis and inhibited testosterone synthesis in TM3 cells. The collective findings suggest that BPA induces apoptosis and interferes with 
testosterone synthesis in TM3 cells by upregulating ROS production, thereby activating the mitochondrial apoptotic pathway and inhibiting autophagic flux. These findings provide novel mechanistic insights into male 
reproductive toxicity caused by BPA exposure.

Ecotoxicol Environ Saf. 
2025 Jan 1:289:117691.

10.1016/j.ecoenv.2025.117691 39799918 in vitro - - - - - - - - - - 不明 0 不明 1 - - - - - - - - - - - - - -

統合_1580 R. Yang, Y. Lu, N. Yin and F. Faiola 2023

Transcriptomic Integration Analyses 
Uncover Common Bisphenol A 
Effects Across Species and Tissues 
Primarily Mediated by Disruption of 
JUN/FOS, EGFR, ER, PPARG, and 
P53 Pathways

Bisphenol A (BPA) is a common endocrine disruptor widely used in the production of electronic, sports, and medical equipment, as well as consumer products like milk bottles, dental sealants, and thermal paper. Despite 
its widespread use, current assessments of BPA exposure risks remain limited due to the lack of comprehensive cross-species comparative analyses. To address this gap, we conducted a study aimed at identifying 
genes and fundamental molecular processes consistently affected by BPA in various species and tissues, employing an effective data integration method and bioinformatic analyses. Our findings revealed that exposure to 
BPA led to significant changes in processes like lipid metabolism, proliferation, and apoptosis in the tissues/cells of mammals, fish, and nematodes. These processes were found to be commonly affected in adipose, liver, 
mammary, uterus, testes, and ovary tissues. Additionally, through an in-depth analysis of signaling pathways influenced by BPA in different species and tissues, we observed that the JUN/FOS, EGFR, ER, PPARG, and P53 
pathways, along with their downstream key transcription factors and kinases, were all impacted by BPA. Our study provides compelling evidence that BPA indeed induces similar toxic effects across different species and 
tissues. Furthermore, our investigation sheds light on the underlying molecular mechanisms responsible for these toxic effects. By uncovering these mechanisms, we gain valuable insights into the potential health 
implications associated with BPA exposure, highlighting the importance of comprehensive assessments and awareness of this widespread endocrine disruptor.

Environ Sci Technol. 
2023 Dec 
5;57(48):19156-19168.

10.1021/acs.est.3c02016 37978927 in vitro - - - - - - - - - - 不明 0 不明 1 - - - - - - - - - - - - - -

統合_1581 L. Yang, Q. Zhang, M. Cui, L. Zhang and Y. Ma 2024

Effects of bisphenol A and 
tauroursodeoxycholic acid on 
maturation of porcine oocytes and 
parthenogenetic development of 
embryos

Prolonged exposure of bisphenol A (BPA) has adverse effects on in vitro maturation (IVM) of oocytes, but treatment with tauroursodeoxycholic acid (TUDCA) can improve the IVM and development of embryos. The purpose 
of this study was to investigate the effects of BPA and both BPA and TUDCA on IVM and parthenogenetic development of embryos. The results showed that BPA treatment adverse effects on the cumulus expansion index, 
survival rate, polar body rate, mitochondrial distribution of the oocytes after maturation culture, and that it also decreased the cleavage rate and blastocyst rate of embryos after parthenogenetic develpoment. In addition, 
BPA treatment upregulated expression of genes related to endoplasmic reticulum stress and apoptosis and increased the intracellular reactive oxygen species (ROS) level, while it decreased expression of genes related to 
cumulus expansion. However, the supplementation of TUDCA relieved these adverse effects of BPA except polar body rate, blastocyst rate, and expression of BCL2 and PTGS1. In conclusion, the supplementation of 
TUDCA can partly attenuate the negative effects of BPA on IVM and parthenogenetic development of embryos, possibly by modification of the expression of genes related to endoplasmic reticulum stress, apoptosis and 
cumulus expansion, intracellular ROS level, and mitochondrial distribution.

Anim Sci J. 2024 Jan-
Dec;95(1):e13966.

10.1111/asj.13966 38845341 in vitro - - - - - - - - - - 不明 0 不明 1 - - - - - - - - - - - - - -

統合_1582 L. Yang, C. Baumann, R. De La Fuente and M. 
M. Viveiros 2022

Bisphenol Exposure Disrupts 
Cytoskeletal Organization and 
Development of Pre-Implantation 
Embryos

The endocrine disrupting activity of bisphenol compounds is well documented, but less is known regarding their impact on cell division and early embryo formation. Here, we tested the effects of acute in vitro exposure to 
bisphenol A (BPA) and its common substitute, bisphenol F (BPF), during critical stages of mouse pre-implantation embryo development, including the first mitotic division, cell polarization, as well as morula and 
blastocyst formation. Timing of initial cleavage was determined by live-cell imaging, while subsequent divisions, cytoskeletal organization and lineage marker labeling were assessed by high-resolution fluorescence 
microscopy. Our analysis reveals that brief culture with BPA or BPF impeded cell division and disrupted embryo development at all stages tested. Surprisingly, BPF was more detrimental to the early embryo than BPA. 
Notably, poor embryo development was associated with cytoskeletal disruptions of the actomyosin network, apical domain formation during cell polarization, actin ring zippering for embryo sealing and altered cell lineage 
marker profiles. These results underscore that bisphenols can disrupt cytoskeletal integrity and remodeling that is vital for early embryo development and raise concerns regarding the use of BPF as a 'safe' BPA 
substitute.

Cells. 2022 Oct 
14;11(20):3233.

10.3390/cells11203233 36291100 in vitro - - - - - - - - - - 不明 0 不明 1 - - - - - - - - - - - - - -
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統合_1583 J. Yang, Y. Zhou, J. Zhang, Y. Zheng and J. He 2024
Identification of genes related to 
fatty acid metabolism in type 2 
diabetes mellitus

AIM: Fatty acid metabolism is pivotal for lipid synthesis, cellular signaling, and maintaining cell membrane integrity. However, its diagnostic significance in type 2 diabetes mellitus (T2DM) remains unclear. MATERIALS 
AND METHODS: Three datasets and fatty acid metabolism-related genes were retrieved. Differential expression analysis, WGCNA, machine learning algorithms, diagnostic analysis, and validation were employed to 
identify key feature genes. Functional analysis, ceRNA network construction, immune microenvironment assessment, and drug prediction were conducted to explore the underlying molecular mechanisms. RESULTS: Six 
feature genes were identified with strong diagnostic performance and were involved in processes such as ribosome function and fatty acid metabolism. Immune cells, including dendritic cells, eosinophils, and neutrophils, 
may play a role in the progression of T2DM. ceRNA and drug-target network analysis revealed potential interactions, such as RP11-miR-29a-YTHDF3 and BPA-MSANTD1. The expression patterns of the feature genes, 
except for YTHDF3, were consistently upregulated in T2DM, aligning with trends observed in the training set. CONCLUSION: This study investigated the potential molecular mechanisms of six fatty acid metabolism-
related genes in T2DM, offering valuable insights that may guide future research and therapeutic development.

Biochem Biophys Rep. 
2024 Oct 22:40:101849.

10.1016/j.bbrep.2024.101849 39498440 in vitro - - - - - - - - - - 不明 0 不明 1 - - - - - - - - - - - - - -

統合_1584 J. Yang, S. Qin, N. Sun, Y. Cai, J. Li, Z. Zhai, J. 
An, H. Wang, R. Du and J. Qin 2024

Neohesperidin alleviates the 
inhibitory effect of bisphenol A on 
the myogenic differentiation of 
umbilical cord mesenchymal stem 
cells via the IGF1R/AKT1/RHOA 
signaling pathway

Bisphenol A (BPA), a typical environmental endocrine disruptor, has raised concerns among researchers due to its toxicological effects. Whether neohesperidin (NEO) can intervene in the toxic effects of BPA remains 
unknown. This study aims to investigate the effects and mechanisms of NEO on the myogenic differentiation of umbilical cord-derived mesenchymal stem cells (UC-MSCs) exposed to BPA. Sheep UC-MSCs were 
isolated, characterized, and induced to myogenic differentiation. BPA decreased cell viability, cell migration, and the expressions of myogenic marker genes, leading to myogenic differentiation inhibition, which were 
reversed by NEO. Network pharmacology suggested the IGF1R/AKT1/RHOA pathway as potential targets of BPA and NEO regulating muscle development. Western blot results showed that NEO could reverse the down-
regulation of the pathway proteins induced by BPA, and counteract the effects of picropodophyllin (PPP) or MK-2206 dihydrochloride (MK-2206) in the myogenic differentiation of sheep UC-MSCs. Additionally, the 
expression levels of (p-) IGF1R, AKT1, and RHOA were positively correlated. Taken together, the mechanisms of NEO resistance to BPA involved the IGF1R/AKT1/RHOA signaling pathway. These findings provide a 
scientific basis for alleviating BPA toxicity, preventing and treating muscular dysplasia, and promoting muscle damage repair.

Ecotoxicol Environ Saf. 
2024 Sep 
15:283:116804.

10.1016/j.ecoenv.2024.116804 39083871 in vitro - - - - - - - - - - 不明 0 不明 1 - - - - - - - - - - - - - -

統合_1585 W. Xue, X. Yao, G. Ting, J. Ling, L. Huimin, Q. 
Yuan, Z. Chun, Z. Ming and Z. Yuanzhen 2021

BPA modulates the WDR5/TET2 
complex to regulate ERβ expression 
in eutopic endometrium and drives 
the development of endometriosis

Overexpression of estrogen receptor β (ERβ) in endometrium contributes to endometriosis (EM) pathogenesis. Trimethylation of the H3 lysine (K) 4 (H3K4me3) in promoters is strongly correlated with gene expression. 
This study aimed to explore the effects of bisphenol A (BPA) exposure on EM development from the perspective of the regulation of ERβ expression in eutopic endometrium via the H3K4me3-related epigenetic pathway. A 
mouse EM model was established to investigate the effects of BPA. Immortalized human normal endometrial stromal cells (iESCs) were cultured and treated with BPA to explore the underlying mechanism. Eutopic 
endometria from patients with or without EM were collected and analyzed. Results showed that BPA elevated ERβ expression in mouse eutopic endometrium and promoted lesion growth. BPA also promoted WD repeat 
domain 5 (WDR5) expression and upregulated H3K4me3 levels in the ERβ promoter and Exon 1. Further research indicated that WDR5 interacted with tet methylcytosine dioxygenase 2 (TET2), while BPA exposure 
enhanced the interaction between these two proteins, promoted the recruitment of the WDR5/TET2 complex to the ERβ promoter and Exon 1, and inhibited DNA methylation of CpG islands. The WDR5/TET2 interaction 
was essential for BPA-induced ERβ overexpression. Enhanced WDR5/TET2 interaction was also observed in eutopic endometria from EM patients. Further results showed that BPA upregulated WDR5 expression through 
the G protein-coupled estrogen receptor (GPER)-mediated PI3K/mTOR signaling pathway. In conclusion, our study suggests that BPA exposure promotes EM development by upregulating ERβ expression in eutopic 
endometrium via the WDR5/TET2-mediated epigenetic pathway.

Environ Pollut. 2021 Jan 
1;268(Pt B):115748.

10.1016/j.envpol.2020.115748 33022573 in vitro - - - - - - - - - - 1 0 不明 1 - - - - - - - - - - - - - -

統合_1586 Q. Xue, X. Liu, X. C. Liu, W. X. Pan, J. J. Fu and 
A. Q. Zhang 2019

The Effect of Structural Diversity on 
Ligand Specificity and Resulting 
Signaling Differences of Estrogen 
Receptor α

Numerous chemicals have been reported to exert estrogen-like endocrine disrupting effects via a receptor binding mechanism that directly interacts with the ligand binding domain of estrogen receptor α (ERα). 
However, not only their binding affinities to ERα but also their interference in specific cell and tissue functions are clearly different. In this regard, significant regulation differences among three representative estrogenic 
chemicals (diethylstilbestrol (DES), bisphenol A (BPA), and diarylpropionitrile (DPN)), well-known ERα agonists with very similar structures, have been observed. Molecular dynamics simulation is used to explore the 
underlying mechanism of different regulation effects induced by the similar estrogen-like chemicals. The DES-induced 12 Å motion of the H9-H10 loop markedly expands the negative electrostatic potential surface of the 
AF-2 domain, which is consistent with the over-regulation effect of the agonist. In comparison, the 3 Å motion induced by BPA and DPN corresponds to the low-regulation effect of the chemicals. Cross-correlation 
analysis indicates that the different ERα motions and resulting surface feature of AF-2 domain are brought by the distinguished binding modes of the agonists. Moreover, only hydrophobic DES with estrogen-like size and 
flexibility has a high binding affinity of -23.47 kcal/mol binding free energy. Both the hydrophilic group in DPN and the small molecular size of BPA dramatically decrease the agonist binding ability, and their binding free 
energies are only -12.43 kcal/mol and -11.82 kcal/mol, respectively. Our study demonstrates that similar chemicals interact differently with ERα and induce different allosteric effects, which explains the observed 
regulation diversity.

Chem Res Toxicol. 2019 
Jun 17;32(6):1002-1013.

10.1021/acs.chemrestox.8b00338 30924335 in vitro - - - - - - - - - - 不明 0 不明 1 - - - - - - - - - - - - - -

統合_1587 X. Xu, J. Wang and Y. Yang 2025
Effects of bisphenol-a on 
vasopressin regulating synaptic 
plasticity of hippocampus

The neuropeptide arginine vasopressin (AVP) plays an important role in the hippocampus by regulating neuronal excitability, synaptic plasticity, and other processes. Activity of AVP is regulated by sex hormones. The 
present study investigated the effects of bisphenol-A (BPA), a environmental endocrine disruptor, on AVP regulating synaptic plasticity of hippocamus. AVP at 10-100 nM significantly increased the dendrite complexity and 
dendrite spine density of hippocampal neurons in vitro, which was partially eliminated by AVP receptor 1a (V1aR) antagonist (RG7713) or oxytocin receptor (OTR) antagonist (L368-899). BPA at 10 nM increased neuronal 
dendritic complexity and spine density, which was partially eliminated by estrogen receptor (ERs) antagonist (ICI182,780) but completely abolished by antagonist of both ERs and ERRγ (Tamoxifen). BPA at 10 nM did not 
affect the effect of AVP (100 nM) on the dendrite complexity and spine density, but eliminated the promoting effects of DHT + AVP on the dendritic complexity. BPA at 1000 nM not only inhibited the dendritic complexity 
but also eliminated the promoting effects of AVP, 17β-estradiol (17β-E(2)) + AVP, and 11-ketodihydrotestosterone (DHT) + AVP on the dendritic complexity. In addition, BPA at 1000 nM down-regulated the levels of 
V1aR and OTR protein expressions. Meanwhile, BPA at 10 nM promoted the maintenance of LTP of CA2 in the hippocampal slices, but co-treatment of BPA eliminated the effect of 17β-E(2) or DHT on LTP. BPA (10 nM) 
did not affect the promotion of long-term potentiation (LTP) by AVP, but eliminated the promotion of LTP by DHT + AVP. These results suggest that BPA at nanomoles levels affected AVP regulating modification of 
dendrite morphology and synaptic plasticity of hippocampus mainly by disrupting the effects of 17β-E(2) and/or DHT on AVP activity.

Neurotoxicol Teratol. 
2025 Jul-
Aug:110:107531.

10.1016/j.ntt.2025.107531 40714127 in vitro - - - - - - - - - - 1 0 1 1 - - - - - - - - - - - - - -

統合_1588 S. Xu, L. Jiang, Z. Zhang, X. Luo, H. Wu and Z. 
Tan 2025

Network Toxicology and Molecular 
Docking Strategy for Analyzing the 
Toxicity and Mechanisms of 
Bisphenol A in Alzheimer's Disease

Alzheimer's disease (AD) is a chronic and progressive neurodegenerative disorder marked by memory deterioration and cognitive impairment. Bisphenol A (BPA), a common environmental pollutant, has been linked to 
neurotoxicity and may contribute to AD development. This study aims to uncover potential toxicological targets and molecular mechanisms of BPA-induced AD. BPA's potential neurotoxic effects were predicted using 
ProTox and ADMETlab. Target prediction for BPA was conducted through the STITCH and Swiss Target Prediction platforms, while AD-related targets were compiled from GeneCards, OMIM, and the Therapeutic Target 
Database (TTD). Protein-protein interaction (PPI) networks were constructed using STRING and visualized in Cytoscape, and gene ontology (GO) and Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway analyses 
were performed. Molecular docking was employed to evaluate the binding interactions between BPA and the identified core targets. Through systematic bioinformatics analyses, 137 candidate targets for BPA-elicited AD 
were identified. Screening via PPI network analysis highlighted five key targets: STAT3, AKT1, INS, EGFR, and PTEN. GO and KEGG pathway enrichment revealed significant involvement in oxidative stress, neuronal 
apoptosis, neurodegenerative processes, and pathways such as PI3K/AKT, MAPK, lipid and atherosclerosis, and AD signaling. Molecular docking simulations confirmed strong binding affinities between BPA and these 
core targets. This study sheds light on the molecular mechanisms underlying BPA's neurotoxic effects in the context of AD and provides a foundation for further research into preventive and therapeutic strategies. The 
integration of network toxicology and molecular docking offers a robust framework for unraveling toxic pathways of uncharacterized environmental and chemical agents.

J Biochem Mol Toxicol. 
2025 Apr;39(4):e70247.

10.1002/jbt.70247 40192506 in vitro - - - - - - - - - - 不明 0 不明 1 - - - - - - - - - - - - - -

統合_1589 H. Xu, X. Zhang, Y. Ye and X. Li 2019

Bisphenol A affects estradiol 
metabolism by targeting CYP1A1 
and CYP19A1 in human placental 
JEG-3 cells

Estradiol, in some way or another, plays a critically important physiologic role in the establishment and maintenance of pregnancy. This study was designed to investigate whether BPA affects the estradiol level of human 
placental JEG-3 cells, which may contribute to insights into the reproductive toxicity and endocrine disruption of BPA. The JEG-3 cells were treated with increasing concentrations of BPA (0.1 to 50 μM). We observed that 
BPA significantly reduced estradiol level of JEG-3 cells in a dose-dependent manner, which was accompanied by an increase in CYP1A1 protein level and an inhibition of CYP19A1 protein level. Additionally, by lentiviral 
transduction, we determined that estradiol level of JEG-3 cells over-expressing CYP1A1 gene was notably decreased and the decrease was of 84.9% compared to the control. Meanwhile, estradiol was almost 
undetectable in CYP19A1 knockdown group. On the contrary, the group with over-expression of CYP19A1 gene increased estradiol level by 8.6 fold while the CYP1A1 knockdown group increased by 5.6 fold. In summary, 
our research clearly showed that BPA alters JEG-3 estradiol synthesis and catabolism due to its action on CYP1A1 and CYP19A1 protein levels and may interfere with the normal process of placenta formation and 
embryonic development during early pregnancy.

Toxicol In Vitro. 2019 
Dec:61:104615.

10.1016/j.tiv.2019.104615 31374317 in vitro - - - - - - - - - - 1 0 1 1 - - - - - - - - - - - - - -

統合_1590 G. Xu, M. Huang, J. Hu, S. Liu and M. Yang 2024

Bisphenol A and its structural 
analogues exhibit differential 
potential to induce mitochondrial 
dysfunction and apoptosis in human 
granulosa cells

Bisphenol A (BPA) is an endocrine disruptor strongly associated with ovarian dysfunction. BPA is being substituted by structurally similar chemicals, such as bisphenol S (BPS), bisphenol F (BPF), and bisphenol AF 
(BPAF). However, the toxicity of these analogues in female reproduction remains largely unknown. This study evaluated the effects of BPA and its analogues BPS, BPF, and BPAF on the mitochondrial mass and function, 
oxidative stress, and their potential to induce apoptosis of human granulosa cells (KGN cells). BPA and its analogues, especially BPA and BPAF, significantly decreased mitochondrial activity and cell viability. The 
potential of bisphenols to reduce mitochondrial mass and function differed in the following order: BPAF > BPA > BPF > BPS. Flow cytometry revealed that exposure to bisphenols significantly increased mitochondrial ROS 
levels and increased mitochondrial Ca(2+) levels. Thus, bisphenols exposure causes mitochondrial stress in KGN cells. At the same time, bisphenols exposure significantly induced apoptosis. These results thus 
emphasize the toxicity of these bisphenols to cells. Our study suggests the action mechanism of BPA and its analogues in damage caused to ovarian granulosa cells. Additionally, these novel analogues may be regrettable 
substitutes, and the biological effects and potential risks of BPA alternatives must be evaluated.

Food Chem Toxicol. 
2024 Jun:188:114713.

10.1016/j.fct.2024.114713 38702036 in vitro - - - - - - - - - - 不明 0 不明 1 - - - - - - - - - - - - - -

統合_1591 Y. Xiong, X. Wen, H. Liu, M. Zhang and Y. Zhang 2020
Bisphenol a affects endometrial 
stromal cells decidualization, 
involvement of epigenetic regulation

Bisphenol A(BPA) is one of the most widespread endocrine disruptors in the environment and is associated with reproductive diseases. In this study, we focused on the correlation between environmentally relevant levels 
of BPA exposure and histone modification during endometrial stromal cells decidualization. BPA exposure changed the morphology of decidualized endometrial stromal cells, with inhibition of mixed-lineage leukemia 
1(MLL1) and induction of enhancer of zeste homolog2 (EZH2) during in vitro decidualization. The expression of HOXA10, PRL and IGFBP-1 was down-regulated upon BPA treatment. Furthermore, chromatin 
immunoprecipitation quantitative PCR(ChIP-qPCR) was performed to evaluate the recruitment of histone-3, lysine-4 trimethylation (H3K4me3) and histone-3, lysine-27 trimethylation (H3K27me3) at the gene promoters. 
The decreased H3K4me3 and the increased H3K27me3 at HOXA10, PRL and IGFBP-1 promoter regions were consistent with the expression of MLL1 and EZH2 respectively. The effect of BPA on MLL1 and EZH2 could 
be abrogated by ICI 182,780. Our study provides the first indication that environmentally relevant levels of BPA exposure can regulate the expression of decidualization-related genes by affecting histone modification, 
impairing endometrial decidualization.

J Steroid Biochem Mol 
Biol. 2020 
Jun:200:105640.

10.1016/j.jsbmb.2020.105640 32087250 in vitro - - - - - - - - - - 不明 0 不明 1 - - - - - - - - - - - - - -

統合_1592 J. Xiong, S. Hu, Z. Xu, C. Li, Z. Li, S. Li, Y. Ma, X. 
Ren, B. Huang and X. Pan 2024

Different paths, same destination: 
Bisphenol A and its substitute 
induce the conjugative transfer of 
antibiotic resistance genes

Antibiotic resistance genes are primarily spread through horizontal gene transfer in aquatic environments. Bisphenols, which are widely used in industry, are pervasive contaminants in such environments. This study 
investigated how environmentally relevant concentrations of bisphenol A and its substitute (bisphenol S, Bisphenol AP and Bisphenol AF) affect the spread of antibiotic resistance genes among Escherichia coli. As a 
result, bisphenol A and its three substitutes were found to promote the RP4 plasmid-mediated conjugative transfer of antibiotic resistance genes with different promotive efficiency. Particularly, bisphenol A and bisphenol 
S were found to induce more than double the incidence of conjugation at 0.1 nmol/L concentration. They therefore were selected as model compounds to investigate the involved mechanisms. Surprisingly, both slightly 
inhibited bacterial activity, but there was no significant increase in cell death. Bisphenols exposure changed the polymeric substances excreted by the bacteria, increased the permeability of their cell membranes, induced 
the secretion of antioxidant enzymes and generated reactive oxygen species. They also affected the expression of genes related to conjugative transfer by upregulating replication and DNA transfer genes and 
downregulating global regulatory genes. It should be noted that gene expression levels were higher in the BPS-exposed group than in the BPA-exposed group. The synthesis of bacterial metabolites and functional 
components was also significantly affected by bisphenols exposure. This research has helped to clarify the potential health risks of bisphenol contamination of aquatic environments.

Chemosphere. 2024 
Nov:368:143625.

10.1016/j.chemosphere.2024.1436
25

39510271 in vitro - - - - - - - - - - 1 0 1 1 - - - - - - - - - - - - - -

統合_1593 R. Xie, X. Wang, Y. Xu, L. Zhang, M. Ma and Z. 
Wang 2023

In vitro to in vivo extrapolation for 
predicting human equivalent dose of 
phenolic endocrine disrupting 
chemicals: PBTK model 
development, biological pathways, 
outcomes and performance

In vitro to in vivo (IVIVE) leverages in vitro high-throughput biological responses to predict the corresponding in vivo exposures and further estimate the human safe dose. However, for phenolic endocrine disrupting 
chemicals (EDCs) linked with complicated biological pathways and adverse outcomes (AO), such as bisphenol A (BPA) and 4-nonylphenol (4-NP), plausible estimation of human equivalent doses (HED) by IVIVE 
approaches considering various biological pathways and endpoints is still challenging. To explore the capabilities and limitations of IVIVE, this study conducted physiologically based toxicokinetic (PBTK)-IVIVE 
approaches to derive pathway-specific HEDs using BPA and 4-NP as examples. In vitro HEDs of BPA and 4-NP varied in different adverse outcomes, pathways, and testing endpoints and ranged from 0.0013 to 1.0986 
mg/kg bw/day and 0.0551 to 1.7483 mg/kg bw/day, respectively. In vitro HEDs associated with reproductive AOs initiated by PPARα activation and ER agonism were the most sensitive. Model verification suggested the 
potential of using effective in vitro data to determine reasonable approximation of in vivo HEDs for the same AO (fold differences of most AOs ranged in 0.14-2.74 and better predictions for apical endpoints). Furthermore, 
system-specific parameters of cardiac output and its fraction, body weight, as well as chemical-specific parameters of partition coefficient and liver metabolic were most sensitive for the PBTK simulations. The results 
indicated that the application of fit for-purpose PBTK-IVIVE approach could provide credible pathway-specific HEDs and contribute to high throughput prioritization of chemicals in a more realistic scenario.

Sci Total Environ. 2023 
Nov 1:897:165271.

10.1016/j.scitotenv.2023.165271 37422235 in vitro - - - - - - - - - - 1 0 不明 1 - - - - - - - - - - - - - -

統合_1594 M. Xiao, Y. Zhang, X. Zhang, G. Zhang, C. Jin, J. 
Yang, S. Wu and X. Lu 2023

Bisphenol A and Di(2-Ethylhexyl) 
Phthalate promote pulmonary 
carcinoma in female rats via 
estrogen receptor beta: In vivo and 
in silico analysis

The prevalence of lung cancer in women currently merits our attentions. However, cigarette exposure alone does not tell the whole story that lung cancer is more prevalent among non-smoking women. Since female lung 
cancer is closely linked to estrogen levels, many of endocrine disrupting chemicals (EDCs), as the substances similar to estrogen, affect hormone levels and become a potential risk of female lung cancer. Additionally, the 
combined toxicity of EDCs in daily environment has only been discussed on a limited scale. Consequently, this study explored the cancer-promoting effect of two representative substances of EDCs namely Bisphenol A 
(BPA) and Di(2-Ethylhexyl) Phthalate (DEHP) after their exposure alone or in combination, using a rat pulmonary tumor model published previously, combining bioinformatics analysis based on The Comparative 
Toxicogenomics Database (CTD) and The Cancer Genome Atlas (TCGA) databases. It demonstrated that BPA and DEHP enhanced the promotion of pulmonary tumor in female rats, either alone or in combination. 
Mechanistically, BPA and DEHP mainly directly bound and activated ESR2 protein, phosphorylated CREB protein, activated HDAC6 transcriptionally, induced the production of the proto-oncogene c-MYC, and accelerated 
the formation of pulmonary tumor in female rats. Remarkably, BPA, rather than DEHP, exhibited a much more critical effect in female lung cancer. Additionally, the transcription factor ESR2 was most affected in 
carcinogenesis, causing genetic disruption. Furthermore, the TCGA database revealed that ESR2 could enhance the promotion and progression of non-small cell lung cancer in females via activating the WNT/β-catenin 
pathway. Finally, our findings demonstrated that BPA and DEHP could enhance the promotion of pulmonary carcinoma via ESR2 in female rats and provide a potential and valuable insight into the causes and prevention of 
lung cancer in non-smoking women due to EDCs exposure.

Ecotoxicol Environ Saf. 
2023 Jan 
15:250:114496.

10.1016/j.ecoenv.2022.114496 36608567 in vitro - - - - - - - - - - 不明 0 不明 1 - - - - - - - - - - - - - -

統合_1595 T. Xia, J. Guo, B. Zhang, C. Song, Q. Zhao, B. Cui 
and Y. Liu 2022

Bisphenol A Promotes the 
Progression of Colon Cancer 
Through Dual-Targeting of NADPH 
Oxidase and Mitochondrial Electron-
Transport Chain to Produce ROS 
and Activating HIF-1α
/VEGF/PI3K/AKT Axis

Bisphenol A (BPA) is a high-production-volume industrial chemical. Despite recent research conducted on its carcinogenicity, its role in the development of colon cancer (CC) has been rarely studied. This study aims to 
evaluate the effects of BPA on the migration and invasion of CC cells. First, we clinically verified that patients with CC exhibit higher serum BPA level than healthy donors. Subsequently, different CC cell lines were 
exposed to a series of BPA concentrations, and the migration and invasion of cells were detected by the wound healing test and transwell assay. Finally, N-acetyl-L-cysteine (NAC) and siHIF-1α intervention was used to 
explore the effects of ROS and HIF-1α on cell migration and invasion, respectively. The results demonstrated that the occurrence of BPA-induced migration and invasion were dependent on the dose and time and was 
most pronounced in DLD1 cells. ROS production was jointly driven by NADPH oxidase (NOX) and mitochondrial electron-transport chain (ETC). Furthermore, the intervention of NAC and siHIF-1α blocked the HIF-1α
/VEGF/PI3K/AKT axis and inhibited cell migration and invasion. In conclusion, our results suggest that BPA exposure promotes the excessive production of ROS induced by NOX and ETC, which in turn activates the HIF-1
α/VEGF/PI3K/AKT axis to promote the migration and invasion of CC cells. This study provides new insights into the carcinogenic effects of BPA on CC and warns people to pay attention to environmental pollution and 
the harm caused to human health by low-dose BPA.

Front Endocrinol 
(Lausanne). 2022 Jul 
4:13:933051.

10.3389/fendo.2022.933051 35860704 in vitro - - - - - - - - - - 不明 0 不明 1 - - - - - - - - - - - - - -
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統合_1596 B. T. Xia, Y. He, Y. Guo, J. L. Huang, X. J. Tang, 
J. R. Wang, Y. Tan and P. Duan 2022

Multi- and transgenerational 
biochemical effects of low-dose 
exposure to bisphenol A and 4-
nonylphenol on testicular interstitial 
(Leydig) cells

Bisphenol A (BPA) and 4-nonylphenol (NP) are well-known endocrine-disrupting chemicals (EDCs) that have been proven to affect Leydig cell (LC) functions and testosterone production, but whether BPA and NP have 
multi- and transgenerational biochemical effects on Leydig cells (LCs) is unknown. Fourier transform infrared (FTIR) spectroscopy is a powerful analytical technique that enables label-free and non-destructive analysis 
of the tissue specimen. Herein we employed FTIR coupled with chemometrics analysis to identify biomolecular changes in testicular interstitial (Leydig) cells of rats after chronic exposure to low doses of BPA and NP. 
Cluster segregations between exposed and control groups were observed based on the fingerprint region of 1800-900 cm(-1) in all generations. The main biochemical alterations for segregation were amide I, amide II and 
nucleic acids. BPA and NP single and co-exposure induced significant differences in the ratio of amide I to amide II compared to the corresponding control group in all generations. BPA exposure resulted in remarkable 
changes of cellular gene transcription and DNA oxidative damage across all generations. Direct exposure to BPA, NP, and BPA&NP of F0 and F1 generations could significantly decrease lipid accumulation in LCs in the F2 
and F3 generations. The overall findings revealed that single or co-exposure to BPA and NP at environmental concentrations affects the biochemical structures and properties of LCs.

Environ Toxicol. 2022 
May;37(5):1032-1046.

10.1002/tox.23462 35005817 in vitro - - - - - - - - - - 不明 0 不明 1 - - - - - - - - - - - - - -

統合_1597 B. Wyżga, K. Połeć, K. Olechowska and K. Hąc-
Wydro 2020

The impact of toxic bisphenols on 
model human erythrocyte 
membranes

Bisphenols are the environmental pollution of a highly harmful, but different in their magnitude, influence on the living organisms. Among various aspects of the toxicity of these compounds their effect on the red blood 
cells is intensively investigated. The aim of this work was to compare the effect of bisphenol A (BPA), bisphenol S (BPS) and bisphenol F (BPF) on model erythrocyte membranes and to get insight into the origin of the 
differences in the harmful effect of these substances on cells. Thus, the influence of bisphenols on multicomponent Langmuir films imitating the outer leaflet of erythrocyte membrane was thoroughly analyzed. An 
important step of the experiments were the studies on the effect of bisphenols on the films composed from particular erythrocyte membrane lipids. It was confirmed that both BPA and BPF affect model lipid systems more 
strongly than BPS, by changing their condensation, ordering, stability and morphology. However, the most essential conclusion was that BPA acts on the erythrocyte lipids more selectively than BPS and BPF and the 
influence exerted by this molecule is more strongly determined by the membrane composition. It was also suggested that cholesterol may act as the molecule of a decisive role from the point of view of the magnitude of 
the incorporation and the effect of BPA and BPF on membrane. Thus, the level of bisphenols toxicity to erythrocytes may depend on the concentration of cholesterol in their membranes.

Colloids Surf B 
Biointerfaces. 2020 
Feb:186:110670.

10.1016/j.colsurfb.2019.110670 31812800 in vitro - - - - - - - - - - 不明 0 不明 1 - - - - - - - - - - - - - -

統合_1598 M. Wu, Y. Cong, K. Wang, H. Yu, X. Zhang, M. 
Ma, Z. Duan and X. Pei 2022

Bisphenol A impairs macrophages 
through inhibiting autophagy via 
AMPK/mTOR signaling pathway and 
inducing apoptosis

Bisphenol A (BPA) is a widespread endocrine disruptor that induces the impairment of immune cells, but the mechanism remains unknown. Macrophages are one of the most important immune cells in innate and adaptive 
immunity. In this study, we aimed to probe the effects of BPA on the damage of RAW264.7 cells and its mechanisms of action, especially focusing on the relationship between autophagy and apoptosis. Cells were 
pretreated with 10 mg/L LPS, or added autophagy activator RAPA, autophagy inhibitor 3-MA or Bcl-2 inhibitor ABT-737, then treated with BPA (0, 10, 100 and 200 μmol/L) for 12 h. Results have shown that BPA 
decreased the cell viability and disrupted secretory function by promoting pro-inflammatory cytokines TNF-α and IL-6 and reducing anti-inflammatory cytokines IL-10 TGF-β, as well as phagocytic ability. Moreover, 
autophagy was inhibited by BPA through decreasing p-AMPK/AMPK and increasing p-mTOR/mTOR, and further down-regulating autophagy proteins ATG6, LC3II/I ratio, and up-regulating autophagy flux protein p62. 
Additionally, BPA significantly increased Bax/Bcl-2 ratio, Caspase-3 expression and apoptosis rate. We found that RAPA ameliorated the cell viability, Bax/Bcl-2 ratio, and macrophage function damage induced by BPA. 
Intriguingly, ABT-737 might promote ATG6 expression. In summary, our study demonstrated that the effects of BPA on macrophages seemed to be mediated by inhibiting AMPK/mTOR-dependent autophagy and inducing 
apoptosis via endogenous mitochondrial pathway. Both Bcl-2 and ATG6 were involved in the regulation of apoptosis and autophagy by BPA. These findings provide a broader perspective for understanding the interaction 
between autophagy and apoptosis in BPA-induced immune cell injury.

Ecotoxicol Environ Saf 
Vol.234 Pages 113395

10.1016/j.ecoenv.2022.113395 35298966 in vitro - - - - - - - - - - 不明 0 0、10、100、200 µmol/L - - - - - - - - - - - - - - -

統合_1599
J. Wu, T. Zhou, H. Shen, Y. Jiang, Q. Yang, S. Su, 
L. Wu, X. Fan, M. Gao, Y. Wu, Y. Cheng, Y. Qi, T. 
Lei, Y. Xin, S. Han, X. Li and Y. Wang

2024

Mixed probiotics modulated gut 
microbiota to improve 
spermatogenesis in bisphenol A-
exposed male mice

Bisphenol A (BPA), an environmental endocrine disruptor (EDC), has been implicated in impairing intestinal and male reproductive dysfunction. The efficacy of gut microbiota modulation for BPA-exposed testicular 
dysfunction has yet to be verified through research. Therefore, this study explored the potential of mixed probiotics in restoring spermatogenesis damage through the gut-testis axis under BPA exposure. We selected two 
probiotics strains (Lactobacillus rhamnosus and Lactobacillus plantarum) with BPA removal properties in vitro and the BPA-exposed male mice model was established. The probiotics mixture effectively reduced BPA 
residue in the gut, serum, and testis in mice. Through 16 S rDNA-seq and metabolomics sequencing, we uncovered that vitamin D metabolism and bile acid levels in the gut was abolished under BPA exposure. This 
perturbation was linked to an increased abundance of Faecalibaculum and decreased abundance of Lachnospiraceae_NK4A136_group and Ligilactobacillus. The probiotics mixture restored this balance, enhancing 
intestinal barrier function and reducing oxidative stress. This improvement was accompanied by a restored balance of short-chain fatty acids (SCFAs). Remarkably, the probiotics ameliorated testicular dysfunction by 
repairing structures of seminiferous tubules and reversing arrested spermiogenesis. Further, the probiotics mixture enhanced testosterone-driven increases in spermatogonial stem cells and all stages of sperm cells. 
Testicular transcriptome profiling linked these improvements to fatty acid degradation and peroxisome pathways. These findings suggest a significant interplay between spermatogenesis and gut microbiota, 
demonstrating that probiotic intake could be a viable strategy for combating male subfertility issues caused by BPA exposure.

Ecotoxicol Environ Saf. 
2024 Jan 
15:270:115922.

10.1016/j.ecoenv.2023.115922 38171106 in vitro - - - - - - - - - - 不明 0 不明 1 - - - - - - - - - - - - - -

統合_1600 D. Wu, Q. Sun, W. Wei, Y. Bai, L. Zhai and L. Jia 2023

Nrf2-mediated protective effect of 
alpha-lipoic acid on synaptic 
oxidative damage and inhibition of 
PKC/ERK/CREB pathway in 
bisphenol A-exposed HT-22 cells

The harmful effects of bisphenol A (BPA) on learning and memory may involve hippocampal oxidative damage; however, the underlying mechanism remains unclear. Antioxidants that antagonize BPA-induced neuronal 
oxidative damage lack research. This study aimed to develop an in vitro model using the HT-22 mouse hippocampal neuronal cell line to investigate the neurotoxic mechanism of BPA and the protective effect of alpha-
lipoic acid (ALA) on nuclear factor erythroid 2-related factor 2 (Nrf2) inhibition. The results showed that ALA reduced BPA-induced reactive oxygen species and neuronal nitric oxide synthase (nNOS) levels; however, 
inhibiting Nrf2 weakened the protective effects of ALA. BPA reduced mitochondrial complex I/III activity and ATP levels, but ALA ameliorated this damage. ALA improved the BPA-induced downregulation of the kelch-like 
ECH-associated protein 1 (keap1)/Nrf2 system, synaptic-related proteins, and the protein kinase C (PKC)/extracellular signal-regulated kinase (ERK)/cAMP response element binding protein (CREB) pathway; however, 
the protective effects of ALA were weakened when Nrf2 was inhibited. Our results suggest that BPA causes oxidative damage to HT-22 cells by damaging mitochondrial function, nNOS, and the keap1/Nrf2 system, 
thereby impairing synaptic-related proteins and the PKC/ERK/CREB pathway. ALA counters BPA-induced damage via Nrf2, which may be a significant target for the protective action of ALA.

Food Chem Toxicol. 
2023 Nov:181:114112.

10.1016/j.fct.2023.114112 37858839 in vitro - - - - - - - - - - 不明 0 不明 1 - - - - - - - - - - - - - -

統合_1601 B. Wu, Q. Zhao, Z. Li, Z. Min, M. Shi, X. Nie, Q. 
He and R. Gui 2021

Environmental level bisphenol A 
accelerates alterations of the reno-
cardiac axis by the MAPK cascades 
in male diabetic rats: An analysis 
based on transcriptomic profiling 
and bioinformatics

In humans and animal models, the kidneys and cardiovascular systems are negatively affected by BPA from the environment. It is considered that BPA have some potential estrogen-like and non-hormone-like properties. In 
this study, RNA-sequencing and its-related bioinformatics was used as the basic strategy to clarify the characteristic mechanisms of kidney-heart axis remodeling and dysfunction in diabetic male rats under BPA 
exposure. We found that continuous BPA exposure in diabetic rats aggravated renal impairment, and caused hemodynamic disorders and dysfunctions. There were 655 and 125 differentially expressed genes in the kidney 
and heart, respectively. For the kidneys, functional annotation and enrichment, and gene set enrichment analyses identified bile acid secretion related to lipid synthesis and transport, and MAPK cascade pathways. For 
the heart, these bioinformatics analyses clearly pointed to MAPKs pathways. A total of 12 genes and another total of 6 genes were identified from the kidney tissue and heart tissue, respectively. Western blotting showed 
that exposure to BPA activated MAPK cascades in both organs. In this study, the exacerbated remodeling of diabetic kidney-heart axis under BPA exposure and diabetes might occur through hemodynamics, metabolism 
disorders, and the immune-inflammatory response, as well as continuous estrogen-like stimulation, with focus on the MAPK cascades.

Environ Pollut. 2021 Oct 
15:287:117671.

10.1016/j.envpol.2021.117671 34435562 in vitro - - - - - - - - - - 不明 0 不明 1 - - - - - - - - - - - - - -

統合_1602
J. Winkler, P. Liu, K. Phong, J. H. Hinrichs, N. 
Ataii, K. Williams, E. Hadler-Olsen, S. Samson, 
Z. J. Gartner, S. Fisher and Z. Werb

2022

Bisphenol A replacement chemicals, 
BPF and BPS, induce 
protumorigenic changes in human 
mammary gland organoid 
morphology and proteome

SignificanceBisphenol A (BPA), found in many plastic products, has weak estrogenic effects that can be harmful to human health. Thus, structurally related replacements-bisphenol S (BPS) and bisphenol F (BPF)-are 
coming into wider use with very few data about their biological activities. Here, we compared the effects of BPA, BPS, and BPF on human mammary organoids established from normal breast tissue. BPS disrupted 
organoid architecture and induced supernumerary branching. At a proteomic level, the bisphenols altered the abundance of common targets and those that were unique to each compound. The latter included proteins 
linked to tumor-promoting processes. These data highlighted the importance of testing the human health effects of replacements that are structurally related to chemicals of concern.

Proc Natl Acad Sci USA. 
2022 Mar 
15;119(11):e211530811
9.

10.1073/pnas.2115308119 35263230 in vitro - - - - - - - - - - 不明 0 不明 1 - - - - - - - - - - - - - -

統合_1603 P. Wei, D. Ru, X. Li, D. Shi, M. Zhang, Q. Xu, H. 
Zhou and S. Wen 2020

Exposure to environmental 
bisphenol A inhibits HTR-8/SVneo 
cell migration and invasion

Environmental pollutants, such as bisphenol A (BPA) have recently been implicated in the development of adverse birth outcomes. However, the underlying teratogenic mechanisms remain unclear. We investigated the 
effects of BPA on the migration and invasion of human primary extravillous trophoblast HTR-8/SVneo cells. Our results indicated that BPA reduced cell migration and invasion. Moreover, it altered the ratio of matrix 
metalloproteinases (MMPs) and tissue inhibitors of MMPs (TIMPs) by downregulating MMP-2 and MMP-9, and upregulating TIMP-1 and TIMP-2. Furthermore, BPA suppressed integrin β1, integrin α5, and vimentin. 
Interestingly, BPA-induced invasion was partially restored by G15, a membrane G-protein-coupled estrogen receptor 30 antagonist. We further revealed that 42 proteins were differentially expressed by mass spectrometry 
analysis, which could be divided into three categories based on gene ontology including biological process, cellular component, and molecular function. These results suggest that BPA reduces HTR-8/SVneo cell 
migration and invasion by downregulating MMP-2 and MMP-9, up-regulating TIMP-1 and TIMP-2, and suppressing adhesion molecules.

J Biomed Res. 2020 Jun 
30;34(5):369-378.

10.7555/jbr.34.20200013 32981897 in vitro - - - - - - - - - - 不明 0 不明 1 - - - - - - - - - - - - - -

統合_1604 A. V. Warrier, M. Vg, L. N. R, N. Krishnan, P. 
Kumari, S. S. Ittycheria and P. Srinivas 2024

Xenoestrogen and Its Interaction 
with Human Genes and Cellular 
Proteins: An In-Silico Study

BACKGROUND: Breast cancer represents one of the leading causes of death worldwide. Apart from genetic factors, the sex hormone estrogen plays a pivotal role in breast cancer development. We are exposed to a 
plethora of estrogen mimics on a daily basis via various routes. Nevertheless, how xenoestrogens, the exogenous estrogen mimics, modulate cancer-associated signaling pathways and interact with specific genes is still 
underexplored. Hence, this study aims to explore the direct or indirect binding partners of xenoestrogens and their expression upon exposure to these estrogenic compounds. METHODS: The collection of genes linked to 
the xenoestrogens Octylphenol, Nonylphenol, Bisphenol-A, and 2,2-bis(4-hydroxyphenyl)-1,1,1-trichloroethane were gathered from the Comparative Toxicogenomics Database. Venny 2.1 was utilized to pinpoint the genes 
shared by these xenoestrogens. Subsequently, the shared genes underwent Gene Ontology and Kyoto Encyclopedia of Genes and Genomes pathway analysis using the Database for Annotation, Visualization, and 
Integrated Discovery bioinformatics resource. A xenoestrogen-protein interaction network was constructed using Search Tool for Interactions of Chemicals. The expressions of common genes were studied with the 
microarray dataset GSE5200 from the Gene Expression Omnibus database. Also, the expression of a common gene set within different breast cancer subtypes was identified using the University of California, Santa Cruz 
Xena. RESULTS: The genes linked to xenoestrogens were identified, and 13 genes were found to interact with all four xenoestrogens. Through DAVID analysis, the genes chosen are found to be enriched for various 
functions and pathways, including pathways in cancer, chemical carcinogenesis-receptor activation, and estrogen signaling pathways. The results of the Comparative Toxicogenomics Database and the chemical-protein 
interaction network derived from STITCH were similar. Microarray data analysis showed significantly high expression of all 13 genes in another study, with Bisphenol-A and Nonylphenol treated MCF-7 cells, most of the 
genes are expressed in luminal A or basal breast cancer subtype. CONCLUSION: In summary, the genes associated with the four xenoestrogens were mostly linked to pathways related to tumorigenesis, and the 
expression of these genes was found to be higher in breast cancer.

Asian Pac J Cancer 
Prev. 2024 Jun 
1;25(6):2077-2087.

10.31557/apjcp.2024.25.6.2077 38918670 in vitro - - - - - - - - - - 不明 0 不明 1 - - - - - - - - - - - - - -

統合_1605
Z. Wang, S. Chen, Y. Guo, R. Zhang, Q. Zhang, 
X. Jiang, M. Li, Y. Jiang, L. Ye, X. Guo, C. Li, G. 
Zhang, D. Li, L. Chen and W. Chen

2024

Intestinal carcinogenicity screening 
of environmental pollutants using 
organoid-based cell transformation 
assay

The high incidence of colorectal cancer (CRC) is closely associated with environmental pollutant exposure. To identify potential intestinal carcinogens, we developed a cell transformation assay (CTA) using mouse adult 
stem cell-derived intestinal organoids (mASC-IOs) and assessed the transformation potential on 14 representative chemicals, including Cd, iPb, Cr-VI, iAs-III, Zn, Cu, PFOS, BPA, MEHP, AOM, DMH, MNNG, aspirin, and 
metformin. We optimized the experimental protocol based on cytotoxicity, amplification, and colony formation of chemical-treated mASC-IOs. In addition, we assessed the accuracy of in vitro study and the human tumor 
relevance through characterizing interdependence between cell-cell and cell-matrix adhesions, tumorigenicity, pathological feature of subcutaneous tumors, and CRC-related molecular signatures. Remarkably, the results 
of cell transformation in 14 chemicals showed a strong concordance with epidemiological findings (8/10) and in vivo mouse studies (12/14). In addition, we found that the increase in anchorage-independent growth was 
positively correlated with the tumorigenicity of tested chemicals. Through analyzing the dose-response relationship of anchorage-independent growth by benchmark dose (BMD) modeling, the potent intestinal 
carcinogens were identified, with their carcinogenic potency ranked from high to low as AOM, Cd, MEHP, Cr-VI, iAs-III, and DMH. Importantly, the activity of chemical-transformed mASC-IOs was associated with the 
degree of cellular differentiation of subcutaneous tumors, altered transcription of oncogenic genes, and activated pathways related to CRC development, including Apc, Trp53, Kras, Pik3ca, Smad4 genes, as well as WNT 
and BMP signaling pathways. Taken together, we successfully developed a mASC-IO-based CTA, which might serve as a potential alternative for intestinal carcinogenicity screening of chemicals.

Arch Toxicol. 2024 
Jun;98(6):1937-1951.

10.1007/s00204-024-03729-y 38563870 in vitro - - - - - - - - - - 不明 0 不明 1 - - - - - - - - - - - - - -

統合_1606 Z. Wang, M. Cao, T. Gao, X. Xu, W. Yu, J. Liu, R. 
Liu, X. Zhang, F. Li and C. Hai 2025

Identification of key genes linking 
bisphenols exposure and breast 
cancer

Breast cancer (BC) is one of the most common types of cancer and is caused by the complex interplay of genetic and environmental factors, such as an unhealthy lifestyle, family history of illness, reproductive factors, 
and ageing. However, increasing evidence has revealed that manufactured organic pollutants such as bisphenols are closely related to BC. Bisphenols exposure can promote the progression of BC through multiple 
complicated and variable molecular mechanisms. Reanalysis of existing data on this topic may reveal molecular markers with clinical value. In this study, we identified four key genes [keratin 14 (KRT14), keratin 5 (KRT5), 
acyl-CoA synthetase long chain family member 1 (ACSL1) and matrix metallopeptidase 1 (MMP1)] related to both bisphenols exposure and BC by employing the Comparative Toxicogenomics Database (CTD) and The 
Cancer Genome Atlas Cervical Cancer (TCGA-CESC) dataset; notably, KRT14 expression exhibited the most significant difference between tumour and normal tissues. Further analysis of the functions and biological 
processes associated with KRT14 and related regulatory molecules revealed that bisphenols exposure induces BC-promoting characteristics and aggressive behaviour-related signaling pathways, such as the steroid 
biosynthesis, Forkhead box (FOXO) and prolactin signaling pathways. To confirm the expression and biological effects of KRT14, we conducted relevant experiments. In vitro studies revealed that bisphenols such as 
bisphenol A (BPA) exposure significantly affected the proliferation, migration, and invasion of MCF-7 cells by inhibiting KRT14 expression. Similarly, we also observed a decrease in KRT14 expression in BPA induced 
abnormal breast tissue in mice. In summary, our study revealed potential genes and pathways associated with bisphenols exposure in BC.

Toxicology. 2025 
Jun:514:154123.

10.1016/j.tox.2025.154123 40132786 in vitro - - - - - - - - - - 不明 0 不明 1 - - - - - - - - - - - - - -

統合_1607 Y. Wang, N. Yin, R. Yang, M. Zhao, S. Li, S. 
Zhang, Y. Zhao and F. Faiola 2023

Development of a simplified human 
embryonic stem cell-based retinal 
pre-organoid model for toxicity 
evaluations of common pollutants

OBJECTIVE: To explore the retinal toxicity of pharmaceuticals and personal care products (PPCPs), flame retardants, bisphenols, phthalates, and polycyclic aromatic hydrocarbons (PAHs) on human retinal progenitor cells 
(RPCs) and retinal pigment epithelial (RPE) cells, which are the primary cell types at the early stages of retinal development, vital for subsequent functional cell type differentiation, and closely related to retinal diseases. 
MATERIALS AND METHODS: After 23 days of differentiation, human embryonic stem cell (hESC)-based retinal pre-organoids, containing RPCs and RPE cells, were exposed to 10, 100, and 1000 nM pesticides (butachlor, 
terbutryn, imidacloprid, deltamethrin, pendimethalin, and carbaryl), flame retardants (PFOS, TBBPA, DBDPE, and TDCIPP), PPCPs (climbazole and BHT), and other typical pollutants (phenanthrene, DCHP, and BPA) for 
seven days. Then, mRNA expression changes were monitored and compared. RESULTS: (1) The selected pollutants did not show strong effects at environmental and human-relevant concentrations, although the effects 
of flame retardants were more potent than those of other categories of chemicals. Surprisingly, some pollutants with distinct structures showed similar adverse effects. (2) Exposure to pollutants induced different 
degrees of cell detachment, probably due to alterations in extracellular matrix and/or cell adhesion. CONCLUSIONS: In this study, we established a retinal pre-organoid model suitable for evaluating multiple pollutants' 
effects, and pointed out the potential retinal toxicity of flame retardants, among other pollutants. Nevertheless, the potential mechanisms of toxicity and the effects on cell detachment are still unclear and deserve further 
exploration. Additionally, this model holds promise for screening interventions aimed at mitigating the detrimental effects of these pollutants.

Cutan Ocul Toxicol. 
2023 Dec;42(4):264-
272.

10.1080/15569527.2023.2249988 37602871 in vitro - - - - - - - - - - 不明 0 不明 1 - - - - - - - - - - - - - -

統合_1608 Y. Wang, Y. Wang, J. Jin and B. Ma 2025
Identify the co-expressed genes of 
hypertensive nephropathy and 
diabetic nephropathy

This study focused on the intricate connections between hypertension nephropathy (HN) and diabetic nephropathy (DN) in terms of molecular and pathological mechanisms. The samples were from the Gene Expression 
Omnibus (GEO) database. GSE37460 and GSE142153 are training sets, and GSE37455 and GSE30529 are validation sets. We found 42 shared differentially expressed genes (DEGs) by means of the differential analysis. 
The GO/KEGG and GSEA analysis mainly highlights the signal transduction pathways related to the proteasome and cytokines. The eight hub genes identified through the Protein-Protein Interaction (PPI) network analysis 
include NR4A1, TNFSF10, CX3CR1, EGF, THBD, CXCR4, CCL5, and ATF3. Single-cell sequencing analysis revealed that TNFSF10 and NR4A1 were the most highly expressed in the cells of both HN and DN. Furthermore, 
five significant microRNAs identified include hsa-miR-1248, hsa-miR-200b-5p, hsa-miR-23b-5p, hsa-miR-3059-5p, and hsa-miR-3065-3p. Six essential transcription factors (TFs) (NFIL3, STAT3, NFKB1, USF1, USF2, 
and EGR1), 11 important drug chemicals (Cisplatin, Cyclosporine, perfluorooctanoic acid, Quercetin, Tretinoin, bisphenol A, Curcumin, Valproic Acid, Particulate Matter, Simvastatin, and Cadmium), seven related diseases 
(Atherosclerosis, Glioblastoma, Pulmonary Fibrosis, Asthma, Hepatitis B, Hepatitis C, and Diabetes Mellitus), and ten important RNA-binding proteins (RBPs) (CHTOP, EIF4E, HNRNPK, IGF2BP3, YTHDF3, HNRNPA2B1, 
RBM47, YBX1, RBFOX2, and RBM10). Finally, molecular docking simulations suggest that Tretinoin and Curcumin may have potential therapeutic value for both HN and DN. This study provides novel therapeutic targets for 
the combined diagnosis and treatment of HN and DN.

Sci Rep. 2025 Jun 
3;15(1):19418.

10.1038/s41598-025-04679-w 40461634 in vitro - - - - - - - - - - 不明 0 不明 1 - - - - - - - - - - - - - -
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統合_1609 Y. Wang, X. Su, Q. Wang, L. Zhang, Y. Yu, Y. 
Zhao and Z. Liu 2025

Bisphenol A exposure enhances 
proliferation and tumorigenesis of 
papillary thyroid carcinoma through 
ROS generation and activation of 
NOX4 signaling pathways

As a prevalent industrial material and component of consumer products, bisphenol A (BPA) is linked to hormone homeostasis disruption and potential carcinogenicity. However, the precise mechanisms through which BPA 
contributes to thyroid carcinogenesis, especially in papillary thyroid carcinoma (PTC), are not fully understood. This study investigates how BPA boosts the proliferation and tumorigenic characteristics of thyroid cells. 
BPA exposure significantly increased cell proliferation in a duration-dependent manner at a concentration of 0.5 μM, which is slightly higher than human exposure levels. Therefore, this study utilized BPA treatment 
concentrations of 0.1 µM and 0.5 µM. BPA augmented the invasiveness of PTC cells with a dependency on both dosage and temporal factors. RNA-seq and gene expression analysis from normal human thyroid follicular 
epithelial cells suggested that BPA upregulated genes related to oxidative stress and thyroid cancer. Concurrently, our study revealed significant upregulation of NOX4 in thyroid tumors compared to normal thyroid tissues, 
with higher expression levels observed in advanced carcinomas by analyses of the TCGA database. BPA induces the upregulation of NOX4 in human thyroid cells, thereby triggering the activation of MAPK and PI3K/AKT 
pathways. In xenograft models, BPA treatment resulted in increased tumor size and Ki-67 proliferation index, accompanied by upregulated NOX4 expression. Additionally, BPA exposure led to higher levels of free 
triiodothyronine (FT(3)), indicating thyroid hormone disruption. Mechanistically, BPA activates the MAPK and PI3K/AKT pathways via NOX4, leading to increased ROS production and cell proliferation. This was further 
demonstrated through the use of ROS scavenger treatment and si-NOX4, which showed that BPA stimulates ROS generation by activating NOX4/MAPK and NOX4/PI3K/AKT pathways in thyroid cells. This finding 
enhances our understanding of the pathogenesis of PTC related to BPA exposure and highlights the necessity for rigorous health risk assessments regarding BPA exposure.

Ecotoxicol Environ Saf. 
2025 Mar 1:292:117946.

10.1016/j.ecoenv.2025.117946 40014988 in vitro - - - - - - - - - - 不明 0 0.1 µM、0.5 µM 1 - - - - - - - - - - - - - -

統合_1610
Y. Wang, J. Kang, R. Wang, K. Ramezani, M. 
Bonakdar, N. Moghimi, M. Salimi, Y. Yao and K. 
Wang

2023

Bisphenol A interacts with DLGAP5 
and regulates IL-6/JAK2/STAT3 
signaling pathway to promote 
tumorigenesis and progression of 
osteosarcoma

OBJECTIVE: It has been suggested that Bisphenol A (BPA), a high-production-volume industrial chemical, can accelerate the development of various type of cancers. However, the effect of BPA on osteosarcoma and the 
underlying mechanisms are yet to be established. Therefore, in this study we tried to explore the carcinogenic effects of BPA on osteosarcoma and the underlying mechanism. METHODS: SaOs-2 cancer cell line was used 
to treat with BPA at the doses of 0.1, 1, 10 μM DGLAP5 knockdown and overexpression methods were constructed by using adenovirus mediated transfection, and the functional analysis of DGLAP5 was investigated to 
evaluate the carcinogenic effect of BPA on osteosarcoma through DLGAP5. Xenograft and metastatic mouse model were used to evaluate in vivo experiments. RESULTS: In this study, BPA at 10 μM promoted the 
proliferation, migration and invasion in vitro, and accelerate the progression and metastasis in vivo. Also, exposure to BPA was associated with poor survival of osteosarcoma in mice. In addition, we observed that BPA at 
10 μM significantly increased the expression of DGLAP5 in osteosarcoma. Silencing DGLAP5 could reverse the effect of BPA on proliferation, migration and invasion. Mechanically, BPA promoted IL-6, JAK2, and STAT3 
expression and promoted tumor progression in an IL-6-dependent manner through up-regulation of DLGAP5. CONCLUSION: Our findings demonstrated that BPA could promote the proliferation, migration, invasion of 
osteosarcoma cells and related to poor survival in a mouse model. DLGAP5 is one of the most critical targets of BPA to act as a carcinogen through IL-6/JAK2/STAT3 signaling pathway.

Chemosphere. 2023 
Jan;312(Pt 1):136545.

10.1016/j.chemosphere.2022.1365
45

36155021 in vitro - - - - - - - - - - 1 0 0.1, 1, 10 µM 1 - - - - - - - - - - - - - -

統合_1611 X. Wang, N. Luo, Z. Xu, X. Zheng, B. Huang and 
X. Pan 2020

The estrogenic proliferative effects 
of two alkylphenols and a 
preliminary mechanism exploration 
in MCF-7 breast cancer cells

Bisphenol A (BPA) and 4-cumylphenol (4-CP), as estrogen-like chemicals, are ubiquitous in the environment media and associated with the occurrence and development of hormone-dependent tumors. However, the 
combinatorial effects of these two structurally similar alkylphenols are not well informed. In the present study, the classic breast cancer cell line MCF-7 was used as in vitro model to estimate the estrogenic proliferative 
effects of BPA and 4-CP. MTT assay, reactive oxygen species, cell apoptosis, cell cycle, and real-time fluorescent quantitative Step One Plus Real-time PCR System (Applied Biosystems, CA, USA) were applied to 
explore their proliferative mechanisms. MTT results showed that both BPA and 4-CP ranging from 10(-9) to 10(-5) M stimulated cell proliferation in a nonmonotonic dose-response manner. Along with the proliferative 
effects, cell cycle was progressed from G0/G1 to S and G2/M phase. Meanwhile, the expression levels of ERα, pS2, and Bcl-2 mRNA were also upregulated. In contrast, 4-CP and BPA at high dose (10(-4) M) obviously 
displayed antiproliferative effects in MCF-7 cells via inducing cell apoptosis and blocking cell cycle in G0/G1 phase. As expected, the relative expression levels of ERα, pS2, and Bcl-2 mRNA were decreased, whereas 
Bax mRNA was increased. Interestingly, the proliferative or antiproliferative effects of 4-CP were higher than that of BPA. Moreover, coexposure of lower concentrations BPA and 4-CP significantly induced cell 
proliferation in a synergistic manner. These findings indicated that the potential environmental risks of coexposure of BPA and 4-CP were greater than either of them.

Environ Toxicol. 2020 
May;35(5):628-638.

10.1002/tox.22898 31916403 in vitro - - - - - - - - - - 1 0 1 1 - - - - - - - - - - - - - -

統合_1612 W. Wang, Y. Liu, N. Ma, R. Wang, L. Fan, C. 
Chen, Q. Yan, Z. Ren, X. Ning, S. Wei and T. Ku 2025

Transcriptomic Meta-Analysis 
Unveils Shared Neurodevelopmental 
Toxicity Pathways and Sex-Specific 
Transcriptional Signatures of 
Established Neurotoxicants and 
Polystyrene Nanoplastics as an 
Emerging Contaminant

Environmental contaminants exhibit heterogeneous neurotoxicity profiles, yet systematic comparisons between legacy neurotoxicants and emerging pollutants remain scarce. To address this gap, we implemented an 
integrative transcriptome meta-analysis framework that harmonized eight transcriptomic datasets spanning in vivo and in vitro neural models exposed to two legacy neurotoxicants (bisphenol A [BPA], 2, 2', 4, 4'-
tetrabromodiphenyl ether [BDE-47]) and polystyrene nanoplastics (PSNPs) as an emerging contaminant. Our analysis revealed a substantial overlap (68% consistency) in differentially expressed genes (DEGs) between 
BPA and PSNPs, with shared enrichment in extracellular matrix disruption pathways (e.g., "fibronectin binding" and "collagen binding", p < 0.05). Network-based toxicogenomic mapping linked all three contaminants to six 
neurological disorders, with BPA showing the strongest associations with Hepatolenticular Degeneration. Crucially, a sex-stratified analysis uncovered male-specific transcriptional responses to BPA (e.g., lipid 
metabolism and immune response dysregulation), whereas female models showed no equivalent enrichment. This highlights the sex-specific transcriptional characteristics of BPA exposure. This study establishes a novel 
computational toxicology workflow that bridges legacy and emerging contaminant research, providing mechanistic insights for chemical prioritization and gender-specific risk assessment.

Toxics. 2025 Jul 
22;13(8):613.

10.3390/toxics13080613 40863889 in vitro - - - - - - - - - - 不明 0 不明 1 - - - - - - - - - - - - - -

統合_1613
T. N. Wang, P. J. Yang, Y. T. Tseng, Y. S. Tsai, P. 
L. Kuo, C. C. Chiu, S. S. Liang, T. H. Hsieh, M. F. 
Hou and E. M. Tsai

2020

Visceral obesity and cell cycle 
pathways serve as links in the 
association between bisphenol A 
exposure and breast cancer

It has been identified that bisphenol A (BPA) exposure causes developmental toxicity in breast cells. However, the exact molecular mechanisms underlying the association between exposure to BPA and breast cancer 
remain unclear. The aim of the present study was to investigate the BPA-regulated signaling pathways associated with the aggressiveness and the development of breast cancer. Microarray technology and functional 
gene set analyses were used to evaluate BPA and breast cancer-associated biomarkers and pathways in a discovery-driven manner. Using individual dataset analyses, it was indicated that two BPA-associated gene sets, 
the visceral obesity pathway, involved in visceral fat deposits and the metabolic syndrome, and the cell cycle pathway, involved in cyclins and cell cycle regulation, were significantly associated with a high grade of 
aggressiveness and the development of estrogen receptor (ER)-positive breast cancer (between P<0.05 and 0.0001). The pooled analysis indicated that the most significant pathway was G(1)/S checkpoint regulation, and 
the cyclin and cell cycle regulation pathway for BPA-associated ER-positive cancer. Cancer cell signaling pathways were associated with healthy breast cells developing into breast cancer. The visceral obesity and the 
cell cycle pathways were indicated to link BPA exposure to breast cancer. The results of the present study demonstrate a significant association between breast cancer and BPA-regulated gene pathways.

Oncol Lett. 2020 
Jul;20(1):33-42.

10.3892/ol.2020.11553 32565931 in vitro - - - - - - - - - - 不明 0 不明 1 - - - - - - - - - - - - - -

統合_1614 S. Wang, S. Wang, H. Lu, B. Lu, H. Li, Y. Ying, R. 
S. Ge and Y. Tang 2025

Significant enhancement of 
inhibitory strength of bisphenol A 
analogs against human and rat 5α-
reductase 1 upon halogenation of 
the benzene ring: Potentially 
disrupting neurosteroid biosynthesis

Bisphenol A (BPA) halogenation derivatives, formed via radical or electrophilic substitution, constitute a class of emerging contaminants, with brominated variants dominating the flame-retardant market. Their effect on 
steroid 5α-reductase 1 (SRD5A1) activity in neural and testicular cells remains unclear. This study examined inhibitory effects of seven BPA analogs on SRD5A1, focusing on dihydrotestosterone synthesis. Using SRD5A1 
in human brain SF126 cell and rat testicular microsomes, we found an inhibitory potency gradient. For human SRD5A1: tetrabromobisphenol A (12.71 μM) > tetrachlorobisphenol A (16.01 μM) > trichlorobisphenol A 
(18.95 μM) > 3-chlorobisphenol A (45.37 μM) > BPA = bisphenol S (BPS) = tetrabromobisphenol S (no effect at 100 μM). For rat enzyme: tetrabromobisphenol A (3.60 μM) > tetrachlorobisphenol A (9.27 μM) > 
trichlorobisphenol A (12.43 μM) > 3-chlorobisphenol A (26.37 μM) > BPA (over 100 μM) = BPS (over 100 μM) > tetrabromobisphenol S (no effect at 100 μM). The inhibition was mixed/competitive. Structure-activity 
relationship (SAR) analysis showed negative correlations between IC(50) values and logarithm of the partition coefficient (LogP), heavy atoms, and hetero atoms of these chemicals for both enzymes. 3D-QSAR 
pharmacophore analysis showed key binding features to human SRD5A1. Tetrabromobisphenol A has all, while 3-chlorobisphenol A only has hydrophobic sites. Computational docking explained molecular interactions with 
SRD5A1 binding sites, linking to physicochemical properties. These findings demonstrate SRD5A1 inhibition nuances by halogenated BPA analogs with direct relevance to potential implications. Our data establish the 
inhibitory potential of halogenated BPA analogs on human brain SRD5A1, revealing distinct SAR and molecular interactions. The inclusion of the rat model provided comparative insight into species-specific responses, 
underscoring the importance of considering both human relevance and interspecies variability in evaluating endocrine-disrupting risks.

Toxicol Appl Pharmacol. 
2025 Oct:503:117480.

10.1016/j.taap.2025.117480 40684814 in vitro - - - - - - - - - - 不明 0 不明 1 - - - - - - - - - - - - - -

統合_1615 S. Wang, H. Ning, X. Wang, L. Chen, L. Hua, F. 
Ren, D. Hu, R. Li, Z. Ma, Y. Ge and Z. Yin 2023

Exposure to bisphenol A induces 
neurotoxicity associated with 
synaptic and cytoskeletal 
dysfunction in neuro-2a cells

Bisphenol A (BPA) has been reported to injure the developing and adult brain. However, the underlying mechanism still remains elusive. This study used neuro-2a cells as a cellular model to investigate the neurotoxic 
effects of BPA. Microtubule-associated protein 2 (MAP2) and tau protein maintain microtubule normal function and promote the normal development of the nervous system. Synaptophysin (SYP) and drebrin (Dbn) proteins 
are involved in regulating synaptic plasticity. Cells were exposed to the minimum essential medium (MEM), 0.01% (v/v) DMSO, and 150 μM BPA for 12, 24, or 36 h. Morphological analysis revealed that the cells in the 
BPA-treated groups shrank and collapsed compared with those in the control groups. CCK-8 and lactate dehydrogenase assay (LDH) assays showed that the mortality of neuro-2a cells increased as the BPA treatment 
time was prolonged. Ultrastructural analysis further revealed that cells demonstrated nucleolar swelling, dissolution of nuclear and mitochondrial membranes, and partial mitochondrial condensation following exposure to 
BPA. BPA also decreased the relative protein expression levels of MAP2, tau, and Dbn. Interestingly, the relative protein expression levels of SYP increased. These results indicated that BPA inhibited the proliferation and 
disrupted cytoskeleton and synaptic integrity of neuro-2a cells.

Toxicol Ind Health. 2023 
Jun;39(6):325-335.

10.1177/07482337231172827 37122122 in vitro - - - - - - - - - - 不明 0 不明 1 - - - - - - - - - - - - - -

統合_1616 S. Wang, H. Lu, Y. Zhai, Y. Tang, M. Su, H. Li, Y. 
Wang, Y. Liu and R. S. Ge 2024

Inhibition of human and rat 
placental 3β-hydroxysteroid 
dehydrogenases by bisphenol A 
analogues depends on their 
hydrophobicity: In silico docking 
analysis

Bisphenol A (BPA) and its analogues are widely used industrial chemicals. Placental 3β-hydroxysteroid dehydrogenases (3β-HSDs) catalyse the conversion of pregnenolone to progesterone. However, the potency of BPA 
analogues in inhibiting 3β-HSDs activity remains unclear. We investigated the inhibitory effect of 10 BPA analogues on 3β-HSDs activity using an in vitro assay and performed the structure-activity relationship and in 
silico docking analysis. BPH was the most potent inhibitor of human 3β-HSD1, with an IC(50) value of 0.95 μM. BPFL, BPG, DABPA, BPAP, BPZ, DMBPA, and BPB also inhibited human 3β-HSD1 activity, albeit with 
lower potency. BPG was the most potent inhibitor of rat 3β-HSD4, with an IC(50) value of 1.14 μM. BPAP, BPFL, BPG, BPH, BPZ, DABPA, and DMBPA are mixed inhibitors of human 3β-HSD1 and they significantly 
inhibited human JAr cells to secrete progesterone. The LogP values were inversely correlated with the inhibitory effects. Docking analysis showed that most BPA analogues bind to steroid-binding site of both 3β-HSDs. 
A pharmacophore containing hydrogen bond donor and hydrophobic region was generated for predicting the inhibitory strength of BPA analogues. In conclusion, this study demonstrates that some BPA analogues are potent 
inhibitors of 3β-HSDs and lipophilicity determines the inhibitory potency.

Chem Biol Interact. 
2024 Nov 1:403:111251.

10.1016/j.cbi.2024.111251 39313105 in vitro - - - - - - - - - - 不明 0 不明 1 - - - - - - - - - - - - - -

統合_1617 R. Wang, Y. Lin, Y. Sun, B. Zhao and L. Chen 2024

Insight into the molecular 
recognition of human and polar bear 
pregnane X receptor by three 
organic pollutants using molecular 
docking and molecular dynamics 
simulations

Pregnane X receptor (PXR) is a heterologous biosensor that is involved in the metabolic pathway of environmental pollutants, regulating the transcription of genes involved in biotransformation. There are significant 
differences in the selectivity and specificity of organic pollutants (OPs) toward polar bear PXR (pbPXR) and human PXR (hPXR), but the detailed dynamical characteristics of their interactions are unclear. Homology 
Modeling, molecular docking, molecular dynamics simulation, and free energy calculation were used to analyze the recognition of pbPXR and hPXR by three OPs: BPA, chlordane and toxaphene. Comparing interaction 
patterns along with binding free energy of pbPXR and hPXR with these three OPs revealed that although pbPXR and hPXR interact similar with these three OPs, these OPs have different effects on the internal dynamics of 
pbPXR and hPXR. This results in significant alterations in the interaction of key residues near Leu209, Met243, Phe288, Met323, and His407 with OPs, thereby influencing their binding energy. Non-polar interactions, 
especially van der Waals interactions, were found to be the dominating factors in interacting of these OPs with PXRs. The region surrounding these key residues facilitates hydrophobic contacts with PXR, which are 
crucial for the selective activation of PXRs in different species by these three OPs. These findings are of significant guidance in understanding the impacts of environmental endocrine disruptors on different organisms.

Environ Int. 2024 
Aug:190:108926.

10.1016/j.envint.2024.108926 39098090 in vitro - - - - - - - - - - 不明 0 不明 1 - - - - - - - - - - - - - -

統合_1618
M. Wang, J. Qu, J. Yang, T. Zhang, W. R. Tan, S. 
Liao, X. Chen, Y. Liu, X. Long, X. Li, Y. Xia, N. S. 
Tan, L. Li and M. Fang

2023

A missing jigsaw within the hygiene 
hypothesis: Low-dose bisphenol A 
exposure attenuates 
lipopolysaccharide-induced asthma 
protection

The rising occurrence of allergic asthma in early life across industrialized countries suggests that environmental factors play a crucial role in determining asthma susceptibility and severity. While prior exposure to 
microbial lipopolysaccharides (LPSs) has been found to offer protection against allergic asthma, infants residing in urban environments are increasingly exposed to environmental pollutants. Utilizing limulus lysate test 
screens and virtual screening models, we identified pollutants that can modulate LPS bioactivity. This investigation revealed that bisphenol A (BPA), a chemical commonly used in numerous household items and previously 
implicated in obesity and cancer, effectively neutralizes LPS. In-depth mechanistic analyses showed that BPA specifically binds to the lipid A component of LPS, leading to inactivation. This interaction eliminates the 
immunostimulatory activity of LPS, making mice more susceptible to house dust mite (HDM)-induced allergic asthma. BPA reactivates lung epithelial cells, consequently amplifying type 2 responses to HDMs in dendritic 
cells. This chemical interplay provides new insights into the pathophysiology of asthma in relation to human exposure. Understanding the intricate relationships between environmental chemicals and microbial antigens, 
as well as their impacts on innate immunity, is critical for the development of intervention strategies to address immune disorders resulting from urbanization.

PNAS Nexus. 2023 Nov 
7;2(11):pgad312.

10.1093/pnasnexus/pgad312 37954159 in vitro - - - - - - - - - - 不明 0 不明 1 - - - - - - - - - - - - - -

統合_1619 L. Wang, J. Zhuang, Z. Xue, H. Lu, W. Zeng and 
T. Zhang 2024

VD(3)/VDR attenuates bisphenol A-
induced impairment in mouse 
Leydig cells via regulation of 
autophagy

Bisphenol A (BPA) is an endocrine disruptor with reproductive toxicity. Further, 1,25-dihydroxyvitamin D3 (VD(3)) plays an important role in male reproduction by binding vitamin D receptor (VDR) and mediating the 
pleiotropic biological actions that include spermatogenesis. However, whether VD(3)/VDR regulates the effect of BPA on Leydig cells (LCs) injury remains unknown. This study aimed to explore the effects of VD on BPA-
induced cytotoxicity in mouse LCs. Hereby, LCs treated with BPA, VD(3), or both were subjected to the assays of cell apoptosis, proliferation, autophagy, and levels of target proteins. This study unveiled that cell viability 
was dose-dependently reduced after exposure to BPA. BPA treatment significantly inhibited LC proliferation, induced apoptosis, and also downregulated VDR expression. By jointly analyzing transcriptome data and 
Comparative Toxicogenomics Database (CTD) data, autophagy signaling pathways related to testicular development and male reproduction were screened out. Therefore, the autophagy phenomenon of cells was further 
detected. The results showed that BPA treatment could activate cell autophagy, Vdr(-/-) inhibits cell autophagy, and active VD(3) does not have a significant effect on the autophagy of normal LCs. After VD(3) and BPA 
were used in combination, the autophagy of cells was further enhanced, and VD(3) could alleviate BPA-induced damage of LCs. In conclusion, this study found that supplementing VD(3) could eliminate the inhibition of 
BPA on VDR expression, further enhance LCs autophagy effect, and alleviate the inhibition of LCs proliferation and induction of apoptosis by BPA, playing a protective role in cells. The research results will provide 
valuable strategies to alleviate BPA-induced reproductive toxicity.

J Food Sci. 2024 
Jun;89(6):3858-3870.

10.1111/1750-3841.17103 38725370 in vitro - - - - - - - - - - 1 0 不明 1 - - - - - - - - - - - - - -

統合_1620 L. Wang, X. Sun, J. He and Z. Liu 2022

Identification and Validation of 
Prognostic Related Hallmark ATP-
Binding Cassette Transporters 
Associated With Immune Cell 
Infiltration Patterns in Thyroid 
Carcinoma

ATP-binding cassette (ABC) transporters are a large superfamily of membrane proteins that facilitate the translocation of heterogeneous substrates. Studies indicate that ABC transporters may play important roles in 
various carcinomas. However, the correlation between ABC transporters and immunomodulation in thyroid carcinoma (TC), as well as the prognoses for this disease, is poorly understood.TC data from The Cancer 
Genome Atlas (TCGA) database were used to identify prognostic hallmark ABC transporters associated with immune cell infiltration patterns via multiple bioinformatic analyses. Thereafter, quantitative real-time 
polymerase chain reaction (qRT-PCR) was performed to validate the expression of these selected hallmark ABC transporters in both TC and para-cancerous thyroid tissues. Of a total of 49 ABC transporters, five (ABCA8, 
ABCA12, ABCB6, ABCB8, and ABCC10) were identified as hallmark ABC transporters. All five were differentially expressed in TC and associated with the relapse-free survival rates of patients with TC. Immunoregulation 
by these five hallmark ABC transporters involved the modulation of various aspects of immune cell infiltration, such as hot or cold tumor subsets and the abundances of infiltrating immune cells, as well as specific 
immunomodulators and chemokines. Besides the diverse significantly correlated factors, the five hallmark ABC transporters and correlated genes were most highly enriched in plasma membrane, transporter activity, and 
transmembrane transport of small molecules. In addition, many chemicals, namely bisphenol A and vincristine, affected the expression of these five transporters. The qRT-PCR results of collected TC and para-cancerous 
thyroid tissues were consistent with those of TCGA. The findings in this study may reveal the role played by these five hallmark ABC transporters in regulating immune cell infiltration patterns in TC as well as the 
molecular mechanisms underlying their functions, leading to a better understanding of their potential prognostic and immunotherapeutic values.

Front Oncol. 2022 Jun 
28:12:781686.

10.3389/fonc.2022.781686 35837087 in vitro - - - - - - - - - - 不明 0 不明 1 - - - - - - - - - - - - - -

統合_1621 L. Wang, C. Huang, L. Li, Q. Pang, C. Wang and 
R. Fan 2023

In vitro and in silico assessment of 
GPER-dependent neurocytotoxicity 
of emerging bisphenols

To rapidly assess the toxicity of bisphenols (BPs) via the activation of G protein-coupled estrogen receptor (GPER), eight BPs action on GPER were evaluated by molecular docking and molecular dynamics (MD) 
simulation and then confirmed with IMR-32 cells. The target BPs significantly promoted the production of reactive oxygen species (ROS), reduced cell viability, activated the expression of apoptosis-related proteins and 
increased the apoptosis rate of IMR-32 cells. Intracellular Ca(2+) level increased significantly after the treatments with bisphenol A (BPA), bisphenol E (BPE), bisphenol C (BPC) and bisphenol AP (BPAP), suggesting the 
activation of GPER. Moreover, the stable binding conformations between GPER and BPA, BPE, BPC and BPAP and their dynamic changes of GPER-BPs via MD simulation also suggest that these BPs may activate GPER. 
The interaction between bisphenol G/bisphenol P/bisphenol PH and GPER are weak, which is consistent with their low GPER activity in vitro. Notably, after the pretreatment of GPER antagonist, Ca(2+) accumulation and 
ROS production induced by BPA, BPE, BPC and BPAP in IMR-32 cells were attenuated. Overall, MD simulation and in vitro results mutually verified the activation of GPER by BPs, and MD simulation can rapidly evaluate 
the neurocytotoxicity of BPs.

Sci Total Environ. 2023 
Mar 1:862:160762.

10.1016/j.scitotenv.2022.160762 36502987 in vitro - - - - - - - - - - 1 0 不明 1 - - - - - - - - - - - - - -
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●：該当

統合_1622 K. Wang, X. Shi, H. Lin, T. Xu and S. Xu 2025

Selenium deficiency exacerbates 
ROS/ER stress mediated pyroptosis 
and ferroptosis induced by 
bisphenol A in chickens thymus

Bisphenol A (BPA) is an industrial pollutant that can cause immune impairment. Selenium acts as an antioxidant, as selenium deficiency often accompanies oxidative stress, resulting in organ damage. This study is the 
first to demonstrate that BPA and/or selenium deficiency induce pyroptosis and ferroptosis-mediated thymic injury in chicken and chicken lymphoma cell (MDCC-MSB-1) via oxidative stress-induced endoplasmic 
reticulum (ER) stress. We established a broiler chicken model of BPA and/or selenium deficiency exposure and collected thymus samples as research subjects after 42 days. The results demonstrated that BPA or 
selenium deficiency led to a decrease in antioxidant enzyme activities (T-AOC, CAT, and GSH-Px), accumulation of peroxides (H(2)O(2) and MDA), significant upregulation of ER stress-related markers (GRP78, IER 1, 
PERK, EIF-2α, ATF4, and CHOP), a significant increase in iron ion levels, significant upregulation of pyroptosis-related gene (NLRP3, ASC, Caspase1, GSDMD, IL-18 and IL-1β), significantly increase ferroptosis-
related genes (TFRC, COX2) and downregulate GPX4, HO-1, FTH, NADPH. In vitro experiments conducted in MDCC-MSB-1 cells confirmed the results, demonstrating that the addition of antioxidant (NAC), ER stress 
inhibitor (TUDCA) and pyroptosis inhibitor (Vx765) alleviated oxidative stress, endoplasmic reticulum stress, pyroptosis, and ferroptosis. Overall, this study concludes that the combined effects of oxidative stress and ER 
stress mediate pyroptosis and ferroptosis in chicken thymus induced by BPA exposure and selenium deficiency.

J Environ Sci (China). 
2025 Feb:148:13-26.

10.1016/j.jes.2024.01.002 39095152 in vitro - - - - - - - - - - 不明 0 不明 1 - - - - - - - - - - - - - -

統合_1623 K. Wang, N. Kim, M. Bagherian, K. Li, E. Chou, J. 
A. Colacino, D. C. Dolinoy and M. A. Sartor 2024

Gene Target Prediction of 
Environmental Chemicals Using 
Coupled Matrix-Matrix Completion

Human exposure to toxic chemicals presents a huge health burden. Key to understanding chemical toxicity is knowledge of the molecular target(s) of the chemicals. Because a comprehensive safety assessment for all 
chemicals is infeasible due to limited resources, a robust computational method for discovering targets of environmental exposures is a promising direction for public health research. In this study, we implemented a novel 
matrix completion algorithm named coupled matrix-matrix completion (CMMC) for predicting direct and indirect exposome-target interactions, which exploits the vast amount of accumulated data regarding chemical 
exposures and their molecular targets. Our approach achieved an AUC of 0.89 on a benchmark data set generated using data from the Comparative Toxicogenomics Database. Our case studies with bisphenol A and its 
analogues, PFAS, dioxins, PCBs, and VOCs show that CMMC can be used to accurately predict molecular targets of novel chemicals without any prior bioactivity knowledge. Our results demonstrate the feasibility and 
promise of computationally predicting environmental chemical-target interactions to efficiently prioritize chemicals in hazard identification and risk assessment.

Environ Sci Technol. 
2024 Apr 2;58(13):5889-
5898.

10.1021/acs.est.4c00458 38501580 in vitro - - - - - - - - - - 不明 0 不明 1 - - - - - - - - - - - - - -

統合_1624 K. Wang, D. Huang, P. Zhou, X. Su, R. Yang, C. 
Shao and J. Wu 2021

BPA-induced prostatic hyperplasia 
in vitro is correlated with the 
unbalanced gene expression of AR 
and ER in the epithelium and stroma

As a typical environmental endocrine disruptor (EED), bisphenol A (BPA) can induce pathological hyperplasia of the prostatic epithelium and stroma. This study concentrates mainly on the effect and underlying 
mechanisms of BPA on prostatic hyperplasia, which is based on the culture of primary human prostate epithelial cells (HPEpiC) and human prostate fibroblasts (HPrF). In an effect to screen the optimal pro-survival BPA 
levels, HPEpiC and HPrF were, respectively, exposed to concentration gradients of BPA (10(-12) M-10(-4) M) solution diluted with two corresponding medium and incubated for 72 h at 37°C. CCK-8 assay showed that 
10(-9) M-10(-5) M BPA could facilitate the proliferation of HPEpiC, while similar proliferative effect of HPrF only needed 10(-11) M-10(-7) M BPA. HPrF were more sensitive to BPA than HPEpiC. The qualification of 
PCNA gene expression measured using quantitative real-time polymerase chain reaction (qRT-PCR) also mirrored the BPA-induced cell proliferation. Additionally, our results considered that androgen receptor (AR), 
estrogen receptor (ERα, ERβ), and NFKB1 gene expressions exhibited up-regulation in HPEpiC treated with 10(-9) M BPA for 72 h. However, in HPrF, the identical BPA treatment could activate ERα, ERβ, and NFKB1 
gene expressions and down-regulated the expression of AR levels. It is further confirmed that low-dose BPA can indeed promote the proliferation of human prostate cells in vitro, and the mechanisms of BPA for prostatic 
epithelial and stromal hyperplasia may not be consistent.

Toxicol Ind Health. 2021 
Oct;37(10):585-593.

10.1177/07482337211042986 34486460 in vitro - - - - - - - - - - 1 0 1 1 - - - - - - - - - - - - - -

統合_1625 J. Wang, C. She, Z. Li, N. Tang, L. Xu, Z. Liu and 
B. Liu 2020

In vitro impact of bisphenol A on 
maturation and function of 
monocyte-derived dendritic cells in 
patients with primary Sjögren's 
syndrome

Background: Epidemiological studies have shown that environmental factors accelerate the progress of primary Sjögren's syndrome (pSS). Bisphenol A (BPA), a classic endocrine disrupting chemical, affects the immune 
system. However, the impact of BPA on pSS has not yet been reported. The present study aimed to evaluate the potential relationship between BPA, estrogen receptor (ER), and pSS.Methods: We studied the impact of 
BPA on monocyte-derived dendritic cells (moDCs) from pSS patients and age-matched healthy controls (HCs). Morphological effects were observed under inverted microscope. Surface markers were analyzed by flow 
cytometry. ER and cytokine profiles were assessed using real-time polymerase chain reaction. The ability of moDCs to stimulate CD4(+) T cells activation was assessed by mixed lymphocyte reaction (MLR).Results: 
moDCs from both pSS patients and HCs expressed ERα as well as ERβ. After BPA-exposure, expression of ERα increased significantly in pSS patients, while that of ERβ remained unchanged. moDCs from BPA-
exposed pSS patients showed irregular morphology and reduction in cell aggregation. BPA increased HLA-DR on moDCs of pSS patients via ERα, and promoted the secretion of IL6 and IL12. When co-cultured with BPA-
treated moDCs, cytokines (IFN-γ, IL4, IL17, IL10) and transcription factors (T-bet, Gata3, RoR-γt, Foxp3) of CD4(+) T cells showed imbalance of Th1/Th2/Th17/Treg polarization, with Th1 and Th17 
dominating.Conclusions: BPA altered the function of moDCs through ERα, including antigen capture, secretion of inflammatory factors, and ability to stimulate T cells, as well as accelerated the progression and further 
deterioration of pSS.

Immunopharmacol 
Immunotoxicol. 2020 
Feb;42(1):28-36.

10.1080/08923973.2019.1706554 31876196 in vitro - - - - - - - - - - 不明 0 不明 1 - - - - - - - - - - - - - -

統合_1626 J. Wang, X. Li, J. Geng, R. Wang, G. Ma and P. 
Liu 2025

Identification of biomarkers and 
mechanism exploration of 
ferroptosis related genes regulated 
by m6A in type 2 diabetes mellitus

PURPOSE: This study is aims to explore the role of ferroptosis genes regulated by N6-methyladenosine (m6A) in Type 2 diabetes mellitus (T2DM). MATERIAL AND METHODS: Firstly, differentially expressed m6A-FRGs 
(DEm6A-FRGs) were obtained by intersecting the differentially expressed genes (DEGs) and the m6A-related ferroptosis genes (m6A-FRGs). After enrichment analysis of DEm6A-FRGs, artificial neural network (ANN) 
and nomogram models were constructed using 4 biomarkers. Moreover, the gene set enrichment analysis of biomarkers was performed. Furthermore, the transcription factors (TF)-mRNA and competing endogenous 
RNAs (ceRNA) regulatory networks were constructed to reveal the potential regulation of biomarkers at molecular level. In addition, the targeted drugs of biomarkers were predicted, and the molecular docking was used 
to study the inter-molecular interactions between biomarkers and targeted drugs by "AutoDockvina". RESULTS: Totals of 10 DEm6A-FRGs were obtained by intersecting the 402 DEGs and 299 m6A-FRGs. Moreover, the 
ANN model and nomogram model were constructed with 4 biomarkers including CDKN1A, MIOX, MYCN and CD82, among them, CDKN1A was the most important biomarker for forecasting T2DM. Notably, the function of 
extracellular matrix structural constituent was low expression in CD82 and MIOX, the function of mitochondrial protein-containing complex was high expression in CD82 and CDKN1A. Furthermore, TP63 could regulate 
CD82, CDKN1A and MIOX, GATA3 could regulate CD82, CDKN1A and MYCN at the same time. The ceRNA network was constructed with 4 mRNAs, 51 miRNAs and 37 lncRNAs, among them, XIST was a key lncRNA that 
associated with 12 miRNAs, which could influence CDKN1A. In addition, bisphenol A was associated with CD82 and MYCN, CGP 25608 was associated with CDKN1A and MIOX. CONCLUSION: This study revealed the 
potential molecular mechanisms of m6A-related ferroptosis genes in T2DM, which could provide novel insights for the clinical diagnosis and treatment of T2DM.

Hereditas. 2025 Feb 
18;162(1):24.

10.1186/s41065-025-00385-9 39966875 in vitro - - - - - - - - - - 不明 0 不明 1 - - - - - - - - - - - - - -

統合_1627 J. Wang, X. Hong, W. Liu, L. Zhang, S. Yan, Z. Li 
and J. Zha 2025

Comprehensive assessment of the 
safety of bisphenol A and its 
analogs based on multi-toxicity tests 
in vitro

As substitutes for bisphenol A (BPA), bisphenol analogs (BPs) have raised concerns due to their frequent environmental detection and unclear safety. Here, the cytotoxicity, endocrine disruption, neurotoxicity, aryl 
hydrocarbon receptor (AhR) activity, and genotoxicity of nine BPs and BPA were evaluated in three types of cell lines. Over half of the tested BPs exhibited greater cytotoxicity than BPA, with IC50 values showing a linear 
correlation with Log(Kow) (R²=0.69). All tested BPs exhibited at least one endocrine-disrupting effect, notably estrogenic, which was observable even at 0.01-0.1 μM. Importantly, BPAF and BPAP exposure had 
widespread endocrine-suppressing effects. Moreover, all BPs (except BPP) and BPA increased SH-SY5Y cells apoptosis at 1-10 μM. Only BPF and BPP significantly increased 7-ethoxyresorufin-O-deethylase levels, 
highlighting their notable effects on AhR activity. BPAF significantly induced DNA damage at 1.25 μM, whereas BPA, BPF, and BPP induced damage at 20, 25, and 25 μM, respectively. Finally, ToxPi, a weighted scoring 
system, was used to rank the comprehensive toxicity of BPs, with 7 of 9 BPs showing higher scores than BPA. Collectively, BPs generally exhibited stronger comprehensive toxicity compared with BPA, emphasizing the 
urgent need for further research to confirm their potential health implications.

J Hazard Mater. 2025 
Mar 15:486:136983.

10.1016/j.jhazmat.2024.136983 39742861 in vitro - - - - - - - - - - 1 1 不明 1 - - - - - - - - - - - - - -

統合_1628 H. Wang, P. Zhao, Q. Huang, Y. Chi, S. Dong and 
J. Fan 2019

Bisphenol-A induces 
neurodegeneration through 
disturbance of intracellular calcium 
homeostasis in human embryonic 
stem cells-derived cortical neurons

Bisphenol-A (BPA) is a representative exogenous endocrine disruptor, which is extensively composed in plastic products. Due to the capability of passing through the blood-brain barrier, evidence has linked BPA exposure 
with multiple neuropsychological dysfunctions, neurobehavioral disorders and neurodegenerative diseases. However, the underlying mechanism by which BPA induces neurodegeneration still remains unclear. Our study 
used human embryonic stem cells-derived human cortical neurons (hCNs) as a cellular model to investigate the adverse neurotoxic effects of BPA. hCNs were treated with 0, 0.1, 1 and 10 μM BPA for 14 days. Impacts of 
BPA exposure on cell morphology, cell viability and neural marker (MAP2) were measured for evaluating the neurodegeneration. The intracellular calcium homeostasis, reactive oxygen species (ROS) generation and 
organelle functions were also taken into consideration. Results revealed that chronic exposure of BPA damaged the neural morphology, induced neuronal apoptosis and decreased MAP2 expression at the level of both 
transcription and translation. The intracellular calcium levels were elevated in hCNs after BPA exposure through NMDARs-nNOS-PSD-95 mediating. Meanwhile, BPA led to oxidative stress by raising the ROS generation 
and attenuating the antioxidant defense in hCNs. Furthermore, BPA triggered ER stress and increased cytochrome c release by impairing the mitochondrial function. Ultimately, BPA triggered the cell apoptosis by 
regulating Bcl-2 family and caspase-dependent signaling pathway. Taken together, BPA exerted neurotoxic effects on hCNs by eliciting apoptosis, which might due to the intracellular calcium homeostasis perturbation 
and cell organellar dysfunction.

Chemosphere. 2019 
Aug:229:618-630.

10.1016/j.chemosphere.2019.04.0
99

31102917 in vitro - - - - - - - - - - 1 0 1 1 - - - - - - - - - - - - - -

統合_1629 H. Wang, J. Sang, Z. Ji, Y. Yu, S. Wang, Y. Zhu, 
H. Li, Y. Wang, Q. Zhu and R. Ge 2023

Bisphenol A Analogues Inhibit 
Human and Rat 11β-Hydroxysteroid 
Dehydrogenase 1 Depending on Its 
Lipophilicity

Bisphenol A (BPA) analogues substituted on the benzene ring are widely used in a variety of industrial and consumer materials. However, their effects on the glucocorticoid-metabolizing enzyme 11β-hydroxysteroid 
dehydrogenase 1 (11β-HSD1) remain unclear. The inhibitory effects of 6 BPA analogues on the inhibition of human and rat 11β-HSD1 were investigated. The potencies of inhibition on human 11β-HSD1 were bisphenol 
H (IC(50), 0.75 µM) > bisphenol G (IC(50), 5.06 µM) > diallyl bisphenol A (IC(50), 13.36 µM) > dimethyl bisphenol A (IC(50), 30.18 µM) > bisphenol A dimethyl ether (IC(50), 33.08 µM) > tetramethyl bisphenol A (>100 µM). 
The inhibitory strength of these chemicals on rat 11β-HSD1 was much weaker than that on the human enzyme, ranging from 74.22 to 205.7 µM. All BPA analogues are mixed/competitive inhibitors of both human and rat 
enzymes. Molecular docking studies predict that bisphenol H and bisphenol G both bind to the active site of human 11β-HSD1, forming a hydrogen bond with catalytic residue Ser170. The bivariate correlation of IC(50) 
values with LogP (lipophilicity), molecular weight, heavy atoms, and molecular volume revealed a significant inverse regression and the correlation of IC(50) values with ΔG (low binding energy) revealed a positive 
regression. In conclusion, the lipophilicity, molecular weight, heavy atoms, molecular volume, and binding affinity of a BPA analogue determine the inhibitory strength of human and rat 11β-HSD isoforms.

Molecules. 2023 Jun 
21;28(13):4894.

10.3390/molecules28134894 37446556 in vitro - - - - - - - - - - 不明 0 不明 1 - - - - - - - - - - - - - -

統合_1630 H. Wang, L. Chang, J. S. Aguilar, S. Dong and Y. 
Hong 2019

Bisphenol-A exposure induced 
neurotoxicity in glutamatergic 
neurons derived from human 
embryonic stem cells

Bisphenol-A (BPA) is a lipophilic, organic, synthetic compound that has been used as an additive in polycarbonate plastics manufacturing since 1957. Studies have shown that BPA interferes with the development and 
functions of the brain, but little is known about the effects of BPA on human glutamatergic neurons (hGNs) at the molecular and cellular levels. We investigated the impact of chronic exposure to BPA to hGNs derived from 
human embryonic stem cells (hESCs). The results showed that chronic exposure of different concentrations of BPA (0, 0.1, 1.0 and 10 μM) to hGNs for 14 days reduced neurite outgrowth in a concentration-dependent 
manner. Using presynaptic protein synaptophysin and postsynaptic protein PSD-95 antibodies, immunofluorescence staining and western blotting results indicated that BPA exposure altered the morphology of dendritic 
spines and increased synaptophysin and PSD-95 expression. Furthermore, BPA exposure at concentrations higher than 1.0 μM resulted in the increase of α-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid receptor 
(AMPAR) expression and deterioration of dendritic spines. In addition, our results suggested that these BPA mediated neurotoxicity effects were due to an increased production of reactive nitrogen species (RNS) and 
reactive oxygen species (ROS) via increased nitric oxide synthase (iNOS), neuronal nitric oxide synthase (nNOS), 3-nitrotyrosine expression and Ca(2+) influx. These results imply that hESC-based neuronal differentiation 
is an excellent cellular model to examine BPA-induced neurotoxicity on human neurons at the cellular and molecular level.

Environ Int. 2019 
Jun:127:324-332.

10.1016/j.envint.2019.01.059 30953815 in vitro - - - - - - - - - - 1 0 1 1 - - - - - - - - - - - - - -

統合_1631 C. Wang, L. Wang, C. Huang, Y. Liu, J. Liu, H. 
Kuang, Q. Pang, H. Han and R. Fan 2022

Involvement of NLRP3/Caspase-
1/GSDMD-Dependent pyroptosis in 
BPA-Induced apoptosis of human 
neuroblastoma cells

Bisphenol A (BPA) induces neurotoxicity via enhancing cell apoptosis and inflammation potently (effective at nanomolar concentrations), but its mechanisms remain unidentified. In this study, human neuroblastoma cell 
lines, IMR-32 and SK-N-SH cells, isolated from a male and a female subject, respectively, were exposed to BPA at various concentrations, with epigallocatechin gallate (EGCG, an antioxidant from green tea), Z-YVAD-
FMK (a caspase-1 inhibitor), and ICI182.780 [an estrogen receptor (ER) inhibitor] as modulators. The results showed that BPA increased the mRNA levels of IL-18, ASC, GSDMD and protein levels of NLRP3, caspase-1 
and GSDMD in both cell lines in a nonlinear manner. Noticeably, the direction of changes in the mRNA levels of caspase-1 and IL-1β were opposite, so did each of them in different cell lines: caspase-1 was enhanced in 
IMR-32 cells but suppressed in SK-N-SH cells, while IL-1β was suppressed in IMR-32 cells but enhanced in SK-N-SH cells. The level of GSDMD in situ increased along with the leakage of IL-1β, IL-18, caspase-1 and 
lactate dehydrogenase (LDH). Moreover, all the above effects of BPA were reversed by Z-YVAD-FMK, ICI182.780, and EGCG. Besides, BPA significantly increased reactive oxygen species production, LDH leakage and 
apoptosis, with reduced cell viability and mitochondrial membrane potential, in both cell lines, whereas Z-YVAD-FMK and ICI182.780 significantly alleviated the induction of Bak1, Bax, Bcl-2 and caspase-3 proteins by 
BPA. In summary, BPA may induce pyroptosis in neuroblastoma cells through NLRP3/caspase-1/GSDMD pathway, as mediated by ER; caspase-1-dependent pyroptosis may also contribute to BPA-induced apoptosis, an 
effect alleviated by EGCG.

Biochem Pharmacol. 
2022 Jun:200:115042.

10.1016/j.bcp.2022.115042 35439536 in vitro - - - - - - - - - - 1 0 不明 1 - - - - - - - - - - - - - -

統合_1632 C. Wang, J. He, T. Xu, H. Han, Z. Zhu, L. Meng, 
Q. Pang and R. Fan 2021

Bisphenol A(BPA), BPS and BPB-
induced oxidative stress and 
apoptosis mediated by mitochondria 
in human neuroblastoma cell lines

The analogues of biphenol A (BPA), including bisphenol S (BPS) and bisphenol B (BPB), are commonly used to replace the application of BPA in containers and wrappers of daily life. However, their safeties are questioned 
due to their similar chemical structure and possible physiological effects as BPA. To investigate the neurotoxic effects of BPA, BPS, and BPB as well as their underlying mechanism, IMR-32 cell line from male and SK-N-
SH cell line from female were exposed respectively to BPA, BPS and BPB with concentrations of 1 nM, 10 nM, 100 nM, 1 μM, 10 μM, and 100 μM for 24 h. Additionally, 24 h exposure of BPA combining epigallocatechin 
gallate (EGCG) (4 μM and 8 μM for IMR-32 and SK-N-SH respectively) were conducted. Results demonstrated that BPs exposure could promote reactive oxygen species production and increase level of malondialdehyde 
(MDA) while decrease levels of superoxide dismutase (SOD). Intensive study revealed that after exposure to BPA mitochondrial membrane potential (MMP) dropped down and the protein expression levels of Bak-1, Bax, 
cytochrome c and Caspase-3 were up-regulated but Bcl-2 were down-regulated significantly. Moreover, apoptosis rate was raised and cell activity declined remarkably in the neuroblastoma cells. All the effects induced 
by BPA could be alleviated by the adding of EGCG, which similar alleviations could be inferred in IMR-32 and SK-N-SH cells induced by BPS and BPB. Furthermore, BPS showed lower neurotoxic effects compared to BPA 
and BPB. Interestingly, the neurotoxic effects of BPA on IMR-32 cells were significantly higher than those on SK-N-SH cells. In conclusion, the results suggested that BPA, BPS and BPB could induce oxidative stress and 
apoptosis via mitochondrial pathway in the neuroblastoma cells and male is more susceptible to BPs than female.

Ecotoxicol Environ Saf. 
2021 Jan 1:207:111299.

10.1016/j.ecoenv.2020.111299 32927158 in vitro - - - - - - - - - - 1 0 1 1 - - - - - - - - - - - - - -

統合_1633 C. Wang, C. He, S. Xu, Y. Gao, K. Wang, M. 
Liang and K. Hu 2024

Bisphenol A triggers apoptosis in 
mouse pre-antral follicle granulosa 
cells via oxidative stress

BACKGROUND: Bisphenol A (BPA), an endocrine disrupting chemical with weak estrogenic and anti-androgenic activity, is widely present in various environmental media and organisms. It has certain reproductive toxicity 
and can cause a variety of female reproductive system diseases. Although BPA-stimulated apoptosis of granulosa cells has been widely elaborated, the effect of BPA on mouse pre-antral follicle granulosa cells (mpGCs) 
has not been well elucidated. RESULTS: In this study, the results of live-dead cell staining showed that high concentrations of BPA severely impaired mpGCs growth viability and affected the cell cycle transition of 
mpGCs. We confirmed that BPA promotes the production of reactive oxygen species (ROS) and facilitates oxidative stress in mpGCs. In addition, immunofluorescence, transmission electron microscopy, and flow 
cytometry experiments demonstrated that BPA treatment for mpGCs resulted in apoptotic features, such as rounding, cytoplasmic crinkling, and mitochondrial damage. This was accompanied by a large production of ROS 
and apoptosis-inducing factor (AIF) translocation from the mitochondria to the nucleus. RNA-seq data showed that several apoptosis-related pathways were enriched in the high concentration BPA-treated group 
compared with the normal group, such as the p53 pathway, MAPK pathway, etc. CONCLUSIONS: These results suggest that cells undergo oxidative stress effects and apoptosis after BPA treatment for mpGCs, which 
affects normal follicle development. The potential mechanism of BPA-induced female reproductive toxicity was elucidated, while providing a research basis for the prevention and treatment of female reproductive 
diseases.

J Ovarian Res. 2024 Jan 
16;17(1):20.

10.1186/s13048-023-01322-y 38229135 in vitro - - - - - - - - - - 1 0 不明 1 - - - - - - - - - - - - - -

統合_1634 B. Wan, J. Zhou, Y. Teng, Y. Tong and S. Zong 2025

Identification of a key environment-
responsive gene mediating 
environmental impact on 
postmenopausal osteoporosis

BACKGROUND: Osteoporosis is a multifactorial disease influenced by genetic, environmental, and metabolic factors. AKT serine/threonine kinase 1 (AKT1), a central regulator of cellular survival and metabolism, has 
been implicated in bone remodeling, yet its precise role in osteoporosis remains unclear. METHODOLOGY: Gene expression analysis and molecular docking simulations were performed to identify key pathways and 
interactions involving bisphenol A (BPA) and AKT1. Molecular dynamics simulations further assessed the stability of BPA-AKT1 binding. Experimental validation was conducted using bone marrow-derived macrophages 
(BMMs) treated with BPA. Osteoclastogenesis was evaluated through TRAcP staining, and AKT1 expression was analyzed via real-time PCR. Protein-level validation of AKT1 phosphorylation was performed using 
Western blot analysis to confirm its activation during osteoclast differentiation. RESULTS: Computational analyses identified AKT1 as a key mediator linking BPA exposure to bone remodeling pathways. Molecular 
docking revealed strong interactions between BPA and AKT1, supported by molecular dynamics simulations showing stable binding. Experimental assays demonstrated that BPA significantly enhanced RANKL-mediated 
osteoclastogenesis, upregulated AKT1 mRNA expression, and promoted AKT1 phosphorylation. These findings indicate that BPA promotes bone resorption through AKT1 activation, potentially contributing to osteoporosis 
pathogenesis. CONCLUSION: AKT1 emerges as a critical node connecting environmental pollutants like BPA to bone health, highlighting its potential as a therapeutic target. These findings underscore the complexity of 
osteoporosis pathophysiology and the importance of mitigating environmental pollutant exposure.

Front Public Health. 
2025 Mar 
27:13:1536851.

10.3389/fpubh.2025.1536851 40213422 in vitro - - - - - - - - - - 不明 0 不明 1 - - - - - - - - - - - - - -
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統合_1635 J. Villalaín 2024
Bisphenol F and Bisphenol S in a 
Complex Biomembrane: Comparison 
with Bisphenol A

Bisphenols are a group of endocrine-disrupting chemicals used worldwide for the production of plastics and resins. Bisphenol A (BPA), the main bisphenol, exhibits many unwanted effects. BPA has, currently, been 
replaced with bisphenol F (BPF) and bisphenol S (BPS) in many applications in the hope that these molecules have a lesser effect on metabolism than BPA. Since bisphenols tend to partition into the lipid phase, their 
place of choice would be the cellular membrane. In this paper, I carried out molecular dynamics simulations to compare the localization and interactions of BPA, BPF, and BPS in a complex membrane. This study suggests 
that bisphenols tend to be placed at the membrane interface, they have no preferred orientation inside the membrane, they can be in the monomer or aggregated state, and they affect the biophysical properties of the 
membrane lipids. The properties of bisphenols can be attributed, at least in part, to their membranotropic effects and to the modulation of the biophysical membrane properties. The data support that both BPF and BPS, 
behaving in the same way in the membrane as BPA and with the same capacity to accumulate in the biological membrane, are not safe alternatives to BPA.

J Xenobiot. 2024 Sep 
4;14(3):1201-1220.

10.3390/jox14030068 39311147 in vitro - - - - - - - - - - 不明 0 不明 1 - - - - - - - - - - - - - -

統合_1636

M. S. Vidal, Jr., L. S. Richardson, A. Kumar 
Kammala, S. Kim, P. Y. Lam, R. Cherukuri, T. J. 
Thomas, M. Bettayeb, A. Han, I. Rusyn and R. 
Menon

2024

Endocrine-disrupting compounds 
and their impact on human placental 
function: evidence from placenta 
organ-on-chip studies

The effects of endocrine-disrupting compounds (EDCs) on the placenta, a critical gestational organ for xenobiotic protection, are well reported; however, models to determine the role of EDCs in placental disruption are 
limited. An advanced 2nd-trimester human placenta organ-on-chip model (2TPLA-OOC) was developed and validated, with six representative cells of the maternal and the fetal interface interconnected with 
microchannels. Various EDCs (150 ng mL(-1) each of bisphenol A, bisphenol S, and polybrominated diphenyl ethers-47 and -99) were gradually propagated across the chip for 72 hours, and their various effects were 
determined. Cigarette smoke extract (CSE), an environmental risk factor, was used as a positive control. EDCs produced overall oxidative stress in the placental/decidual cells, induced cell-specific endocrine effects, 
caused limited (<10%) apoptosis/necrosis in trophoblasts and mesenchymal cells, induced localized inflammation but an overall anti-inflammatory shift, did not change immune cell migration from stroma to decidua, and 
did not affect placental nutrient transport. Overall, (1) the humanized 2TPLA-OOC recreated the placental organ and generated data distinct from the trophoblast and other cells studied in isolation, and (2) at doses 
associated with adverse pregnancies, EDCs produced limited and localized insults, and the whole organ compensated for the exposure.

Lab Chip. 2024 Mar 
12;24(6):1727-1749.

10.1039/d3lc00998j 38334486 in vitro - - - - - - - - - - 不明 0 不明 1 - - - - - - - - - - - - - -

統合_1637

D. Verzola, N. Rumeo, S. Alberti, F. Loiacono, S. 
La Maestra, M. Passalacqua, C. Artini, E. Russo, 
E. Verrina, A. Angeletti, S. Matarese, N. 
Mancianti, P. Cravedi, M. Gentile, F. Viazzi, P. 
Esposito and E. La Porta

2024

Coexposure to microplastic and 
Bisphenol A exhacerbates damage 
to human kidney proximal tubular 
cells

Microplastics (MPs) accumulate in tissues, including kidney tissue, while Bisphenol A (BPA) is a plasticizer of particular concern. At present, the combined effects of MPs and BPA are unexplored in human renal cells. 
Therefore, we exposed a proximal tubular cell line (PTECs) to polyethylene (PE)-MPs and BPA, both separately and in combination. When co-exposed, cells showed a significantly reduced cell viability (MTT test) and a 
pronounced pro-oxidant (MDA levels, NRF2 and NOX4 expression by Western blot) and pro-inflammatory response (IL1β, CCL/CCR2 and CCL/CCR5 mRNAs by RT-PCR), compared to those treated with a single 
compound. In addition, heat shock protein (HSP90), a chaperone involved in multiple cellular functions, was reduced (by Western Blot and immunocytochemistry), while aryl hydrocarbon receptor (AHR) expression, a 
transcription factor which binds environmental ligands, was increased (RT-PCR and immunofluorescence). Our research can contribute to the study of the nephrotoxic effects of pollutants and MPs and shed new light on 
the combined effects of BPA and PE-MPs.

Heliyon. 2024 Oct 
15;10(20):e39426.

10.1016/j.heliyon.2024.e39426 39498083 in vitro - - - - - - - - - - 不明 0 不明 1 - - - - - - - - - - - - - -

統合_1638
L. V. J. van Melis, A. R. Persad, A. M. 
Peerdeman, M. J. H. van Rossum, R. van Kleef, 
J. P. Wopken, J. Legler and R. H. S. Westerink

2025

The effects of acute and chronic 
exposure to bisphenols and PFAS 
on neuronal activity and network 
development

Exposure to bisphenols and perfluoroalkyl substances (PFAS) is linked to various health impairments, including (developmental) neurotoxicity. Evidence indicates that bisphenols and PFAS can impact early 
neurodevelopmental processes such as proliferation, migration, and differentiation, although little is known about the effects of these compounds on neuronal activity and network development. Therefore, we assessed 
the effects of acute and chronic exposure to different bisphenols (bisphenol-A (BPA), bisphenol-F (BPF), and bisphenol-S (BPS)) and PFAS (perfluorooctanoate (PFOA), perfluorooctanesulfonate (PFOS), and 
perfluorohexanesulfonate (PFHxS)) on neuronal activity and network development in rat primary cortical cultures using micro-electrode array recordings. Acute exposure to BPA and BPF decreased neuronal activity, while 
BPS had no effect. Chronic exposure to 100 μM BPA decreased network development, while chronic exposure to 10 μM BPA, 100 μM BPF, and 100 μM BPS induced a hyperexcitation. Thus, differences in the molecular 
structure of bisphenols and exposure duration influence the effects of these compounds on neuronal activity and network development. In contrast, both acute and chronic exposure to PFOS, PFOA, and PFHxS had limited 
effects on neuronal activity and network development. Since bisphenols and PFAS are known endocrine-disrupting compounds, we also evaluated the possible involvement of estrogen, glucocorticoid, thyroid hormone, and 
aryl hydrocarbon receptor pathways in the observed neurotoxic effects. Our cortical cultures appeared insensitive to endocrine-mediated effects of (ant)agonists of these pathways, making it unlikely that the observed 
neurotoxic effects are endocrine-mediated. These findings contribute to hazard assessment for toxicological risk assessments and emphasize the need to consider molecular structure in evaluating neurotoxicity.

Sci Total Environ. 2025 
Oct 1:997:180214.

10.1016/j.scitotenv.2025.180214 40784309 in vitro - - - - - - - - - - 1 0 1 1 - - - - - - - - - - - - - -

統合_1639 R. Uyar, B. Yurdakok-Dikmen, Y. Turgut and A. 
Filazi 2022

Diethylhexyl Phthalate and 
Bisphenol A Promote Vincristine and 
Tamoxifen Resistance in Vitro

Environmental estrogen active compounds are strong determinants of estrogen receptor (ER)-positive breast cancers, and increased evidence indicates their contribution to chemotherapy resistance. In the current study, 
the efficacy of vincristine and tamoxifen, with the presence of diethylhexyl phthalate (DEHP) and bisphenol A (BPA) and the possible involvement of estrogen and estrogen receptor-related mechanisms, was evaluated in 
an ER+ mammary tumor cancer cell line, MCF-7. Chemotherapeutics tamoxifen as an estrogen receptor modulator and vincristine as an antimitotic compound were selected for evaluation against the presence of common 
endocrine disrupters. BPA and DEHP preincubation at their proliferative concentrations for 4 h was found to decrease the cytotoxicity of vincristine. mRNA and protein expression of ESR1 and ESR 2 were decreased by 
vincristine, while this decrease was reversed by DEHP and BPA. Both BPA and DEHP were able to interfere with the cytotoxic activity of vincristine against MCF-7 cells through ESR1 and ESR2. This study provides in 
vitro toxicological evidence for vincristine resistance and its relation to estrogen active environmental pollutants in ER+ breast cancer cells.

Chem Res Toxicol. 2022 
Mar 21;35(3):538-546.

10.1021/acs.chemrestox.2c00002 35263089 in vitro - - - - - - - - - - 不明 0 不明 1 - - - - - - - - - - - - - -

統合_1640 M. D. W. Tyner, M. O. Maloney, B. J. B. Kelley 
and C. M. H. Combelles 2022

Comparing the effects of bisphenol 
A, C, and F on bovine theca cells in 
vitro

Endocrine disrupting chemicals (EDCs) target aspects of hormone activity. Tightly coordinated crosstalk between two somatic cells of the ovary, granulosa and theca cells, governs steroid hormone production and plays a 
critical role in reproduction. It is thus pertinent to understand the impact of EDCs on granulosa and theca cells. Bisphenol A (BPA), a well-known EDC, is widely used in the manufacturing of consumer products with 
humans routinely exposed. Strong evidence of the adverse effects of BPA on the female reproductive system has emerged and as a result, manufacturers have begun replacing BPA with other bisphenols, such as BPC and 
BPF. The safety of these analogs is currently unclear and should be investigated independently. Although much is known about the impact of BPA on granulosa cells, similar study of theca cells has been neglected. 
Further, there is a lack of studies on the impact of BPC and BPF on the female reproductive system. To fill these gaps, the present study compared the effect of BPA, BPC, and BPF on the viability and steroid production 
of theca cells from bovine, a clinically relevant model for human reproduction. We show that BPC is more detrimental to theca cell viability and progesterone production compared to BPA. Surprisingly, we also found that 
BPF induces an increase in progesterone production compared to a decrease with BPA and BPC. To determine safety for the reproductive system, we conclude that a major shift away from BPA to bisphenol analogs 
should be investigated more thoroughly.

Reprod Toxicol. 2022 
Aug:111:27-33.

10.1016/j.reprotox.2022.05.003 35577017 in vitro - - - - - - - - - - 不明 0 不明 1 - - - - - - - - - - - - - -

統合_1641 P. TuzcuoĞlu and S. Özden 2020

Global DNA Hypomethylation and 
Rassf1a and c-myc Promoter 
Hypermethylation in Rat Kidney 
Cells after Bisphenol A Exposure

OBJECTIVES: Bisphenol A (BPA) is a synthetic monomer used in the production of polycarbonate and an environmental contaminant with endocrine disrupting properties. BPA release from plastic carriers is thought to 
cause high amounts of exposure, which result in high risk to human and environment health. MATERIALS AND METHODS: The study examined the possible changes in global DNA methylation, CpG promoter DNA 
methylation, and gene expressions of Rassf1a and c-myc after BPA exposure in rat kidney epithelial cells (NRK-52E). RESULTS: The IC(50) values of BPA in NRK-52E cells were 133.42 and 101.74 μM in the 3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) and neutral red uptake tests, respectively. The cells were treated with BPA at 1 nM, 10 nM, 100 nM, 1 μM, and 10 μM concentrations for 24 h and at 100 nM 
concentration for 24, 48, 72, 96 h, and 6 days. Decreased global 5-methylcytosine levels were observed after 48, 72, 96 h, and 6 days at the concentration of 100 nM BPA. Changes in CpG promoter DNA methylation were 
detected in the genes of Rassf1a and c-myc in BPA-treated NRK-52E cells. Expression levels of Rassf1a and c-myc changed in response to BPA at the high concentrations after 24 h treatment, whereas 100 nM exposure 
to BPA altered gene expression after 48, 72, and 96 h. CONCLUSION: These results indicate that changes in global and gene-specific DNA methylation may play an important role in the mechanism of BPA toxicity in 
kidney cells.

Turk J Pharm Sci. 2020 
Jun;17(3):337-342.

10.4274/tjps.galenos.2019.57983 32636712 in vitro - - - - - - - - - - 1 1 - 1 - - - - - - - - - - - - - -

統合_1642

B. O. Turra, N. C. A. Bonotto, C. F. Teixeira, M. E. 
Chelotti, J. R. Rodrigues, M. H. Mastella, V. F. 
Azzolin, E. E. Ribeiro, F. Barbisan and I. B. M. 
Cruz

2024

Bisphenol-A induced cyto-
genotoxicity on retinal pigment 
epithelial cells is differentially 
modulated by a multi-supplement 
containing guarana, selenium, and 
L-carnitine

Bisphenol A (BPA) may adversely affect human health by inducing oxidative stress and irreversible damage to cells. Bioactive compounds found in some functional foods, individually or in combination, can attenuate the 
negative effects of BPA exposure; an example is the multi-supplement containing guarana (Gua), selenium (Se), and L-carnitine (LC) -GSC- which has already demonstrated antioxidant, genoprotective, and 
immunomodulatory activities. This study aimed to determine the effect of GSC and its constituents on oxidative and genotoxic alterations triggered by BPA exposure in the retinal epithelial cell line. The cells exposed to 
BPA (0.001, 0.01, 0.1, 1, 3, and 10 µM) to determine the lowest concentration required to induce cyto-genotoxicity. ARPE-19 cells were then concomitantly exposed to the selected BPA concentration, GSC, and its 
components (Gua, 1.07 mg/mL; Se, 0.178 µg/mL; and LC, 1.43 mg/mL). Flow cytometry, biochemical assays, qRT-PCR, genotoxicity, apoptosis, and cellular proliferation. Based on our results, 10 µM of BPA could induce 
cyto-genotoxic and oxidative alterations. BPA did not alter the Bcl-2/BAX expression ratio but induced Casp3 and Casp8 overexpression, suggesting that apoptosis was induced mainly via the extrinsic pathway. GSC 
partially reversed the alterations triggered by BPA in ARPE-19 cells. However, Se had unexpected negative effects on ARPE-19 cells. The multi-supplement GSC may attenuate changes in oxidative and genotoxic markers 
related to exposure of ARPE-19 cells to BPA. our results revealed that the antioxidant, anti-apoptotic, and genoprotective properties of GSC were not universally shared by its individual, once Se did not exhibit any positive 
impact.

Braz J Biol. 2024 Jul 
5:84:e282840.

10.1590/1519-6984.282840 38985071 in vitro - - - - - - - - - - 1 1 - 1 - - - - - - - - - - - - - -

統合_1643 M. J. Trujillo-Rodríguez, R. M. Gomila, G. 
Martorell and M. Miró 2021

Microscale extraction versus 
conventional approaches for 
handling gastrointestinal extracts in 
oral bioaccessibility assays of 
endocrine disrupting compounds 
from microplastic contaminated 
beach sand

The unified bioaccessibility method (UBM) was harnessed to assess in vitro oral bioaccessibility pools of dialkyl phthalate congeners (with methyl, -ethyl, -butylbenzyl, -n-butyl, -2-ethylhexyl, and -n-octyl moieties) and 
bisphenol A at the 17 μg g(-1) level in beach sand contaminated with polyethylene microplastics. A variety of sample preparation approaches prior to the analysis of the UBM gastrointestinal extracts, including traditional 
methods (protein precipitation, liquid-liquid extraction, and solid-phase extraction) and dispersive liquid-liquid microextraction (DLLME) were comprehensively evaluated for clean-up and analyte enrichment. DLLME was 
chosen among all tested approaches on account of the high extraction efficiency (73-95%, excluding bis(2-ethylhexyl)phthalate and di-n-octyl phthalate), high sample throughput (~7 min per set of samples), and 
environmental friendliness as demonstrated by the analytical eco-scale score of 83, and the green analytical procedure index pictogram with green/yellow labeling. The release of the less hydrophobic plastic-laden 
compounds (dimethyl phthalate, diethyl phthalate and bisphenol A) from the contaminated sample into the body fluids was significant, with bioaccessibility values ranging from 30 to 70%, and from 43 to 74% in gastric and 
gastrointestinal fluids, respectively, and with relative standard deviation < 17% in all cases. The majority of the compounds were leached during gastric digestion, likely as the combined action of the low pH and the 
gastric enzymes. The risk exposure analysis revealed that accumulation/concentration in the body fluids is potentially relevant for dimethyl phthalate, diethyl phthalate and bisphenol A, with relative accumulation ratios 
ranging from 1.1 ± 0.1 to 2.6 ± 0.4. The average daily intake values for the suite of compounds, corrected with the bioaccessibility fraction, ranged from 60 to 430 ng kg of body weight(-1)·day(-1), in all cases, far below 
the tolerable daily intakes, thus indicating the lack of children health risk by ingestion of microplastic-laden sand with elevated concentrations of plasticizers.

Environ Pollut. 2021 
Mar 1:272:115992.

10.1016/j.envpol.2020.115992 33246769 in vitro - - - - - - - - - - 不明 0 不明 1 - - - - - - - - - - - - - -

統合_1644 M. Trivedi, D. Vaidya, C. Patel, S. Prajapati and 
J. Bhatt 2020

In silico and in vitro studies to 
elucidate the role of 1HYN and 1QKI 
activity in BPA induced toxicity and 
its amelioration by Gallic acid

Bisphenol A (BPA) is well known as an artificial environmental endocrine disrupting (ED) chemical. BPA also leads to many deleterious impacts on human blood through the production of reactive oxygen species and by 
some unknown mechanism. Up to now, very few studies have been conducted to assess the impact of BPA on Red Blood Corpuscle (RBC), Complete Blood Count (CBC), and no study on 1HYN (Erythrocyte Band 3 
membrane protein) and 1QKI (Human Glucose 6 Phosphate Dehydrogenase) have been so far carried out. Besides, no study has been conducted to assess the ameliorating impact of the most commonly available 
antioxidant like Gallic Acid (GA). The present investigation revealed that BPA exposure (50-200  μg ml(-1)) causes significant increase in percent hemolysis and morphological alteration of RBC, as well as significant 
reduction in CBC except White Blood Cell (WBC), Platelet, and Red blood density width (RDW). BPA exposure also caused a significant reduction in G6PD activity. In silico docking study revealed that BPA effectively binds 
with 1HYN and 1QKI protein to alter its activity. Concurrent addition of GA (10-50  μg ml(-1)) with highest dose of BPA (200  μg ml(-1)) ameliorates all parameters significantly as compared to BPA (200  μg ml(-1)) 
treatment. Ameliorating effect of GA is mainly due to its antioxidant property and interaction with BPA, was confirmed using UV-VIS-NIR Spectrophotometric, molecular dynamic simulation and docking approach by 
YASARA software.

Chemosphere. 2020 
Feb:241:125076.

10.1016/j.chemosphere.2019.1250
76

31683422 in vitro - - - - - - - - - - 不明 0 不明 1 - - - - - - - - - - - - - -

統合_1645 D. Tq, C. L, I. A, N. K, M. M and S. Ml 2020

In vitro profiling of the potential 
endocrine disrupting activities 
affecting steroid and aryl 
hydrocarbon receptors of 
compounds and mixtures prevalent 
in human drinking water resources

Prioritizing chemicals posing threats to drinking water resources is crucial for legislation considering the cost of water treatment, remediation, and monitoring. We profiled in vitro potential endocrine disrupting activities 
(both agonistic and antagonistic) of 18 contaminants most prevalent in Walloon raw water resources intended for drinking water production, including several compound groups: pesticides, perfluorinated compounds, 
polycyclic aromatic hydrocarbons, a corrosion inhibitor, and bisphenol A. Mixtures thereof relevant for human realistic exposure were also investigated. Seven luciferase reporter gene cell lines were used i.e. three (human 
and rat) responsive to dioxins through the aryl hydrocarbon receptor (AhR) and four (human) responsive to steroids through the estrogen (ER), androgen (AR), progesterone (PR), and glucocorticoid (GR) receptors. Among 
the 18 compounds, ten caused at least one response in at least one receptor. Specifically, chlorpyrifos, bisphenol A, fluoranthene, phenanthrene, and benzo [a]pyrene displayed significant activities on several receptors. 
Bisphenol A agonized ER, but abolished the cells' response to androgen and progesterone. While fluoranthene and phenanthrene strongly reduced human AhR and AR transactivation, benzo [a]pyrene strongly activated AhR 
and ER, but inhibited GR and AR. In human breast cancer cells, benzo [a]pyrene dramatically activated AhR, inducing a 10-fold higher response than 2,3,7,8-tetrachlorodibenzodioxin (TCDD) at concentrations possibly 
found realistically in human blood. The mixture of the 18 compounds exerted both ER and rat AhR agonism, with the main contribution being from benzo [a]pyrene or its combination with bisphenol A. Moreover, the mixture 
significantly inhibited TCDD-induced CYP1A activity (detected only by EROD assays) in human hepatoma cells.

Chemosphere. 2020 
Nov:258:127332.

10.1016/j.chemosphere.2020.1273
32

32554009 in vitro - - - - - - - - - - 不明 0 不明 1 - - - - - - - - - - - - - -

統合_1646 P. Torres-Alamilla, R. Castillo-Sanchez, P. 
Cortes-Reynosa, R. Gomez and E. Perez Salazar 2023

Bisphenol A increases the size of 
primary mammary tumors and 
promotes metastasis in a murine 
model of breast cancer

Triple negative breast cancer (TNBC) is a subtype of breast tumor characterized for the absence of estrogen and progesterone receptors expression and low HER2/neu expression. Bisphenol A (BPA) is an endocrine 
disrupting chemical with estrogenic activity that has been associated with increasing rates of breast cancer. Moreover, BPA is a solid organic synthetic chemical employed in the manufacture of many consumer products, 
epoxy resins and polycarbonate plastics including baby bottles, containers for food and beverages, and the lining of beverage cans. The G-protein-coupled estrogen receptor (GPER) is activated by endogenous hormones 
and synthetic ligands, such as BPA. GPER is expressed in TNBC cells and its expression is associated with larger tumor size, metastasis and worse survival prognosis. In breast cancer cells, BPA induces activation of 
signal transduction pathways that mediates migration and invasion via GPER in human TNBC MDA-MB-231 cells. In this study, we demonstrate that BPA induces an increase of GPER expression and its translocation 
from cytosol to cytoplasmic membrane, metalloproteinase (MMP)-2 and MMP-9 secretion, migration and invasion in murine TNBC 4T1 cells. In a murine TNBC model "in vivo" using 4T1 cells, BPA induces the formation of 
mammary tumors with more weight and volume, and an increase in the number of mice with metastasis to lung and nodules in lung compared with tumors and metastasis to lung of untreated Balb/cJ mice. In conclusion, 
our findings demonstrate that BPA mediates the growth of mammary primary tumors and metastasis to lung in a murine model of breast cancer.

Mol Cell Endocrinol. 
2023 Sep 
15:575:111998.

10.1016/j.mce.2023.111998 37414130 in vitro - - - - - - - - - - 不明 0 不明 1 - - - - - - - - - - - - - -

統合_1647 C. Tipbunjong, T. Thitiphatphuvanon, C. 
Pholpramool and P. Surinlert 2024

Bisphenol-A Abrogates Proliferation 
and Differentiation of C2C12 Mouse 
Myoblasts via Downregulation of 
Phospho-P65 NF-κB Signaling 
Pathway

Previous studies showed that bisphenol-A (BPA), a monomer of polycarbonate plastic, is leached out and contaminated in foods and beverages. This study aimed to investigate the effects of BPA on the myogenesis of 
adult muscle stem cells. C2C12 myoblasts were treated with BPA in both proliferation and differentiation conditions. Cytotoxicity, cell proliferation and differentiation, antioxidant activity, apoptosis, myogenic regulatory 
factors (MRFs) gene expression, and mechanism of BPA on myogenesis were examined. C2C12 myoblasts exposed to 25-50 µM BPA showed abnormal morphology, expressing numerous and long cytoplasmic extensions. 
Cell proliferation was inhibited and was accumulated in subG1 and S phases of the cell cycle, subsequently leading to apoptosis confirmed by nuclear condensation and the expression of apoptosis markers, cleaved 
caspase-9 and caspase-3. In addition, the activity of antioxidant enzymes, catalase, superoxide dismutase, and glutathione peroxidase was significantly decreased. Meanwhile, BPA suppressed myoblast differentiation by 
decreasing the number and size of multinucleated myotubes via the modulation of MRF gene expression. Moreover, BPA significantly inhibited the phosphorylation of P65 NF-κB in both proliferation and differentiation 
conditions. Altogether, the results revealed the adverse effects of BPA on myogenesis leading to abnormal growth and development via the inhibition of phospho-P65 NF-κB.

J Toxicol Vol.2024 
Pages 3840950

10.1155/2024/3840950 38449520 in vitro - - - - - - - - - - 1 0 25-50 µM - - - - - - - - - - - - - - -
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2015 BfR KEMI ANSES FDA NIFDS
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 適格性評価（動物）1：該当、0：該当しない  適格性評価（疫学）1：該当、0：該当しない  適格性評価（in vitro）1：該当、0：該当しない

適格性評価はタイトル及び要旨の情報に基づ
き可能な範囲で実施。明らかに適格性基準不
適合と判断されるもの以外を信頼性評価へ進
め、信頼性評価段階で原著に基づき精査。

引⽤評価機関
●：該当

統合_1648
E. Thouennon, V. Delfosse, R. Bailly, P. Blanc, A. 
Boulahtouf, M. Grimaldi, A. Barducci, W. 
Bourguet and P. Balaguer

2019

Insights into the activation 
mechanism of human estrogen-
related receptor γ by environmental 
endocrine disruptors

The estrogen-related receptor γ (ERRγ, NR3B3) is a constitutively active nuclear receptor which has been proposed to act as a mediator of the low-dose effects of a number of environmental endocrine-disrupting 
chemicals (EDCs) such as the xenoestrogen bisphenol-A (BPA). To better characterize the ability of exogenous compounds to bind and activate ERRγ, we used a combination of cell-based, biochemical, structural and 
computational approaches. A purposely created stable cell line allowed for the determination of the EC50s for over 30 environmental ERRγ ligands, including previously unknown ones. Interestingly, affinity constants 
(Kds) of the most potent compounds measured by isothermal titration calorimetry were in the 50-500 nM range, in agreement with their receptor activation potencies. Crystallographic analysis of the interaction between 
the ERRγ ligand-binding domain (LBD) and compounds of the bisphenol, alkylphenol and naphthol families revealed a partially shared binding mode and minimal alterations of the receptor conformation upon ligand 
binding. Further biophysical characterizations coupled to molecular dynamics simulations suggested a mechanism through which ERRγ ligands would exhibit their agonistic properties by preserving the transcriptionally 
active form of the receptor while rigidifying some loop regions with associated functions. This unique mechanism contrasts with the classical one involving a ligand-induced repositioning and stabilization of the C-
terminal activation helix H12.

Cell Mol Life Sci. 2019 
Dec;76(23):4769-4781.

10.1007/s00018-019-03129-x 31127318 in vitro - - - - - - - - - - 不明 0 不明 1 - - - - - - - - - - - - - -

統合_1649

O. Téteau, A. Vitorino Carvalho, P. Papillier, B. 
Mandon-Pépin, L. Jouneau, P. Jarrier-Gaillard, 
A. Desmarchais, M. E. Lebachelier de la Riviere, 
C. Vignault, V. Maillard, A. Binet, S. Uzbekova 
and S. Elis

2023

Bisphenol A and bisphenol S both 
disrupt ovine granulosa cell 
steroidogenesis but through 
different molecular pathways

BACKGROUND: Ovarian granulosa cells (GC) are essential for the development and maturation of a proper oocyte. GC are sensitive to endocrine disruptors, including bisphenol A (BPA) and its analogue bisphenol S (BPS), 
plasticisers present in everyday consumer products. BPA exhibits greater binding affinity for the membrane oestrogen receptor (GPER) than for the nuclear oestrogen receptors (ERα and ERβ). Here, we analysed the 
effects of BPA and BPS on the steroidogenesis of ovine GC in vitro, as well as their early mechanisms of action, the ovine being a relevant model to study human reproductive impairment. Disruption of GC steroidogenesis 
might alter oocyte quality and consequently fertility rate. In addition, we compared the effects of a specific GPER agonist (G-1) and antagonist (G-15) to those of BPA and BPS. Ewe GC were cultured with BPA or BPS (10 
or 50 µM) or G-1 (1 µM) and/or G-15 (10 µM) for 48 h to study steroidogenesis. RESULTS: Both BPA and BPS (10 µM) altered the secretion of progesterone, however, only BPS (10 µM) affected oestradiol secretion. RNA-
seq was performed on GC after 1 h of culture with BPA or BPS (50 µM) or G-1 (10 µM), followed by real-time PCR analyses of differentially expressed genes after 12, 24 and 48 h of culture. The absence of induced GPER 
target genes showed that BPA and BPS did not activate GPER in GC after 1 h of treatment. These molecules exhibited mainly independent early mechanisms of action. Gene ontology analysis showed that after 1 h of 
treatment, BPA mainly disrupted the expression of the genes involved in metabolism and transcription, while BPS had a smaller effect and impaired cellular communications. BPA had a transient effect on the expression of 
CHAC1 (NOTCH signalling and oxidative balance), JUN (linked to MAPK pathway), NR4A1 (oestradiol secretion inhibition), ARRDC4 (endocytose of GPCR) and KLF10 (cell growth, differentiation and apoptosis), while 
expression changes were maintained over time for the genes LSMEM1 (linked to MAPK pathway), TXNIP (oxidative stress) and LIF (cell cycle regulation) after 12 and 48 h, respectively. CONCLUSION: In conclusion, 
although they exhibited similar effects, BPA and BPS impaired different molecular pathways in GC in vitro. New investigations will be necessary to follow the temporal changes of these genes over time, as well as the 
biological processes involved.

J Ovarian Res Vol.16 
Issue 1 Pages 30

10.1186/s13048-023-01114-4 36737804 in vitro - - - - - - - - - - 1 0 1µM - - - - - - - - - - - - - - -

統合_1650 O. Téteau, M. Jaubert, A. Desmarchais, P. 
Papillier, A. Binet, V. Maillard and S. Elis 2020

Bisphenol A and S impaired ovine 
granulosa cell steroidogenesis

Bisphenols, plasticisers used in food containers, can transfer to food. Bisphenol A (BPA) has been described as an endocrine disruptor and consequently banned from the food industry in several countries. It was replaced 
by a structural analogue, Bisphenol S (BPS). BPA action on the steroidogenesis is one of the mechanisms underlying its adverse effects on the efficiency of female reproduction. This study aimed to determine whether 
BPS is a safe alternative to BPA regarding GC functions. Antral follicles (2-6 mm), of approximatively 1000 adult ewe ovaries, were aspired and GC purified. For 48 h, ovine GC were treated with BPA or BPS (from 1 nM to 
200 µM) and the effects on cell viability, proliferation, steroid production, steroidogenic enzyme expression and signalling pathways were investigated. Dosages at and greater than 100 μM BPA and 10 µM BPS decreased 
progesterone secretion by 39% (P < 0.001) and 22% (P = 0.040), respectively. BPA and BPS 10 μM and previously mentioned concentrations increased oestradiol secretion two-fold (P < 0.001 and P = 0.082, 
respectively). Only 100 µM BPA induced a decrease (P < 0.001) in gene expression of the enzymes of steroidogenesis involved in the production of progesterone. BPA reduced MAPK3/1 phosphorylation and ESR1 and 
ESR2 gene expression, effects that were not observed with BPS. BPA and BPS altered steroidogenesis of ovine GC. Thus, BPS does not appear to be a safe alternative for BPA. Further investigations are required to 
elucidate BPA and BPS mechanisms of action.

Reproduction. 2020 
May;159(5):571-583.

10.1530/rep-19-0575 32092037 in vitro - - - - - - - - - - 1 0 1 1 - - - - - - - - - - - - - -

統合_1651 S. Terasaka, A. Hayashi, Y. Nukada and M. 
Yamane 2022

Investigating the uncertainty of 
prediction accuracy for the 
application of physiologically based 
pharmacokinetic models to animal-
free risk assessment of cosmetic 
ingredients

Physiologically based pharmacokinetic (PBPK) models are considered useful tools in animal-free risk assessment. To utilize PBPK models for risk assessment, it is necessary to compare their reliability with in vivo data. 
However, obtaining in vivo pharmacokinetics data for cosmetic ingredients is difficult, complicating the utilization of PBPK models for risk assessment. In this study, to utilize PBPK models for risk assessment without 
accuracy evaluation, we proposed a novel concept-the modeling uncertainty factor (MUF). By calculating the prediction accuracy for 150 compounds, we established that using in vitro data for metabolism-related 
parameters and limiting the applicability domain increase the prediction accuracy of a PBPK model. Based on the 97.5th percentile of prediction accuracy, MUF was defined at 10 for the area under the plasma 
concentration curve and 6 for C(max). A case study on animal-free risk assessment was conducted for bisphenol A using these MUFs. As this study was conducted mainly on pharmaceuticals, further investigation using 
cosmetic ingredients is pivotal. However, since internal exposure is essential in realizing animal-free risk assessment, our concept will serve as a useful tool to predict plasma concentrations without using in vivo data.

Regul Toxicol 
Pharmacol. 2022 
Nov:135:105262.

10.1016/j.yrtph.2022.105262 36103952 in vitro - - - - - - - - - - 不明 0 不明 1 - - - - - - - - - - - - - -

統合_1652 K. Tekin, P. Arslan, B. Cil, A. Filazi, E. Akçay and 
B. Yurdakok-Dikmen 2020

Companion animals get close to the 
toxic aspects of antropogenic world: 
cytotoxicity of phthalates and 
bisphenol A on dog testicular 
primary cells

Phthalates, which are among the most abundant plasticizers, have detrimental effects on the reproductive system. Similar to human, dogs are prominently exposed to phthalates in daily routines at low concentrations; 
while toys, training devices and commercial dog foods are considered as the primary sources of exposure. This study aimed to reveal and compare the cytotoxic effects of selected phthalates (Benzyl butyl phthalate (BBP), 
Diethyl phthalate (DEP), Bis (2-ethylhexyl) phthalate (DEHP), Di-'isobutyl' phthalate (DIBP), Di-'isodecyl' phthalate (-DIDP) Di-'isononyl' phthalate (DINP), Dimethyl phthalate (DMP), Di-n-octyl phthalate (DNOP)), and 
Bisphenol A (BPA) following 24 h exposure on primary testicular parenchymal cells of dog in vitro at concentrations between 0.001 and 2.5 nM. According to cytotoxicity results, DEHP was found to be the most toxic 
phthalate with IC(50) at 22.53 µM; while DMP was the least (169.17 nM). IC(50) of BPA was 161.81 nM, less than the average (61.95 nM) of phthalates. In addition, dog primary testicular cells were found more 
susceptible to the high molecular weight phthalates (DNOP, DEHP, DINP, DIDP) than low molecular weight phthalates (DMP, DEP, DIBP, BBP). Further studies should focus on morphological, physiological and molecular 
differences to comprehend the mechanisms involved as well as decreasing the risk for impaired spermatogenesis caused by environmental toxicants in companion animal medicine.

Cytotechnology. 2020 
Oct;72(5):629-638.

10.1007/s10616-020-00401-y 32435861 in vitro - - - - - - - - - - 1 0 1 1 - - - - - - - - - - - - - -

統合_1653 O. A. G. Tantengco, M. S. Vidal, Jr., G. F. C. 
Bento and R. Menon 2023

Impact of bisphenol A on cell 
viability and inflammatory cytokine 
production in human cervical 
epithelial cells

PROBLEM: An intact cervix is a barrier that prevents pathogenic bacteria from invading the uterine and amniotic cavity during pregnancy. Its disruption is associated with ascending infection and adverse pregnancy 
outcomes. This study analyzed the effects of bisphenol A (BPA), a chemical used in plastics manufacturing, on cell death and inflammation in cervical epithelial cells. METHODS: Ectocervical epithelial (ecto) and 
endocervical epithelial (endo) cells were treated with 100 ng/mL and 300 ng/mL of BPA for 48 h. The cells were subjected to flow cytometry using annexin V and propidium iodide to determine apoptosis and necrosis, cell 
cycle analysis, and ELISA to determine the levels of inflammatory cytokines (IL-6, IL-8, and IL-10). RESULTS: Low-dose and high-dose BPA significantly increased the live ecto cell population dose-dependently. BPA did 
not have any noticeable effect on cell cycle progression in either cell type. BPA treatment also decreased the apoptotic ecto and endo cell population dose-dependently. Lastly, high dose BPA significantly increased IL-6 in 
ecto and endo cells. However, IL-8 and IL-10 were not affected by BPA treatments. CONCLUSION: Chemical exposure damage to the cervix can lead to adverse pregnancy outcomes. Our study showed that the BPA 
concentrations reported in pregnant subjects do not induce cervical cell toxicity . The decrease in apoptosis and increase in live cells may be a compensatory mechanism to preserve the integrity of the cervical epithelial 
layer.

Am J Reprod Immunol 
Vol.90 Issue 5 Pages 
e13784

10.1111/aji.13784 37881122 in vitro - - - - - - - - - - 1 0 100, 300 ng/mL - - - - - - - - - - - - - - -

統合_1654 L. Tang, L. Shi, Y. Tang, Y. Ying, Y. Dong, H. Li 
and R. S. Ge 2022

Chemicals of environmental concern 
as inhibitors of human placental 3β
-hydroxysteroid dehydrogenase 1 
and aromatase: Screening and 
docking analysis

Many environmental pollutants act as endocrine-disrupting compounds by inhibiting human placental 3β-hydroxysteroid dehydrogenase/Δ(5-4) isomerase type 1 (HSD3B1) and aromatase (CYP19A1) activities. In this 
study, we screened 13 chemicals of environmental concern for their ability to inhibit human HSD3B1 and CYP19A1 by measuring the conversion of pregnenolone to progesterone for HSD3B1 activity and the conversion of 
testosterone to 17β-estradiol for CYP19A1 activity in human JEG-3 choriocarcinoma cell microsomes. HSD3B1 had an apparent Km of 0.323 μM and an apparent Vmax of 0.111 nmol/mg/min and CYP19A1 had an 
apparent Km of 56 nM and an apparent Vmax of 0.177 nmol/mg protein/min. 17β-Estradiol, bisphenol A, and bisphenol AF competitively inhibited HSD3B1 with Ki values of 0.8, 284.1, and 141.2 μM, respectively, while 
diethylstilbestrol had a mixed inhibition on human HSD3B1 with the Ki of 8.0 μM. Ketoconazole, bisphenol A, and bisphenol AF noncompetitively inhibited CYP19A1 with Ki values of 10.3, 54.4, and 45.7 μM, respectively, 
while diethylstilbestrol and zearalenone competitively suppressed CYP19A1 with Ki values of 63.0 and 16.6 μM, respectively. Docking analysis showed that 17β-estradiol, diethylstilbestrol, bisphenol A, and bisphenol AF 
bound the steroid binding pocket facing the catalytic residues Y155 and K159 of HSD3B1, and that ketoconazole, bisphenol A, and bisphenol AF bound heme binding pocket while diethylstilbestrol and zearalenone bound 
the steroid binding site of CYP19A1. In conclusion, 17β-estradiol, diethylstilbestrol, bisphenol A, and bisphenol AF are human HSD3B1 inhibitors, and ketoconazole, zearalenone, diethylstilbestrol, bisphenol A, and 
bisphenol AF are human CYP19A1 inhibitors.

Chem Biol Interact. 
2022 Dec 1:368:110243.

10.1016/j.cbi.2022.110243 36374910 in vitro - - - - - - - - - - 1 0 不明 1 - - - - - - - - - - - - - -

統合_1655 L. Tang, K. Du, K. Luo, L. Wang and F. Hua 2024

Mitigating bisphenol A-induced 
apoptosis in KGN cells: the 
therapeutic role of 1,25-
dihydroxyvitamin D(3) through 
upregulation of PGC-1α expression 
and inhibition of the mitochondrial 
cytochrome c pathway

PURPOSE: This study investigated the potential of 1,25-dihydroxyvitamin D(3) (1,25(OH)(2)VD(3)) to mitigate bisphenol A (BPA)-induced apoptosis in human ovarian granulosa KGN cells with the aim of establishing a 
theoretical foundation for understanding of how vitamin D improved ovarian function in patients with polycystic ovary syndrome (PCOS). METHODS: The impact of varying concentrations of BPA and 1,25(OH)(2)VD(3) on 
KGN cell viability was elucidated. It was established that BPA-induced apoptosis in KGN cells. Subsequently, KGN cells underwent pretreatment with 1,25(OH)(2)VD(3), followed by exposure to BPA. The apoptosis rate, 
reactive oxygen species (ROS) levels, and mitochondrial function of the cells were meticulously assessed, along with the expression levels of genes associated with apoptosis as well as antioxidant and mitochondrial 
biogenesis. RESULTS: BPA induced a notable increase in apoptosis (P < 0.001) and oxidative stress (P < 0.001) in KGN cells, accompanied by a significant reduction in mitochondrial membrane potential (P < 0.001) and 
severe impairment of mitochondrial function. Following pretreatment of KGN cells with 1,25(OH)(2)VD(3), there was a significant decrease in the apoptosis rate (P = 0.004), coupled with a reduction in ROS production (P 
= 0.002). Concomitantly, the upregulation of PGC-1α (P = 0.009) and SOD (P = 0.018) was observed, while mRNA expression of BAX (P = 0.011), Cyt c (P = 0.001), Apaf-1 (P = 0.012), caspase-9 (P < 0.001), and caspase-3 
(P = 0.011) was downregulated. Notably, the mitigation of mitochondrial damage was evident through restored mitochondrial membrane potential (P < 0.001), as corroborated by electron microscope results. 
CONCLUSIONS: 1,25(OH)(2)VD(3) mitigated BPA-induced damage and apoptosis in KGN cells by upregulating the expression of PGC-1α and impeding the mitochondrial cytochrome c (Cyt c) apoptotic pathway. This 
study established a novel theoretical foundation for utilizing vitamin D in the treatment of PCOS patients.

Hormones (Athens). 
2024 Sep;23(3):363-
374.

10.1007/s42000-024-00539-w 38421590 in vitro - - - - - - - - - - 1 0 不明 1 - - - - - - - - - - - - - -

統合_1656
T. Tanaka, Y. Ono, N. Hikihara, A. Yoshida, H. 
Yamada, S. Higaki, T. Nishie, I. Tooyama, K. Iida, 
A. Hirasawa and T. Takada

2019
Transcriptome analysis revealed 
bisphenol A and nonylphenol affect 
reproduction

Effects of endocrine disrupting chemicals (EDCs) on reproduction have not been fully explained comprehensively. In this study, we tried to validate the common effect of Bisphenol A (BPA) and Nonylphenol (NP) on the 
differentiation of embryonic stem (ES) cells and found that they modify the expression of germ cell specific genes. To elucidate functional significance on biological process, we performed Gene Ontology (GO)-based 
microarray analysis comparing with published GeneChip data of primordial germ cell development in vivo. Cluster analysis of gene expression profile revealed that EDC treatment and primordial germ cell (PGC) 
development shared characteristic cluster consists of GO terms related to "germ cell development" and "reproduction". In the GO term "reproduction", meiosis related genes showed high expression level by EDC exposure. 
These results suggest that BPA and NP affect not only some of the germ cell specific genes, but functionally interferes germ cell development and reproduction.

Reprod Toxicol. 2019 
Sep:88:39-47.

10.1016/j.reprotox.2019.06.006 31288075 in vitro - - - - - - - - - - 不明 0 不明 1 - - - - - - - - - - - - - -

統合_1657 K. Szkudelska, M. Okulicz and T. Szkudelski 2021
Bisphenol A disturbs metabolism of 
primary rat adipocytes without 
affecting adipokine secretion

Bisphenol A (BPA) is an ubiquitous synthetic chemical exerting numerous adverse effects. Results of rodent studies show that BPA negatively affects adipose tissue. However, the short-term influence of this compound 
addressing adipocyte metabolism and adipokine secretion is unknown. In the present study, isolated rat adipocytes were exposed for 2 h to 1 and 10 nM BPA. Insulin-induced glucose conversion to lipids along with 
glucose transport was significantly increased in the presence of BPA. However, basal glucose conversion to lipids, glucose oxidation, and formation of lipids from acetate were unchanged in adipocytes incubated with 
BPA. It was also shown that BPA significantly increases lipolytic response of adipocytes to epinephrine. However, lipolysis stimulated by dibutyryl-cAMP (a direct activator of protein kinase A) and the antilipolytic action 
of insulin were not affected by BPA. Moreover, BPA did not influence leptin and adiponectin secretion from adipocytes. Our new results show that BPA is capable of disturbing processes related to lipid accumulation in 
isolated rat adipocytes. This is associated with the potentiation of insulin and epinephrine action. The effects of BPA appear already after short-term exposure to low doses of this compound. However, BPA fails to 
change adipokine secretion.

Environ Sci Pollut Res 
Int. 2021 
May;28(18):23301-
23309.

10.1007/s11356-021-12411-0 33447972 in vitro - - - - - - - - - - 1 0 1, 10 nM 1 - - - - - - - - - - - - - -

統合_1658 A. Syrkasheva, V. Frankevich, S. Kindysheva, N. 
Starodubtseva, A. Donnikov and N. Dolgushina 2021

The Effect of Bisphenol A on the IVF 
Outcomes Depending on the 
Polymorphism of the Detoxification 
System Genes

The aim of the study was to analyze the relationship between the level of bisphenol A (BPA) in the blood and follicular fluid, the polymorphism of the detoxification system genes, and the outcomes of IVF cycles. The data 
of 300 infertile patients with fresh IVF-ET cycles were analyzed. The level of BPA in the blood and follicular fluid was determined by HPLC-MRM-MS/MS. Determination of genotypes of the detoxification system genes 
was carried out by the real-time PCR. The threshold level for determining BPA was 0.1 ng/mL. BPA was detected in 92.3% (277/300) blood and in 16.8% (49/292) follicular fluid (FF) samples. There was no correlation 
between BPA level in the blood and FF. In patients with the absence of the A allele of the SULT1A1 gene, BPA was detected in FF significantly more often (22.6% vs. 13.5%, p = 0.0341). There was an association (not 
statistically significant) between the level of BPA in the blood and the presence of the G allele of the GSTP1 gene (rs1695) and the C allele in the GSTP1 gene (rs1138272). Our data suggests the role of detoxification 
system genes in the metabolism of BPA in the human body. The influence of BPA and detoxification system genes on the IVF outcomes requires further research.

J Pers Med. 2021 Oct 
26;11(11):1091.

10.3390/jpm11111091 34834443 in vitro - - - - - - - - - - 不明 0 不明 1 - - - - - - - - - - - - - -

統合_1659
G. P. Sykes, J. Kamtchum-Tatuene, S. Falcione, 
S. Zehnder, D. Munsterman, B. Stamova, B. P. 
Ander, F. R. Sharp and G. Jickling

2021
Aging Immune System in Acute 
Ischemic Stroke: A Transcriptomic 
Analysis

-
Stroke. 2021 
Apr;52(4):1355-1361.

10.1161/strokeaha.120.032040 33641386 in vitro - - - - - - - - - - 不明 不明 不明 1 - - - - - - - - - - - - - -

統合_1660 V. Suteau, C. Briet, M. Lebeault, L. Gourdin, D. 
Henrion, P. Rodien and M. Munier 2020

Human amniotic fluid-based 
exposure levels of phthalates and 
bisphenol A mixture reduce 
INSL3/RXFP2 signaling

BACKGROUND: The presence of chemical pollutants in the environment can affect human health. Epidemiological and in vivo experimental studies reveal reprotoxic effects (undescended testis) of phthalates (diethylhexyl 
phthalate (DEHP), dibutyl phthalate (DBP)) and bisphenol A (BPA), resulting in particular of a decrease in INSL3 (Insulin-Like 3 peptide) production. This hormone is essential for normal testis development and acts on a 
G protein-coupled receptor: RXFP2. OBJECTIVES: The aim of this study was to evaluate the individual and combined impacts of DEHP, DBP, and BPA on human RXFP2 (hRXFP2) activity. METHODS: We used HEK293 
cells transiently transfected with hRXFP2 and receptor activity was analyzed by measuring intracellular cAMP production. The mixture was established at concentrations reported in human amniotic fluid, for the three 
compounds. RESULTS: Individually, DEHP, DBP and BPA increased the response to INSL3 by 19.3 to 27.5%. This potentiating effect was specific for RXFP2, because it was absent in the cells which did not express this 
receptor. On the other hand, and interestingly, the mixture of the three compounds reduced significantly the response to INSL3 by 12%, and the observed effects were opposite to those predicted, suggesting an antagonist 
effect. DISCUSSION-CONCLUSION: Taken together, our results demonstrate for the first time that a mixture of phthalates and BPA present in human amniotic fluid disturbs the human RXFP2 function. Moreover, we 
demonstrate that mixture can produce potential antagonistic effects that are not displayed by the compounds, individually.

Environ Int. 2020 
May:138:105585.

10.1016/j.envint.2020.105585 32126385 in vitro - - - - - - - - - - 不明 0 不明 1 - - - - - - - - - - - - - -
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統合_1661 S. Suresh and C. Vellapandian 2024

Cyanidin Ameliorates Bisphenol A-
Induced Alzheimer's Disease 
Pathology by Restoring Wnt/β-
Catenin Signaling Cascade: an In 
Vitro Study

Alzheimer's disease (AD) is a progressive neurodegenerative disorder causing memory loss and cognitive decline, linked to amyloid-beta (Aβ) plaques and hyperphosphorylated tau protein accumulation in the brain. 
Environmental pollutant bisphenol A (BPA) has been implicated in AD pathology due to its neurotoxic effects. This study aims to evaluate cyanidin from flower bracts of Musa acuminata Colla (red variety; AAA group) for 
its neuroprotective properties against BPA-induced AD pathology. The extraction of cyanidin was optimized using 70% ethanol in acidified water, showing promising anti-acetylcholinesterase activity. Cyanidin was 
effectively purified from the resultant extract and characterized using spectroscopic techniques. Two gradient doses of cyanidin (90 and 10 µg/ml) were determined based on cell viability assay. The role of cyanidin in 
promoting nerve growth and differentiation was assessed in PC12 cells for up to 72 h. A discernible and statistically significant difference was assessed in neurite extension at both doses at 72 h, followed by pre-
treatment with cyanidin. BPA stimulation significantly increased the p-tau expression compared to the control (p < 0.0001). Pre-treatment with cyanidin reduced the tau expression; however, a significant difference was 
observed compared to control cells (p = 0.0003). Cyanidin significantly enhanced the mRNA expression of Wnt3a (p < 0.0001), β-catenin (p = 0.0004), and NeuroD1 (p = 0.0289), and decreased the expression of WIF1(p = 
0.0040) and DKK1 (p < 0.0001), which are Wnt antagonist when compared to cells stimulated with BPA. Conclusively, our finding suggests that cyanidin could agonize nerve growth factor and promote neuronal 
differentiation, reduce tau-hyperphosphorylation by restoring the Wnt/β-catenin signaling cascade, and thereby render its neuroprotective potential against BPA-induced AD pathology.

Mol Neurobiol. 2024 
Apr;61(4):2064-2080.

10.1007/s12035-023-03672-6 37843801 in vitro - - - - - - - - - - 1 0 不明 1 - - - - - - - - - - - - - -

統合_1662 W. Sun, T. Xu, H. Lin, Y. Yin and S. Xu 2024

BPA and low-Se exacerbate 
apoptosis and autophagy in the 
chicken bursa of Fabricius by 
regulating the ROS/AKT/FOXO1 
pathway

Bisphenol A (BPA) is a ubiquitous environmental pollutant that can have harmful effects on human and animal immune systems by inducing oxidative stress. Selenium (Se) deficiency damages immune organ tissues and 
exhibits synergistic effects on the toxicity of environmental pollutants. However, oxidative stress, cell apoptosis, and autophagy caused by the combination of BPA and low-Se, have not been studied in the bursa of 
Fabricius of the immune organ of poultry. Therefore, in this study, BPA and/or low-Se broiler models and chicken lymphoma cells (MDCC-MSB-1 cells) models were established to investigate the effects of BPA and/or 
low-Se on the bursa of Fabricius of poultry. The data showed that BPA and/or low-Se disrupted the normal structure of the bursa of Fabricius, BPA (60 μM) significantly reduced the activity of MDCC-MSB-1 cells and 
disrupted normal morphology (IC50 = 192.5 ± 1.026 μM). Compared with the Control group, apoptosis and autophagy were increased in the BPA or low-Se groups, and the generation of reactive oxygen species (ROS) 
was increased. This inhibited the AKT/FOXO1 pathway, leading to mitochondrial fusion/division imbalance (Mfn1, Mfn2, OPA1 were increased, DRP1 was decreased) and dysfunction (CI-NDUFB8, CII-SDHB, CIII-
UQCRC2, CIV-MTCO1, CV-ATP5A1, ATP). Furthermore, combined exposure of BPA and low-Se aggravated the above-mentioned changes. Treatment with N-acetylcysteine (NAC) reduced ROS levels and activated the 
AKT/FOXO1 pathway to further alleviate BPA and low-Se-induced apoptosis and autophagy. Apoptosis induced by low-Se + BPA was exacerbated after 3-Methyladenine (3-MA, autophagy inhibitor) treatment. Together, 
these results indicated that BPA and low-Se aggravated apoptosis and autophagy of the bursa of Fabricius in chickens by regulating the ROS/AKT/FOXO1 pathway.

Sci Total Environ 
Vol.908 Pages 168424

10.1016/j.scitotenv.2023.168424 37944606 動物、in vitro - 0 不明 不明 不明 不明 不明 - - - 1 0 60 µM - - - - - - - - - - - - - - -

統合_1663
M. H. Sun, W. J. Jiang, X. H. Li, S. H. Lee, G. 
Heo, D. Zhou, J. S. Choi, K. S. Kim, W. Lv and X. 
S. Cui

2023

ATF7-dependent epigenetic 
changes induced by high 
temperature during early porcine 
embryonic development

BACKGROUND: Activating transcription factor 7 (ATF7) is a member of the ATF/cAMP response element (CRE) B superfamily. ATF2, ATF7, and CRE-BPa are present in vertebrates. Drosophila and fission yeast have only 
one homologue: dATF2 and Atf1, respectively. Under normal conditions, ATF7 promotes heterochromatin formation by recruiting histone H3K9 di- and tri-methyltransferases. Once the situation changes, all members are 
phosphorylated by the stress-activated kinase P38 in response to various stressors. However, the role of ATF7 in early porcine embryonic development remains unclear. RESULTS: In this study, we found that ATF7 
gradually accumulated in the nucleus and then localized on the pericentric heterochromatin after the late 4-cell stage, while being co-localized with heterochromatin protein 1 (HP1). Knockdown of ATF7 resulted in 
decreases in the blastocyst rate and blastocyst cell number. ATF7 depletion resulted in downregulation of HP1 and histone 3 lysine 9 dimethylation (H3K9me2) expression. These effects were alleviated when P38 activity 
was inhibited. High temperatures increased the expression level of pP38, while reducing the quality of porcine embryos, and led to ATF7 phosphorylation. The expression level of H3K9me2 and HP1 was decreased and 
regulated by P38 activity. CONCLUSION: Stress-induced ATF7-dependent epigenetic changes play important roles in early porcine embryonic development.

Cell Prolif. 2023 
Feb;56(2):e13352.

10.1111/cpr.13352 36254813 in vitro - - - - - - - - - - 不明 0 不明 1 - - - - - - - - - - - - - -

統合_1664 I. O. Suchkova, L. K. Sasina, N. I. Dergacheva, G. 
A. Sofronov and E. L. Patkin 2019

The influence of low dose Bisphenol 
A on whole genome DNA 
methylation and chromatin 
compaction in different human cell 
lines

-
Toxicol In Vitro. 2019 
Aug:58:26-34.

10.1016/j.tiv.2019.03.010 30876887 in vitro - - - - - - - - - - 不明 1 不明 1 - - - - - - - - - - - - - -

統合_1665 J. Su, X. Yang, H. Xu, Y. Pei, Q. S. Liu, Q. Zhou 
and G. Jiang 2024

Screening (ant)agonistic activities of 
xenobiotics on the retinoic acid 
receptor alpha (RARα) using in vitro 
and in silico analysis

Retinoic acid receptors (RARs) are known as crucial endocrine receptors that could mediate a broad diversity of biological processes. However, the data on endocrine disrupting effects of emerging chemicals by targeting 
RAR (ant)agonism are far from sufficient. Herein, we investigated the RARα agonistic or antagonistic activities for 75 emerging chemicals of concern, and explored their interactions with this receptor. A recombinant 
two-hybrid yeast assay was used to examine the RARα activities of the test chemicals, wherein 7 showed effects of RARα agonism and 54 exerted potentials of RARα antagonism. The representative chemicals with 
RARα agonistic activities, i.e. 4-hydroxylphenol (4-HP) and bisphenol AF (BPAF), significantly increased the mRNA levels of CRABP2 and CYP26A1, while 4 select chemicals with RARα antagonistic potentials, including 
bisphenol A (BPA), tetrabromobisphenol A (TBBPA), 4-tert-octylphenol (4-t-OP), and 4-n-nonylphenol (4-n-NP), conversely decreased the transcriptional levels of the test genes. The in silico molecular docking analysis 
using 3 different approaches further confirmed the substantial binding between the chemicals with RARα activities and this nuclear receptor protein. This work highlights the promising strategy for screening endocrine-
disrupting effects of emerging chemicals of concern by targeting RARα (ant)agonism.

Sci Total Environ. 2024 
Oct 15:947:174717.

10.1016/j.scitotenv.2024.174717 38997027 in vitro - - - - - - - - - - 不明 0 不明 1 - - - - - - - - - - - - - -

統合_1666
N. Štefunková, H. Greifová, T. Jambor, K. Tokárov
á, L. Zuščíková, D. Bažány, P. Massányi, M. 
Capcarová and N. Lukáč

2023

Comparison of the Effect of BPA 
and Related Bisphenols on 
Membrane Integrity, Mitochondrial 
Activity, and Steroidogenesis of 
H295R Cells In Vitro

Bisphenol A (BPA) is an endocrine-disruptive chemical that is widely utilized in the production of polycarbonate plastic and epoxy resin, which are used to make a wide range of consumer products, food and drink 
containers, and medical equipment. When the potential risk of BPA emerged, it was substituted by allegedly less harmful substitutes such as bisphenols S, F, B, and AF. However, evidence suggests that all bisphenols 
can have endocrine-disruptive effects, while the extent of these effects is unknown. This study aimed to determine effect of BPA, BPAF, BPB, BPF, and BPS on viability and steroidogenesis in human adrenocortical 
carcinoma cell line in vitro. The cytotoxicity of bisphenols was shown to be considerable at higher doses. However, at low concentrations, it improved viability as well as steroid hormone secretion, indicating that 
bisphenols have a biphasic, hormetic effect in biological systems. The results are consistent with the hypothesis that bisphenols selectively inhibit some steroidogenic enzymes. These findings suggest that bisphenols 
have the potential to disrupt cellular steroidogenesis in humans, but substantially more detailed and systematic research is needed to gain a better understanding of the risks associated with bisphenols and their 
endocrine-disrupting effect on humans and wildlife.

Life (Basel). 2023 Dec 
19;14(1):3.

10.3390/life14010003 38276253 in vitro - - - - - - - - - - 不明 0 不明 1 - - - - - - - - - - - - - -

統合_1667 B. Stanic, D. Samardzija Nenadov, S. Fa, K. 
Pogrmic-Majkic and N. Andric 2021

Integration of data from the cell-
based ERK1/2 ELISA and the 
Comparative Toxicogenomics 
Database deciphers the potential 
mode of action of bisphenol A and 
benzo[a]pyrene in lung neoplasm

Chemicals can activate a variety of signaling pathways, initiating changes in gene expression and cellular functions. Here, we combined experimental data on the chemical-induced extracellular signal-regulated kinase 
1/2 (ERK1/2) activation with the Comparative Toxicogenomics Database (CTD) to connect signaling, genes, and phenotypes to reveal the potential chemical's mode of action (MOA) responsible for the disease state. 
Experimental data on ERK1/2 activation were derived from the cell-based phospho-ERK1/2 ELISA on human alveolar epithelial cells A549. A549 cells were exposed to bisphenol A (BPA), benzo[a]pyrene (BaP), tributyltin 
(TBT), and ibuprofen from 10(-12) M to 10(-5) M. Results show that BPA, BaP, and TBT can activate ERK1/2 in A549 cells. We selected BPA and BaP to elucidate the molecular events connecting chemical exposure, 
ERK1/2 signaling, phenotypes, and lung neoplasm (LN) using CTD. CTD analysis showed that BPA and BaP share 26 mitogen-activated protein kinase 1/3 (MAPK1/3) signaling genes associated with LN. Phenotype 
prioritization revealed 37 BPA, 10 BaP, and 11 shared key phenotypes associated with LN. Alignment of MAPK1/3 signaling genes and phenotypes showed that ERK1/2 and oxidative stress, EGFR gene, and positive 
regulation of cell proliferation and migration could be the shared key events (KE) for BPA and BaP. This analysis also identified protein kinase B and ERK1/2 signaling, FGF9, FGFR1 and FGFR2 genes, positive regulation 
of cell proliferation and angiogenesis as KE in MOA for BPA, whereas ERK1/2 signaling, IL6 and DAB2IP genes, negative regulation of cell proliferation and inflammatory response were identified as KE in MOA for BaP.

Chemosphere. 2021 
Dec:285:131527.

10.1016/j.chemosphere.2021.1315
27

34329126 in vitro - - - - - - - - - - 1 0 10-12〜 10-5M 1 - - - - - - - - - - - - - -

統合_1668
B. Stanic, D. Kokai, J. Markovic Filipovic, D. 
Samardzija Nenadov, K. Pogrmic-Majkic and N. 
Andric

2023

Global gene expression analysis 
reveals novel transcription factors 
associated with long-term low-level 
exposure of EA.hy926 human 
endothelial cells to bisphenol A

Bisphenol A (BPA) is an endocrine disruptor that binds to estrogen receptors (ER); however, studies have shown that the ER pathway was not always the primary molecular mechanism of BPA's action in cells and that 
gene transcription could be altered by different exposure times and doses. Here, we sought to understand the correlation between the BPA-responsive genes that have associated biological functions and the transcription 
factors (TFs) involved in their regulation by repeatedly exposing human endothelial cells EA.hy926 to three nanomolar concentrations of BPA (10(-9) M, 10(-8) M, and 10(-7) M) for 14 weeks, after which changes in global 
gene expression were determined by RNA sequencing. Cytoscape plug-in iRegulon was used to infer TFs involved in the control of BPA-deregulated genes. The results show a minimal overlap in deregulated genes 
between three concentrations of BPA, with 10(-9) M BPA having the highest number of deregulated genes. TF analysis suggests that all three concentrations of BPA were active in the absence of an ER-mediated 
pathway. A unique set of TFs (NES≥4) has been identified for each BPA concentration, including the NFκB family and CEBPB for 10(-9) M BPA, MEF family, AHR/ARNT, and ZBTB33 for 10(-8) M BPA, and IRF1-7 and 
OVOL1/OVOL2 for 10(-7) M BPA, whereas STAT1/STAT2 were common TFs for 10(-9) M and 10(-7) M BPA. Overall, our data suggest that long-term low-level exposure of EA.hy926 cells to BPA leads to concentration-
specific changes in gene expression that are not controlled by the ER-mediated signaling but rather by other mechanisms.

Chem Biol Interact. 
2023 Aug 
25:381:110571.

10.1016/j.cbi.2023.110571 37244401 in vitro - - - - - - - - - - 1 0 10(-9) , 10(-8) , 10(-7) M 1 - - - - - - - - - - - - - -

統合_1669 M. Štampar, T. Ravnjak, A. M. Domijan and B. Ž
egura 2023

Combined Toxic Effects of BPA and 
Its Two Analogues BPAP and BPC 
in a 3D HepG2 Cell Model

Bisphenol A (BPA) is one of the most commonly used substances in the manufacture of various everyday products. Growing concerns about its hazardous properties, including endocrine disruption and genotoxicity, have 
led to its gradual replacement by presumably safer analogues in manufacturing plastics. The widespread use of BPA and, more recently, its analogues has increased their residues in the environment. However, our 
knowledge of their toxicological profiles is limited and their combined effects are unknown. In the present study, we investigated the toxic effects caused by single bisphenols and by the combined exposure of BPA and its 
two analogues, BPAP and BPC, after short (24-h) and prolonged (96-h) exposure in HepG2 spheroids. The results showed that BPA did not reduce cell viability in HepG2 spheroids after 24-h exposure. In contrast, BPAP 
and BPC affected cell viability in HepG2 spheroids. Both binary mixtures (BPA/BPAP and BPA/BPC) decreased cell viability in a dose-dependent manner, but the significant difference was only observed for the 
combination of BPA/BPC (both at 40 µM). After 96-h exposure, none of the BPs studied affected cell viability in HepG2 spheroids. Only the combination of BPA/BPAP decreased cell viability in a dose-dependent manner 
that was significant for the combination of 4 µM BPA and 4 µM BPAP. None of the BPs and their binary mixtures studied affected the surface area and growth of spheroids as measured by planimetry. In addition, all BPs 
and their binary mixtures studied triggered oxidative stress, as measured by the production of reactive oxygen species and malondialdehyde, at both exposure times. Overall, the results suggest that it is important to study 
the effects of BPs as single compounds. It is even more important to study the effects of combined exposures, as the combined effects may differ from those induced by single compounds.

Molecules. 2023 Mar 
30;28(7):3085.

10.3390/molecules28073085 37049848 in vitro - - - - - - - - - - 1 0 不明 1 - - - - - - - - - - - - - -

統合_1670
P. Średnicka, M. Roszko, P. Emanowicz, M. Wó
jcicki, D. Popowski, J. Kanabus and E. 
Juszczuk-Kubiak

2024

Influence of bisphenol A and its 
analogues on human gut microbiota 
composition and metabolic activity: 
Insights from an in vitro model

Food contamination is a primary route of human exposure to bisphenols (BPs), which are known to affect gut microbiota (GM) and intestinal health. This study comprehensively assessed the impact of bisphenol A (BPA) 
and three of its substitutes-bisphenol S (BPS), bisphenol F (BPF), and tetramethyl bisphenol F (TMBPF, the monomer of valPure V70) - on the taxonomic and functional profile of human GM using an in vitro model. Human 
GM was acutely exposed to 1 mM concentrations of these BPs during a 48 h anaerobic cultivation. We first examined the effects of BPA, BPS, BPF, and TMBPF on GM taxonomic and metabolic profiles, mainly focusing on 
short-chain fatty acids (SCFAs) production. We then evaluated the degradation potential of these BPs by GM and its influence on their estrogenic activity. Finally, we assessed the impact of GM metabolites from BPs-
exposed cultures on the viability of intestinal epithelial cells (Caco-2). BPA, BPS, and BPF severely disrupted GM taxonomic composition and metabolite profiles, significantly reducing SCFAs production. In contrast, 
TMBPF exhibited the least disruptive effects, suggesting it may be a safer alternative. Although the GM did not biotransform the BPs, bioadsorption occurred, with affinity correlating to hydrophobicity in the order of 
TMBPF > BPA > BPF > BPS. GM reduced the estrogenic activity of BPs primarily through bioadsorption. However, exposure of gut epithelial cells to Post-Culture Supernatants of BPA, BPF, and TMBPF significantly 
reduced Caco-2 cell viability, indicating the potential formation of harmful GM-derived metabolites and/or a depletion of beneficial GM metabolites.

Sci Total Environ 
Vol.956 Pages 177323

10.1016/j.scitotenv.2024.177323 39489444 in vitro - - - - - - - - - - 1 0 1 mM - - - - - - - - - - - - - - -

統合_1671 V. Srebny, L. Henneberger, M. König, J. 
Huchthausen, J. Braasch and B. I. Escher 2025

Beyond Estrogenicity: A 
Comparative Assessment of 
Bisphenol A and Its Alternatives in 
In Vitro Assays Questions Safety of 
Replacements

Bisphenol A (BPA) is a well-known endocrine disruptor linked to numerous adverse health outcomes and was, therefore, banned in food-contact materials in the European Union. Numerous alternatives are now in 
commerce, but their health hazards are often inadequately addressed. This study compared BPA and 26 alternatives in six in vitro bioassays for cytotoxicity, endocrine disruption, xenobiotic metabolism, adaptive stress 
responses, mitochondrial toxicity, and neurotoxicity. We developed a cumulative specificity ratio score that integrates the degree of specific activation and overall toxicological activity across a test battery, enabling direct 
comparison of BPA with its alternatives. Several alternatives with close structural resemblance showed similar or stronger activation of the estrogen receptor α (ERα) than BPA. The lack of estrogenicity for several BPA 
alternatives, e.g., 4-(4-phenylmethoxyphenyl)sulfonylphenol (BPS-MPE), was accompanied by a shift toward peroxisome proliferator-activated receptor γ (PPARγ) activation, a receptor that is not relevant for BPA itself. 
Some alternatives additionally inhibited mitochondrial functions and caused neurotoxicity. Simulated phase I metabolism reduced the cytotoxicity of all alternatives except for methyl bis(4-hydroxyphenyl)acetate (Bz) and 
4-[[4-(allyloxy)phenyl]sulfonyl]phenol (BPS-MAE), while estrogenic activity remained unchanged or decreased. This study demonstrates the utility of bioassays for rapid hazard assessment and comparative evaluation, 
suggesting that many BPA alternatives are regrettable substitutes, although 2,2,4,4-tetramethyl-1,3-cyclobutanediol (TMCD) is a potentially more benign alternative.

Environ Sci Technol. 
2025 Aug 
26;59(33):17457-17470.

10.1021/acs.est.5c07018 40817891 in vitro - - - - - - - - - - 1 0 不明 1 - - - - - - - - - - - - - -

統合_1672
J. Špačková, D. Oliveira, M. Puškár, I. Ďurovcová, 
K. Gaplovská-Kyselá, R. Oliveira and A. Ševčovič
ová

2020

Endocrine-Independent Cytotoxicity 
of Bisphenol A Is Mediated by 
Increased Levels of Reactive Oxygen 
Species and Affects Cell Cycle 
Progression

Bisphenol A (BPA) is used for the production of plastics and epoxy resins, which are part of packaging materials for food and beverages, and can migrate into food and the environment, thus exposing human beings to its 
effects. Exposure to BPA has been associated with oxidative stress, cell cycle changes, and genotoxicity, and is mediated by its known endocrine-disrupting activity. Possible BPA cytotoxicity without mediation by 
estrogen receptors has been reported in the literature. Here, we show the toxic effects of BPA by live-cell imaging on the fission yeast Schizosaccharomyces pombe, an experimental model lacking estrogen receptors, 
which were in line with data from flow cytometry on intracellular oxidation (76.4 ± 14.4 and 19.4 ± 16.1% of fluorescent cells for BPA treatment and control, respectively; p < 0.05) as well as delay in cell cycle 
progression (after 90 min of experiment, 48.4 ± 4.30 and 64.6 ± 5.46% of cells with a 4C DNA content for BPA treatment and control, respectively; p < 0.05) upon exposure to BPA. These results strongly support the 
possibilities that BPA-induced cell cycle changes can be independent of estrogen receptors and that live-cell imaging is a powerful tool for genotoxic analysis.

J Agric Food Chem. 
2020 Jan 22;68(3):869-
875.

10.1021/acs.jafc.9b06853 31880940 in vitro - - - - - - - - - - 1 0 不明 1 - - - - - - - - - - - - - -

統合_1673
J. H. Song, D. Lee, B. Hwang, S. Kim, J. Kim, S. 
Park, S. Choo, S. K. Hwang, H. Kim, S. J. Yun, Y. 
H. Choi, W. J. Kim and S. K. Moon

2025

Bisphenol A suppresses colon 
epithelial cell responses via 
G(0)/G(1)-phase arrest, MAPK and 
PI3K/AKT pathway modulation, and 
MMP-2/9 Inhibition by upregulating 
p21WAF1

Bisphenol A (BPA) is a non-steroidal endocrine-disrupting chemical compound with applications in the production of epoxy resins and polycarbonates. Accumulating evidence suggests that BPA damages various organs 
and tissues, including those of the reproductive, immune, and neuroendocrine systems. However, the mechanisms by which BPA affects the intestinal tract have not been fully elucidated. We explored the adverse effects 
of BPA on human colonic epithelial cells in vitro by performing comprehensive viability, proliferation, invasion, and migration assays on HCT 116 and HCT-8 cells. BPA suppressed the proliferation of both cell types by 
regulating cell cycle progression and modulating the mitogen-activated protein kinase and phosphatidylinositol 3-kinase/protein kinase B pathways. Furthermore, BPA treatment significantly reduced the induction of 
matrix metalloproteinases-2 and -9 by inhibiting the binding activity of specificity protein-1, nuclear factor kappa B, and activator protein-1, thereby interfering with cell migration and invasion. This BPA-induced regulation 
of colonic epithelial cell proliferation, migration, invasion, and MAPK/AKT pathway was reversed by silencing p21WAF1 with siRNA. Collectively, our data indicate that BPA inhibits the proliferation and mobility of human 
colonic epithelial cells via p21WAF1 induction. This study provides valuable information into the precise mechanisms underlying the adverse effects of BPA on colonic epithelial cells.

Sci Rep. 2025 Jul 
23;15(1):26698.

10.1038/s41598-025-11700-9 40695970 in vitro - - - - - - - - - - 1 0 不明 1 - - - - - - - - - - - - - -
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統合_1674 J. H. Song, B. Hwang, S. Park, S. Kim, D. H. Kim, 
Y. H. Choi, W. J. Kim and S. K. Moon 2024

Bisphenol A regulates bladder cells 
responses via control of G2/M-
phase cell cycle, apoptotic signaling, 
MAPK pathway, and transcription 
factor-associated MMP modulation

Bisphenol A (BPA), an exogenous endocrine-disrupting chemical, is widely used to produce polycarbonate plastics. The widely used BPA has been detected in human urine samples, raising public anxiety about the 
detrimental effects of BPA on the bladder. In this study, we explored regulatory mechanisms for the adverse effects of BPA in human bladder BdFC and T24 cells. BPA induced extrinsic and intrinsic apoptosis and G2/M 
cell cycle arrest caused by the ATM-CHK1/CHK2-CDC25c-CDC2 signaling, which ultimately inhibited the growth of human bladder cells. We also found that BPA decreased the binding activity of AP-1 and NF-κB 
transcription factors in human bladder cells, which inhibited migration and invasion through matrix metallopeptidase-2 and -9 inactivation. Phosphorylation of MAPKs was implicated with BPA-mediated detrimental 
effects in human bladder cells. Collectively, our results provide a novel explanation for the underlying molecular mechanisms that BPA induces cytotoxicity in human bladder cells.

J Biochem Mol Toxicol. 
2024 Mar;38(3):e23662

10.1002/jbt.23662 38372072 in vitro - - - - - - - - - - 1 0 不明 1 - - - - - - - - - - - - - -

統合_1675 J. H. Song, B. Hwang, S. B. Kim, Y. H. Choi, W. J. 
Kim and S. K. Moon 2023

Bisphenol A modulates proliferation, 
apoptosis, and wound healing 
process of normal prostate cells: 
Involvement of G2/M-phase cell 
cycle arrest, MAPK signaling, and 
transcription factor-mediated MMP 
regulation

Bisphenol A (BPA) is commonly used to produce epoxy resins and polycarbonate plastics. BPA is an endocrine-disrupting chemical that is leaked from the polymer and absorbed into the body to disrupt the endocrine 
system. Although BPA may cause cytotoxicity in the prostate, a hormone-dependent reproductive organ, its underlying mechanism has not yet been elucidated. Here, we investigated the effects of BPA on cell proliferation, 
apoptosis, and the wound healing process using prostate epithelial cells (RWPE-1) and stromal cells (WPMY-1). Observations revealed that BPA induced G2/M cell cycle arrest in both cell types through the ATM-
CHK1/CHK2-CDC25c-CDC2 signaling pathway, and the IC(50) values were estimated to be 150 μM. Furthermore, BPA was found to induce caspase-dependent apoptosis through initiator (caspase-8 and -9) and 
executioner (caspase-3 and -7) caspase cascades. In addition, BPA interfered with the wound healing process through inhibition of MMP-2 and - 9 expression, accompanied by reductions in the binding activities of AP-1 
as well as NF-κB motifs. Phosphorylation of MAPKs was associated with the BPA-mediated toxicity of prostate cells. These results suggest that BPA exhibits prostate toxicity by inhibiting cell proliferation, inducing 
apoptosis, and interfering with the wound healing process. Our study provided new insights into the precise molecular mechanisms of BPA-induced toxicity in human prostate cells.

Ecotoxicol Environ Saf. 
2023 Jan 1:249:114358.

10.1016/j.ecoenv.2022.114358 36508820 in vitro - - - - - - - - - - 1 0 不明 1 - - - - - - - - - - - - - -

統合_1676 H. Song, Y. Y. Lee, J. Park and Y. Lee 2021

Korean Red Ginseng suppresses 
bisphenol A-induced expression of 
cyclooxygenase-2 and cellular 
migration of A549 human lung 
cancer cell through inhibition of 
reactive oxygen species

BACKGROUND: Korean Red Ginseng (KRG) is a natural product with antiinflammatory and anticarcinogenic effects. We have previously reported that the endocrine-disrupting compound bisphenol A (BPA)-induced 
cyclooxygenase-2 (COX-2) via nuclear translocation of nuclear factor-kappa B (NF-κB) and activation of mitogen-activated protein kinase and promoted the migration of A549. Here, in this study, we assessed the 
protective effect of KRG on the BPA-induced reactive oxygen species (ROS) and expression of COX-2 and matrix metalloproteinase-9 (MMP-9) in A549 cells. METHODS: The effects of KRG on the upregulation of ROS 
production and COX-2 and MMP-9 expression by BPA were evaluated by fluorescence-activated cell sorting (FACs) analysis, quantitative reverse transcription polymerase chain reaction, and western blotting. 
Antimigration ability by KRG was evaluated by migration assay in A549 cells. RESULTS: KRG significantly suppressed the BPA-induced COX-2, the activity of NF-κB, the production of ROS, and the migration of A549 
cells. These effects led to the downregulation of the expression of MMP-9. CONCLUSIONS: Overall, our results suggest that KRG exerts an antiinflammatory effect on BPA-treated A549 cells via the suppression of ROS 
and downregulation of NF-κB activation and COX-2 expression which leads to a decrease in cellular migration and MMP-9 expression. These results provide a new possible therapeutic application of KRG to protect 
BPA-induced possible inflammatory disorders.

J Ginseng Res. 2021 
Jan;45(1):119-125.

10.1016/j.jgr.2020.01.002 33437163 in vitro - - - - - - - - - - 1 0 不明 1 - - - - - - - - - - - - - -

統合_1677 D. Song, G. Wu, Q. Wei and F. Shi 2019
Bisphenol A attenuates thyroxine-
induced apoptosis in ovarian 
granulosa cells of pigs

Bisphenol A (BPA) is a chemical of high production volume that is used widely in many industries and is known as a xenooestrogen and anti-thyroid hormone endocrine disrupter. There is little information regarding the 
effects of BPA in the presence of thyroid hormone on porcine granulosa cell development. Thus, the primary granulosa cells were treated with thyroxine (T4, 10 nM), BPA (10 µM) or T4 plus BPA; we subsequently 
evaluated the effects of T4 or BPA on 17β-estradiol synthesis, cellular proliferation and apoptosis. Our data showed that BPA significantly increased the accumulation of 17β-estradiol and promoted granulosa cell 
proliferation, whereas T4 significantly decreased 17β-estradiol and had no effect on cellular proliferation. In addition, it was noteworthy that T4 treatment induced apoptosis in porcine granulosa cells and BPA co-
incubation attenuated T4-induced apoptosis as shown from flow cytometric assay analysis. We hypothesized that BPA attenuates T4-induced apoptosis by regulating 17β-estradiol accumulation and oestrogen receptor-
mediated signalling pathways. In conclusion, our results demonstrated that T4 affected 17β-estradiol accumulation and induced cellular apoptosis, but did not affect granulosa cell proliferation. Exposure to BPA 
increased 17β-estradiol accumulation, promoted granulosa cell proliferation and attenuated T4-induced apoptosis in porcine granulosa cells in vitro.

Reprod Domest Anim 
Vol.54 Issue 6 Pages 
864-872

10.1111/rda.13436 30972826 in vitro - - - - - - - - - - 1 0 10 µM - - - - - - - - - - - - - - -

統合_1678 D. Song, Y. Liu, Y. Yao, F. Liu, W. Tao, X. Zhou, 
R. Li, X. Zhang and X. Li 2022

Melatonin improves bisphenol A-
induced cell apoptosis, oxidative 
stress and autophagy impairment 
via inhibition of the p38 MAPK 
signaling pathway in FLK-BLV cells

The aim of this study was to assess the protective effect and potential mechanism of melatonin against bisphenol A (BPA)-induced apoptosis and oxidative damage in FLK-BLV cells. The results showed that BPA 
reduced cell viability in a dose- and time-dependent manner, caused cell shrinkage and induced oxidative stress and apoptosis in FLK-BLV cells, which were effectively reversed by melatonin. In addition, BPA caused 
autophagy flux impairment, which was confirmed by the increased of LC3-II and p62 levels, whereas melatonin treatment effectively reduced p62 levels under BPA treatment, and reversed apoptosis-related protein 
expression patterns caused by BPA. However, inhibition of autophagy by CQ partially abolished the protective effect of melatonin on apoptosis, suggesting that melatonin against BPA-induced oxidative injury and 
apoptosis by activating autophagy pathway. Moreover, we found that melatonin inhibited BPA-induced the activation of p38 MAPK, which was comparable to SB203580 pretreatment, and companied by the activation of 
autophagy and decreases of apoptosis when compared to BPA alone, indicating that melatonin protected against BPA-induced apoptosis partially through the p38 MAPK-autophagy pathway. In conclusion, these results 
suggest that melatonin may prevent BPA-induced FLK-BLV cell damage by inhibiting p38/MAPK signaling pathway and activating autophagy, and it could be a potential therapeutic compound in preventing BPA-induced 
cell damage.

Environ Toxicol. 2022 
Jul;37(7):1551-1562.

10.1002/tox.23505 35238458 in vitro - - - - - - - - - - 1 0 不明 1 - - - - - - - - - - - - - -

統合_1679 A. Soltani, S. Abroun, F. Abbasnejadshani and 
M. A. Gholampour 2022

Effects of bone marrow-derived 
mesenchymal stem cells exposed to 
endocrine-disrupting chemicals on 
the differentiation of umbilical cord 
blood hematopoietic stem cells

Endocrine-disrupting chemicals (EDCs), a class of peripheral toxic substances, can cause many environmental and clinical side effects, particularly on the human body's endocrine system. Bisphenol A (BPA) and 
diethylhexyl phthalate (DEHP) are two well-known EDCs in the medicine industry. However, there are no comprehensive studies on their effects on hematopoiesis. Hence, this study aimed to investigate the effect of 
these two aforementioned substances on the clonogenic capacity of umbilical cord blood hematopoietic stem cells (CB-HSCs). The HSCs which express CD34 + were isolated from umbilical cord blood by the magnetic-
activated cell sorting (MACS) system. To investigate the effects of different optimized concentrations of BPA and DEHP, CB-CD34(+) HSCs were exposed to EDCs in semisolid medium. For evaluation of coexposures, 
CB-CD34(+) HSCs were cocultured with bone marrow-derived mesenchymal stem cells (BM-MSCs) in the presence of BPA and DEHP. Finally, the number and types of colonies were evaluated after 14 days. Statistical 
analysis was performed by GraphPad Prism through ANOVA. CB-HSC treated by BPA and DEHP showed a lower absolute colony count than the control group (P < 0.05). Decrease in clonogenic potential of HSCs was 
more significant in coculture condition by MSCs. In particular, there was a significant decrease in the BFU-E colonies in comedicated-derived fractions (P < 0.0001). In the presence of EDCs such as BPA and DEHP, the 
patterns of differentiation in CD34(+) CB-HSCs changed from suppressed erythroid differentiation toward stimulated myelogenesis pathways.

Environ Toxicol. 2022 
Jul;37(7):1551-1562.

10.1007/s11356-021-17787-7 35112247 in vitro - - - - - - - - - - 不明 0 不明 1 - - - - - - - - - - - - - -

統合_1680 M. Z. Soleimani, L. Khorsandi, Y. Asadi-Fard, F. 
Rezaei-Tazangi and A. Ashtari 2025

Protective Effects of Adipose 
Mesenchymal Stem Cell Secretome 
On Oxidative Stress-Induced 
Bisphenol-A in Isolated Rat Testes 
Mitochondria and Sperm Quality

OBJECTIVE: This study aimed to explore the potential protective effects of adipose-derived mesenchymal stem cell secretome (ASE) on oxidative stress triggered by Bisphenol-A (BisA) exposure in testicular mitochondria 
and sperm quality of rats. METHODS: Testicular tissue mitochondria and sperms were exposed to BisA (8 μM) and ASE (50 or 100 μg). ∆Ψm (mitochondrial membrane potential), reactive oxygen species (ROS) levels, 
antioxidant biomarkers, and sperm parameters were measured. RESULTS: BisA elevated biomarkers of oxidative stress in mitochondria, while the levels of antioxidant activity and ∆Ψm decreased significantly. BisA 
harmed the morphology, survival rate, and mobility of the spermatozoids. ASE lowered malondialdehyde contents and ROS generation in the mitochondria, increased ∆Ψm, and reversed sperm quality. CONCLUSIONS: 
These data indicated that ASE effectively reduced BisA-induced damage to mitochondria and enhanced sperm quality by averting oxidative stress.

JBRA Assist Reprod 
Vol.29 Issue 1 Pages 
53-60

10.5935/1518-0557.20240089 39688440 in vitro - - - - - - - - - - 1 0 8 µM - - - - - - - - - - - - - - -

統合_1681 D. G. Skledar and L. P. Mašič 2020
In vitro estrogenic activity of binary 
and multicomponent mixtures with 
bisphenol A

Bisphenol A and its analogs are environmental contaminants with well known estrogenic and anti-androgenic activities. In studies of human biomonitoring, simultaneous exposure to multiple bisphenols was shown in 
different biological samples, at picomolar to low nanomolar concentrations. Evaluation of their combined toxicities will therefore be a more realistic and reliable predictor for estimation of health risks than evaluation of 
only the single chemicals. In the present study, estrogenic activities of individual bisphenols were evaluated, along with their binary and multicomponent mixtures including three- and four-component mixtures, using the 
Organisation for Economic Co-operation and Development validated transactivation assay with the hERα-Hela9903 cell line. Concentration-dependent estrogenic activity was confirmed for all of the tested bisphenols, in 
the nanomolar to micromolar range. Estrogenic activities of binary and multicomponent mixtures followed a concentration addition model. Although exposure to individual bisphenols remains below their effective doses, 
we demonstrate that as a mixture, they can contribute additively to toxicity. This study thus emphasizes the importance of mixture toxicity evaluation for risk assessment of compounds that act like the bisphenols.

Sci Total Environ. 2020 
Mar 10:707:135211.

10.1016/j.scitotenv.2019.135211 31869609 in vitro - - - - - - - - - - 1 0 不明 1 - - - - - - - - - - - - - -

統合_1682 A. Sixto, B. El-Morabit, M. J. Trujillo-Rodríguez, 
E. J. Carrasco-Correa and M. Miró 2021

An automatic flow-through system 
for exploration of the human 
bioaccessibility of endocrine 
disrupting compounds from 
microplastics

This article reports on the first attempt towards investigating the leaching rates in the human gastrointestinal (GI) tract of plastic-borne contaminants that can be ingested accidentally using physiologically relevant body 
fluids. Oral bioaccessibility under fasted and fed states was determined in dynamic mode exploiting an automatic flow setup. The flow system is able to mimic the fast uptake of the released species from the polymeric 
matrix by absorption in the human digestive system by the in-line removal of the leached species. Complex GI extractants based on the Unified Bioaccessibility Method (UBM, fasted state) and Versantvoort test (fed-
state) were brought through a microplastic-loaded metal microcolumn for semi-continuous leaching of plasticizers (phthalic acid ester congeners) and monomer/antioxidant species (bisphenol A, BPA) followed by in-line 
solid-phase extraction and clean-up of GI extracts prior to liquid chromatography analysis. The temporal extraction profiles were fitted to a first-order kinetic model for the estimation of maximum bioaccessibility pools 
and apparent leaching rates. Among all studied contaminants, only BPA, dimethylphthalate and diethylphthalate were appreciably released under dynamic GI conditions from high-density polyethylene pellets (average size 
of 110 μm), with average bioaccessibility values spanning from 51 to 84% and 48 to 87% for UBM and Versantvoort methods, respectively. No statistically significant differences in oral bioaccessibility pools were found 
under fed- and fasted-state dynamic extractions. The apparent kinetic constants under the fed state were greater by ≥30% as a consequence of the effect of the larger amounts of bile salts and digestive enzymes in the 
Versantvoort test on the leaching rates. The estimated average daily intake, in which bioaccessibility data are contemplated, indicated that plastic materials exceeding 0.3% (w/w) BPA might pose real risks to human 
health.

Analyst. 2021 Jun 
14;146(12):3858-3870.

10.1039/d1an00446h 34047317 in vitro - - - - - - - - - - 1 0 不明 1 - - - - - - - - - - - - - -

統合_1683

R. D. Singh, J. L. Wager, T. B. Scheidl, L. T. 
Connors, S. Easson, M. A. Callaghan, S. 
Alatorre-Hinojosa, L. H. Swift, P. Colarusso, A. 
Jadli, T. E. Shutt, V. Patel and J. A. Thompson

2024

Potentiation of Adipogenesis by 
Reactive Oxygen Species Is a 
Unifying Mechanism in the 
Proadipogenic Properties of 
Bisphenol A and Its New Structural 
Analogues

Aims: Structural analogues of bisphenol A (BPA), including bisphenol S (BPS) and bisphenol F (BPF), are emerging environmental toxicants as their presence in the environment is rising since new regulatory restrictions 
were placed on BPA-containing infant products. The adipogenesis-enhancing effect of bisphenols may explain the link between human exposure and metabolic disease; however, underlying molecular pathways remain 
unresolved. Results: Exposure to BPS, BPF, BPA, or reactive oxygen species (ROS) generators enhanced lipid droplet formation and expression of adipogenic markers after induction of differentiation in adipose-derived 
progenitors isolated from mice. RNAseq analysis in BPS-exposed progenitors revealed modulation in pathways regulating adipogenesis and responses to oxidative stress. ROS were higher in bisphenol-exposed cells, 
while cotreatment with antioxidants attenuated adipogenesis and abolished the effect of BPS. There was a loss of mitochondrial membrane potential in BPS-exposed cells and mitochondria-derived ROS contributed to the 
potentiation of adipogenesis by BPS and its analogues. Male mice exposed to BPS during gestation had higher whole-body adiposity, as measured by time domain nuclear magnetic resonance, while postnatal exposure 
had no impact on adiposity in either sex. Innovation: These findings support existing evidence showing a role for ROS in regulating adipocyte differentiation and are the first to highlight ROS as a unifying mechanism that 
explains the proadipogenic properties of BPA and its structural analogues. Conclusion: ROS act as signaling molecules in the regulation of adipocyte differentiation and mediate bisphenol-induced potentiation of 
adipogenesis. Antioxid. Redox Signal. 40, 1-15.

Antioxid Redox Signal. 
2024 Jan;40(1-3):1-15.

10.1089/ars.2022.0150 37154733 in vitro - - - - - - - - - - 1 0 不明 1 - - - - - - - - - - - - - -

統合_1684 H. J. Sim, Y. W. Seo, M. R. Kim, M. S. Song and 
S. Y. Lee 2025

Bisphenol A enhanced cell migration 
through Kv3.4 in MCF7 cells

Bisphenol A (BPA) is a well-known endocrine-disrupting chemical (EDC) that has been implicated in cancer development. However, the specific mechanisms of EDCs, including BPA, remain unclear. Voltage-gated 
potassium (Kv) channels have been closely related to cancer. In particular, Kv3.4 plays a role in cancer malignancy, including cell migration via the ERK and AKT signaling pathways. In this study, we investigated the 
mechanism of BPA in relation to Kv3.4 expression in human breast cancer MCF7 cells. BPA treatment significantly increased Kv3.4 expression at both the mRNA and protein levels and induced cell migration. Further 
analysis demonstrated that Kv3.4 is closely related to integrin β and integrin-regulated FAK signaling. However, BPA-induced cell migration and integrin-regulated FAK signaling were significantly abolished by Kv3.4 
silencing. Therefore, we concluded that BPA is closely associated with cancer cell migration mediated by Kv3.4 via integrin-regulated FAK signaling. These findings provide novel insights into the role of BPA in cancer 
progression and suggest Kv3.4 as a potential therapeutic target for BPA-associated cell migration.

Biochem Biophys Res 
Commun. 2025 May 
26:760:151678.

10.1016/j.bbrc.2025.151678 40157292 in vitro - - - - - - - - - - 1 0 不明 1 - - - - - - - - - - - - - -

統合_1685
C. Sillapachaiyaporn, S. Chuchawankul, S. 
Nilkhet, N. Moungkote, T. Sarachana, A. T. Ung, 
S. J. Baek and T. Tencomnao

2022

Ergosterol isolated from cloud ear 
mushroom (Auricularia polytricha) 
attenuates bisphenol A-induced 
BV2 microglial cell inflammation

Bisphenol A (BPA) has been reported to have neurotoxic properties that may increase the risk of neurodegenerative diseases by inducing neuroinflammation. Auricularia polytricha (AP) is an edible mushroom with several 
medicinal properties. Herein, the anti-neuroinflammatory effects of AP extracts against BPA-induced inflammation of BV2 microglial cells were investigated. Hexane (APH) and ethanol (APE) extracts of AP inhibited BPA-
induced neuroinflammation in BV2 microglia by reducing microglial activation and the expression of pro-inflammatory cytokines. These anti-inflammatory effects were regulated by the NF-κB signaling pathway. In 
addition, APH and APE exhibited antioxidative effects by increasing the activity of the SOD-1 enzyme and restoring the accumulation of reactive oxygen species (ROS) in BPA-induced BV2 cells. Moreover, the conditioned 
medium prepared using BPA-induced BV2 cells demonstrated that the presence of APH or APE could attenuate ROS production in HT-22 cells. Further, ergosterol was isolated from APE and also showed anti-
inflammatory and antioxidative activities. In conclusion, AP extracts and ergosterol attenuated neuroinflammation against BPA induction in BV2 microglial cells through the NF-κB signaling pathway.

Food Res Int. 2022 
Jul:157:111433.

10.1016/j.foodres.2022.111433 35761673 in vitro - - - - - - - - - - 不明 0 不明 1 - - - - - - - - - - - - - -

統合_1686 L. Shiyao, K. Yao, L. Jun, L. Yichen, Z. Tingxiao, 
Y. Longtao, Z. Hong and Z. Kai 2024

Unraveling the role of bisphenol A in 
osteosarcoma biology: insights into 
prognosis and immune 
microenvironment modulation

BACKGROUND: Bisphenol A (BPA) is a common environmental pollutant, and its specific mechanisms in cancer development and its impact on the tumor immune microenvironment are not yet fully understood. METHODS: 
Transcriptome data from osteosarcoma (OS) patients were downloaded from the Therapeutically Applicable Research to Generate Effective Treatments (TARGET) database. BPA-related genes were identified through the 
Comparative Toxicogenomics Database (CTD), yielding 177 genes. Differentially expressed genes were analyzed using the GSE162454 dataset from the Tumor Immune Single Cell Hub 2 (TISCH2). We constructed the 
prognostic model using univariate Cox regression and LASSO analysis. The model was validated using the GSE16091 dataset. GO, KEGG, and GSEA analyses were performed to investigate the mechanisms of BPA-
related genes. RESULTS: A total of 15 BPA-related genes were identified as differentially expressed in OS. Univariate Cox regression and LASSO analysis identified four key prognostic genes (FOLR1, MYC, ESRRA, 
VEGFA). The prognostic model exhibited strong predictive performance with area under the curve (AUC) values of 0.89, 0.6, and 0.79 for predicting 1-, 2-, and 3-year survival, respectively. External validation using the 
GSE16091 dataset confirmed the model's high accuracy with AUC values exceeding 0.88. Our results indicated that the prognosis of the high-risk population is generally poorer, which may be associated with alterations 
in the tumor immune microenvironment. In the high-risk group, immune cells showed predominantly low expression levels, while immune checkpoint genes were significantly overexpressed, along with markedly elevated 
tumor purity. These findings revealed a correlation between upregulation of BPA-related genes and formation of an immunosuppressive microenvironment, leading to unfavorable patient outcomes. CONCLUSION: Our 
study highlighted the significant association of BPA with OS biology, particularly in its potential role in modulating the tumor immune microenvironment. We offered a fresh insight into the influence of BPA on cancer 
development, thus providing valuable insights for future clinical interventions and treatment strategies.

Discov Oncol. 2024 Sep 
4;15(1):404.

10.1007/s12672-024-01280-x 39230832 in vitro - - - - - - - - - - 不明 0 不明 1 - - - - - - - - - - - - - -
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統合_1687 X. Shi, T. Xu, X. Li, X. Sun, W. Zhang, X. Liu, Y. 
Wang, Y. Zhang and S. Xu 2023

ROS mediated pyroptosis-M1 
polarization crosstalk participates in 
inflammation of chicken liver 
induced by bisphenol A and 
selenium deficiency

The earth's natural environmental factors and man-made industrial pollution often lead to the co-occurrence of environmental pathogenic factors and malnutrition. Bisphenol A (BPA) is a serious environmental endocrine 
disruptor, and its exposure can cause liver tissue damage. Selenium (Se) deficiency is a worldwide problem that afflicts thousands of people, and Se deficiency can cause M1/M2 imbalance. In addition, the crosstalk 
between hepatocyte and immune cell is closely related to the occurrence of hepatitis. Therefore, this study found for the first time that the combined exposure of BPA and Se deficiency caused liver pyroptosis and M1 
polarization through ROS, and the crosstalk between pyroptosis and M1 polarization aggravated liver inflammation in chicken. In this study, the BPA or/and Se deficiency chicken liver, single and co-culture model of LMH 
and HD11 cells were established. The results displayed that BPA or Se deficiency induced liver inflammation accompanied by pyroptosis and M1 polarization through oxidative stress, and increased expressions of 
chemokines (CCL4, CCL17, CCL19, and MIF) and inflammatory factors (IL-1β and TNF-α). The vitro experiments further verified the above changes and showed that LMH pyroptosis promoted M1 polarization of HD11 
cells, and vice versa. NAC counteracted pyroptosis and M1 polarization caused by BPA and low-Se, reducing the release of inflammatory factors. In brief, BPA and Se deficiency treatment can exacerbate liver 
inflammation by increasing oxidative stress to induce pyroptosis and M1 polarization.

Environ Pollut. 2023 
May 1:324:121392.

10.1016/j.envpol.2023.121392 36906056 in vitro - - - - - - - - - - 不明 0 不明 1 - - - - - - - - - - - - - -

統合_1688 J. Shi, C. Liu, M. Chen, J. Yan, C. Wang, Z. Zuo 
and C. He 2021

The interference effects of 
bisphenol A on the synthesis of 
steroid hormones in human ovarian 
granulosa cells

Numerous studies have shown that endocrine-disrupting chemicals are one of the important pathogenic factors in women with polycystic ovary syndrome. Our previous study has revealed that bisphenol A (BPA) can cause 
steroid hormone imbalance, polycystic ovary, and estrus cycle disorder. In this study, we aimed to explore the effect of BPA, a typical environmental estrogen, on the synthesis of steroid hormones in human ovarian 
granulosa KGN cells. Exposure of KGN cells to BPA (0.5, 5, 50, and 500 μg/L) resulted in the decrease of progesterone (P), estradiol (E2), and the ratio of estradiol to testosterone (E2/T). BPA affected the expression of 
genes related to steroid hormone synthesis in KGN cells, including the decreased expression of the steroidogenic acute regulatory protein, ferredoxin, and ferredoxin reductase genes during progesterone synthesis; 
upregulating the expression of cytochrome p450 oxidoreductase gene associated with E2 and T synthesis; and the downregulated cytochrome P450 family 1 subfamily A member 1 and cytochrome P450 family 1 subfamily 
B member 1 in E2 degradation. BPA also reduced the expression of stimulatory G proteins (GS) in follicle-stimulating hormone receptor (FSHR)/GS/adenylate cyclase (AC) signaling pathway. In summary, our research has 
demonstrated that environment-relevant level of BPA exposure leads to steroid hormone synthesis disorder in human ovarian granulosa cells, which might cause the reduction of gene expression in hormone synthesis and 
the suppression of the FSHR/GS/AC signaling pathway.

Environ Toxicol. 2021 
Apr;36(4):665-674.

10.1002/tox.23070 33258555 in vitro - - - - - - - - - - 1 0 0.5、5、50、500 µg/L 1 - - - - - - - - - - - - - -

統合_1689 Y. Shen, X. Li, H. Wang, Y. Wang, L. Tao, P. 
Wang and H. Zhang 2023

Bisphenol A induced neuronal 
apoptosis and enhanced autophagy 
in vitro through Nrf2/HO-1 and 
Akt/mTOR pathways

Bisphenol A (BPA) was traditionally used in epoxy resins and polycarbonate plastics, but it was found to be harmful to human health due to its endocrine-disrupting effects. It can affect various biological functions of 
human beings and interfere with brain development. However, the neurotoxic mechanisms of BPA on brain development and associated neurodegeneration remain poorly understood. Here, we reported that BPA (100, 250, 
500 μM) inhibited cell viability of neural cells PC12, SH-SY5Y and caused dose-dependent cell death. In addition, BPA exposure increased intracellular reactive oxygen species (ROS) and mitochondrial ROS (mtROS) 
levels, decreased mitochondrial membrane potential, reduced the expression of cytochrome c oxidase IV (COX4), downregulated Bcl-2, and initiated apoptosis. Moreover, BPA treatment resulted in the accumulation of 
intracellular acidic vacuoles and increased the autophagy marker LC3 II to LC3 I ratio. Furthermore, BPA exposure inhibited Nrf2/ HO-1 and AKT/mTOR pathways and mediated cellular oxidative stress, apoptosis, and 
excessive autophagy, leading to neuronal degeneration. The interactions between oxidative stress, autophagy, and apoptosis during BPA-induced neurotoxicity remain unclear and require further in vivo confirmation.

Toxicology Vol.500 
Pages 153678

10.1016/j.tox.2023.153678 38006930 in vitro - - - - - - - - - - 1 0 100、250、500 µM - - - - - - - - - - - - - - -

統合_1690 T. Sharin, K. L. Williams, S. Chiu, D. Crump and 
J. M. O'Brien 2021

Toxicity Screening of Bisphenol A 
Replacement Compounds: 
Cytotoxicity and mRNA Expression 
in Primary Hepatocytes of Chicken 
and Double-Crested Cormorant

A market for bisphenol A (BPA) replacement compounds has emerged as a result of restrictions on the use of BPA. Some of these compounds have been detected in the environment; however, little is known about their 
toxicological properties. In the present study, an avian in vitro toxicogenomic approach was used to compare the effects of 5 BPA alternatives. Cell viability and mRNA expression were compared in primary embryonic 
hepatocytes of chicken (CEH) and double-crested cormorant (DCEH) exposed to 4,4'-(propane-2,2-diyl) diphenol (BPA), bis (4-hydroxyphenyl) methane (BPF), bis (3-allyl-4-hydroxyphenyl) sulfone (TGSH), 7-bis (4-
hydroxyphenylthio)-3,5-dioxaheptane (DD-70), 2,2-bis (4-hydroxyphenyl) hexafluoropropane (BPAF), and 4-hydroxyphenyl 4-isoprooxyphenylsulfone (BPSIP). Changes in gene expression were determined using 2 
polymerase chain reaction (PCR) arrays: 1) species-specific ToxChips that contain genes representing toxicologically relevant pathways, and 2) chicken-specific AestroChip that measures estrogen responsive genes. In 
CEH and DCEH, BPA alternatives TGSH, DD-70, and BPAF were most cytotoxic. Some of the replacement compounds changed the expression of genes related to xenobiotic metabolism, bile acid, and cholesterol 
regulation. The rank order based on the number of genes altered on the chicken ToxChip array was TGSH > DD-70 > BPAF = BPF > 17β estradiol (E2) > BPSIP > BPA. On the cormorant ToxChip array, BPSIP altered the 
greatest number of genes. Based on the chicken AestroChip data, BPSIP and BPF were slightly estrogenic. These results suggest that the replacement compounds have comparable or even greater toxicity than BPA and 
act via different mechanisms. Environ Toxicol Chem 2021;40:1368-1378. © 2021 Her Majesty the Queen in Right of Canada. Reproduced with the permission of the Minister of Environment and Climate Change Canada.

Environ Toxicol Chem. 
2021 May;40(5):1368-
1378.

10.1002/etc.4985 33465250 in vitro - - - - - - - - - - 1 0 不明 1 - - - - - - - - - - - - - -

統合_1691 T. Sharin, D. Crump and J. M. O'Brien 2022

Toxicity screening of bisphenol A 
replacement compounds: 
cytotoxicity and mRNA expression in 
LMH 3D spheroids

Previously, we showed that the chicken LMH cell line cultured as 3D spheroids may be a suitable animal free alternative to primary chicken embryonic hepatocytes (CEH) for avian in vitro chemical screening. In this study, 
cytotoxicity and mRNA expression were determined in LMH 3D spheroids following exposure to bisphenol A (BPA), five BPA replacement compounds (BPF, TGSH, DD-70, BPAF, BPSIP), and 17β estradiol (E2). Results 
were compared to an earlier study that evaluated the same endpoints for these chemicals in CEH. BPA and the replacement compounds had LC50 values ranging from 16.6 to 81.8 μM; DD-70 and BPAF were the most 
cytotoxic replacements (LC50 = 17.23 ± 4.51 and 16.6 ± 4.78 μM). TGSH and DD-70 modulated the greatest number of genes, although fewer than observed in CEH. Based on the expression of apovitellenin and 
vitellogenin, BPAF was the most estrogenic compound followed by BPF, BPSIP, and BPA. More estrogen-responsive genes were modulated in LMH spheroids compared to CEH. Concentration-dependent gene expression 
revealed that DD-70 and BPAF altered genes related to lipid and bile acid regulation. Overall, cytotoxicity and clustering of replacements based on gene expression profiles were similar between LMH spheroids and CEH. 
In addition to generating novel gene expression data for five BPA replacement compounds in an in vitro avian model, this research demonstrates that LMH spheroids may represent a useful animal free alternative for avian 
toxicity testing.

Environ Sci Pollut Res 
Int. 2022 
Jun;29(29):44769-
44778.

10.1007/s11356-022-18812-z 35138540 in vitro - - - - - - - - - - 1 0 不明 1 - - - - - - - - - - - - - -

統合_1692 M. Sendra, M. Štampar, K. Fras, B. Novoa, A. 
Figueras and B. Žegura 2023

Adverse (geno)toxic effects of 
bisphenol A and its analogues in 
hepatic 3D cell model

Bisphenol A (BPA) is one of the most widely used and versatile chemical compounds in polymer additives and epoxy resins for manufacturing a range of products for human applications. It is known as endocrine disruptor, 
however, there is growing evidence that it is genotoxic. Because of its adverse effects, the European Union has restricted its use to protect human health and the environment. As a result, the industry has begun 
developing BPA analogues, but there are not yet sufficient toxicity data to claim that they are safe. We investigated the adverse toxic effects of BPA and its analogues (BPS, BPAP, BPAF, BPFL, and BPC) with emphasis 
on their cytotoxic and genotoxic activities after short (24-h) and prolonged (96-h) exposure in in vitro hepatic three-dimensional cell model developed from HepG2 cells. The results showed that BPFL and BPC (formed by 
an additional ring system) were the most cytotoxic analogues that affected cell viability, spheroid surface area and morphology, cell proliferation, and apoptotic cell death. BPA, BPAP, and BPAF induced DNA double-
strand break formation (γH2AX assay), whereas BPAF and BPC increased the percentage of p-H3-positive cells, indicating their aneugenic activity. All BPs induced DNA single-strand break formation (comet assay), 
with BPAP (≥0.1 μM) being the most effective and BPA and BPC the least effective (≥1 μM) under conditions applied. The results indicate that not all of the analogues studied are safer alternatives to BPA and thus 
more in-depth research is urgently needed to adequately evaluate the risks of BPA analogues and assess their safety for humans.

Environ Int. 2023 
Jan:171:107721.

10.1016/j.envint.2022.107721 36580735 in vitro - - - - - - - - - - 1 1 ≥1 µM 1 - - - - - - - - - - - - - -

統合_1693 M. Sendra, M. Cavia-Saiz and P. Múñiz 2024

Are the BPA analogues an 
alternative to classical BPA? 
Comparison between 2D and 
alternative 3D in vitro neuron model 
to assess cytotoxic and genotoxic 
effects

BPA is used in a wide range of consumer products with very concern toxicological properties. The European Union has restricted its use to protect human health. Industry has substituted BPA by BPA analogues. However, 
there is a lack of knowledge about their impacts. In this work, BPA and 5 BPA analogues (BPS, BPAP, BPAF, BPFL and BPC) have been studied in classical SH-SY5Y and the alternative 3D in vitro models after 24 and 96 h 
of exposure. Cell viability, percentage of ROS, cell cycle phases as well as the morphology of the spheroids were measured. The 2D model was more sensitive than the 3D models with differences in cell viability higher 
than 60% after 24 h of exposure, and different mechanisms of ROS production. After chronic exposure, both models were more affected in comparison to the 24 h exposure. After a recovery time (96 h), the spheroids 
exposed to 2.5-40 µM were able to recover cell viability and the morphology. Among the BPs tested, BPFL>BPAF>BPAP and >BPC revealed higher toxicological effects, while BPS was the only one with lower effects than 
BPA. To conclude, the SH-SY5Y 3D model is a suitable candidate to perform more reliable in vitro neurotoxicity tests.

Toxicology. 2024 
Feb:502:153715.

10.1016/j.tox.2023.153715 38211720 in vitro - - - - - - - - - - 1 1 不明 1 - - - - - - - - - - - - - -

統合_1694
M. Segovia-Mendoza, C. T. Gómez de León, R. 
García-Becerra, J. Ambrosio, K. E. Nava-Castro 
and J. Morales-Montor

2020

The chemical environmental 
pollutants BPA and BPS induce 
alterations of the proteomic profile 
of different phenotypes of human 
breast cancer cells: A proposed 
interactome

Breast cancer is one of the most common malignancies and the second leading cause of death in women. Despite efforts for its early detection, its worldwide incidence continues to increase. Thus, identification of risk 
factors for its development and new targets for its therapy are of vital importance. Environmental pollutants derived from human activity have been associated with predisposition to the development of cancer. Bisphenol A 
(BPA) is an endocrine disruptor compound (EDC) widely used in the manufacture of polycarbonates, and it has affinity for the estrogen receptor (ER). Scientific evidence has proposed an association between increased 
incidence of breast cancer and BPA exposure at lower doses. Among worldwide concerns with BPA exposure, different industries proceeded to replace BPA with analogs such as bisphenol S (BPS), which is now 
employed in products labelled as BPA-free. Nevertheless, recent studies exhibit that its exposure results in altered mammary gland development and morphogenesis; and promotes breast cancer cell proliferation. Of note, 
most of the effects of both BPA and BPS have been performed in estrogen-dependent breast cancer models. However, gaps in knowledge still exist on the roles and mechanisms that both compounds, specifically BPS, 
may play in cancer initiation and development in hormone-dependent and other types of breast cancer. Thus, the aim of the present study was to deepen the understanding of biological targets modulated by these 
ubiquitous pollutants in different breast cancer cell lines, representing two scenarios of this pathology: hormone-dependent and hormone-independent breast cancer. Results point out that both compounds induced 
proliferation in ER positive cells, not showing this effect in the ER-negative breast cancer cells. Different targets modified at the proteomic level in both breast cancer scenarios were also identified. Stem cell markers 
(eg. CD44) and invasion proteins (eg. MMP-14) were importantly increased by BPA and BPS in ER-positive breast cancer cells. In contrast, growth factors and associated receptors such as EGFR and TGF-β were 
induced by BPS in the ER-negative breast cancer cells; both pollutants induced an increase of vascular endothelial growth factor (VEGF) protein secretion. This finding suggests that the use of BPS must be considered 
with more caution than BPA, since it can act independently of the presence of the hormonal receptor. These findings show new evidence that BPA and BPS exposure can contribute to breast cancer development and 
progression. Our results suggest that both BPA and BPS must be considered equally as outstanding risk factors for this pathology.

Environ Res. 2020 
Dec:191:109960.

10.1016/j.envres.2020.109960 33181973 in vitro - - - - - - - - - - 不明 0 不明 1 - - - - - - - - - - - - - -

統合_1695 J. Schroeder, K. M. Polemi, A. Tapaswi, L. K. 
Svoboda, J. Z. Sexton and J. A. Colacino 2024

Investigating phenotypic plasticity 
due to toxicants with exposure 
disparities in primary human breast 
cells in vitro

INTRODUCTION: Breast cancer is the second most diagnosed cancer, as well as the primary cause of cancer death in women worldwide. Of the different breast cancer subtypes, triple-negative breast cancer (TNBC) is 
particularly aggressive and is associated with poor prognosis. Black women are two to three times more likely to be diagnosed with TNBCs than white women. Recent experimental evidence suggests that basal-like 
TNBCs may derive from luminal cells which acquire basal characteristics through phenotypic plasticity, a newly recognized hallmark of cancer. Whether chemical exposures can promote phenotypic plasticity in breast 
cells is poorly understood. METHODS: To investigate further, we developed a high-content immunocytochemistry assay using normal human breast cells to test whether chemical exposures can impact luminal/basal 
plasticity by unbiased quantification of keratin 14 (KRT14), a basal-myoepithelial marker; keratin 8 (KRT8), a luminal-epithelial marker; and Hoechst 33342, a DNA marker. Six cell lines established from healthy tissue 
from donors to the Susan G. Komen Normal Tissue Bank were exposed for 48 hours to three different concentrations (0.1μM, 1μM, and 10μM) of eight ubiquitous chemicals (arsenic, BPA, BPS, cadmium, copper, DDE, 
lead, and PFNA), with documented exposure disparities in US Black women, in triplicate. Automated fluorescence image quantification was performed using Cell Profiler software, and a random-forest classifier was 
trained to classify individual cells as KRT8 positive, KRT14 positive, or hybrid (both KRT8 and KRT14 positive) using Cell Profiler Analyst. RESULTS AND DISCUSSION: Results demonstrated significant concentration-
dependent increases in hybrid populations in response to BPA, BPS, DDE, and PFNA. The increase in hybrid populations expressing both KRT14 and KRT8 is indicative of a phenotypically plastic progenitor-like population 
in line with known theories of carcinogenesis. Furthermore, BPA, BPS, DDE, and copper produced significant increases in cell proliferation, which could be indicative of a more malignant phenotype. These results further 
elucidate the relationship between chemical exposure and breast phenotypic plasticity and highlight potential environmental factors that may impact TNBC risk.

Front Oncol. 2024 Jun 
10:14:1411295.

10.3389/fonc.2024.1411295 38915368 in vitro - - - - - - - - - - 1 0 0.1, 1µ, 10µM 1 - - - - - - - - - - - - - -

統合_1696
P. Šauer, H. Švecová, K. Grabicová, F. Gönül Ayd
ın, T. Mackuľak, V. Kodeš, L. D. Blytt, L. B. 
Henninge, R. Grabic and H. Kocour Kroupová

2021

Bisphenols emerging in Norwegian 
and Czech aquatic environments 
show transthyretin binding potency 
and other less-studied endocrine-
disrupting activities

Bisphenols are increasingly recognized as environmental pollutants with endocrine-disrupting potential. Nonetheless, the study of environmental occurrence and some endocrine-disrupting activities of some bisphenols 
came widely into focus of research only recently. The aims of the present study were to: 1) determine the predominant bisphenols in Norwegian sewage sludge and sediment and in Czech surface waters, and 2) 
characterize the binding of bisphenols to a transport protein transthyretin (TTR) and their (anti-)thyroid, (anti-)progestagenic, and (anti-)androgenic activities. High-performance liquid chromatography with atmospheric 
pressure chemical ionization or photoionization coupled with high resolution mass spectrometry (HPLC-APCI/APPI-HRMS) and Chemically Activated LUciferase gene eXpression (CALUX) in vitro reporter gene bioassays 
were used to detect the target compounds and to determine endocrine-disrupting activities, respectively. Bisphenol A (BPA), 4,4'-bisphenol F (BPF), bisphenol S (BPS), and bisphenol E (BPE) were the most frequently 
found compounds in municipal sewage sludge. Furthermore, bisphenol TMC (BPTMC) and bisphenol AF (BPAF) frequently occurred in sediment and surface waters, respectively. BPA was the major contributor to Ʃ of 
bisphenols in Norwegian sewage sludge with exception of one sample where BPF predominated. We also monitored a few bisphenols in sediment but only BPTMC was found. BPA, BPAF and BPF were the dominant 
bisphenols in Czech surface waters. Some bisphenols have shown TTR binding potency (BPAF = BPF > BPA = BPE) and some have displayed the following endocrine-disrupting activities: anti-thyroid (BPAF), anti-
progestagenic (BPTMC > BPA = BPAF), and anti-androgenic (BPAF > BPE > BPA > BPTMC > BPF > BPS). It is noteworthy that BPAF exhibited stronger or similarly potent endocrine-disrupting activities compared to BPA. 
Our results provide new insights into these less-studied endocrine-disrupting activities of environmentally relevant bisphenols and may be useful in prioritizing those compounds that deserve further attention in 
environmental monitoring and eco-toxicological research.

Sci Total Environ. 2021 
Jan 10:751:141801.

10.1016/j.scitotenv.2020.141801 32861950 in vitro - - - - - - - - - - 不明 0 不明 1 - - - - - - - - - - - - - -

統合_1697 A. Santovito, M. Lambertini and A. Nota 2024

In Vitro and In Vivo Genotoxicity of 
Polystyrene Microplastics: 
Evaluation of a Possible Synergistic 
Action with Bisphenol A

The ubiquitous presence of plastics represents a global threat for all ecosystems and human health. In this study, we evaluated, in vitro and in vivo, the genotoxic potential of different concentrations of polystyrene 
microplastics (PS-MPs) and their possible synergistic interactions with bisphenol-A (BPA). For the in vitro and the in vivo assays, we used human lymphocytes and hemocytes from Lymnaea stagnalis, respectively. The 
genomic damage was evaluated by the micronucleus assay, and differences in eggs laid and growth of L. stagnalis were also evaluated. In human lymphocytes, PS-MPs alone at the concentration of 200 μg/mL and in 
association with BPA 0.100 µg/mL significantly increased the frequencies of micronuclei and nuclear buds, indicating a possible in vitro genotoxic additive action of these two compounds. Vice versa, PS-MPs did not 
result in genotoxicity in hemocytes. Our results indicated that PS-MPs have genotoxic properties only in vitro and at a concentration of 200 µg/mL; moreover, this compound could intensify the genomic damage when 
tested with BPA, indicating possible cumulative effects. Finally, PS significantly reduced the growth and the number of laid eggs in L. stagnalis.

J Xenobiot. 2024 Oct 
8;14(4):1415-1431.

10.3390/jox14040079 39449420 in vitro - - - - - - - - - - 不明 1 0.100 µg/mL 1 - - - - - - - - - - - - - -

統合_1698 C. Sang, Y. Song, T. W. Jin, S. Zhang, L. Fu, Y. 
Zhao, X. Zou, Z. Wang, H. Gao and S. Liu 2021

Bisphenol A induces ovarian cancer 
cell proliferation and metastasis 
through estrogen receptor-α 
pathways

Bisphenol A (BPA) is a widely used raw material that can be detected both in the environment and in the human body. Due to its estrogen-like effects, wide concerns have been raised about the potential role of BPA in the 
initiation and development of hormone-dependent cancers. Ovarian cancer is the most common reproductive system cancer and has a high mortality rate in women. Despite recent investigations into BPA's carcinogenic 
effects, studies on its role in ovarian cancer development remain limited. In this study, we aimed to assess the effect of BPA at various environmentally relevant concentrations on proliferation and metastasis of ovarian 
cancer cells. We discovered that BPA can stimulate proliferation of OVCAR-3 ovarian cancer cells after exposure for up to 5 days. Strikingly, BPA enhanced ovarian cancer cell migration, invasion, and adhesion (to 
vascular endothelial cells) through upregulation of matrix metalloproteinase-2 (MMP-2), MMP-9, and intercellular cell adhesion molecule-1 (IMAC-1). The stimulatory effects of BPA on cancer cell proliferation and 
metastasis were reversed by treatment with an ERα inhibitor, but not by treatment with an ERβ inhibitor. Together, these results suggest that BPA induces proliferation and metastasis of ovarian cancer cells through ER
α signaling pathways. This study provides new insights into the carcinogenic effects of BPA with regard to ovarian cancer.

Environ Sci Pollut Res 
Int. 2021 
Jul;28(27):36060-36068.

10.1007/s11356-021-13267-0 33683587 in vitro - - - - - - - - - - 1 0 不明 1 - - - - - - - - - - - - - -

統合_1699
D. Samardzija Nenadov, B. Tesic, S. Fa, K. 
Pogrmic-Majkic, D. Kokai, B. Stanic and N. 
Andric

2022

Long-term in vitro exposure of 
human granulosa cells to the 
mixture of endocrine disrupting 
chemicals found in human follicular 
fluid disrupts steroidogenesis

Most in vitro studies examine the effects of a single ED or a mixture of EDs on granulosa cells using short-term exposure; however, this approach is unlikely to reflect long-term, real-life exposures that are common in 
humans. We established an in vitro model that mimics long-term exposure of granulosa cells to real-life ED mixture. Human granulosa cells, HGrC1, were exposed to the mixture consisting of bisphenol A, polychlorinated 
biphenyl 153, benzo[a]pyrene, and perfluorooctanesulfonate in concentrations found in human follicular fluid (MIX) for 48 h and 4 weeks. Only long-term exposure to MIX decreased estradiol production after 2 and 3 
weeks, and CYP19A1 protein after 2 weeks of exposure. By week 4, the cells restored estradiol production and CYP19A1 protein level. MIX increased basal progesterone production after 3 and 4 weeks of exposure but did 
not affect STAR and CYP11A1 mRNA. Cells that had been exposed to MIX for 4 weeks showed augmentation of forskolin-stimulated progesterone production. These results demonstrate that only long-term exposure to 
MIX alters steroidogenesis in HGrC1. This study also revealed that adverse effects of MIX on steroidogenesis in HGrC1 occurred a few weeks into MIX exposure and that this effect can be transient.

Toxicol In Vitro. 2022 
Mar:79:105302.

10.1016/j.tiv.2021.105302 34929288 in vitro - - - - - - - - - - 不明 0 不明 1 - - - - - - - - - - - - - -
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統合_1700
A. Salehpour, F. Shidfar, M. Hedayati, A. 
Neshatbini Tehrani, A. A. Farshad and S. 
Mohammadi

2020
Bisphenol A enhances adipogenic 
signaling pathways in human 
mesenchymal stem cells

BACKGROUND: The endocrine disruptor Bisphenol-A (BPA), has been involved in dysregulating adipose tissue development and increasing the risk of obesity. The objective of this experiment was to investigate whether 
treatment of human mesenchymal stem cells with BPA could modulate adipogenesis and adipocyte differentiation. METHODS: In this experimental study, the human adipose-derived mesenchymal stem cells (hASCs) 
were cultured for 2 weeks with continuous exposure to 10(- 10) M or 10(- 8) M concentrations of BPA. The extent of triglyceride accumulation was visualized by Oil Red O staining. To evaluate BPA effect on the expression 
levels of key adipogenic trascripotion factors and proteins, we used Quantitative reverse transcriptase-polymerase chain reaction (qRT-PCR) and ELISA. RESULTS: The results presented a dose-dependent triglyceride 
accumulation in treated cells with BPA. Additionally, we observed that BPA induced transcription of the Peroxisome proliferator-activated receptor-gamma (PPARγ), CCAAT-enhancer-binding protein-alpha (C/EBPα), 
CCAAT-enhancer-binding protein-beta (C/EBPβ), sterol regulatory element-binding protein-1c (SREBP1c), Fatty acid synthase (FASN), and lipoprotein lipase (LPL); BPA suppressed the expression of Fatty acid binding 
protein-4 (FABP4) and Estrogen receptor-beta (ERβ). CONCLUSIONS: Our findings supported the hypothesis that BPA enhances adipogenic differentiation thereby may play a role in development of obesity and 
dysregulation of metabolic homoeostasis.

Genes Environ. 2020 
Mar 11:42:13.

10.1186/s41021-020-00150-6 32175033 in vitro - - - - - - - - - - 1 0 0(-10), 10(-8) M 1 - - - - - - - - - - - - - -

統合_1701 A. Salehpour, F. Shidfar, M. Hedayati, A. A. 
Farshad, A. N. Tehrani and S. Mohammadi 2021

Molecular mechanisms of vitamin D 
plus Bisphenol A effects on 
adipogenesis in human adipose-
derived mesenchymal stem cells

BACKGROUND: Obesity is considered a major health concern and mounting evidence suggests that the exposure to environmental endocrine disruptors, including Bisphenol-A (BPA), may enhance the risk to develop the 
disease. Moreover, growing documents propose that the vitamin D may contribute to adipogenic signaling and lipid accumulation during adipocyte differentiation. We focused on the molecular mechanism of vitamin D and 
BPA in human adipose-derived mesenchymal stem cells (hADMSCs) which vitamin D and BPA may influence adipose tissue development and function. METHODS: Human adipose-derived mesenchymal stem cells were 
cultured for 14 days in lipogenic differentiation media containing continuous concentrations of vitamin D plus BPA (0.1 nM or 10 nM). The expression of adipogenic markers including the peroxisome proliferator-activated 
receptor γ (PPARγ), CCAAT-enhancer-binding protein α (C/EBP α) CCAAT-enhancer-binding protein β (C/EBP β), fatty acid synthase (FASN), lipoprotein lipase (LPL), sterol regulatory element-binding protein-1c 
(SREBP1c), insulin-induced gene-2 (INSIG2), vitamin D receptor (VDR), estrogen receptor-beta (ER-β), fatty acid-binding protein-4 (FABP4), and glucose transporter-4 (GLUT4) was measured using Quantitative 
polymerase chain reaction (qPCR) and enzyme-linked immunosorbent assay (ELISA). Lipid accumulation was visualized with staining with Oil Red O. RESULTS: In the morphological assessment of mesenchymal stem 
cells treated with a concentration of 10 nM vitamin D plus BPA, more lipid accumulations were observed in comparison with the group with 0.1 nM concentration. Treatment of hADMSCs with vitamin D plus BPA (0.1 nM) 
significantly inhibited the induction of PPARγ, C/EBP β, C/EBP α, and FASN related to adipocyte differentiation and development. However, the exposure of cells to the concentration of 10 nM vitamin D plus BPA 
induced the expression of these genes associated to the adipogenesis. The remarkable increase in the level of SREBP1c was associated to the suppression of INSIG2 in treated preadipocytes with 10 nM vitamin D plus 
BPA. Our findings showed that the expression of VDR, ERβ, GLUT4, and FABP4 were upregulated through differentiation with the highest concentrations in 0.1 nM vitamin D plus BPA group for VDR, ERβ, and GLUT4. 
CONCLUSIONS: Vitamin D plus BPA at concentration of 10 nM boosted the adipogenesis during the critical stages of adipocytes development, whereas it seems to inhibit this process at concentration of 0.1 nM.

Diabetol Metab Syndr. 
2021 Apr 9;13(1):41.

10.1186/s13098-021-00661-4 33836827 in vitro - - - - - - - - - - 不明 0 0.1, 10 nM 1 - - - - - - - - - - - - - -

統合_1702 A. C. Saleh, R. Sabry, G. F. Mastromonaco and L. 
A. Favetta 2021

BPA and BPS affect the expression 
of anti-Mullerian hormone (AMH) 
and its receptor during bovine 
oocyte maturation and early embryo 
development

BACKGROUND: Exposure to endocrine-disrupting chemicals, such as Bisphenol A (BPA) and Bisphenol S (BPS), is widespread and has negative implications on embryonic development. Preliminary evidence revealed that 
in women undergoing IVF treatment, urinary BPA levels were associated with low serum anti-Mullerian hormone, however a definitive relationship between the two has not yet been characterized. METHODS: This study 
aimed to evaluate BPA and BPS effects on in vitro oocyte maturation and early preimplantation embryo development through i) analysis of anti-Mullerian hormone (AMH) and anti-Mullerian hormone receptor II (AMHRII), ii) 
investigation of developmental parameters, such as cleavage, blastocyst rates and developmental arrest, iii) detection of apoptosis and iv) assessment of possible sex ratio skew. An in vitro bovine model was used as a 
translational model for human early embryonic development. We first assessed AMH and AMHRII levels after bisphenol exposure during oocyte maturation. Zygotes were also analyzed during cleavage and blastocysts 
stages. Techniques used include in vitro fertilization, quantitative polymerase chain reaction (qPCR), western blotting, TUNEL and immunofluorescence. RESULTS: Our findings show that BPA significantly decreased 
cleavage (p < 0.001), blastocyst (p < 0.005) and overall developmental rates as well as significantly increased embryonic arrest at the 2-4 cell stage (p < 0.05). Additionally, both BPA and BPS significantly increased DNA 
fragmentation in 2-4 cells, 8-16 cells and blastocyst embryos (p < 0.05). Furthermore, BPA and BPS alter AMH and AMHRII at the mRNA and protein level in both oocytes and blastocysts. BPA, but not BPS, also 
significantly skews sex ratios towards female blastocysts (p < 0.05). CONCLUSION: This study shows that BPA affects AMH and AMHRII expression during oocyte maturation and that BPS exerts its effects to a greater 
extent after fertilization and therefore may not be a safer alternative to BPA. Our data lay the foundation for future functional studies, such as receptor kinetics, downstream effectors, and promoter activation/inhibition to 
prove a functional relationship between bisphenols and the AMH signalling system.

Reprod Biol Endocrinol. 
2021 Aug 3;19(1):119.

10.1186/s12958-021-00773-6 34344364 in vitro - - - - - - - - - - 1 0 不明 1 - - - - - - - - - - - - - -

統合_1703 R. Sabry, M. Williams, N. Werry, J. LaMarre and 
L. A. Favetta 2022

BPA Decreases PDCD4 in Bovine 
Granulosa Cells Independently of 
miR-21 Inhibition

microRNAs (miRNAs) are susceptible to environmental factors that might affect cellular function and impose negative effects on female reproduction. miR-21 is the most abundant miRNA in bovine granulosa cells and is 
widely reported as affected by Bisphenol A (BPA) exposure, yet the cause and consequences are not entirely elucidated. BPA is a synthetic endocrine disruptor associated with poor fertility. miR-21 function in bovine 
granulosa cells is investigated utilizing locked nucleic acid (LNA) oligonucleotides to suppress miR-21. Before measuring apoptosis and quantifying miR-21 apoptotic targets PDCD4 and PTEN, transfection was optimized 
and validated. BPA was introduced to see how it affects miR-21 regulation and which BPA-mediated effects are influenced by miR-21. miR-21 knockdown and specificity against additional miRNAs were confirmed. miR-
21 was found to have antiapoptotic effects, which could be explained by its effect on the proapoptotic target PDCD4, but not PTEN. Previous findings of miR-21 overexpression were validated using BPA treatments, and 
the temporal influence of BPA on miR-21 levels was addressed. Finally, BPA effects on upstream regulators, such as VMP1 and STAT3, explain the BPA-dependent upregulation of miR-21 expression. Overall, this 
research enhances our understanding of miR-21 function in granulosa cells and the mechanisms of BPA-induced reproductive impairment.

Int J Mol Sci. 2022 Jul 
27;23(15):8276.

10.3390/ijms23158276 35955412 in vitro - - - - - - - - - - 1 0 不明 1 - - - - - - - - - - - - - -

統合_1704 R. Sabry, M. Williams, J. LaMarre and L. A. 
Favetta 2023

Granulosa cells undergo BPA-
induced apoptosis in a miR-21-
independent manner

Bisphenol A (BPA) is a harmful endocrine disrupting compound that alters not only classical cellular mechanisms but also epigenetic mechanisms. Evidence suggests that BPA-induced changes in microRNA expression 
can explain, in part, the changes observed at both the molecular and cellular levels. BPA is toxic to granulosa cells (GCs) as it can activate apoptosis, which is known to contribute to increased follicular atresia. miR-21 is 
a crucial antiapoptotic regulator in GCs, yet the exact function in a BPA toxicity model remains unclear. BPA was found to induce bovine GC apoptosis through the activation of several intrinsic factors. BPA reduced live 
cells counts, increased late apoptosis/necrosis, increased apoptotic transcripts (BAX, BAD, BCL-2, CASP-9, HSP70), increased the BAX/Bcl-2 ratio and HSP70 at the protein level, and induced caspase-9 activity at 12 h 
post-exposure. miR-21 inhibition increased early apoptosis and, while it did not influence transcript levels or caspase-9 activity, it did elevate the BAX/Bcl-2 protein ratio and HSP70 in the same manner as BPA. Overall, 
this study shows that miR-21 plays a molecular role in regulating intrinsic mitochondrial apoptosis; however, miR-21 inhibition did not make the cells more sensitive to BPA. Therefore, apoptosis induced by BPA in bovine 
GCs is miR-21 independent.

Exp Cell Res. 2023 Jun 
1;427(1):113574.

10.1016/j.yexcr.2023.113574 37004947 in vitro - - - - - - - - - - 1 0 不明 1 - - - - - - - - - - - - - -

統合_1705 R. Sabry, A. C. Saleh, L. Stalker, J. LaMarre and 
L. A. Favetta 2021

Effects of bisphenol A and bisphenol 
S on microRNA expression during 
bovine (Bos taurus) oocyte 
maturation and early embryo 
development

Bisphenol A (BPA) and its alternative, bisphenol S (BPS), are widespread endocrine disrupting compounds linked in several studies to poor female fertility. Sufficient oocyte competence and subsequent embryo 
development are highly dependent on oocyte maturation, an intricate process that is vulnerable to BPA. These effects as well as the effects of its analog, BPS, have not been fully elucidated. Although the harmful 
consequences of bisphenols on the reproductive system are largely due to interferences with canonical gene expression, more recent evidence implicates noncoding RNAs, including microRNAs (miRNA), as significant 
contributors. The aim of this work was to test the hypothesis that abnormal expression of key miRNAs during oocyte maturation and embryo development occurs following BPA and BPS exposure during maturation. Using 
qPCR, primary and mature forms of miR-21, -155, -34c, -29a, -10b, -146a were quantified in an in vitro bovine model of matured cumulus-oocyte complexes, fertilized embryos, and cultured cumulus cells after exposure to 
BPA or BPS at the LOAEL dose (0.05 mg/mL). Expression of miR-21, miR -155, and miR-29a were markedly increased (P = 0.02, 0.04, <0.0001) while miR-34c and miR-10b were decreased (P = 0.01, 0.01), after BPA 
treatment. miR-146a expression remained stable. BPS had no effects, suggesting may not exert its actions through these six miRNAs examined. Overall, this study indicates that BPA effects are likely miRNA specific 
rather than a global effect on miRNA synthesis and processing mechanisms and that its analog, BPS, may not possess the same properties required to interfere with these miRNAs during bovine oocyte maturation.

Reprod Toxicol Vol.99 
Pages 96-108

10.1016/j.reprotox.2020.12.001 33285269 in vitro - - - - - - - - - - 1 0 0.05 mg/mL - - - - - - - - - - - - - - -

統合_1706 R. Sabry, M. Nguyen, S. Younes and L. A. 
Favetta 2022

BPA and its analogs increase 
oxidative stress levels in in vitro 
cultured granulosa cells by altering 
anti-oxidant enzymes expression

Bisphenol A is a widespread endocrine disruptor with numerous effects on reproductive functions. Limitations on BPA in manufacturing has prompted the use of analogs, such as BPS and BPF, with limited research on 
their safety. The objective of this study was to evaluate the effects of BPA and its analogs on oxidative stress levels within bovine granulosa cells and to measure the expression of key antioxidant genes. Results indicate 
that BPA and BPF reduce cell viability and induce mitochondrial dysfunction and all three bisphenols increased production of reactive oxygen species as early as 12hrs post exposure. BPA increased the levels of 
antioxidants at 12hrs at the mRNA and protein levels, while these results were not significant at 48hrs. These results together suggest that BPA and its analogs can induce oxidative stress within bovine granulosa cells, 
although not necessarily through common mechanisms. Therefore, the use of BPA analogs may have to be re-considered.

Mol Cell Endocrinol. 
2022 Apr 5:545:111574.

10.1016/j.mce.2022.111574 35065199 in vitro - - - - - - - - - - 1 0 不明 1 - - - - - - - - - - - - - -

統合_1707 R. Sabry, D. R. May and L. A. Favetta 2023
The relationship between miR-21, 
DNA methylation, and bisphenol a in 
bovine COCs and granulosa cells

Introduction: miR-21 is a critical microRNA for the regulation of various processes in oocytes and granulosa cells. It is involved in the modulation of apoptosis and can influence other epigenetic mechanisms. Among these 
mechanisms, DNA methylation holds significant importance, particularly during female gametogenesis. Evidence has demonstrated that microRNAs, including miR-21, can regulate DNA methylation. Bisphenol A (BPA) is a 
widespread chemical that disrupts oocyte maturation and granulosa cell function. Recent findings suggested that BPA can act through epigenetic pathways, including DNA methylation and microRNAs. Methods: This 
study uses anti-miR-21 LNAs to explore the involvement of miR-21 in the regulation of DNA methylation in bovine Cumulus-Oocyte-Complexes (COCs) and granulosa cells, in the presence and absence of BPA. This study 
investigated 5 mC/5hmC levels as well as gene expression of various methylation enzymes using qPCR and western blotting. Results and discussion: Results reveal that BPA reduces 5mC levels in granulosa cells but not 
in COCs, which can be attributed to a decrease in the methylating enzymes DNMT1 and DNMT3A, and an increase in the demethylating enzyme TET2. We observed a significant increase in the protein levels of DNMT1, 
DNMT3A, and TET2 upon inhibition of miR-21 in both COCs and granulosa cells. These findings directly imply a strong correlation between miR-21 signaling and the regulation of DNA methylation in bovine COCs and 
granulosa cells under BPA exposure.

Front Cell Dev Biol. 
2023 Nov 
15:11:1294541.

10.3389/fcell.2023.1294541 38033863 in vitro - - - - - - - - - - 1 0 不明 1 - - - - - - - - - - - - - -

統合_1708
R. Sabry, C. Apps, J. A. Reiter-Saunders, A. C. 
Saleh, S. Balachandran, E. J. St John and L. A. 
Favetta

2021
BPA and BPS Affect Connexin 37 in 
Bovine Cumulus Cells

Bisphenol S (BPS) is used as an alternative plasticizer to Bisphenol A (BPA), despite limited knowledge of potential adverse effects. BPA exhibits endocrine disrupting effects during development. This article focuses on 
the impact of bisphenols during oocyte maturation. Connexins (Cx) are gap junctional proteins that may be affected by bisphenols, providing insight into their mechanism during development. Cxs 37 and 43 are crucial in 
facilitating cell communication between cumulus cells and oocytes. Cumulus-oocyte complexes (COCs), denuded oocytes, and cumulus cells were exposed to 0.05 mg/mL BPA or BPS for 24 h. Both compounds had no 
effect on Cx43. Cumulus cells exhibited a significant increase in Cx37 expression following BPA (p = 0.001) and BPS (p = 0.017) exposure. COCs treated with BPA had increased Cx37 protein expression, whilst BPS 
showed no effects, suggesting BPA and BPS act through different mechanisms. Experiments conducted in in vitro cultured cumulus cells, obtained by stripping germinal vesicle oocytes, showed significantly increased 
expression of Cx37 in BPA, but not the BPS, treated group. BPA significantly increased Cx37 protein expression, while BPS did not. Disrupted Cx37 following BPA exposure provides an indication of possible effects of 
bisphenols on connexins during the early stages of development.

Genes (Basel) Vol.12 
Issue 2

10.3390/genes12020321 33672423 in vitro - - - - - - - - - - 1 0 0.05 mg/mL - - - - - - - - - - - - - - -

統合_1709 I. Sabovic, L. De Toni, A. Di Nisio, C. M. Radu, D. 
Gabbia, S. De Martin and A. Ferlin 2025

Additive effect of Bisphenol A and 
Pefluoro-sulphoctanoic acid 
exposure at subacute toxic levels, on 
a murine model of sertoli cell

PURPOSE: Endocrine disruptors (EDs) interfere with the endocrine system leading to health consquences and reproductive derangements. Most EDs are environmental pollutants whose risk evaluation is hampered by the 
simultaneous exposure to a number of chemicals. Here we investigated the possible mechanistic involvement of Sertoli cells, the nurse cell population in the seminiferous tubule, in the reproductive toxicity of Bisphenol A 
(BPA) and perfluoro-octane sulphonate (PFOS), two acknowledged EDs, at recognized subacute toxic levels. METHODS: Mouse Sertoli cell line TM4 were exposed for 24 h to 40 ng/mL BPA or 30 ng/mL PFOS or their 
association. Cell proliferation was measuerd by MTT assay. Cell apoptosis was evaluated with Annexin-V/propidium iodide staining. Protein expression analysis was peformed by western blotting. RESULTS: Compared to 
unexposed controls (100.0 ± 3.5%), cells exposed to BPA (79.5 ± 3.5%) or PFOS (76.0 ± 7.9%) showed reduced survival rate (P < 0.001 vs control). The exposure to the mixture of BPA and PFOS was associated with a 
further reduction of cell survival (63.9 ± 7.2%, P < 0.001 vs control) and an increase of the percentage of apoptotic cells (13.7 ± 4.6% control, 40.3 ± 13.5% BPA, PFOS 28.7 ± 5.6%, 67.1 ± 19.6% BPA + PFOS P = 0.001 vs 
control; P = 0.022 vs BPA). The exposure to the combination of BPA and PFOS was associated with Akt-signaling pathway activation and with the downstream caspase 3 cleavage. In addition, the exposure to the 
combination of BPA and PFOS was associated with NF-κB activation and increased expression of FasL. CONCLUSION: Subacute toxic levels of BPA and PFOS display additive effects on Sertoli cell apoptosis with the 
possible involvement of FasL-dependent germ cell apoptosis.

J Endocrinol Invest 
Vol.48 Issue 4 Pages 
951-958

10.1007/s40618-024-02498-w 39556264 in vitro - - - - - - - - - - 1 0 40 ng/mL - - - - - - - - - - - - - - -

統合_1710 D. Y. Ryu, W. K. Pang, M. S. Rahman, Y. J. Park 
and M. G. Pang 2025

Differential susceptibility of Leydig 
and Sertoli cells to bisphenol A

Bisphenol A (BPA) is an endocrine-disrupting chemical that is increasingly becoming a vital factor in public health due to its ubiquity and toxicity. BPA is associated with male infertility via the disrupted function of Leydig 
and Sertoli cells. Despite extensive research, the current understanding of the specific pathological concentrations and the mechanisms following BPA exposure still remain questionable. Therefore, we investigated the 
susceptibilities and underlying mechanisms in Leydig and Sertoli cells following treatment with various BPA doses (0.0001-100 µM in a 10-fold serial dilution). Our results showed that the lowest BPA levels (10(-4) μM) 
decreased mitochondrial membrane potential and ATP levels. In contrast, ROS levels were increased at high BPA levels regardless of exposure time (24 or 48 h) in both cell types. Mitochondrial-mediated apoptosis was 
identified along with increased ROS levels and abnormal mitochondrial dynamics, but both cell types showed different susceptibility to BPA toxicity. Subsequently, BPA had detrimental impacts on the mRNA expression 
levels of steroidogenic enzymes and testosterone synthesis in Leydig cells and reduced anchoring junction proteins in Sertoli cells. Consequently, our results demonstrated that both cells were affected via estrogen 
receptor alpha. However, protein kinase A was oppositely expressed following BPA exposure in each cell type. Therefore, it is plausible to suggest that each cell has distinct sensitivities and mechanisms in response to 
BPA.

Toxicology. 2025 
Sep:516:154182.

10.1016/j.tox.2025.154182 40349747 in vitro - - - - - - - - - - 1 0 0.0001〜100µM 1 - - - - - - - - - - - - - -

統合_1711

D. Ryszawy, M. Pudełek, P. Kochanowski, N. 
Janik-Olchawa, J. Bogusz, M. Rąpała, P. 
Koczurkiewicz, J. Mikołajczyk, I. Borek, S. Kę
dracka-Krok, E. Karnas, E. Zuba-Surma, Z. 
Madeja and J. Czyż

2020

High bisphenol A concentrations 
augment the invasiveness of tumor 
cells through Snail-1/Cx43/ERRγ-
dependent epithelial-mesenchymal 
transition

Bisphenol A (BPA) is commonly present in plastics used for food storage and preservation. The release of BPA from these products results in a permanent human exposition to BPA; however, the quality and quantity of 
BPA adverse effects remain a matter of controversy. The common presence of BPA in the human environment and the controversies concerning the relations of human exposition to BPA and cancer incidence justify the 
research on the interactions between BPA and pro-metastatic signaling in cancer cells. Here, we describe a novel BPA-reactive signaling axis that induces the epithelial-mesenchymal transition (EMT) in lung 
adenocarcinoma A549 cells. BPA exerted negligible effects on their properties in a wide range of concentrations (10 nM - 100 nM), whereas it considerably induced A549 invasiveness at high concentrations (10 μM). The 
BPA-induced EMT was illustrated by morphologic changes, E/N-cadherin switch and vimentin/Snail-1/connexin(Cx)43 up-regulation in A549 populations. It was followed by enhancement of A549 drug-resistance. 
Corresponding effects of BPA were observed in prostate cancer cell populations. Concomitantly, we observed increased levels and perinuclear accumulation of estrogen-related receptor gamma (ERRγ) in BPA-treated 
cells, its interactions with Cx43/Snail-1, and the corresponding effects of phenol red on A549 cells. Collectively, these data identify a novel, pro-metastatic Snail-1/Cx43/ERRγ signaling pathway. Its reactivity to BPA 
underlies the induction of cancer cells' invasiveness in the presence of high BPA concentrations in vitro. Thus, the chronic exposition of cancer cells to extrinsic and intrinsic BPA should be considered as a potential 
obstacle in a cancer therapy.

Toxicol In Vitro. 2020 
Feb:62:104676.

10.1016/j.tiv.2019.104676 31629898 in vitro - - - - - - - - - - 1 0 10 - 100 nM 1 - - - - - - - - - - - - - -

統合_1712 K. Rybczyńska-Tkaczyk, B. Skóra and K. A. 
Szychowski 2023

Toxicity of bisphenol A (BPA) and 
its derivatives in divers biological 
models with the assessment of 
molecular mechanisms of toxicity

The aim of the study was to determine totoxicity of bisphenol A (BPA) and its derivatives (bisphenol S (BPS), bisphenol F (BPF), and tetrabromobisphenol A (TBBPA)) due to its high accumulation in environment. The 
performed analysis revealed the toxicity of the BPA, BPF, and BPS against Kurthia gibsoni, Microbacterium sp., and Brevundimonas diminuta as the most sensitive, reaching microbial toxic concentrations in the range of 
0.018-0.031 mg · L(-1). Moreover, the genotoxicity assay shows the ability of all tested compounds to increase in the β-galactosidase level at the concentration range 7.81-500 µM (in Escherichia coli, PQ37). In turn, the 
matbolic activation of tested bishpenols has caused the enhacement of the genotoxicity and cytotoxicity effect. Interestingely, the highest phytotoxicity effect was pointed for BPA and TBBPA at the concentrations of 10 
mg · L(-1) and 50 mg · L(-1), which cause the inhibition of root growth by 58% and 45%, respectively (especially for S. alba and S. saccharatum). Furthermore, the cytotoxicity analyses show the ability of BPA, BPS, and 
TBBPA to significantly decrease the metabolic activity of human keratynoctes in vitro after 24 h of treatment at the micromolar concentrations. Simialry, the impact of the certain bisphenols on proliferation-, apoptosis-, 
and inflammation-related mRNA expression was shown in tested cell line. Summarizing, the presented results have proved that BPA and its derrivatives are able to show high negative effect on certain living orgnisms 
such as bacteria, plants, and human cells, which is strict related to pro-apoptotic and genotoxic mechanism of action.

Environ Sci Pollut Res 
Int. 2023 
Jun;30(30):75126-
75140.

10.1007/s11356-023-27747-y 37213006 in vitro - - - - - - - - - - 1 1 7.81〜500 µM 1 - - - - - - - - - - - - - -

132



別添-2 統合⽂献リスト  

統合No. 著者名 発⾏年 タイトル アブストラクト 書誌情報 doi PMID
ヒト/動物/in vitro/ex 

vivo/in silico
分野

（疫学/動物） 哺乳動物 経⼝投与
BPA

単独ばく露

⼀般的な動物
種及び系統の
無処置動物

対照群と
3⽤量以上の
BPA投与群

10 mg/kg/⽇
以下の

⽤量設定

コホート研究/症例対照研究
/メタアナリシス

全ての
集団

全ての
ばく露経路

BPA
単独ばく露

遺伝毒性
試験

遺伝毒性試験以外
については100nM
以下の濃度設定の

試験

適格性評価基準
通過

（1534報）

信頼性評価対象
⽂献

(1012報)

疫学納品
⽂献(716報)

動物納品
⽂献(299報)

※１報取得不
可を含む

疫学情報
抽出⽂献

（170報）

動物情報
抽出⽂献

（123報）

EFSA
2023

EFSA
2016

EFSA
2015 BfR KEMI ANSES FDA NIFDS

CLARITY
-BPA

 適格性評価（動物）1：該当、0：該当しない  適格性評価（疫学）1：該当、0：該当しない  適格性評価（in vitro）1：該当、0：該当しない

適格性評価はタイトル及び要旨の情報に基づ
き可能な範囲で実施。明らかに適格性基準不
適合と判断されるもの以外を信頼性評価へ進
め、信頼性評価段階で原著に基づき精査。

引⽤評価機関
●：該当

統合_1713 C. Russo, A. Maugeri, A. Albergamo, G. Dugo, M. 
Navarra and S. Cirmi 2023

Protective Effects of a Red Grape 
Juice Extract against Bisphenol A-
Induced Toxicity in Human Umbilical 
Vein Endothelial Cells

Human exposure to bisphenol A (BPA) occurs through the ingestion of contaminated food and water, thus leading to endothelial dysfunction, the first signal of atherosclerosis. Vitis vinifera L. (grape) juice is well known 
for its health-promoting properties, due to its numerous bioactive compounds among which are polyphenols. The aim of this study was to evaluate the protective effect of a red grape juice extract (RGJe) against the 
endothelial damage induced by BPA in human umbilical vein endothelial cells (HUVECs) as an in vitro model of endothelial dysfunction. Our results showed that RGJe treatment counteracted BPA-induced cell death and 
apoptosis in HUVECs, blocking caspase 3 and modulating p53, Bax, and Bcl-2. Moreover, RGJe demonstrated antioxidant properties in abiotic tests and in vitro, where it reduced BPA-induced reactive oxygen species as 
well as restored mitochondrial membrane potential, DNA integrity, and nitric oxide levels. Furthermore, RGJe reduced the increase of chemokines (IL-8, IL-1β, and MCP-1) and adhesion molecules (VCAM-1, ICAM-1, and 
E-selectin), caused by BPA exposure, involved in the primary phase of atheromatous plaque formation. Overall, our results suggest that RGJe prevents BPA-induced vascular damage modulating specific intracellular 
mechanisms, along with protecting cells, owing to its antioxidant capability.

Toxics. 2023 Apr 
21;11(4):391.

10.3390/toxics11040391 37112618 in vitro - - - - - - - - - - 不明 0 不明 1 - - - - - - - - - - - - - -

統合_1714 S. Ruberto, A. Santovito, E. R. Simula, M. Noli, 
M. A. Manca and L. A. Sechi 2022

Bisphenols induce human genomic 
damage and modulate HERVs/env 
expression

Bisphenol A (BPA), a recognized endocrine-disrupting chemical, is used in the production of epoxy and polycarbonate resins. Since human exposure to BPA has been associated with increased cancer susceptibility, the 
market has shifted to products often labeled as "BPA free" containing BPA analogs such as bisphenol F (BPF) and bisphenol S (BPS). However, the European legislation on BPF and BPS is still unclear. This study analyzed 
the effects of BPA, BPF, and BPS exposure on human peripheral blood mononuclear cells by using in vitro micronucleus assay. Furthermore, it investigated the impact of bisphenols exposure on human endogenous 
retroviruses (HERVs) expression, which is implicated with the pathogenesis of several human diseases. The micronucleus assay revealed a significant genotoxic effect in peripheral blood cells after exposure to BPA and 
BPF at concentrations of 0.1, 0.05, and 0.025 μg/ml, and to BPS at 0.1 and 0.05 μg/ml. In addition, BPA exposure seems to upregulate the expression of HERVs, while a downregulation was observed after BPF and BPS 
treatments. Overall, our data showed the toxic effect of BPA and its analogs on circulating cells in the blood and demonstrated that they could modulate the HERVs expression.

Environ Mol Mutagen. 
2022 Jul;63(6):275-285.

10.1002/em.22499 36054626 in vitro - - - - - - - - - - 1 1 0.1、0.05、0.025 µg/ml 1 - - - - - - - - - - - - - -

統合_1715

N. Roy, C. Lazzaretti, E. Paradiso, C. Capponi, T. 
Ferrari, F. Reggianini, S. Sperduti, L. Baschieri, 
E. Mascolo, C. Perri, M. Varani, G. Canu, T. 
Trenti, A. Nicoli, D. Morini, F. Iannotti, M. T. 
Villani, E. Vicini, M. Simoni and L. Casarini

2023
Short-Term Exposure to Bisphenol A 
Does Not Impact Gonadal Cell 
Steroidogenesis In Vitro

Bisphenol A (BPA) is a ubiquitous, synthetic chemical proven to induce reproductive disorders in both men and women. The available studies investigated the effects of BPA on male and female steroidogenesis following 
long-term exposure to the compound at relatively high environmental concentrations. However, the impact of short-term exposure to BPA on reproduction is poorly studied. We evaluated if 8 and 24 h exposure to 1 nM and 
1 µM BPA perturbs luteinizing hormone/choriogonadotropin (LH/hCG)-mediated signalling in two steroidogenic cell models, i.e., the mouse tumour Leydig cell line mLTC1, and human primary granulosa lutein cells 
(hGLC). Cell signalling studies were performed using a homogeneous time-resolved fluorescence (HTRF) assay and Western blotting, while gene expression analysis was carried out using real-time PCR. 
Immunostainings and an immunoassay were used for intracellular protein expression and steroidogenesis analyses, respectively. The presence of BPA leads to no significant changes in gonadotropin-induced cAMP 
accumulation, alongside phosphorylation of downstream molecules, such as ERK1/2, CREB and p38 MAPK, in both the cell models. BPA did not impact STARD1, CYP11A1 and CYP19A1 gene expression in hGLC, nor 
Stard1 and Cyp17a1 expression in mLTC1 treated with LH/hCG. Additionally, the StAR protein expression was unchanged upon exposure to BPA. Progesterone and oestradiol levels in the culture medium, measured by 
hGLC, as well as the testosterone and progesterone levels in the culture medium, measured by mLTC1, did not change in the presence of BPA combined with LH/hCG. These data suggest that short-term exposure to 
environmental concentrations of BPA does not compromise the LH/hCG-induced steroidogenic potential of either human granulosa or mouse Leydig cells.

Cells. 2023 Jun 
2;12(11):1537.

10.3390/cells12111537 37296657 in vitro - - - - - - - - - - 1 0 1 nM, 1 µM 1 - - - - - - - - - - - - - -

統合_1716 V. Rossio and J. A. Paulo 2025

Comprehensive Analysis of the 
Proteome of S. cerevisiae Wild-Type 
and pdr5Δ Cells in Response to 
Bisphenol A (BPA) Exposure

Bisphenol A, an endocrine-disrupting compound, is widely used in the industrial production of plastic products. Despite increasing concerns about its harmful effects on human health, animals, and the environment, the 
use of BPA has been banned only in infant products, and its effects on cellular processes are not fully understood. To investigate the impact of BPA on eukaryotic cells, we analyzed the proteome changes of wild-type and 
PDR5-deleted S. cerevisiae strains exposed to different doses of BPA using sample multiplexing-based proteomics. We found that the ABC multidrug transporter Pdr5 plays an important role in protecting yeast cells from 
BPA toxicity, with its absence significantly sensitizing cells to BPA. BPA inhibited yeast growth in a dose-dependent manner, with a more pronounced effect in PDR5-deleted cells. Proteomic analysis revealed that BPA 
induces widespread dose-dependent changes in protein abundance, including the upregulation of metabolic pathways such as arginine biosynthesis and the downregulation of mitochondrial proteins. Additionally, we 
observed markers of cellular stress induced by BPA by identifying multiple stress-induced proteins that were upregulated by this compound. As cellular processes affected by BPA have been shown to be evolutionarily 
conserved, these insights can advance our understanding of BPA's cellular impact and its broader effects on human health.

Microorganisms. 2025 
Jan 8;13(1):114.

10.3390/microorganisms13010114 39858881 in vitro - - - - - - - - - - 1 0 不明 1 - - - - - - - - - - - - - -

統合_1717
G. Rossi, B. Dufrusine, A. R. Lizzi, C. Luzi, A. 
Piccoli, F. Fezza, R. Iorio, G. D'Andrea, E. 
Dainese, S. Cecconi and M. Maccarrone

2020

Bisphenol A Deranges the 
Endocannabinoid System of Primary 
Sertoli Cells with an Impact on 
Inhibin B Production

Bisphenol A (BPA) is an endocrine disruptor that negatively affects spermatogenesis, a process where Sertoli cells play a central role. Thus, in the present study we sought to ascertain whether BPA could modulate the 
endocannabinoid (eCB) system in exposed mouse primary Sertoli cells. Under our experimental conditions, BPA turned out to be cytotoxic to Sertoli cells with an half-maximal inhibitory concentration (IC(50)) of ~6.0 µM. 
Exposure to a non-cytotoxic dose of BPA (i.e., 0.5 μM for 48 h) increased the expression levels of specific components of the eCB system, namely: type-1 cannabinoid (CB(1)) receptor and diacylglycerol lipase-α (DAGL-
α), at mRNA level, type-2 cannabinoid (CB(2)) receptor, transient receptor potential vanilloid 1 (TRPV1) receptors, and DAGL-β, at protein level. Interestingly, BPA also increased the production of inhibin B, but not that 
of transferrin, and blockade of either CB(2) receptor or TRPV1 receptor further enhanced the BPA effect. Altogether, our study provides unprecedented evidence that BPA deranges the eCB system of Sertoli cells towards 
CB(2)- and TRPV1-dependent signal transduction, both receptors being engaged in modulating BPA effects on inhibin B production. These findings add CB(2) and TRPV1 receptors, and hence the eCB signaling, to the 
other molecular targets of BPA already known in mammalian cells.

Int J Mol Sci Vol.21 
Issue 23

10.3390/ijms21238986 33256105 in vitro - - - - - - - - - - 1 0 0.5 µM - - - - - - - - - - - - - - -

統合_1718
T. Rosenberger, A. M. Bell, G. Reifferscheid, K. 
E. C. Smith, A. Schäffer, T. A. Ternes and S. 
Buchinger

2024
Extrapolation of cytotoxic masked 
effects in planar in vitro assays

The masking of specific effects in in vitro assays by cytotoxicity is a commonly known phenomenon. This may result in a partial or complete loss of effect signals. For common in vitro assays, approaches for identifying 
and quantifying cytotoxic masking are partly available. However, a quantification of cytotoxicity-affected signals is not possible. As an alternative, planar bioassays that combine high-performance thin layer 
chromatography with in vitro assays, such as the planar yeast estrogen screen (p-YES), might allow for a quantification of cytotoxically affected signals. Affected signals form a typical ring structure with a supressed or 
completely lacking centre that results in a double peak chromatogram. This study investigates whether these double peaks can be used for fitting a peak function to extrapolate the theoretical, unaffected signals. The 
precision of the modelling was evaluated for four individual peak functions, using 42 ideal, undistorted peaks from estrogenic model compounds in the p-YES. Modelled ED(50)-values from bisphenol A (BPA) experiments 
with cytotoxically disturbed signals were 13 times higher than for the apparent data without compensation for cytotoxicity (320 ± 63 ng versus 24 ± 17 ng). This finding has a high relevance for the modelling of mixture 
effects according to concentration addition that requires unaffected, complete dose-response relationships. Finally, we applied the approach to results of a p-YES assay on leachate samples of an elastomer material 
used in water engineering. In summary, the fitting approach enables the quantitative evaluation of cytotoxically affected signals in planar in vitro assays and also has applications for other fields of chemical analysis like 
distorted chromatography signals.

Anal Bioanal Chem. 
2024 Jun;416(15):3519-
3532.

10.1007/s00216-024-05302-z 38656365 in vitro - - - - - - - - - - 1 0 不明 1 - - - - - - - - - - - - - -

統合_1719

C. C. S. Rocha, C. A. Sanchez, M. C. O. Souza, E. 
M. Treviso, G. H. Savietto, P. P. Devóz, L. V. P. 
de Freitas, L. M. G. Antunes, J. A. R. Paschoal 
and F. B. Junior

2025

Polystyrene nanoplastic co-exposed 
to BPA and BPS induces 
cytotoxicity, genotoxicity, and alters 
ROS production in HepG2 cells

During plastic degradation, it is fragmented into micro and nanoplastic, which can adsorb contaminants from the environment, increasing the plastics´ toxicity. Bisphenol A is used in plastic production and can be an 
endocrine disruptor. Bisphenol S is an analog of bisphenol A and has been used as an alternative to "BPA-free" products. Therefore, this is the first research proposing to verify whether nanoplastics associated with 
bisphenol A or S can increase toxicity in HepG2 cells. Nanoplastics associated with bisphenols could alter the cell viability of HepG2 cells compared to the group treated with the nanoplastic alone and concerning the 
respective bisphenol. The co-exposure of nanoplastic to bisphenols A or S promoted cytotoxic and genotoxic damage in HepG2 cells, altering the reactive oxygen species production, increasing DNA strand breaks, and 
increasing apoptotic cells. Bisphenols A and S also showed cytotoxic and genotoxic effects in HepG2 cells. However, 8-OHdG was only detected in the group treated with the nanoplastic at the lowest concentration. This 
study highlights the cytotoxicity and genotoxicity of nanoplastics and bisphenols A and S, providing new insights into hepatocyte toxicity.

Toxicol In Vitro. 2025 
Dec:109:106121.

10.1016/j.tiv.2025.106121 40706907 in vitro - - - - - - - - - - 不明 1 不明 1 - - - - - - - - - - - - - -

統合_1720 R. A. Rifa, M. G. Rojo and R. Lavado 2025
Mechanisms of toxicity caused by 
bisphenol analogs in human in vitro 
cell models

Bisphenol analogs, structurally similar to bisphenol A (BPA), are widely used in various industries as a safer alternative to BPA. However, these alternatives also present risks, such as inflammation and potential 
connections to chronic diseases like cancer and diabetes, highlighting the need for further research into their toxicity mechanisms. Building on our previous cytotoxicity research, this study delves into the mechanisms of 
toxicity associated with bisphenol analogs (bisphenol AF, bisphenol AP, bisphenol E, and bisphenol P) on human in vitro cell models (HepaRG, Caco-2, HMC3, and HMEC-1). In this study, we assessed the impact of these 
compounds on key cellular stress markers: reactive oxygen species (ROS) production, mitochondrial membrane potential (ΔΨm), and mitochondrial calcium levels. Results revealed dose-dependent increases in oxidative 
stress and decrease in mitochondrial membrane potential (ΔΨm), with Caco-2 cells (enterocytes) exhibiting the highest sensitivity, indicating tissue-specific vulnerability. Notably, bisphenol AF, bisphenol AP and 
bisphenol P were identified as the most potent analogs in inducing ROS, affecting mitochondrial integrity and calcium homeostasis among all cell models. This research highlights the importance of understanding analog-
specific and cell-specific responses to bisphenol compounds, providing a foundation for improved regulatory strategies to mitigate health risks associated with their exposure.

Chem Biol Interact. 
2025 May 1:412:111475.

10.1016/j.cbi.2025.111475 40086714 in vitro - - - - - - - - - - 不明 0 不明 1 - - - - - - - - - - - - - -

統合_1721 R. A. Rifa and R. Lavado 2024
Cytotoxic impacts of seven 
alternative bisphenols on human in 
vitro cellular models

Bisphenols (BPs), common in plastics, coatings, and resins, are under scrutiny for potential endocrine disruption. Despite banning bisphenol A (BPA), its perceived safer alternatives may still pose health risks, urging 
thorough studies on their toxicity mechanisms. This study aimed to investigate the cellular toxicity of the top seven most commonly used BPs, bisphenol S (BPS), bisphenol F (BPF), bisphenol AF (BPAF), bisphenol P 
(BPP), bisphenol AP (BPAP), bisphenol B (BPB), bisphenol E (BPE) in eight different relevant human in vitro cell models: liver (HepaRG), intestinal (Caco-2), breast (T47D), brain (HMC-3), lungs (MRC-5), kidney (HEK293), 
endothelial (HMEC-1), and skin (HEK-001) cell lines. BPE manifested the highest cytotoxicity in Caco-2 cells, presenting an EC(50) value of roughly 0.2 μM (95% confidence interval). In contrast, HEK293 and HepaRG 
cells demonstrated significant resilience to BPS (EC(50) > 1000 μM). BPAF, BPP, and BPAP had consistently low EC(50) values across cell lines (6-27.9 μM, 0.6-134.7 μM, and 3.6-178.8 μM), indicating elevated 
toxicity. After 24 h, all bisphenols adhered to nominal concentrations except BPAF, BPP, and BPS. BPP's concentration notably decreased (30.82 ± 5.53% of nominal value). The results revealed diverse effects of 
bisphenol analogs on different cell types. These findings emphasized the considerable cytotoxic potential of specific bisphenol analogs across various human cell models, underlining the necessity for a re-evaluation of 
their safety and regulatory standards.

Chemosphere. 2024 
Oct:366:143408.

10.1016/j.chemosphere.2024.1434
08

39326710 in vitro - - - - - - - - - - 1 0 不明 1 - - - - - - - - - - - - - -

統合_1722
S. Riesbeck, H. Petruschke, U. Rolle-Kampczyk, 
C. Schori, C. H. Ahrens, C. Eberlein, H. J. 
Heipieper, M. von Bergen and N. Jehmlich

2022

Adaptation and Resistance: How 
Bacteroides thetaiotaomicron Copes 
with the Bisphenol A Substitute 
Bisphenol F

Bisphenols are used in the process of polymerization of polycarbonate plastics and epoxy resins. Bisphenols can easily migrate out of plastic products and enter the gastrointestinal system. By increasing colonic 
inflammation in mice, disrupting the intestinal bacterial community structure and altering the microbial membrane transport system in zebrafish, bisphenols seem to interfere with the gut microbiome. The highly abundant 
human commensal bacterium Bacteroides thetaiotaomicron was exposed to bisphenols (Bisphenol A (BPA), Bisphenol F (BPF), Bisphenol S (BPS)), to examine the mode of action, in particular of BPF. All chemicals 
caused a concentration-dependent growth inhibition and the half-maximal effective concentration (EC50) corresponded to their individual logP values, a measure of their hydrophobicity. B. thetaiotaomicron exposed to 
BPF decreased membrane fluidity with increasing BPF concentrations. Physiological changes including an increase of acetate concentrations were observed. On the proteome level, a higher abundance of several ATP 
synthase subunits and multidrug efflux pumps suggested an increased energy demand for adaptive mechanisms after BPF exposure. Defense mechanisms were also implicated by a pathway analysis that identified a 
higher abundance of members of resistance pathways/strategies to cope with xenobiotics (i.e., antibiotics). Here, we present further insights into the mode of action of bisphenols in a human commensal gut bacterium 
regarding growth inhibition, and the physiological and functional state of the cell. These results, combined with microbiota-directed effects, could lead to a better understanding of host health disturbances and disease 
development based on xenobiotic uptake.

Microorganisms. 2022 
Aug 9;10(8):1610.

10.3390/microorganisms10081610 36014027 in vitro - - - - - - - - - - 不明 0 不明 1 - - - - - - - - - - - - - -

統合_1723 C. Riegraf, A. M. Bell, M. Ohlig, G. Reifferscheid 
and S. Buchinger 2022

Planar chromatography-bioassays 
for the parallel and sensitive 
detection of androgenicity, anti-
androgenicity and cytotoxicity

Anti-androgens entering the aquatic environment, e.g., by effluents from wastewater treatment plants or agricultural settings are contributing to endocrine disruption in wildlife and humans. Due to the simultaneous 
presence of agonistic compounds, common in vitro bioassays can underestimate the risk posed by androgen antagonists. On the other hand, cytotoxic effects might lead to false positive assessments of anti-androgenic 
effects in conventional bioassays. In the present study, a combination of normal phase high-performance thin-layer chromatography (NP-HPTLC) with a yeast-based reporter gene assay is established for the detection of 
anti-androgenicity as a promising tool to reduce interferences of androgenic and anti-androgenic compounds present in the same sample. To avoid a misinterpretation of anti-androgenicity with cytotoxic effects, cell 
viability was assessed in parallel on the same plate using a resazurin viability assay adapted to HPTLC plates. The method was characterized by establishing dose-response curves for the model compounds flutamide and 
bisphenol A. Calculated effective doses at 10% (ED10) were 27.9 ± 1.3 ng zone(-1) for flutamide and 20.1 ± 5.1 ng zone(-1) for bisphenol A. Successful distinction between anti-androgenicity and cytotoxicity was 
exemplarily demonstrated with 4-nitroquinoline 1-oxide. As a proof of concept, the detection and quantification of anti-androgenicity in an extract of a landfill leachate is demonstrated. This study shows that the 
hyphenation of HPTLC with the yeast anti-androgen screen is a matrix-robust, cost-efficient and fast screening tool for the sensitive and simultaneous detection of anti-androgenic and cytotoxic effects in environmental 
samples. The method offers a wide range of possible applications in environmental monitoring and contributes to the identification of anti-androgenicity drivers in the course of an effect-directed analysis.

J Chromatogr A. 2022 
Nov 22:1684:463582.

10.1016/j.chroma.2022.463582 36288622 in vitro - - - - - - - - - - 不明 0 不明 1 - - - - - - - - - - - - - -

統合_1724 E. Ribeiro, M. Delgadinho and M. Brito 2019

Environmentally Relevant 
Concentrations of Bisphenol A 
Interact with Doxorubicin 
Transcriptional Effects in Human 
Cell Lines

The worldwide production of synthetic chemicals, including endocrine disruptor chemicals (EDCs), such as Bisphenol A (BPA) has increased significantly in the last two decades. Human exposure to BPA, particularly 
through ingestion, is continuous and ubiquitous. Although, considered a weak environmental estrogen, BPA can induce divergent biological responses through several signaling pathways, including carcinogenesis in 
hormone-responsive organs. However, and despite the continuous increase of tumor cell-resistance to therapeutic drugs, such as doxorubicin (DOX), information regarding BPA drug interactions is still scarce, although 
its potential role in chemo-resistance has been suggested. This study aims to assess the potential interactions between environmentally relevant levels of BPA and DOX at a therapeutic dosage on Hep-2 and MRC-5 cell 
lines transciptome. Transcriptional effects in key-player genes for cancer biology, namely c-fos, p21, and bcl-xl, were evaluated through qRT-PCR. The cellular response was analyzed after exposure to BPA, DOX, or co-
exposure to both chemicals. Transcriptional analysis showed that BPA exposure induces upregulation of bcl-xl and endorses an antagonistic non-monotonic response on DOX transcriptional effects. Moreover, the BPA 
interaction with DOX on c-fos and p21 expression emphasize its cellular specificity and divergent effects. Overall, Hep-2 was more susceptible to BPA effects in a dose-dependent manner while MRC-5 transcriptional 
levels endorsed a non-monotonic response. Our data indicate that BPA environmental exposure may influence chemotherapy outcomes, which emphasize the urgency for a better understanding of BPA interactions with 
chemotherapeutic agents, in the context of risk assessment.

Toxics. 2019 Aug 
29;7(3):43.

10.3390/toxics7030043 31470548 in vitro - - - - - - - - - - 1 0 不明 1 - - - - - - - - - - - - - -

統合_1725 F. Ren, H. Ning, Y. Ge, Z. Yin, L. Chen, D. Hu, S. 
Shen, X. Wang, S. Wang, R. Li and J. He 2022

Bisphenol A induces apoptosis in 
response to DNA damage through c-
Abl/YAP(Y357)/ p73 pathway in P19 
embryonal carcinoma stem cells

Bisphenol A (2,2-bis(4'-hydroxyphenyl) propane, BPA) is a well-known endocrine-disrupting compound that is widely used in various daily products and exhibits embryonic development toxicity and genotoxicity. However, 
the affected signaling pathways involved in embryonic development especially the interactions of involved proteins remain unclear. In our previous study (Ge et al., 2021), BPA induces DNA damage and apoptosis in 
Xenopus embryos, resulting in multiple malformations of larvae. However, the signaling pathways induced for apoptosis response to DNA damage are still not well elucidated. Here, we systematically elucidated the 
enriched pathways affected by BPA and illustrated the interactions of involved proteins. Results indicated that BPA affected multiple embryonic development pathways including Hippo, TGF-β, Wnt, and Notch pathways. 
Furthermore, the protein-protein interaction network suggested that the c-Abl/YAP(Y357)/p73 pathway may play a key role in apoptosis induction in response to DNA damage. P19 embryonal carcinoma stem cells, as a 
developmental toxicity model, were treated with different BPA concentrations to establish an in vitro model to verify the role of the c-Abl/YAP(Y357)/p73 pathway in apoptosis. BPA triggered DNA damage and significantly 
upregulated the expression levels of c-Abl, phosphorylated YAP(Y357), phosphorylated p73(Y99), and cleaved caspase-3 protein (p < 0.05), thus decreasing cell viability and transcriptionally activating the p73 target genes 
Bax and Puma. These data suggested that BPA activated the c-Abl/YAP(Y357)/p73 pathway in response to DNA damage. Imatinib, an inhibitor of tyrosine kinase c-Abl, significantly downregulated the elevated expression 
levels of p-YAP(Y357), p-p73(Y99) and cleaved caspase-3 (p < 0.05) caused by BPA and then ameliorated the cell index of P19 cells in the BPA-treated group. Therefore, this substance restrained the phosphokinase 
activity of c-Abl and suppressed the c-Abl/YAP(Y357)/p73 pathway. Results showed that the c-Abl/YAP(Y357)/p73 pathway served as a mechanism for caspase-3 activation that induced the apoptosis response to DNA 
damage stress.

Toxicology. 2022 Mar 
30:470:153138.

10.1016/j.tox.2022.153138 35219798 in vitro - - - - - - - - - - 1 1 不明 1 - - - - - - - - - - - - - -
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統合_1726
I. Reina-Pérez, A. Olivas-Martínez, V. Mustieles, 
E. Salamanca-Fernández, J. M. Molina-Molina, 
N. Olea and M. F. Fernández

2022

The Mixture of Bisphenol-A and Its 
Substitutes Bisphenol-S and 
Bisphenol-F Exerts Obesogenic 
Activity on Human Adipose-Derived 
Stem Cells

Bisphenol A (BPA) and its substitutes, bisphenol F (BPF) and S (BPS), have previously shown in vitro obesogenic activity. This study was designed to investigate their combined effect on the adipogenic differentiation of 
human adipose-derived stem cells (hASCs). Cells were exposed for 14 days to an equimolar mixture of bisphenols (MIX) (range 10 nM-10 µM). Oil Red staining was used to measure intracellular lipid accumulation, 
quantitative real-time polymerase chain reaction (qRT-PCR) to study gene expression of adipogenic markers (PPARγ, C/EBPα, LPL, and FABP4), and Western Blot to determine their corresponding proteins. The MIX 
promoted intracellular lipid accumulation in a dose-dependent manner with a maximal response at 10 µM. Co-incubation with pure antiestrogen (ICI 182,780) inhibited lipid accumulation, suggesting that the effect was 
mediated by the estrogen receptor. The MIX also significantly altered the expression of PPARγ, C/EBPα, LPL, and FABP4 markers, observing a non-monotonic (U-shaped) dose-response, with maximal gene expression 
at 10 nM and 10 µM and lesser expression at 1 µM. This pattern was not observed when bisphenols were tested individually. Exposure to MIX (1-10 µM) also increased all encoded proteins except for FABP4, which 
showed no changes. Evaluation of the combined effect of relevant chemical mixtures is needed rather than single chemical testing.

Toxicology. 2022 Mar 
30:470:153138.

10.3390/toxics10060287 35736896 in vitro - - - - - - - - - - 1 0 不明 1 - - - - - - - - - - - - - -

統合_1727
C. Reidelbach, M. Garcia-Käufer, N. Wingert, A. 
Arif, K. Vach, E. Hellwig, R. Gminski and O. 
Polydorou

2021
Cytotoxicity and estrogenicity in 
simulated dental wastewater after 
grinding of resin-based materials

OBJECTIVE: This study evaluated the cytotoxic and estrogenic effects of dust and eluates released into simulated wastewater after grinding of dental resin-based materials. METHODS: Four materials were used: 
ceram.x® universal, Filtek™ Supreme XTE, Lava™ Ultimate and Core-X™ flow. From each composite material, samples (5 × 2 mm, n = 50) were prepared according to the manufacturers' instructions. Lava™ Ultimate 
was used as blocks. All samples were ground to dust with a diamond bur (106 μm) and suspended in distilled water at 60 mg/mL. After storage for 72 h, the suspensions were separated into a soluble (eluate) and a 
particulate (dust) fraction. Eluates and dusts were evaluated for inhibition of Vibrio fischeri bioluminescence and cytotoxicity on human A549 lung cells (WST-1-Assay). The estrogenic activity was assessed by YES-
Assay using Saccharomyces cerevisiae. Additionally, dental monomers (BisGMA, BisEMA, UDMA, TEGDMA, HEMA) and Bisphenol A were investigated. RESULTS: All eluates showed inhibition of V. fischeri 
bioluminescence at concentrations above 1.1 mg/mL (p < 0.05). The activity of the eluates of ceram.x® universal and Filtek™ Supreme XTE was significantly higher than Lava™ Ultimate and Core-X™ flow (p < 0.05). In 
the WST-1-Assay, all materials induced cytotoxic effects at concentrations of 0.1 mg/mL (p < 0.05), while no significant differences were detected among them. The tested materials revealed no estrogenic activity. All 
dental monomers and Bisphenol A showed concentration dependent cytotoxic effects (p < 0.05), whereas only Bisphenol A induced an estrogenic effect (p < 0.01). SIGNIFICANCE: Dust and eluates of resin-based dental 
materials released into wastewater exert bactericidal and cytotoxic effects in vitro. However, they reveal no estrogenic effect.

Dent Mater. 2021 
Oct;37(10):1486-1497.

10.1016/j.dental.2021.07.003 34376295 in vitro - - - - - - - - - - 1 0 不明 1 - - - - - - - - - - - - - -

統合_1728 P. Rebuzzini, S. Rustichelli, L. Fassina, I. 
Canobbio, M. Zuccotti and S. Garagna 2024

BPA Exposure Affects Mouse 
Gastruloids Axial Elongation by 
Perturbing the Wnt/β-Catenin 
Pathway

Mammalian embryos are very vulnerable to environmental toxicants (ETs) exposure. Bisphenol A (BPA), one of the most diffused ETs, exerts endocrine-disrupting effects through estro-gen-mimicking and hormone-like 
properties, with detrimental health effects, including on reproduction. However, its impact during the peri-implantation stages is still unclear. This study, using gastruloids as a 3D stem cell-based in vitro model of 
embryonic development, showed that BPA exposure arrests their axial elongation when present during the Wnt/β-catenin pathway activation period by β-catenin protein reduction. Gastruloid reshaping might have been 
impeded by the downregulation of Snail, Slug and Twist, known to suppress E-cadherin expression and to activate the N-cadherin gene, and by the low expression of the N-cadherin protein. Also, the lack of gastruloids 
elongation might be related to altered exit of BPA-exposed cells from the pluripotency condition and their following differentiation. In conclusion, here we show that the inhibition of gastruloids' axial elongation by BPA 
might be the result of the concomitant Wnt/β-catenin perturbation, reduced N-cadherin expression and Oct4, T/Bra and Cdx2 altered patter expression, which all together concur in the impaired development of mouse 
gastruloids.

Int J Mol Sci. 2024 Jul 
19;25(14):7924.

10.3390/ijms25147924 39063166 in vitro - - - - - - - - - - 1 0 不明 1 - - - - - - - - - - - - - -

統合_1729 W. Ratajczak-Wrona, M. Rusak, K. Nowak, M. 
Dabrowska, P. Radziwon and E. Jablonska 2020

Effect of bisphenol A on human 
neutrophils immunophenotype

Neutrophils (PMN) play a key role in eliciting congenital immune response. These cells are equipped with specific receptors that are located on the surface of their cell membrane. These receptors produce various signals 
which in turn help in the effective functioning of PMN. The activity of these cells may be modified by factors of endo- and exogenous origin, including xenoestrogens such as bisphenol A (BPA). The aim of this study was 
to evaluate the effect of BPA on the expression of CD11c, CD14, CD15, CD16, CD62L and CD284 compounds on the surface of neutrophils in women and men. The study material included PMN isolated from the whole 
blood. The cells were incubated in the presence of BPA and/or LPS. Flow cytometry technique was used to evaluate the expression of CD antigens. Studies of these receptors indicate that BPA, at a concentration 
corresponding to the serum level of this compound in healthy subjects as well as at higher doses, induces changes in the immunophenotype of PMN, which may lead to immunity disorders associated with the dysfunction 
of these cells. Moreover, the observed effects of xenoestrogen on the expression of CD11c, CD14, CD15, CD16, CD62L and CD284 differentiation markers on these cells are sex-independent.

Sci Rep. 2020 Feb 
20;10(1):3083.

10.1038/s41598-020-59753-2 32080224 in vitro - - - - - - - - - - 1 0 不明 1 - - - - - - - - - - - - - -

統合_1730

W. Ratajczak-Wrona, K. Nowak, M. Garley, K. 
Grubczak, D. Dabrowska, A. Iwaniuk, S. Wilk, M. 
Moniuszko, J. Czerniecki, S. Wolczynski and E. 
Jablonska

2019

Expression of serine proteases in 
neutrophils from women and men: 
Regulation by endocrine disruptor 
bisphenol A

Bisphenol A (BPA) is a well-known endocrine disruptor. However, little information is available about its immunological effects. In the present study, we aimed to evaluate cytotoxic activity of BPA on human 
polymorphonuclear neutrophils (PMNs) according to gender and examine its effect on the expression of neutrophil serine proteases. Results indicated that exposure to BPA (above 16 μM) leads to a decrease in viability of 
PMNs and to morphological changes in these cells of both genders. The experiments showed different effects of BPA on the expression of proteinase 3, elastase, and cathepsin G in PMNs of both men and women, 
depending on the gender and concentration used. Thus, our findings suggest for the first time that through dysregulation of the expression of these enzymes, BPA may lead to disorders of the nonspecific cellular response 
in people exposed to this xenoestrogen.

Environ Toxicol 
Pharmacol Vol.71 Pages 
103212

10.1016/j.etap.2019.103212 31247398 in vitro - - - - - - - - - - 1 0 16 µM等 - - - - - - - - - - - - - - -

統合_1731

W. Ratajczak-Wrona, M. Garley, M. Rusak, K. 
Nowak, J. Czerniecki, K. Wolosewicz, M. 
Dabrowska, S. Wolczynski, P. Radziwon and E. 
Jablonska

2021
Sex-dependent dysregulation of 
human neutrophil responses by 
bisphenol A

BACKGROUND: In the present study, we aimed to investigate selected functions of human neutrophils exposed to bisphenol A (BPA) under in vitro conditions. As BPA is classified among xenoestrogens, we compared its 
action and effects with those of 17β-estradiol (E2). METHODS: Chemotaxis of neutrophils was examined using the Boyden chamber. Their phagocytosis and nicotinamide adenine dinucleotide phosphate hydrogen 
(NADPH) oxidase activity were assessed via Park's method with latex beads and Park's test with nitroblue tetrazolium. To assess the total concentration of nitric oxide (NO), the Griess reaction was utilized. Flow 
cytometry was used to assess the expression of cluster of differentiation (CD) antigens. The formation of neutrophil extracellular traps (NETs) was analyzed using a microscope (IN Cell Analyzer 2200 system). Expression 
of the investigated proteins was determined using Western blot. RESULTS: The analysis of results obtained for both sexes demonstrated that after exposure to BPA, the chemotactic capacity of neutrophils was reduced. 
In the presence of BPA, the phagocytic activity was found to be elevated in the cells obtained from women and reduced in the cells from men. Following exposure to BPA, the percentage of neutrophils with CD14 and 
CD284 (TLR4) expression, as well as the percentage of cells forming NETs, was increased in the cells from both sexes. The stimulatory role of BPA and E2 in the activation of NADPH oxidase was observed only in female 
cells. On the other hand, no influence of E2 on the expression of CD14 and CD284, chemotaxis, phagocytosis, and the amount of NET-positive neutrophils was found for both sexes. The study further showed that BPA 
intensified NO production and iNOS expression in the cells of both sexes. In addition, intensified expression of all tested PI3K-Akt pathway proteins was observed in male neutrophils. CONCLUSIONS: The study 
demonstrated the influence of BPA on neutrophil functions associated with locomotion and pathogen elimination, which in turn may disturb the immune response of these cells in both women and men. Analysis of the 
obtained data showed that the effect of this xenoestrogen on the human neutrophils was more pronounced than E2.

Environ Health. 2021 
Jan 7;20(1):5.

10.1186/s12940-020-00686-8 33413436 in vitro - - - - - - - - - - 1 0 不明 1 - - - - - - - - - - - - - -

統合_1732 C. N. Ramskov Tetzlaff, T. Svingen, A. M. 
Vinggaard, A. K. Rosenmai and C. Taxvig 2020

Bisphenols B, E, F, and S and 4-
cumylphenol induce lipid 
accumulation in mouse adipocytes 
similarly to bisphenol A

Bisphenol A (BPA) has been widely reported to exert endocrine disrupting effects, including the induction of adipogenesis in cultured preadipocytes and intact animals. Because of the potential harm to human health, BPA 
is being substituted by structurally related bisphenols. Whether or not such BPA analogues are safe substitutes, however, remains largely unknown. Here, we investigated the potential of bisphenol B (BPB), bisphenol E 
(BPE), bisphenol F (BPF), bisphenol S (BPS), and 4-cumylphenol (4-CP) to affect lipid and hormone levels in 3 T3-L1 cells. We found that BPB, BPE, BPF, BPS, and 4-CP all affected lipid accumulation and leptin levels to 
the same extent and potencies as BPA. Based on these and other results, we conclude that these BPA analogues and 4-CP most likely will elicit similar effects on adipocytes as BPA. Using them to substitute BPA in 
products should be done with caution.

Environ Toxicol. 2020 
May;35(5):543-552.

10.1002/tox.22889 31820560 in vitro - - - - - - - - - - 不明 0 不明 1 - - - - - - - - - - - - - -

統合_1733 A. Rajkumar, T. Luu, B. F. Hales and B. Robaire 2022

High-content imaging analyses of 
the effects of bisphenols and 
organophosphate esters on TM4 
mouse Sertoli cells

The endocrine disruptive effects of bisphenol A (BPA) and brominated flame retardants (BDE-47) have led to restrictions on their use and increased the pressure to identify safe replacements for these chemicals. 
Although there is evidence that some of these alternatives may be toxic to spermatogonial and Leydig cells, little is known about the toxicity of emerging replacements on Sertoli cells. We used high-content imaging to 
compare the effects of legacy chemicals, BPA and BDE-47, to their corresponding replacements. TM4 Sertoli cells were exposed for 48 h to each chemical (0.001-100 μM) followed by cytotoxicity and phenotypic 
endpoint assessment. The benchmark concentration potency ranking for bisphenols based on cytotoxicity was BPTMC > bisphenol M > BPAF>BPF > BPS > BPA. Human administered equivalent dose (AED) determination 
ranked BPS as the most potent alternative replacement. The benchmark concentration potency ranking of BDE-47 and organophosphate esters based on cytotoxicity was 
TDtBPP>BDMPP>TBOEP>TDCPP>TMPP>TPHP>BDE47>IPPP=BPDP=TCPP. Additionally, TM4 cell exposure to BDE-47 increased Calcein intensity (57.9 μM) and affected lysosomes (21.6 μM), while exposure to 
TPHP and TMPP resulted in cellular oxidative stress changes at benchmark concentration values as low as 0.01 and 0.4 μM, respectively. Overall bioactivity considerations of the chemicals on TM4 via ToxPi analyses 
and AED modeling further validated emerging replacements as highly potent chemicals in comparison to BPA and BDE-47. These findings demonstrate that many bisphenol and flame retardant replacements are more 
potent in Sertoli cells than the legacy chemical they are replacing and that phenotypic parameter assessment is an effective tool in chemical toxicity assessment.

Biol Reprod. 2022 Sep 
12;107(3):858-868.

10.1093/biolre/ioac101 35596243 in vitro - - - - - - - - - - 1 0 0.001-100 µM 1 - - - - - - - - - - - - - -

統合_1734 A. Rajkumar, T. Luu, M. A. Beal, T. S. Barton-
Maclaren, B. Robaire and B. F. Hales 2021

Elucidation of the Effects of 
Bisphenol A and Structural Analogs 
on Germ and Steroidogenic Cells 
Using Single Cell High-Content 
Imaging

Concerns about the potential adverse effects of bisphenol A (BPA) have led to an increase in the use of replacements, yet the toxicity data for several of these chemicals are limited. Using high-content imaging, we 
compared the effects of BPA, BPAF, BPF, BPS, BPM, and BPTMC in germ (C18-4 spermatogonial) and steroidogenic (MA-10 Leydig and KGN granulosa) cell lines. Effects on cell viability and phenotypic markers were 
analyzed to determine benchmark concentrations (BMCs) and estimate administered equivalent doses (AEDs). In all 3 cell lines, BPA was one of the least cytotoxic bisphenol compounds tested, whereas BPM and BPTMC 
were the most cytotoxic. Interestingly, BPF and BPS were cytotoxic only in MA-10 cells. Effects on phenotypic parameters, including mitochondria, lysosomes, lipid droplets, and oxidative stress, were both bisphenol- and 
cell-line specific. BPA exposure affected mitochondria (BMC: 1.2 μM; AED: 0.09 mg/kg/day) in C18-4 cells. Lysosome numbers were increased in MA-10 cells exposed to BPA or BPAF but decreased in KGN cells 
exposed to BPAF or BPM. Lipid droplets were decreased in C18-4 cells exposed to BPF and in MA-10 cells exposed to BPTMC but increased in BPF, BPM, and BPTMC-exposed KGN cells. BPA and BPM exposure induced 
oxidative stress in MA-10 and KGN cells, respectively. In summary, structurally similar bisphenols displayed clear cell-line-specific differences in BMC and AED values for effects on cell viability and phenotypic 
endpoints. This approach, together with additional data on human exposure, may aid in the selection and prioritization of responsible replacements for BPA. .

Toxicol Sci. 2021 Apr 
12;180(2):224-238.

10.1093/toxsci/kfab012 33501994 in vitro - - - - - - - - - - 1 0 不明 1 - - - - - - - - - - - - - -

統合_1735 P. Rajak and A. Ganguly 2025

Unveiling the molecular interactions 
between bisphenol A and the cell 
surface Toll-like receptors: 
Implications for immune health

Microplastic pollution is an emerging threat to the human health. In nature, microplastics release several compounds of toxicological importance. Among them, bisphenol A (BPA), a widely used additive in plastic 
production, is an important one. Upon breakdown, microplastics release significant amounts of BPA in air, water, and soil. Humans may be exposed to BPA through nasal, oral, and dermal routes. BPA is linked to oxidative 
stress, physiological disturbance, and chronic diseases. Moreover, it may target the immune system. Toll-like receptors (TLRs) are important mediators of both innate and adaptive immunity and recognize microbial 
signature molecules to trigger signaling cascades employed in anti-microbial defense mechanism. Inhibition of TLR-mediated signaling can result in compromised immunity. Hence, the present work aims to investigate 
the inhibitory potential of BPA against cell surface TLRs. For this study, a molecular docking approach using the AutoDock vina algorithm was employed to analyze the docking potential of BPA with the surface-
associated TLRs. Results have revealed that BPA binds to TLR1, TLR2, TLR4, TLR5, and TLR6 with affinity ranging from -4.3 to -7.3 kcal/mol. Structural analyses of the docked complexes have suggested that BPA binds 
to TLR through conventional H-bonds. Van der Waals and other hydrophobic interactions further stabilized the docked complexes. Notably, C-H bonds were also apparent in some docked conformations. Hence, results of 
the present study equivocally suggest that BPA can potentially bind to the cell surface TLRs through various bonds and interactions. Such interactions may modulate TLR-mediated signaling and immunity in organisms.

Toxicol Rep. 2025 May 
22:14:102057.

10.1016/j.toxrep.2025.102057 40520521 in vitro - - - - - - - - - - 1 0 不明 1 - - - - - - - - - - - - - -

統合_1736
M. S. Rahman, K. H. Kang, S. Arifuzzaman, W. K. 
Pang, D. Y. Ryu, W. H. Song, Y. J. Park and M. G. 
Pang

2019
Effect of antioxidants on BPA-
induced stress on sperm function in 
a mouse model

In the past few years, bisphenol A, (BPA) an endocrine-disrupting chemical, has received increasing attention because of its detrimental health effects. There is ample evidence to support that BPA interferes with the 
reproductive health of humans and animals. In spermatozoa, BPA-induced adverse effects are mostly caused by increased oxidative stress. Using an in vitro experimental model, we examined whether antioxidants 
(glutathione, vitamin C, and vitamin E) have defensive effects against BPA-induced stress in spermatozoa. The results showed that antioxidants inhibit the overproduction of reactive oxygen species (basically cellular 
peroxides) and increase intracellular ATP levels, thereby preventing motility loss and abnormal acrosome reaction in BPA-exposed spermatozoa. In particular, glutathione and vitamin E reduced the protein kinase A-
dependent tyrosine phosphorylation in spermatozoa and, thus, prevented the precocious acrosome reaction from occurring. Furthermore, we found that the compromised fertilisation and early embryo development 
mediated by BPA-exposed spermatozoa can be improved following their supplementation with glutathione and vitamin E. Based on these findings, we suggest that antioxidants reduce oxidative stress in BPA-exposed 
spermatozoa, thus preventing detrimental effects on their function and fertility.

Sci Rep. 2019 Jul 
22;9(1):10584.

10.1038/s41598-019-47158-9 31332285 in vitro - - - - - - - - - - 1 0 不明 1 - - - - - - - - - - - - - -

統合_1737 V. Quagliariello, C. Coppola, D. G. Mita, G. 
Piscopo, R. V. Iaffaioli, G. Botti and N. Maurea 2019

Low doses of Bisphenol A have pro-
inflammatory and pro-oxidant 
effects, stimulate lipid peroxidation 
and increase the cardiotoxicity of 
Doxorubicin in cardiomyoblasts

Endocrine disrupters are strictly associated to cancer and several cardiovascular risk factors. Bisphenol A (BPA) is an endocrine disrupter commonly used in the manufacturing of plastics based on polycarbonate, polyvinyl 
chloride and resins. Our study aims to investigate whether BPA may cause pro-oxidative and pro-inflammatory effects on cardiomyoblasts, thus exacerbating the Doxorubicin (DOXO)-induced cardiotoxicity phenomena. 
We tested the metabolic effects of BPA at low doses analyzing its affections on the intracellular calcium uptake, oxidative stress, lipid peroxidation and production of nitric oxide and interleukins. Co-incubation of BPA 
and DOXO significantly reduced the cardiomyoblast viability, compared to only DOXO exposure cells. The mechanisms underlying these effects are based on the stimulation of the intracellular calcium accumulation and 
lipid peroxidation. Notably, BPA increase the production of pro-inflammatory interleukins involved in cardiovascular diseases as well as in DOXO-Induced cardiotoxicity phenomena. This study provides a rationale for 
translational studies in the field of cardio-oncology.

Environ Toxicol 
Pharmacol. 2019 
Jul:69:1-8.

10.1016/j.etap.2019.03.006 30903913 in vitro - - - - - - - - - - 1 0 不明 1 - - - - - - - - - - - - - -

統合_1738 J. Qi, L. Liu, J. Yang, X. Gao and W. Zhang 2020
Bisphenol A decreases progesterone 
synthesis in human ovarian 
granulosa cells

Evidences indicate that the decline of female fertility is becoming a common problem over the past few decades. Environmental exposure of Bisphenol A (BPA) has been considered as an endocrine-disrupting chemical 
deleteriously affecting human reproductions. To better understand the effect of BPA exposure on human ovarian granulosa cells, we treated human ovarian granulosa cell line (KGN) with increasing concentrations (0.1, 1, 
10, and 100 μM) of BPA for 24 hr. About 0.1, 1, and 10 μM BPA did not significantly affect the viability of KGN while 100 μM of BPA caused a statistically significant decrease in the viability of KGN. Treatment KGN with 
10 μM BPA resulted in a significant decrease in progesterone biosynthesis. The treatment also significantly increased the expression of ATP binding cassette subfamily A member 1 (ABCA1) and steroidogenic acute 
regulatory protein (STAR). In the current study, exposure to BPA could lead to decreased progesterone production probably through the upregulation of ABCA1 in human granulosa cells.

Birth Defects Res. 2020 
Dec;112(20):1843-1849.

10.1002/bdr2.1817 33073540 in vitro - - - - - - - - - - 1 0 0.1、1、10、100 µM 1 - - - - - - - - - - - - - -
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統合_1739
A. Punt, A. Aartse, T. F. H. Bovee, A. Gerssen, S. 
P. J. van Leeuwen, R. Hoogenboom and A. 
Peijnenburg

2019

Quantitative in vitro-to-in vivo 
extrapolation (QIVIVE) of estrogenic 
and anti-androgenic potencies of 
BPA and BADGE analogues

The goal of the present study was to obtain an in vivo relevant prioritization method for the endocrine potencies of different polycarbonate monomers, by combining in vitro bioassay data with physiologically based kinetic 
(PBK) modelling. PBK models were developed for a selection of monomers, including bisphenol A (BPA), two bisphenol F (BPF) isomers and four different bisphenol A diglycidyl ethers (BADGEs), using in vitro input data. 
With these models, the plasma concentrations of the compounds were simulated, providing means to estimate the dose levels at which the in vitro endocrine effect concentrations are reached. The results revealed that, 
whereas the in vitro relative potencies of different BADGEs (predominantly anti-androgenic effects) can be up to fourfold higher than BPA, the estimated in vivo potencies based on the oral equivalent doses are one to two 
orders of magnitude lower than BPA because of fast detoxification of the BADGEs. In contrast, the relative potencies of 2,2-BPF and 4,4-BPF increase when accounting for the in vivo availability. 4,4-BPF is estimated to 
be fivefold more potent than BPA in humans in vivo in inducing estrogenic effects and both 2,2-BPF and 4,4-BPF are estimated to be, respectively, 7 and 11-fold more potent in inducing anti-androgenic effects. These 
relative potencies were considered to be first-tier estimates, particularly given that the potential influence of intestinal metabolism on the in vivo availability was not accounted for. Overall, it can be concluded that both 
2,2-BPF and 4,4-BPF are priority compounds.

Arch Toxicol. 2019 
Jul;93(7):1941-1953.

10.1007/s00204-019-02479-6 31111190 in vitro - - - - - - - - - - 1 0 不明 1 - - - - - - - - - - - - - -

統合_1740 Y. Pu, E. Ticiani, A. A. Waye, K. Dong, H. Zhang 
and A. Veiga-Lopez 2022

Sex-specific extracellular matrix 
remodeling during early adipogenic 
differentiation by gestational 
bisphenol A exposure

Bisphenol A (BPA) is an endocrine disrupting chemical known to promote adipose tissue mass in vivo and adipogenesis in vitro. Whether BPA can affect and reprogram early adipogenic differentiation signals that trigger 
adipogenic differentiation, remains unknown. We hypothesized that gestational BPA exposure results in a preadipocyte phenotype that leads to accelerated adipogenic differentiation, and that this phenotype is sex 
specific. Primary ovine fetal preadipocytes were derived from control (C) and BPA-exposed during pregnancy and differentiated in vitro. Gestational BPA enhanced lipid accumulation at early stages of differentiation (48 h) 
and this was evident in females but not male-derived fetal preadipocytes. After an RNA sequencing approach, samples were compared as follows: 2 groups (C vs. BPA); 2 sexes (female (F) vs. male (M)); and 2 time points 
(0 h vs. 48 h). Before differentiation, 15 genes were differentially expressed between the C and the BPA-exposed preadipocytes within sex. In BPA-F, extracellular matrix remodeling genes cathepsin K and collagen 5α3 
were upregulated compared to C-F. At 48 h, BPA-F had 154 genes differentially expressed vs. C-F and BPA-M had 487 genes differentially expressed vs. C-M. Triglyceride and glycerophospholipid metabolism were the 
most upregulated pathways in BPA-F. Downregulated pathways were associated with extracellular matrix organization in BPA-exposed preadipocytes. These findings are among the first to demonstrate that gestational 
BPA can modify the fate of adipocyte precursors by altering pathways associated to extracellular matrix components, an often-disregarded, but required aspect of adipogenic differentiation. This work highlights the need 
to investigate early adipogenic differentiation changes in other obesogenic chemicals.

Chemosphere. 2022 
Sep:302:134806.

10.1016/j.chemosphere.2022.1348
06

35504463 in vitro - - - - - - - - - - 1 0 不明 1 - - - - - - - - - - - - - -

統合_1741

D. P. Provvisiero, M. Negri, F. Amatrudo, R. 
Patalano, T. Montò, C. de Angelis, C. Graziadio, 
G. Pugliese, G. de Alteriis, A. Colao, R. Pivonello, 
S. Savastano and C. Pivonello

2024

1,25-Dihydroxyvitamin D3 mitigates 
the adipogenesis induced by 
bisphenol A in 3T3-L1 and hAMSC 
through miR-27-3p regulation

PURPOSE: Endocrine-disrupting compounds, including bisphenol A (BPA), may promote obesity influencing basal metabolic rate and shifting metabolism towards energy storage. The role of 1,25-Dihydroxyvitamin D3 
(VitD) in counteracting adipogenesis is still a matter of debate. Thus, the current study aims to investigate whether and how VitD exposure during adipogenesis could prevent the pro-adipogenic effect of BPA in two 
adipocyte models, mouse 3T3-L1 cell line and human adipose-derived mesenchymal stem cells (hAMSC). METHODS: 3T3-L1, mouse pre-adipocytes and human adipose-derived mesenchymal stem cells (hAMSC) were 
treated with VitD (10(-7) M) and BPA (10(-8) M and 10(-9) M), alone or in combination, throughout the differentiation in mature adipocytes. Cellular lipid droplet accumulation was assessed by Oil Red O staining, mRNA 
and protein expression of key adipogenic markers, transcription factors, and cytokines were investigated by RT-qPCR and WB, respectively. miRNAs involved in the regulation of adipogenic transcription factors were 
evaluated by RT-qPCR, and highly potent steric-blocking oligonucleotides (miRNA inhibitors) were used to modulate miRNAs expression. RESULTS: Pre-adipocytes express VitD receptor (VDR) in basal condition, but 
during the differentiation process VDR expression reduces if not stimulated by the ligand. VitD significantly decreases lipid accumulation, with a consequent reduction in adipogenic marker expression, and counteracts 
the pro-adipogenic effect of BPA in 3T3-L1 and hAMSC during differentiation. This effect is associated to the increased expression of miR-27a-3p and miR-27b-3p. The blocking of miR-27a-3p and miR-27b-3p through 
miRNA inhibitors prevents the anti-adipogenic effect of VitD in both cell models. CONCLUSIONS: These results suggest that in cultured 3T3-L1 and hAMSC VitD induces an anti-adipogenic effect and prevents BPA pro-
adipogenic effect by triggering at least in part epigenetic mechanisms involving miR-27-3p.

Int J Obes (Lond). 2024 
Dec;48(12):1793-1802.

10.1038/s41366-024-01629-w 39256615 in vitro - - - - - - - - - - 1 0 10（-8）, 10（-9）M 1 - - - - - - - - - - - - - -

統合_1742 M. Profita, E. Fabbri, E. Spisni and P. Valbonesi 2021
Comparing effects and action 
mechanisms of BPA and BPS on 
HTR-8/SVneo placental cells

Bisphenol A (BPA) is one of the most investigated compound as a suspected endocrine disrupting chemical. It has been found at nM concentrations in the maternal serum, cord serum, and amniotic fluid and also 
permeates placental tissues. Attempts are being made to replace BPA with the analog Bisphenol S (BPS). Also BPS was found in maternal and umbilical cord serum, and urine samples from a large population of pregnant 
women. A few studies investigated BPA impact on the placentation process, and even less are available for BPS. This work aimed to elucidate and compare the effects of BPA and BPS on physiological functions of HTR-
8/SVneo cells, derived from extravillous trophoblast of first-trimester pregnancy. Proliferation and migration ability of trophoblast cells were assessed in vitro after exposure to BPA or BPS (10-13-10-3 M). Further, 
induction of the inflammatory response by the bisphenols was studied. To provide insight into the molecular pathways implicated in the responses, experiments were carried out in the presence or absence of tamoxifen as 
estrogen receptors (ERs) blocker, and U0126 as ERK1/2 phosphorylation inhibitor. Data indicate that BPA significantly affects both proliferation and migration of HTR-8/SVneo cells, through ER and ERK1/2 mediated 
processes. Differently, BPS only acts on proliferation, again through ER and ERK1/2 mediated processes. BPS, but not BPA, induces secretion of interleukins 6 and 8. Such effect is inhibited by blocking ERK1/2 
phosphorylation. To the best of our knowledge, these are the first data showing that BPS affects trophoblast functions through ER/MAPK modulation.

Biol Reprod. 2021 Nov 
15;105(5):1355-1364.

10.1093/biolre/ioab139 34270681 in vitro - - - - - - - - - - 1 0 10-13〜10-3 M 1 - - - - - - - - - - - - - -

統合_1743 H. Pratsinis, S. N. Papageorgiou, N. Panayi, A. 
Iliadi, T. Eliades and D. Kletsas 2022

Cytotoxicity and estrogenicity of a 
novel 3-dimensional printed 
orthodontic aligner

INTRODUCTION: Orthodontic aligners printed with in-office 3-dimensional (3D) procedures have been described, but no data on their biocompatibility exist. This study investigates the cytotoxicity and estrogenicity of a 
3D-printed orthodontic aligner by assessing its biological and behavioral effects. METHODS: Ten sets of 1 type of aligner were immersed in sterile deionized water for 14 days, and the cytotoxicity and estrogenicity of 
released factors were assessed via MTT (3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyltetrazolium bromide) assays on human gingival fibroblasts and the estrogen-sensitive MCF-7 and the estrogen-insensitive MDA-MB-231 
breast cancer cell lines. 17β-Estradiol and bisphenol-A were used as positive controls. The statistical analysis of data was performed with generalized linear models at a 0.05 level of significance. RESULTS: No signs of 
cytotoxicity were seen for the aligner samples for concentrations (v/v) of 20% (P = 0.32), 10% (P = 0.79), or 5% (P = 0.76). The antioxidant activity expressed as the capacity to reduce intracellular levels of reactive oxygen 
species was not affected in the aligner samples (P = 0.08). No significant estrogenicity was induced by the aligner samples compared with eluents from the negative control for both MCF-7 (P = 0.65) and MDA-MB-231 
(P = 0.78). As expected, 17β-Estradiol and bisphenol-A stimulated MCF-7 cell proliferation, whereas no effect was observed on MDA-MB-231 cells. CONCLUSIONS: In conclusion, if any factors were released during the 
14-day aging of 3D-printed aligners in water, these were not found to be cytotoxic for human gingival fibroblasts and did not affect their intracellular reactive oxygen species levels. Moreover, no estrogenic effects of 
these putative eluates were observed based on an E-screen assay.

Am J Orthod 
Dentofacial Orthop. 
2022 Sep;162(3):e116-
e122.

10.1016/j.ajodo.2022.06.014 35842359 in vitro - - - - - - - - - - 不明 0 不明 1 - - - - - - - - - - - - - -

統合_1744 B. Pötzl, L. Kürzinger, S. Kendl, H. Stopper, M. 
Kurlbaum, M. Fassnacht and U. Dischinger 2024

Disruptive effects of plasticizers 
bisphenol A, F, and S on 
steroidogenesis of adrenocortical 
cells

INTRODUCTION: Endocrine disrupting chemicals (EDCs) are known to interfere with endocrine homeostasis. Their impact on the adrenal cortex and steroidogenesis has not yet been sufficiently elucidated. This applies 
in particular to the ubiquitously available bisphenols A (BPA), F (BPF), and S (BPS). METHODS: NCI-H295R adrenocortical cells were exposed to different concentrations (1nM-1mM) of BPA, BPF, BPS, and an equimolar 
mixture of them (BPmix). After 72 hours, 15 endogenous steroids were measured using LC-MS/MS. Ratios of substrate and product of CYP-regulated steps were calculated to identify most influenced steps of 
steroidogenesis. mRNA expression of steroidogenic enzymes was determined by real-time PCR. RESULTS: Cell viability remained unaffected at bisphenol concentrations lower than 250 µM. All tested bisphenols and their 
combination led to extensive alterations in the quantified steroid levels. The most profound fold changes (FC) in steroid concentrations after exposure to BPA (>10µM) were seen for androstenedione, e.g. a 0.37±0.11-
fold decrease at 25µM (p≤0.0001) compared to vehicle-treated controls. For BPF, levels of 17-hydroxyprogesterone were significantly increased by 25µM (FC 2.57±0.49, p≤0.001) and 50µM (FC 2.65±0.61, p≤0.0001). 
BPS treatment led to a dose-dependent decrease of 11-deoxycorticosterone at >1µM (e.g. FC 0.24±0.14, p≤0.0001 at 10µM). However, when combining all three bisphenols, additive effects were detected: e.g. 11-
deoxycortisosterone was decreased at doses >10µM (FC 0.27±0.04, p≤0.0001, at 25µM), whereas 21-deoxycortisol was increased by 2.92±0.20 (p≤0.01) at 10µM, and by 3.21±0.45 (p≤0.001) at 50µM. While every 
measured androgen (DHEA, DHEAS, androstenedione, testosterone, DHT) was lowered in all experiments, estradiol levels were significantly increased by BPA, BPF, BPS, and BPmix (e.g. FC 3.60±0.54, p≤0.0001 at 100µ
M BPF). Calculated substrate-product ratios indicated an inhibition of CYP17A1-, and CYP21A2 mediated conversions, whereas CYP11B1 and CYP19A1 showed higher activity in the presence of bisphenols. Based on 
these findings, most relevant mRNA expression of CYP genes were analysed. mRNA levels of StAR, CYP11B1, and CYP17A1 were significantly increased by BPF, BPS, and BPmix. DISCUSSION: In cell culture, bisphenols 
interfere with steroidogenesis at non-cytotoxic levels, leading to compound-specific patterns of significantly altered hormone levels. These results justify and call for additional in-vivo studies to evaluate effects of EDCs 
on adrenal gland functionality.

Front Endocrinol 
(Lausanne). 2024 Jun 
20:15:1387133.

10.3389/fendo.2024.1387133 38966215 in vitro - - - - - - - - - - 1 0 1nM〜1mM 1 - - - - - - - - - - - - - -

統合_1745 K. Pogrmic-Majkic, D. Samardzija Nenadov, S. 
Fa, B. Stanic, A. Trninic Pjevic and N. Andric 2019

BPA activates EGFR and ERK1/2 
through PPARγ to increase 
expression of steroidogenic acute 
regulatory protein in human cumulus 
granulosa cells

Bisphenol A (BPA) negatively affects steroid production in human luteinized granulosa cells (GC). This study was designed to address two important questions: (1) whether BPA exerts the same disruptive effect in human 
cumulus granulosa cells (hCGC) and (2) to reveal the molecular mechanism underlying the BPA's action on steroidogenesis. We used cultured hCGC since these cells exert the properties of GC from early antral follicles. 
Results showed that BPA at 100 μM decreased estradiol level and CYP19A1 mRNA, but increased progesterone production, steroidogenic acute regulatory protein (STAR) and peroxisome proliferator-activated receptor 
gamma (PPARγ) mRNA expression after 48 h. Shorter (6 h) exposure to BPA elevated PPARγ mRNA level in hCGC. Addition of ERK1/2 (U0126), EGFR (AG1478) and PPARγ (GW9662) inhibitors prevented the BPA-
induced STAR and PPARγ mRNA expression. Western blot analysis showed that BPA induced a rapid EGFR and ERK1/2 activation. The BPA-induced EGFR phosphorylation was prevented by addition of the PPARγ 
inhibitor, whereas the BPA-induced ERK1/2 activation was prevented by addition of the EGFR or PPARγ inhibitor. These data show that BPA increases the progesterone and decreases the estradiol biosynthetic pathway 
in hCGC. Augmentation of the progesterone biosynthetic pathway is mediated through the PPARγ-dependent activation of EGFR and ERK1/2, leading to increased expression of STAR mRNA.

Chemosphere Vol.229 
Pages 60-67

10.1016/j.chemosphere.2019.04.1
74

31075703 in vitro - - - - - - - - - - 1 0 100 µM他 - - - - - - - - - - - - - - -

統合_1746 N. Plattard, N. Venisse, P. Carato, A. Dupuis and 
S. Haddad 2022

Hepatic metabolism of chlorinated 
derivatives of bisphenol A 
(Cl(x)BPA) and interspecies 
differences between rats and 
humans

During chlorination treatments of drinking water, aqueous bisphenol A (BPA) can react with chlorine to form chlorinated derivatives of BPA (mono, di, tri and tetra-chlorinated derivatives) or Cl(x)BPA. These emerging 
substances are endocrine disruptors associated with obesity, type II diabetes (TD2M) and myocardial infarction. Cl(x)BPA are present in different human biological matrices but their toxicokinetics remain unknown. The 
aim of this study was to measure and compare the metabolic kinetics in the liver of four Cl(x)BPA (ClBPA, Cl(2)BPA, Cl(3)BPA and Cl(4)BPA) between compounds and between species (Sprague-Dawley rats vs humans). 
To estimate their metabolic constants (V(max), K(m), Intrinsic clearance), metabolic assays were performed in hepatocyte suspensions. Assays revealed that metabolic constants of Cl(x)BPA can greatly vary depending 
on substances and species. While ClBPA and Cl(2)BPA show similar unbound intrinsic clearances (ClintU) in rat incubation media, values for Cl(3)BPA and Cl(4)BPA are very different (3.109 and 0.684 mL/min/106 
hepatocytes, respectively). Unlike in rats, human results are quite different as Cl(3)BPA and Cl(4)BPA have similar unbound intrinsic clearances, while ClBPA and Cl(2)BPA diverge (0.350 and 1.363 mL/min/106 
hepatocytes, respectively). In both species, Cl(2)BPA and Cl3BPA have relatively similar clearances, and ClBPA is very different from Cl(4)BPA. Although we quantified the proportion of sulfo- and glucurono-metabolites, 
other metabolites may have been formed (e.g., glutathione, disulfate, or oxidative metabolites). This study showed that chlorination had an impact on hepatic intrinsic clearance of Cl(x)BPA in rats and humans and 
measured values will be valuable for the development of PBPK models for use in exposure assessment.

Arch Toxicol. 2022 
Mar;96(3):783-792.

10.1007/s00204-021-03217-7 35072755 in vitro - - - - - - - - - - 不明 0 不明 1 - - - - - - - - - - - - - -

統合_1747
P. Pitchakarn, J. Karinchai, P. Buacheen, A. 
Imsumran, A. Wongnoppavich, K. Boonyapranai 
and S. Ounjaijean

2025

Ficus lindsayana Leaf Extract 
Protects C2C12 Mouse Myoblasts 
Against the Suppressive Effects of 
Bisphenol-A on Myogenic 
Differentiation

Recently, toxicological and epidemiological research has provided strong support for the unfavorable effects of bisphenol-A (BPA, 2,2'-bis(4-hydroxyphenyl) propane) on myogenesis and its underlying mechanisms. 
Researchers have therefore been looking for new strategies to prevent or mitigate these injurious effects of BPA on the human body. It has been found that plant extracts may act as potential therapeutic agents or 
functional foods, preventing human diseases caused by BPA. We previously reported that Ficus lindsayana (FL) extract exhibits anti-inflammation activity in macrophages via suppressing the expression of inflammation-
related molecules and anti-insulin resistance in inflammation-treated adipocytes. In this study, we investigated whether Ficus lindsayana leaf extract (FLLE) protects C2C12 mouse myoblasts against the suppressive 
effects of BPA on myogenic differentiation. The viability of BPA-stimulated C2C12 myoblasts was significantly increased when co-treated with FLLE (200 µg/mL), suggesting that the extract may lessen the inhibitory 
effects of BPA on cell division. We also found that FLLE significantly increased neo-myotube formation by inducing the fusion of myoblasts into multinucleated myotubes when compared to the BPA-treated control cells, 
without impacting cell viability. In addition, the levels of myogenin and myocyte enhancer factor 2A (MEF2A), which are crucial markers and regulators of myogenesis, were markedly increased by the addition of FLLE (50 
µg/mL) to the BPA-treated C2C12 cells. This finding suggests that FLLE effectively improved myogenic differentiation in BPA-exposed myoblasts. FLLE treatment (50 µg/mL) significantly raised total Akt protein levels in 
the BPA-treated C2C12 cells, enhancing protein phosphorylation. In addition, FLLE (50 µg/mL) obviously increased the phosphorylation levels of p70S6K and 4E-BP1, key downstream targets of the Akt/mTOR signaling 
cascade, by elevating total p70S6K and 4E-BP1 levels. These results suggest that FLLE diminishes the decline in myogenic differentiation induced by BPA via the regulation of the myocyte differentiation-related signaling 
pathway. The information obtained from this study demonstrates the health benefits of this plant, which warrants further investigation as an alternative medicine, functional ingredient, or food supplement that can prevent 
the negative health effects of BPA or other toxicants.

Int J Mol Sci. 2025 Jan 
8;26(2):476.

10.3390/ijms26020476 39859191 in vitro - - - - - - - - - - 1 0 不明 1 - - - - - - - - - - - - - -

統合_1748 F. Pistollato, E. M. de Gyves, D. Carpi, S. K. 
Bopp, C. Nunes, A. Worth and A. Bal-Price 2020

Assessment of developmental 
neurotoxicity induced by chemical 
mixtures using an adverse outcome 
pathway concept

BACKGROUND: In light of the vulnerability of the developing brain, mixture risk assessment (MRA) for the evaluation of developmental neurotoxicity (DNT) should be implemented, since infants and children are co-
exposed to more than one chemical at a time. One possible approach to tackle MRA could be to cluster DNT chemicals in a mixture on the basis of their mode of action (MoA) into 'similar' and 'dissimilar', but still 
contributing to the same adverse outcome, and anchor DNT assays to common key events (CKEs) identified in DNT-specific adverse outcome pathways (AOPs). Moreover, the use of human in vitro models, such as 
induced pluripotent stem cell (hiPSC)-derived neuronal and glial cultures would enable mechanistic understanding of chemically-induced adverse effects, avoiding species extrapolation. METHODS: HiPSC-derived neural 
progenitors differentiated into mixed cultures of neurons and astrocytes were used to assess the effects of acute (3 days) and repeated dose (14 days) treatments with single chemicals and in mixtures belonging to 
different classes (i.e., lead(II) chloride and methylmercury chloride (heavy metals), chlorpyrifos (pesticide), bisphenol A (organic compound and endocrine disrupter), valproic acid (drug), and PCB138 (persistent organic 
pollutant and endocrine disrupter), which are associated with cognitive deficits, including learning and memory impairment in children. Selected chemicals were grouped based on their mode of action (MoA) into 'similar' 
and 'dissimilar' MoA compounds and their effects on synaptogenesis, neurite outgrowth, and brain derived neurotrophic factor (BDNF) protein levels, identified as CKEs in currently available AOPs relevant to DNT, were 
evaluated by immunocytochemistry and high content imaging analysis. RESULTS: Chemicals working through similar MoA (i.e., alterations of BDNF levels), at non-cytotoxic (IC(20)/100), very low toxic (IC(5)), or 
moderately toxic (IC(20)) concentrations, induce DNT effects in mixtures, as shown by increased number of neurons, impairment of neurite outgrowth and synaptogenesis (the most sensitive endpoint as confirmed by 
mathematical modelling) and increase of BDNF levels, to a certain extent reproducing autism-like cellular changes observed in the brain of autistic children. CONCLUSIONS: Our findings suggest that the use of human 
iPSC-derived mixed neuronal/glial cultures applied to a battery of assays anchored to key events of an AOP network represents a valuable approach to identify mixtures of chemicals with potential to cause learning and 
memory impairment in children.

Environ Health. 2020 
Feb 24;19(1):23.

10.1186/s12940-020-00578-x 32093744 in vitro - - - - - - - - - - 1 0 不明 1 - - - - - - - - - - - - - -

統合_1749 F. Pistollato, D. Carpi, E. Mendoza-de Gyves, A. 
Paini, S. K. Bopp, A. Worth and A. Bal-Price 2021

Combining in vitro assays and 
mathematical modelling to study 
developmental neurotoxicity induced 
by chemical mixtures

Prenatal and postnatal co-exposure to multiple chemicals at the same time may have deleterious effects on the developing nervous system. We previously showed that chemicals acting through similar mode of action 
(MoA) and grouped based on perturbation of brain derived neurotrophic factor (BDNF), induced greater neurotoxic effects on human induced pluripotent stem cell (hiPSC)-derived neurons and astrocytes compared to 
chemicals with dissimilar MoA. Here we assessed the effects of repeated dose (14 days) treatments with mixtures containing the six chemicals tested in our previous study (Bisphenol A, Chlorpyrifos, Lead(II) chloride, 
Methylmercury chloride, PCB138 and Valproic acid) along with 2,2'4,4'-tetrabromodiphenyl ether (BDE47), Ethanol, Vinclozolin and 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD)), on hiPSC-derived neural stem cells 
undergoing differentiation toward mixed neurons/astrocytes up to 21 days. Similar MoA chemicals in mixtures caused an increase of BDNF levels and neurite outgrowth, and a decrease of synapse formation, which led to 
inhibition of electrical activity. Perturbations of these endpoints are described as common key events in adverse outcome pathways (AOPs) specific for DNT. When compared with mixtures tested in our previous study, 
adding similarly acting chemicals (BDE47 and EtOH) to the mixture resulted in a stronger downregulation of synapses. A synergistic effect on some synaptogenesis-related features (PSD95 in particular) was 
hypothesized upon treatment with tested mixtures, as indicated by mathematical modelling. Our findings confirm that the use of human iPSC-derived mixed neuronal/glial models applied to a battery of in vitro assays 
anchored to key events in DNT AOP networks, combined with mathematical modelling, is a suitable testing strategy to assess in vitro DNT induced by chemical mixtures.

Reprod Toxicol. 2021 
Oct:105:101-119.

10.1016/j.reprotox.2021.08.007 34455033 in vitro - - - - - - - - - - 不明 0 不明 1 - - - - - - - - - - - - - -

統合_1750 M. T. L. Pino, S. A. Ronchetti, G. Cordeiro, S. 
Bollani, B. H. Duvilanski and J. P. Cabilla 2019

Soluble Guanylyl Cyclase Alpha1 
Subunit: A New Marker for 
Estrogenicity of Endocrine Disruptor 
Compounds

Endocrine-disrupting chemicals (EDCs) include widespread naturally occurring and synthetic substances in the environment that adversely affect humans and wildlife. Because of the increasing numbers of EDCs, 
screening methods and ideal biomarkers to determine EDC potencies at relevant environmental concentrations need to be drastically improved. Soluble guanylyl cyclase α1 subunit (sGCα1) is an abundant cytosolic 
protein ubiquitously expressed in most tissues. We previously showed that sGCα1 is specifically and highly up-regulated by estrogen (E2) in vivo and in vitro, even though it lacks estrogen-responsive elements. The aim 
of the present study was to evaluate sGCα1 protein expression as a potential marker for xenoestrogenic EDC exposure in the E2-responsive lactosomatotroph-derived pituitary cell line GH3. Cells were incubated with a 
wide variety of EDCs such as heavy metals and a metalloid, synthetic E2 derivatives, plastic byproducts, and pesticides at a range of doses including those with proven xenoestrogenic activity. We demonstrated that E2 
increased sGCα1 expression in GH3 cells as well as in other E2-responsive tumor cell lines. Moreover, this effect was fully dependent on estrogen receptor (ER) activation. Importantly, sGCα1 protein levels were 
strongly up-regulated by all the EDCs tested, even by those exhibiting low or null ER binding capacity. We provide evidence that the in vitro sGCα1 protein assay may be a very sensitive and powerful tool to identify 
compounds with estrogenic activity, which could improve current mammalian-based screening methods. Environ Toxicol Chem 2019;38:2719-2728. © 2019 SETAC.

Environ Toxicol Chem. 
2019 Dec;38(12):2719-
2728.

10.1002/etc.4591 31499574 in vitro - - - - - - - - - - 不明 0 不明 1 - - - - - - - - - - - - - -

統合_1751
V. Peshdary, C. A. Hobbs, T. Maynor, K. 
Shepard, R. Gagné, A. Williams, B. Kuo, N. 
Chepelev, L. Recio, C. Yauk and E. Atlas

2021

Transcriptomic pathway and 
benchmark dose analysis of 
Bisphenol A, Bisphenol S, Bisphenol 
F, and 3,3',5,5'-Tetrabromobisphenol 
A in H9 human embryonic stem cells

Bisphenol A (BPA) is a chemical used in the manufacturing of plastics to which human exposure is ubiquitous. Numerous studies have linked BPA exposure to many adverse health outcomes prompting the replacement of 
BPA with various analogues including bisphenol-F (BPF) and bisphenol S (BPS). Other bisphenols are used in various consumer applications, such as 3,3',5,5'-Tetrabromobisphenol A (TBBPA), which is used as a flame 
retardant. Few studies to date have examined the effects of BPA and its analogues in stem cells to explore potential developmental impacts. Here we used transcriptomics to investigate similarities and differences of 
BPA and three of its analogues in the estrogen receptor negative, human embryonic stem cell line H9 (WA09). H9 cells were exposed to increasing concentrations of the bisphenols and analyzed using RNA-sequencing. 
Our data indicate that BPA, BPF, and BPS have similar potencies in inducing transcriptional changes and perturb many of the same pathways. TBBPA, the least structurally similar bisphenol of the group, exhibited much 
lower potency. All bisphenols robustly impacted gene expression in these cells, albeit at concentrations well above those observed in estrogen-positive cells. Overall, we provide a foundational data set against which to 
explore the transcriptional similarities of other bisphenols in embryonic stem cells, which may be used to assess the suitability of chemical grouping for read-across and for preliminary potency evaluation.

Toxicol In Vitro. 2021 
Apr:72:105097.

10.1016/j.tiv.2021.105097 33476716 in vitro - - - - - - - - - - 1 0 不明 1 - - - - - - - - - - - - - -
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統合_1752 E. Person, S. Bruel, T. I. Manzano, E. L. Jamin, D. 
Zalko and C. M. Combelles 2023

The fate of bisphenol A, bisphenol 
S, and their respective glucuronide 
metabolites in ovarian cells

Ovarian cells are critical for reproduction and steroidogenesis, which are functions that can be impacted by exposure to xenobiotics. As in other extra-hepatic tissues, biotransformation events may occur at the ovarian 
level. Such metabolic events deserve interest, notably as they may modulate the overall exposure and toxicity of xenobiotics. In this study, the comparative metabolic fate of two bisphenols was investigated in ovarian 
cells. Bisphenol A (BPA), a model endocrine disruptor, and its major substitute bisphenol S (BPS) were selected. Bovine granulosa cells (primary cultures) and theca explants (ex vivo tissue) were exposed for 24 hr to 
tritium-labeled BPA, BPS and their respective glucuronides (i.e. their major circulating forms), at concentrations consistent with low-dose exposure scenarios. Mass balance studies were performed, followed by radio-
HPLC profiling. The capability of both cell compartments to biotransform BPA and BPS into their respective sulfo-conjugates was demonstrated, with sulfation being the predominant metabolic route. In theca, there was a 
significantly higher persistence of BPA (compared to BPS) residues over 24 hr. Moreover, only theca explants were able to deconjugate inactive BPA-glucuronide and BPS-glucuronide back into their biologically active 
aglycone forms. Deconjugation rates were demonstrated to be higher for BPS-G than for BPA-G. These findings raise concerns about the in situ direct release of bisphenols at the level of the ovary and demonstrate the 
relevance of exploring the biotransformation of bisphenols and their circulating metabolites in different ovarian cells with specific metabolic capabilities. This work also provides essential knowledge for the improved risk 
assessment of bisphenols.

Reprod Toxicol. 2023 
Jun:118:108380.

10.1016/j.reprotox.2023.108380 37003567 in vitro - - - - - - - - - - 1 0 不明 1 - - - - - - - - - - - - - -

統合_1753 Y. Peng, K. H. Nicastro, T. H. Epps Iii and C. Wu 2021

Methoxy groups reduced the 
estrogenic activity of lignin-derivable 
replacements relative to bisphenol A 
and bisphenol F as studied through 
two in vitro assays

Bisguaiacols are promising lignin-derivable alternatives to bisphenol A (BPA), but limited bioassay data are available on their estrogenic activity (EA). Herein, we investigated the estrogen receptor alpha (ERα)-mediated 
EA of six newly synthesized bisguaiacols, which differed in the number and location of methoxy substituents, through in vitro assays: MCF-7 cell proliferation and VM7Luc4E2 transactivation. The six bisguaiacols had 
undetectable EA at concentrations less than 10(-7) M, most importantly, with significantly lower EA than BPA over an environmentally relevant range of 10(-10)-10(-7) M. Adding a single methoxy group led to significant 
reduction in EA in all cases, relative to BPA and one petroleum-derived BPA analogue (bisphenol F, BPF), and the incorporation of more methoxy groups had subtler, but pronounced, impacts on either ERα binding or 
MCF-7 cell proliferation. In short, the six lignin-inspired bisguaiacols presented herein are viewed as promising sustainable alternatives to BPA and BPF.

Food Chem. 2021 Feb 
15:338:127656.

10.1016/j.foodchem.2020.127656 32798821 in vitro - - - - - - - - - - 1 0 10(-10)〜10(-7) M他 1 - - - - - - - - - - - - - -

統合_1754 J. Peng, S. Cao, Z. Hu, J. Zhu, Y. Zhu, X. Sheng, 
Z. Cai, R. Bai, X. Xiong and J. Sheng 2024

Heterogeneity effects of bisphenol A 
and its substitute, fluorene-9-
bisphenol, on intestinal homeostasis

Bisphenol A (BPA) and its substitute fluorene-9-bisphenol (BHPF) are used in consumer products; however, their toxic effects on intestinal epithelium remain largely unknown. In this study, we combined intestinal 
organoids and single-cell RNA sequencing to investigate the impact of BPA and BHPF exposure on intestinal cell composition, differentiation, and function. Both compounds inhibited the growth of small intestinal 
organoids, with BHPF exhibiting a more potent inhibitory effect. BPA and BHPF did not significantly alter the overall cell type composition; however, they led to different alterations in cell-cell communications. Gene 
Ontology enrichment analysis showed that BPA and BHPF exposures affected various biological processes, such as glutathione transferase activity, antioxidant activity, and lipid metabolism, in cell type-specific and 
compound-dependent manners. Trajectory analysis demonstrated that BPA and BHPF altered the differentiation trajectory of the intestinal cells. To further connect the cellular mechanism to the phenotypic impact in vivo, 
we constructed a mouse model exposed to BPA or BHPF and observed significant alterations in intestinal morphology, including reduced crypt depth and villus length and impaired stem cell proliferation and self-renewal. 
These results provide novel insights into the cell type-specific effects of BPA and BHPF on the intestinal epithelium and highlight the potential risks of exposure to these compounds. Our findings underscore the 
importance of evaluating the safety of BPA substitutes and contribute to a better understanding of the effects of environmental chemicals on gut health.

Environ Int. 2024 
Sep:191:108948.

10.1016/j.envint.2024.108948 39167857 in vitro - - - - - - - - - - 1 0 不明 1 - - - - - - - - - - - - - -

統合_1755 B. Peng, M. Liu, Y. Han, E. R. Wanjaya and M. 
Fang 2019

Competitive Biotransformation 
Among Phenolic Xenobiotic 
Mixtures: Underestimated Risks for 
Toxicity Assessment

Humans are inevitably exposed to a complex mixture of organic contaminants (i.e., xenobiotics) through diet, environment, and behavior. Biotransformation makes key contributions to the elimination of xenobiotics and 
greatly mediates the toxicity. However, most biotransformation studies were conducted using individual chemical, and whether coexposure of multiple environmental chemicals will affect each other's fate in the human 
body is still in its infancy. In this study, bisphenol A (BPA) was selected as a model compound. Its biotransformation was investigated under single exposure/coexposure to other phenolic xenobiotics (triclosan, 
tetrabromobisphenol A, and bisphenol S) in liver microsome and cell models. The result shows that binary exposures exhibit significant inhibitory effects on the BPA metabolism, especially the sulfate conjugation. In 
combination of analysis on inhibition models and enzyme activity, the inhibition effect was suggested to be primarily driven by competition for metabolizing enzymes. A mixture with 22 phenolic chemicals was further 
examined to disrupt BPA at various human-relevant levels. Again, the result demonstrates significant inhibition on the BPA metabolism, indicating the possible natural existence of our finding. Overall, our results show 
that biotransformation of phenolic xenobiotics can be significantly altered by coexposure, which provides referential evidence on underestimated risks of simultaneous exposure to environmental toxicants.

Environ Sci Technol. 
2019 Oct 
15;53(20):12081-12090.

10.1021/acs.est.9b04968 31532198 in vitro - - - - - - - - - - 不明 0 不明 1 - - - - - - - - - - - - - -

統合_1756 S. I. Peña-Corona, W. S. Vásquez Aguire, D. 
Vargas, I. Juárez and C. A. Mendoza-Rodríguez 2021

Effects of bisphenols on Blood-
Testis Barrier protein expression in 
vitro: A systematic review and meta-
analysis

Bisphenols are a group of environmental endocrine-disrupting chemicals that produce alterations in the expression of intercellular junction proteins of the Blood-Testis Barrier (BTB) involved in spermatogenesis. The 
association between bisphenol exposure and BTB protein expression is controversial. Therefore, we performed this systematic review and meta-analysis to clarify bisphenol effects on Sertoli cell BTB protein expression 
in vitro. The Standardized Mean Difference (SMD) with a 95 % confidence interval (95 % CI) was used to evaluate the association between alterations in the BTB protein expression and bisphenol exposure in vitro. Six 
articles were included in the meta-analysis. Bisphenol-A (BPA) exposure at 200 μM was associated with significant decrease in BTB protein expression (SMD = -2.70, 95 %CI: -3.59, -1.80, p het = 0.46, p = <0.00001). In 
the moderate (40-50 μM) and low dose (<25 μM), no significant associations were obtained. We also found a non-monotonic dose-response curve of bisphenol effect in ZO-1 protein expression; low and high doses 
presented a significant decrease compared to control, while moderate dose presented no change. The current temporary Tolerable Daily Intake (tTDI) of BPA is 4 μg/kg bw/day. The 5-25 μM doses of BPA are equivalent 
to ~1-5 mg/kg bw, respectively. Although the low dose group (<25 μM) assessed doses below the previous NOAEL value, these doses are above the current tTDI. Thus, it is necessary to conduct more studies with lower 
bisphenol concentrations to avoid underestimating the potential adverse effects of bisphenols at doses below tTDI.

Reprod Toxicol Vol.103 
Pages 139-148

10.1016/j.reprotox.2021.06.008 34146661 in vitro - - - - - - - - - - 1 0 5 - 200 µM他 - - - - - - - - - - - - - - -

統合_1757 È. Pellerin, F. A. Pellerin, S. Chabaud, F. Pouliot, 
M. Pelletier and S. Bolduc 2022

Glucuronidated Metabolites of 
Bisphenols A and S Alter the 
Properties of Normal Urothelial and 
Bladder Cancer Cells

Bisphenol A (BPA) and bisphenol S (BPS) are synthetic chemicals used to produce plastics which can be released in food and water. Once ingested, BPA and BPS are metabolized by the liver, mainly as glucuronidated 
metabolites, and are excreted through urine. Since urine can be stored for many hours, the bladder is chronically exposed to BP metabolites, and studies have shown that these metabolites can remain active in the 
organism. Therefore, the effect of physiological concentrations of glucuronidated BPs was evaluated on the bioenergetics (glycolysis and mitochondrial respiration), migration and proliferation of normal urothelial cells, 
and non-invasive and invasive bladder cancer cells. The results demonstrated that an exposure of 72 h to glucuronidated BPA or BPS decreased the bioenergetics and activity of normal urothelial cells, while increasing 
these parameters for bladder cancer cells. These findings suggest that BP metabolites are not as inactive as initially believed, and their ubiquitous presence in the urine could promote bladder cancer progression.

Int J Mol Sci. 2022 Oct 
25;23(21):12859.

10.3390/ijms232112859 36361648 in vitro - - - - - - - - - - 不明 0 不明 1 - - - - - - - - - - - - - -

統合_1758 È. Pellerin, F. A. Pellerin, S. Chabaud, F. Pouliot, 
S. Bolduc and M. Pelletier 2022

Bisphenols A and S Alter the 
Bioenergetics and Behaviours of 
Normal Urothelial and Bladder 
Cancer Cells

Bisphenol A (BPA) and bisphenol S (BPS) are used in the production of plastics. These endocrine disruptors can be released into the environment and food, resulting in the continuous exposure of humans to bisphenols 
(BPs). The bladder urothelium is chronically exposed to BPA and BPS due to their presence in human urine samples. BPA and BPS exposure has been linked to cancer progression, especially for hormone-dependent 
cancers. However, the bladder is not recognized as a hormone-dependent tissue. Still, the presence of hormone receptors on the urothelium and their role in bladder cancer initiation and progression suggest that BPs 
could impact bladder cancer development. The effects of chronic exposure to BPA and BPS for 72 h on the bioenergetics (glycolysis and mitochondrial respiration), proliferation and migration of normal urothelial cells and 
non-invasive and invasive bladder cancer cells were evaluated. The results demonstrate that chronic exposure to BPs decreased urothelial cells' energy metabolism and properties while increasing them for bladder cancer 
cells. These findings suggest that exposure to BPA and BPS could promote bladder cancer development with a potential clinical impact on bladder cancer progression. Further studies using 3D models would help to 
understand the clinical consequences of this exposure.

Cancers (Basel). 2022 
Aug 19;14(16):4011.

10.3390/cancers14164011 36011004 in vitro - - - - - - - - - - 不明 0 不明 1 - - - - - - - - - - - - - -

統合_1759 È. Pellerin, S. Chabaud, F. Pouliot, M. Pelletier 
and S. Bolduc 2021

Bisphenol A Alters the Energy 
Metabolism of Stromal Cells and 
Could Promote Bladder Cancer 
Progression

Bisphenol A (BPA) is an endocrine-disrupting molecule used in plastics. Through its release in food and the environment, BPA can be found in humans and is mostly excreted in urine. The bladder is therefore continuously 
exposed to this compound. BPA can bind to multiple cell receptors involved in proliferation, migration and invasion pathways, and exposure to BPA is associated with cancer progression. Considering the physiological 
concentrations of BPA in urine, we tested the effect of nanomolar concentrations of BPA on the metabolism of bladder fibroblasts and cancer-associated fibroblasts (CAFs). Our results show that BPA led to a decreased 
metabolism in fibroblasts, which could alter the extracellular matrix. Furthermore, CAF induction triggered a metabolic switch, similar to the Warburg effect described in cancer cells. Additionally, we demonstrated that 
nanomolar concentrations of BPA could exacerbate this metabolic switch observed in CAFs via an increased glycolytic metabolism, leading to greater acidification of the extracellular environment. These findings suggest 
that chronic exposure to BPA could promote cancer progression through an alteration of the metabolism of stromal cells.

Cancers (Basel). 2021 
Oct 30;13(21):5461.

10.3390/cancers13215461 34771623 in vitro - - - - - - - - - - 1 0 不明 1 - - - - - - - - - - - - - -

統合_1760 K. E. Pelch, Y. Li, L. Perera, K. A. Thayer and K. 
S. Korach 2019

Characterization of Estrogenic and 
Androgenic Activities for Bisphenol 
A-like Chemicals (BPs): In Vitro 
Estrogen and Androgen Receptors 
Transcriptional Activation, Gene 
Regulation, and Binding Profiles

Bisphenol A (BPA) is a high production volume chemical widely used in plastics, food packaging, and many other products. It is well known that endocrine-disrupting chemicals might be harmful to human health due to 
interference with normal hormone actions. Recent studies report widespread usage and exposure to many BPA-like chemicals (BPs) that are structurally or functionally similar to BPA. However, the biological actions and 
toxicity of those BPs are still relatively unknown. To address this data gap, we used in vitro cell models to evaluate the ability of 22 BPs to induce or inhibit estrogenic and androgenic activity. BPA, Bisphenol AF (BPAF), 
bisphenol Z (BPZ), bisphenol C (BPC), tetramethyl bisphenol A (TMBPA), bisphenol S (BPS), bisphenol E (BPE), 4,4-bisphenol F (4,4-BPF), bisphenol AP (BPAP), bisphenol B (BPB), tetrachlorobisphenol A (TCBPA), and 
benzylparaben (PHBB) induced estrogen receptor (ER)α and/or ERβ-mediated activity. With the exception of BPS, TCBPA, and PHBB, these same BPs were also androgen receptor (AR) antagonists. Only 3 BPs were 
found to be ER antagonists. Bisphenol P (BPP) selectively inhibited ERβ-mediated activity and 4-(4-phenylmethoxyphenyl)sulfonylphenol (BPS-MPE) and 2,4-bisphenol S (2,4-BPS) selectively inhibited ERα-mediated 
activity. None of the BPs induced AR-mediated activity. In addition, we identify that the BPs can bind to ER or AR with varying degrees by a molecular modeling analysis. Taken together, these findings help us to 
understand the molecular mechanism of BPs and further consideration of their usage in consumer products.

Toxicol Sci. 2019 Nov 
1;172(1):23-37.

10.1093/toxsci/kfz173 31388671 in vitro - - - - - - - - - - 1 0 不明 1 - - - - - - - - - - - - - -

統合_1761 C. Peillex, A. Kerever, A. Lachhab and M. 
Pelletier 2021

Bisphenol A, bisphenol S and their 
glucuronidated metabolites 
modulate glycolysis and functional 
responses of human neutrophils

Bisphenol A (BPA) and its main substitute, bisphenol S (BPS), are synthetic organic compounds found in various consumer products, in particular food and beverage containers. Numerous reports have shown a link 
between bisphenol exposure, human contamination and increased health problems. BPA, BPS and their metabolites are detectable in bodily fluids (blood, urine) and were reported to affect immune cells and their 
responses. Though, the impact of those chemicals on neutrophils, the most abundant leukocytes in the circulation, remains poorly described. Therefore, we examined the effects of BPA, BPS and their monoglucuronide 
conjugates on neutrophil energy metabolism and anti-microbial functions, mainly phagocytosis, superoxide anion generation and CXCL8/IL-8 chemokine production. We observed that short and prolonged exposures of 
neutrophils to these chemicals modulate the basal and the bacterium-derived peptide N-formyl-methionyl-leucyl-phenylalanine-induced glycolysis, with BPS causing the most alterations. The variation in energy 
metabolism was not associated with dysfunctions in cell cytotoxicity, phagocytosis, nor superoxide anion production upon exposure to bisphenols. In contrast, bisphenols significantly reduced the production of CXCL8/IL-
8 by neutrophils, an effect found to be greater with the glucuronidated metabolites. Our study highlights that BPA, BPS and their glucuronidated metabolites alter the energy metabolism and certain anti-microbial 
responses of neutrophils, with possible health implications. Importantly, we found that BPS and the glucuronidated metabolites of BPA and BPS showed higher endocrine-disrupting potential than BPA. More studies on 
bisphenols, especially the less-documented BPS and bisphenol metabolites, are needed to fully determine their risks, allow better regulation of these compounds, and restrict their extensive usage.

Environ Res. 2021 
May:196:110336.

10.1016/j.envres.2020.110336 33091430 in vitro - - - - - - - - - - 1 0 不明 1 - - - - - - - - - - - - - -

統合_1762 R. H. Patel, V. B. Truong, R. Sabry, J. E. Acosta, 
K. McCahill and L. A. Favetta 2023

SMAD signaling pathway is 
disrupted by BPA via the AMH 
receptor in bovine granulosa cells

Significant events that determine oocyte competence occur during follicular growth and oocyte maturation. The anti-Mullerian hormone, a positive predictor of fertility, has been shown to be affected by exposure to 
endocrine disrupting compounds, such as bisphenol A and S. However, the interaction between bisphenols and SMAD proteins, mediators of the anti-Mullerian hormone pathway, has not yet been elucidated. AMH 
receptor (AMHRII) and downstream SMAD expression was investigated in bovine granulosa cells treated with bisphenol A, bisphenol S, and then competitively with the anti-Mullerian hormone. Here, we show that 24-h 
bisphenol A exposure in granulosa cells significantly increased SMAD1, SMAD4, and SMAD5 mRNA expression. No significant changes were observed in AMHRII or SMADs protein expression after 24-h treatment. 
Following 12-h treatments with bisphenol A (alone or with the anti-Mullerian hormone), a significant increase in SMAD1 and SMAD4 mRNA expression was observed, while a significant decrease in SMAD1 and 
phosphorylated SMAD1 was detected at the protein level. To establish a functional link between bisphenols and the anti-Mullerian hormone signaling pathway, antisense oligonucleotides were utilized to suppress AMHRII 
expression with or without bisphenol exposure. Initially, transfection conditions were optimized and validated with a 70% knockdown achieved. Our findings show that bisphenol S exerts its effects independently of the 
anti-Mullerian hormone receptor, while bisphenol A may act directly through the anti-Mullerian hormone signaling pathway providing a potential mechanism by which bisphenols may exert their actions to disrupt follicular 
development and decrease oocyte competence.

Display optionsBiol 
Reprod. 2023 Dec 
11;109(6):994-1008.

10.1093/biolre/ioad125 37724935 in vitro - - - - - - - - - - 1 0 不明 1 - - - - - - - - - - - - - -

統合_1763
A. C. Parrado, L. S. Salaverry, R. Macchi, M. L. 
Bessone, F. M. Mangone, M. Castro, A. M. 
Canellada and E. B. Rey-Roldán

2023

Immunomodulatory effect of 
dopamine in human keratinocytes 
and macrophages under chronical 
bisphenol-A exposure conditions

Dopamine is a key neurotransmitter that links the nervous and the immune system. Bisphenol A (BPA) is an endocrine disruptor with a wide distribution in the environment that is used in the manufacturing of plastic 
products. Evidence shows that BPA can interfere with the central dopaminergic transmission; however, there are no previous reports of this effect outside the central nervous system. Thus, the aim of this work was to 
investigate the in vitro mechanisms of action involved in the response to dopamine in both human keratinocyte and macrophage cell lines chronically exposed to BPA. Dopamine modulates cytokine secretion and NF-κB 
expression in BPA-treated HaCaT keratinocytes, without modifying these parameters in BPA-treated THP-1 macrophages. In addition, dopamine increases MMP activity in both BPA-treated cell lines, although it 
decreases keratinocytes migration. We suggest the immunomodulatory effect of dopamine might be different in keratinocytes and macrophages under chronical BPA exposure conditions. These findings revealed for the 
first time the in vitro immunomodulatory effect of dopamine in the presence of BPA at peripheral level.

Immunobiology. 2023 
Mar;228(2):152335.

10.1016/j.imbio.2023.152335 36689825 in vitro - - - - - - - - - - 1 0 不明 1 - - - - - - - - - - - - - -

統合_1764 Y. J. Park, M. S. Rahman, W. K. Pang, D. Y. Ryu, 
M. J. Jung, S. Amjad, J. M. Kim and M. G. Pang 2022

Systematic multi-omics reveals the 
overactivation of T cell receptor 
signaling in immune system 
following bisphenol A exposure

Bisphenol A (BPA) is pervasive in the environment, and exposure to BPA may increase the incidence of noncommunicable diseases like autoimmune diseases and cancer. Although BPA causes immunological problems at 
the cellular level, no system-level research has been conducted on this. Hence, in this study, we aimed to gain a better understanding of the biological response to BPA exposure and its association with immunological 
disorders. For that, we explored the transcriptome and the proteomic modifications at the systems and cellular levels following BPA exposure. Our integrated multi-omics data showed the alteration of the T cell receptor 
(TCR) signaling pathway at both levels. The proportion of enlarged T cells increased with upregulation of CD69, a surface marker of early T cell activation, even though the number of T cells reduced after BPA exposure. 
Additionally, on BPA exposure, the levels of pLCK and pSRC increased in T cells, while that of pLAT decreased. Following BPA exposure, we investigated cytokine profiles and discovered that chitinase 3 Like 1 and matrix 
metalloproteinase 9 were enriched in T cells. These results indicated that T cells were hyperactivated by CD69 stimulation, and phosphorylation of SRC accelerated on BPA exposure. Hence, alteration in the TCR 
signaling pathway during development and differentiation due to BPA exposure could lead to insufficient and hasty activation of TCR signaling in T cells, which could modify cytokine profiles, leading to increased 
environmental susceptibility to chronic inflammation or diseases, increasing the chance of autoimmune diseases and cancer. This study enhances our understanding of the effects of environmental perturbations on 
immunosuppression at molecular, cellular, and systematic levels following pubertal BPA exposure, and may help develop better predictive, preventative, and therapeutic techniques.

Environ Pollut. 2022 
Sep 1:308:119590.

10.1016/j.envpol.2022.119590 35752395 in vitro - - - - - - - - - - 1 0 不明 1 - - - - - - - - - - - - - -
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統合_1765 S. J. Park, J. W. Jang and E. Y. Moon 2023

Bisphenol A-induced autophagy 
ameliorates human B cell death 
through Nrf2-mediated regulation of 
Atg7 and Beclin1 expression by Syk 
activation

The widely used plasticizer bisphenol A (BPA) is known as an endocrine-disrupting chemical (EDC). Many studies have shown that BPA contributes to diseases involving immune system alterations, but the underlying 
mechanisms have yet to be elucidated. We previously reported that BPA at concentration of 100 μM caused human B cell death in accordance with an increase in nuclear factor (erythroid-derived 2)-like 2(Nrf2) 
expression. Autophagy is a cellular process that degraded and recycles cytoplasmic constituents. Here, we investigated whether BPA induces autophagy through Nrf2, which is associated with regulation of B cell death 
using human WiL2-NS lymphoblast B cells. Then, cell viability was assessed by various assays using trypan blue, MTT or Celltiter glo luminescent substrate and DAPI. When WiL2-NS cells were treated with BPA, cell 
viability was decreased and LC3 autophagy cargo protein/puncta was increased. BPA-induced autophagy was confirmed by the modification of LC3 puncta formation or autophagy flux turnover with the treatment of 
hydroxychloroquine(HCQ), NH(4)Cl and PI3K inhibitors including 3-methyladenine(3-MA), LY294002 and wortmannin. BPA treatment increased the expression of autophagy-related gene(Atg)7 and Beclin1 as well as Nrf2 
induced by the production of reactive oxygen species (ROS). The inhibition of autophagy with siAtg7 or siBeclin1 and Nrf2 depletion aggravated BPA-induced cell death. BPA enhanced the bound of Nrf2 to the specific 
region on Beclin1 and Atg7 promoter. Spleen tyrosine kinase(Syk) activity was enhanced in response to BPA treatment. Bay61-3606, Syk inhibitor, decreased LC3 and the expression of Atg7 and Beclin1, leading to the 
increase of BPA-induced B cell death. The results suggest that BPA-induced autophagy ameliorates human B cell death through Nrf2-mediated regulation of Atg7 and Beclin1 expression.

Ecotoxicol Environ Saf. 
2023 Jul 15:260:115061.

10.1016/j.ecoenv.2023.115061 37257343 in vitro - - - - - - - - - - 1 0 不明 1 - - - - - - - - - - - - - -

統合_1766 J. E. Park, S. G. Lee, S. J. Lee, W. J. Yu and J. M. 
Kim 2023

Downregulation of the Expression of 
Steroidogenic Acute Regulatory 
Protein and Aromatase in 
Steroidogenic KGN Human 
Granulosa Cells after Exposure to 
Bisphenol A

Although increasing evidence of cause-and-effect relationship between BPA exposure and female reproductive disorders have been suggested through many studies, the precise biochemical and molecular mechanism(s) 
by which BPA interferes with steroidogenesis in the ovarian cells still remain unclear. Therefore, the purpose of this study was to discover the steroidogenic biomarker(s) associated with BPA treatment in human 
granulosa cell line, KGN. In this study, our results obtained via the analysis of steroidogenesis-related protein expression in KGN cells using quantitative polymerase chain reaction (qPCR) and western blot analyses 
revealed that the expression levels of steroidogenic acute regulatory (StAR) and aromatase decreased considerably and gradually after BPA treatment in a dose-dependent manner under BPA treatment. Further, 
remarkable decreases in their expression levels at the cellular levels were also confirmed via immunocytochemistry, and subsequent StAR and aromatase mRNA expression levels showed profiles similar to those observed 
for their proteins, i.e., both StAR and aromatase mRNA expression levels were significantly decreased under BPA treatment at concentrations ≥0.1 μM. We observed that follicle stimulating hormone upregulated StAR 
and aromatase protein expression levels; however, this effect was suppressed in the presence of BPA. Regarding the steroidogenic effects of BPA on KGN cells, controversies remain regarding the ultimate outcomes. 
Nevertheless, we believe that the results here presented imply that KGN cells have a good cellular and steroidogenic machinery for evaluating endocrine disruption. Therefore, StAR and aromatase could be stable and 
sensitive biomarkers in KGN cells for the cellular screening of the potential risk posed by exogenous and environmental chemicals to female reproductive (endocrine) function.

Dev Reprod. 2023 
Dec;27(4):185-193.

10.12717/dr.2023.27.4.185 38292236 in vitro - - - - - - - - - - 1 0 不明 1 - - - - - - - - - - - - - -

統合_1767 H. J. Park, W. Y. Lee, J. T. Do, C. Park and H. 
Song 2021

Evaluation of testicular toxicity upon 
fetal exposure to bisphenol A using 
an organ culture method

Humans are exposed to a multitude of endocrine disruptor chemicals (EDCs) that can interfere with the action of endogenous hormones and the normal development of reproductive organs. Bisphenol A (BPA) is one of the 
most common EDCs found in the environment. Here, we evaluated BPA toxicity on fetal testes using an in vitro organ culture system. Mouse fetal testes sampled at 15.5 days post coitus were cultured in a medium 
containing BPA for 5 days. The number of germ cells was reduced by BPA treatment, whereas the number of Sertoli cells was slightly increased by BPA at the highest dose (100 μM). Consistently, BPA treatment reduced 
the protein and gene expression levels of germ cell markers, but it increased the expression levels of Sertoli cell markers. The expression levels of fetal Leydig cell markers such as Cyp11a1, Thbs2, Cyp17a1, and Pdgf-α 
were significantly increased, whereas those of adult Leydig cell markers such as Hsd17b3, Ptgds, Sult1e1, Vcam1, and Hsd11b1 were decreased in the testes exposed to BPA. Generally, Notch signaling restricts Leydig 
cell differentiation from progenitor cells during fetal testis development. The expression levels of Notch1, Notch2, Notch3, Hes1, Ptch1, Jag1, Jag2, c-Myc, Hey1, and Hey2, which are involved in Notch signaling, were 
markedly higher in BPA-treated fetal testes than in the controls, indicating that BPA interrupts fetal Leydig cell development. BPA also disrupted steroidogenesis in the fetal testis organ culture system. In conclusion, our 
study showed that BPA inhibits fetal germ cell growth, Leydig cell development, and steroidogenesis.

Chemosphere. 2021 
May:270:129445.

10.1016/j.chemosphere.2020.1294
45

33421752 in vitro - - - - - - - - - - 1 0 〜100 µM 1 - - - - - - - - - - - - - -

統合_1768 E. J. Park, S. Lee, J. Y. Kim, J. Choi, Y. S. Lee, M. 
Park, J. H. Jeon and H. J. Lee 2024

The obesogen bisphenol A promotes 
adipogenesis in canine adipose-
derived stem cells: Potential 
implication in dog obesity

The growing number of companion dogs has contributed to a rapidly growing market for pet products, including dog toys. However, little is known about the hazardous substances released from dog toys. This study aims 
to examine the potential presence of obesogens, a subset of endocrine-disrupting chemicals (EDCs) that are widely utilized as raw materials in the manufacture of dog toy components, and their effects on dog health. To 
achieve this, we adapted and employed a migration method typically used for children's products to simulate obesogen exposure in dogs through sucking or chewing toys. We demonstrated that out of various obesogens, 
bisphenol A (BPA) was released from dog toys into synthetic saliva, whereas phthalates and azo dyes were not detected in any of the leachates. Additionally, we found that BPA induced adipogenic differentiation in canine 
adipose-derived stem cells (cADSCs). Our RNA sequencing experiments revealed that BPA alters the adipogenesis-related gene signature in cADSCs by elevating the expression levels of ADIPOQ, PLIN1, PCK1, CIDEC, 
and FABP4. The associated transcriptional changes are involved in the peroxisome proliferator-activated receptor (PPAR) signaling pathway, which may contribute to the promotion of adipogenesis by BPA. Our findings 
suggest that companion dogs are at risk of BPA exposure, which may contribute to obesity in dogs. Therefore, the implementation of precautionary measures is crucial.

Chemosphere. 2024 
Aug:362:142579.

10.1016/j.chemosphere.2024.1425
79

38866337 in vitro - - - - - - - - - - 1 0 不明 1 - - - - - - - - - - - - - -

統合_1769 C. G. Park, K. M. Adnan, H. Cho, C. S. Ryu, J. 
Yoon and Y. J. Kim 2024

A combined in vitro-in silico method 
for assessing the androgenic 
activities of bisphenol A and its 
analogues

Interactions between endocrine-disruptor chemicals (EDCs) and androgen receptor (AR) have adverse effects on the endocrine system, leading to human reproductive dysfunction. Bisphenol A (BPA) is an EDC that can 
damage both the environment and human health. Although numerous BPA analogues have been produced as substitutes for BPA, few studies have evaluated their endocrine-disrupting abilities. We assessed the (anti)-
androgenic activities of BPA and its analogues using a yeast-based reporter assay. The BPA analogues tested were bisphenol S (BPS), 4-phenylphenol (4PP), 4,4'-(9-fluorenyliden)-diphenol (BPFL), tetramethyl bisphenol 
F (TMBPF), and tetramethyl bisphenol A (TMBPA). We also conducted molecular docking and dynamics simulations to assess the interactions of BPA and its analogues with the ligand-binding domain of human AR (AR-
LBD). Neither BPA nor its analogues had androgenic activity; however, all except BPFL exerted robust anti-androgenic effects. Consistent with the in vitro results, anti-androgenic analogues of BPA formed hydrogen 
bonding patterns with key residues that differed from the patterns of endogenous hormones, indicating that the analogues display in inappropriate orientations when interacting with the binding pocket of AR-LBD. Our 
findings indicate that BPA and its analogues disrupt androgen signaling by interacting with the AR-LBD. Overall, BPA and its analogues display endocrine-disrupting activity, which is mediated by AR.

Toxicol In Vitro. 2024 
Jun:98:105838.

10.1016/j.tiv.2024.105838 38710238 in vitro - - - - - - - - - - 1 0 不明 1 - - - - - - - - - - - - - -

統合_1770 C. Park, H. Song, J. Choi, S. Sim, H. Kojima, J. 
Park, M. Iida and Y. Lee 2020

The mixture effects of bisphenol 
derivatives on estrogen receptor and 
androgen receptor

Bisphenol A (BPA) is a well-known for endocrine-disrupting chemical (EDC) and is one of the highest amounts of chemicals produced worldwide. Some countries restrict the use of BPA, which is widely used in the 
production of a variety products. Considering the toxicity and limitations on use of BPA, efforts are needed to find safer alternatives. Increasingly, bisphenol F (BPF) and bisphenol S (BPS) are alternatives of BPA, which is 
increasing their exposure levels in various environments. There are many ways to assess whether a chemical is an EDC. Here, we evaluated the endocrine-disrupting risks of the bisphenols by investigating their agonist 
and antagonist activities with the estrogen (ER), androgen (AR), and aryl hydrocarbon (AhR) receptors. Our results showed that BPA, BPS, and BPF (BPs) have estrogen agonist and androgen antagonist activities and 
decrease the ERα protein level. Interestingly, a mixture of the BPs had ER and anti-AR activity at lower concentrations than BPs alone. The activation of AhR was not a concentration-dependent effect of BPs, although it 
was increased significantly. In conclusion, BPs have estrogen agonist and androgen antagonist activities, and the effect of exposure to a BPs mixture differs from that of BPs alone.

Environ Pollut. 2020 
May:260:114036.

10.1016/j.envpol.2020.114036 31995776 in vitro - - - - - - - - - - 1 0 不明 1 - - - - - - - - - - - - - -

統合_1771

P. Panjabud, S. Kanlayaprasit, S. Thongkorn, K. 
Songsritaya, P. Lertpeerapan, K. Kasitipradit, T. 
Jantheang, S. Sarobol, T. Saeliw, V. W. Hu, T. 
Imai and T. Sarachana

2025

Prenatal exposure to bisphenol A 
disrupts RNA splicing in the 
prefrontal cortex and promotes 
behaviors related to autism in 
offspring

Prenatal exposure to bisphenol A (BPA), a common endocrine disruptor, has been increasingly implicated in neurodevelopmental disorders, including autism spectrum disorder. This study explores the molecular 
mechanisms by which prenatal BPA exposure affects alternative RNA splicing in the prefrontal cortex and investigates the potential link between alternative RNA splicing and autism-related behaviors in rat offspring. 
Using RNA sequencing and high-resolution melting real-time PCR, we identified differentially alternative splicing events associated with autism candidate genes. Gene ontology and pathway analyses revealed significant 
enrichment of differentially alternative splicing genes and neurological pathways relevant to autism. BPA appears to act through autism-related transcription factors, affecting RNA-binding proteins. Altered expressions of 
these RNA-binding proteins influenced alternative RNA splicing events within key autism-related genes, implicating them in disrupted synaptogenesis. Behavioral analyses of offspring exposed to BPA revealed autism-
associated traits, including hyperactivity, anxiety, and aggression, which correlated with the observed sex-specific alternative RNA splicing patterns. These findings suggest that BPA-induced alterations of transcription 
factors and RNA-binding proteins affect alternative RNA splicing and synaptic development, potentially contributing to autism pathophysiology. This research underscores the role of environmental factors in autism 
etiology and highlights the importance of awareness and preventive measures against prenatal BPA exposure.

Sci Rep. 2025 Jul 
17;15(1):25996.

10.1038/s41598-025-09909-9 40676062 in vitro - - - - - - - - - - 1 0 不明 1 - - - - - - - - - - - - - -

統合_1772 Q. Pang, Y. Li, L. Meng, G. Li, Z. Luo and R. Fan 2019

Neurotoxicity of BPA, BPS, and BPB 
for the hippocampal cell line (HT-
22): An implication for the 
replacement of BPA in plastics

Bisphenol A (BPA), a plastic additive, is ubiquitous in the environment and has endocrine disrupting effects. As many countries have prohibited the manufacture and sale of plastic products with BPA, BPA analogs have 
been used to replace BPA during production, including bisphenol S (BPS) and bisphenol B (BPB). To investigate the toxicities of BPA and its analogs on neurons, reactive oxygen species (ROS) assay, Annexin V-FITC 
(fluorescein) apoptosis detection assay, lactate dehydrogenase (LDH) cytotoxicity assay, and Cell Counting Kit-8 assay were conducted to comprehensively assess the influence of different concentrations of BPA, BPB, 
and BPS on ROS, apoptosis, damage, and proliferation for hippocampal HT-22 cells, respectively. Results showed that 6 h of exposure to bisphenols (BPs) could increase the ROS levels, 24 h and 48 h of exposure could 
induce higher apoptosis and LDH leakage rates for HT-22 cells, and 7 d of exposure could inhibit the cell proliferations. In addition, non-monotonic dose-response relationships were observed between the concentrations 
of bisphenols and the toxic effects mentioned above. The neurotoxic effects of BPA, BPB and BPS on HT-22 cells were in the increasing order of BPS, BPA, and BPB. In conclusion, these results showed that exposure to 
BPA and its analogs may result in adverse effects on hippocampal neuronal cell lines. BPS is a surrogate with lower neurotoxicity to replace BPA in production of plastic utensils.

Chemosphere. 2019 
Jul:226:545-552.

10.1016/j.chemosphere.2019.03.1
77

30953899 in vitro - - - - - - - - - - 1 0 不明 1 - - - - - - - - - - - - - -

統合_1773 J. Pang, L. Han, Z. Liu, J. Zheng, J. Zhao, K. 
Deng, F. Wang and Y. Zhang 2019

ULK1 affects cell viability of goat 
Sertoli cell by modulating both 
autophagy and apoptosis

Sertoli cells (SCs) are necessary for proper germ cell development and viability. Unc-51 like autophagy activating kinase (ULK1) protein kinase is an important regulator of autophagy activation. This study aims to 
investigate the role of autophagy promoter ULK1 on cell viability of goat SCs. Our results showed that ULK1 knockdown in goat SCs decreased autophagy activation, which was confirmed by decreased expression of 
autophagy-related markers including LC3, Beclin1, Atg5, and Atg7 (P < 0.05). Meanwhile, lower ULK1 levels resulted in decreased expressions of goat SC marker genes ABP, AMH, FASL, and GATA4. However, a reverse 
trend of these parameters occurred when the goat SCs were transfected with ULK1 overexpression construct; higher ULK1 levels in goat SCs also decreased the ratio of Bax/Bcl-2. Moreover, ULK1 overexpression in 
goat SCs activated the autophagy levels when cells were exposed to an environmental contaminant bisphenol A (BPA). The above results indicated that ULK1 gene might play important roles in goat SC function by 
regulating cell viability.

In Vitro Cell Dev Biol 
Anim. 2019 
Sep;55(8):604-613.

10.1007/s11626-019-00371-2 31359348 in vitro - - - - - - - - - - 1 0 不明 1 - - - - - - - - - - - - - -

統合_1774 Z. Pan, J. Huang, T. Hu, Y. Zhang, L. Zhang, J. 
Zhang, D. Cui, L. Li, J. Wang and Q. Wu 2023

Protective Effects of Selenium 
Nanoparticles against Bisphenol A-
Induced Toxicity in Porcine 
Intestinal Epithelial Cells

Bisphenol A (BPA) is widely used to harden plastics and polycarbonates and causes serious toxic effects in multiple organs, including the intestines. Selenium, as an essential nutrient element for humans and animals, 
exhibits a predominant effect in various physiological processes. Selenium nanoparticles have attracted more and more attention due to their outstanding biological activity and biosafety. We prepared chitosan-coated 
selenium nanoparticles (SeNPs) and further compared the protective effects, and investigated the underlying mechanism of SeNPs and inorganic selenium (Na(2)SeO(3)) on BPA-induced toxicity in porcine intestinal 
epithelial cells (IPEC-J2). The particle size, zeta potential, and microstructure of SeNPs were detected by using a nano-selenium particle size meter and a transmission electron microscope. IPEC-J2 cells were exposed to 
BPA alone or simultaneously exposed to BPA and SeNPs or Na(2)SeO(3). The CCK8 assay was performed to screen the optimal concentration of BPA exposure and the optimal concentration of SeNPs and Na(2)SeO(3) 
treatment. The apoptosis rate was detected by flow cytometry. Real-time PCR and Western blot methods were used to analyze the mRNA and protein expression of factors related to tight junctions, apoptosis, 
inflammatory responses and endoplasmic reticulum stress. Increased death and morphological damage were observed after BPA exposure, and these increases were attenuated by SeNPs and Na(2)SeO(3) treatment. BPA 
exposure disturbed the tight junction function involved with decreased expression of tight junction protein Zonula occludens 1 (ZO-1), occludin, and claudin-1 proteins. Proinflammatory response mediated by the 
transcription factor nuclear factor-k-gene binding (NF-κB), such as elevated levels of interleukin-1β(IL-1β), interleukin-6 (IL-6), interferon-γ (IFN-γ), interleukin-17 (IL-17), and tumor necrosis factor-α (TNF-α) 
expression was induced at 6 and 24 h after BPA exposure. BPA exposure also disturbed the oxidant/antioxidant status and led to oxidative stress. IPEC-J2 cell apoptosis was induced by BPA exposure, as indicated by 
increased BCL-2-associated X protein (Bax), caspase 3, caspase 8, and caspase 9 expression and decreased B-cell lymphoma-2 (Bcl-2) and Bcl-xl expression. BPA exposure activated the endoplasmic reticulum stress 
(ERS) mediated by the receptor protein kinase receptor-like endoplasmic reticulum kinase (PERK), Inositol requiring enzyme 1 (IRE1α), and activating transcription factor 6 (ATF6). We found that treatment with SeNPs 
and Na(2)SeO(3) can alleviate the intestinal damage caused by BPA. SeNPs were superior to Na(2)SeO(3) and counteracted BPA-induced tight junction function injury, proinflammatory response, oxidative stress, 
apoptosis, and ERS stress. Our findings suggest that SeNPs protect intestinal epithelial cells from BPA-induced damage, partly through inhibiting ER stress activation and subsequently attenuating proinflammatory 
responses and oxidative stress and suppressing apoptosis, thus enhancing the intestinal epithelial barrier function. Our data indicate that selenium nanoparticles may represent an effective and reliable tool for preventing 
BPA toxicity in animals and humans.

Int J Mol Sci. 2023 Apr 
14;24(8):7242.

10.3390/ijms24087242 37108405 in vitro - - - - - - - - - - 1 0 不明 1 - - - - - - - - - - - - - -

統合_1775 M. H. Pan, Y. K. Wu, B. Y. Liao, H. Zhang, C. Li, 
J. L. Wang, L. L. Hu and B. Ma 2021

Bisphenol A Exposure Disrupts 
Organelle Distribution and Functions 
During Mouse Oocyte Maturation

Bisphenol A (BPA) is one of the ubiquitous environmental endocrine disruptors (EEDs). Previous studies have shown that the reproduction toxicity of BPA could cause severe effects on the mammal oocytes and disturb the 
quality of mature oocytes. However, the toxic effects of BPA on the organelles of mouse oocytes have not been reported. In this study, to investigate whether BPA can be toxic to the organelles, we used different 
concentrations of BPA (50, 100, and 200 μM) to culture mouse oocytes in vitro. The results showed that 100 μM BPA exposure could significantly decrease the developmental capacity of oocytes. Then, we used the 
immunofluorescence staining, confocal microscopy, and western blotting to investigate the toxic effects of BPA on the organelles. The results revealed that mitochondrial dysfunction is manifested by abnormal 
distribution and decreased mitochondrial membrane potential. Moreover, the endoplasmic reticulum (ER) is abnormally distributed which is accompanied by ER stress showing increased expression of GRP78. For the 
Golgi apparatus, BPA-exposed dose not disorder the Golgi apparatus distribution but caused abnormal structure of Golgi apparatus, which is manifested by the decrease of GM130 protein expression. Moreover, we also 
found that BPA-exposed led to the damage of lysosome, which were shown by the increase of LAMP2 protein expression. Collectively, our findings demonstrated that the exposure of BPA could damage the normal 
function of the organelles, which may explain the reduced maturation quality of oocytes.

Front Cell Dev Biol Vol.9 
Pages 661155

10.3389/fcell.2021.661155 33834027 in vitro - - - - - - - - - - 1 0 50、100、200 µM - - - - - - - - - - - - - - -

統合_1776 F. Pan, W. Yang, T. Zhao, K. Liu, S. Zhao and L. 
Zhao 2024

Procyanidine alleviates bisphenol A-
induced apoptosis in TM3 cells via 
the Nrf2 signaling pathway

Contaminated foods are a major source of bisphenol A (BPA) and are widely used in food packaging. Prolonged exposure to BPA can cause reproductive dysfunction in humans. Procyanidine (PC) is a potent natural 
antioxidant; however, the exact mechanism by which PC mitigates Leydig cell damage caused by BPA is unknown. In this study, the protective effect of PC against BPA-induced TM3 cell damage was investigated, and the 
underlying mechanism was assessed. PC treatment attenuates BPA-induced TM3 cell damage by suppressing oxidative stress and inhibiting TM3 apoptosis. In addition, PC upregulates the expression of nuclear factor 
erythroid 2-related factor 2 (Nrf2) and its downstream antioxidant target genes. Treatment with the NRF2 inhibitor ML385 reversed the PC-induced upregulation of the mRNA expression of these genes. Overall, PC may 
mitigate BPA-induced cell damage by activating the Nrf2 signaling pathway, suggesting that PC supplementation may alleviate BPA toxicity in TM3 cells.

Food Chem Toxicol. 
2024 Oct:192:114908.

10.1016/j.fct.2024.114908 39117098 in vitro - - - - - - - - - - 不明 0 不明 1 - - - - - - - - - - - - - -

統合_1777

E. Palak, W. Lebiedzinska, O. Lupu, K. 
Pulawska, S. Anisimowicz, A. N. Mieczkowska, 
M. Sztachelska, G. N. Niklinska, G. Milewska, 
M. Lukasiewicz, D. Ponikwicka-Tyszko, I. 
Huhtaniemi and S. Wolczynski

2023

Molecular insights underlying the 
adverse effects of bisphenol A on 
gonadal somatic cells' steroidogenic 
activity

Bisphenol A (BPA) exposure may impair gonadal steroidogenesis, although the underlying mechanism is not well known. Hereby, we assessed BPA action on human primary granulosa (hGC) and mouse Leydig cells 
(BLTK-1) proliferation, cytotoxicity, hormone secretion, and steroidogenic enzyme/receptor gene profile. hGC and BLTK-1 cells were stimulated with increasing concentrations of BPA (10(-12) M to 10(-4) M for cell 
proliferation assay, 10(-8) M to 10(-4) M for LDH-cytotoxicity assay, and 10(-9) M to 10(-5) M for hormone secretion and genes expression analysis). BPA at low concentrations (pM - nM) did not affect cell proliferation 
in either cell type, although was toxic at higher (µM) concentrations. BPA stimulation at low nM concentrations decreased the production of estradiol (E(2)) and testosterone (T) in BLTK-1, E(2,) and progesterone in 
hGCs. BPA down-regulated Star, Cyp11a1, and Hsd17b3, but up-regulated Cyp19a1, Esr1, Esr2, and Gpr30 expression in BLTK-1 cells. In hGC, BPA down-regulated STAR, CYP19A1, PGRMC1, and PAQR7 but up-
regulated ESR2 expression. Estrogen receptor degrader fulvestrant (FULV) attenuated BPA inhibition of hormone production in both cell lines. FULV also blocked the BPA-induced Gpr30 up-regulation in BLTK-1 cells, 
whereas in hGC, failed to reverse the down-regulation of PGRMC1, STAR, and CYP19A1. Our findings provide novel mechanistic insights into environmentally-relevant doses of BPA action through both nuclear estrogen 
receptor-dependent and independent mechanisms affecting cultured granulosa and Leydig cell steroidogenesis.

Reprod Biol. 2023 
Jun;23(2):100766.

10.1016/j.repbio.2023.100766 37084542 in vitro - - - - - - - - - - 1 0 10(-12) 〜 10(-4) M, 10(-8)  〜 10(-4) M, 10(-9)〜 10(-5) M) 1 - - - - - - - - - - - - - -
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統合_1778 P. Pahović, M. Iulini, A. Maddalon, V. Galbiati, E. 
Buoso, M. S. Dolenc and E. Corsini 2023

In Vitro Effects of Bisphenol Analogs 
on Immune Cells Activation and Th 
Differentiation

AIMS: Investigate the immunomodulatory effects of bisphenols in the THP-1 cell line and peripheral blood mononuclear cells in response to lipopolysaccharide (LPS) activation or to phorbol 12-myristate 13-acetate (PMA) 
and ionomycin. BACKGROUND: We have previously demonstrated the usefulness of the evaluation of RACK1 expression as a link between endocrine disrupting activity and the immunotoxic effect of xenobiotics. We 
demonstrated that while BPA and BPAF reduced RACK1 expression, BPS was able to increase it. OBJECTIVE: Bisphenol A (BPA) is one of the most commonly used chemicals in the manufacturing of polycarbonate 
plastics and plastic consumer products. Its endocrine disrupting (ED) potential and changes in European regulations have led to replacing BPA in many uses with structurally similar chemicals, like bisphenol AF (BPAF) 
and bisphenol S (BPS). However, emerging data indicated that bisphenol analogues may not be safer than BPA both in toxic effects and ED potential. METHODS: THP-1 cell line and peripheral blood mononuclear cells 
were activated with lipopolysaccharide (LPS) or with phorbol 12-myristate 13-acetate (PMA) and ionomycin. RESULTS: BPA and BPAF decreased LPS-induced expression of surface markers and the release of pro-
inflammatory cytokines, while BPS increased LPS-induced expression of CD86 and cytokines. BPA, BPAF, and BPS affected PMA/ionomycin-induced T helper differentiation and cytokine release with gender-related 
alterations in some parameters investigated. CONCLUSION: Data confirm that bisphenols can modulate immune cell differentiation and activation, further supporting their immunotoxic effects.

Endocr Metab Immune 
Disord Drug Targets. 
2023;23(14):1750-1761.

10.2174/187153032366623021615
0614

36797609 in vitro - - - - - - - - - - 1 0 不明 1 - - - - - - - - - - - - - -

統合_1779 F. Padberg, P. Tarnow, A. Luch and S. Zellmer 2019

Minor structural modifications of 
bisphenol A strongly affect 
physiological responses of HepG2 
cells

Bisphenols represent a large group of structurally similar compounds. In contrast to bisphenol A (BPA) and bisphenol S (BPS), however, toxicological data are usually scarce, thus making bisphenols an ideal candidate for 
read-across assessments. BPA, bisphenol C (BPC) and a newly synthesized bisphenol A/C (BPA/C) differ only by one methyl group attached to the phenolic ring. Their EC(50) values for cytotoxicity and logP(OW) values 
are comparable. However, the estrogenic activities of these bisphenols are not comparable and among this group only BPC leads to a decrease of the mitochondrial membrane potential and ATP concentration in HepG2 
cells. Conversely, the cell division rate was decreased by BPS, BPA, BPC and BPA/C at 10% toxicity (EC(10)). At lower concentrations, only BPC significantly affected proliferation. The pro-inflammatory cytokines TGFB1 
and TNF were significantly upregulated by BPC only, while SPP1 was upregulated by BPA, BPA/C and BPS. BPC led to the release of cytochrome c from mitochondria, indicating that this compound is capable of inducing 
apoptosis. In conclusion, the read-across approach revealed non-applicable in the case of the various structurally and physicochemically comparable bisphenols tested in this study, as the presence of one or two 
additional methyl group(s) attached at the phenol ring profoundly affected cellular physiology.

Arch Toxicol. 2019 
Jun;93(6):1529-1541.

10.1007/s00204-019-02457-y 31055635 in vitro - - - - - - - - - - 1 0 不明 1 - - - - - - - - - - - - - -

統合_1780 G. Ozkemahli, P. Erkekoglu, A. Ercan, N. D. 
Zeybek, N. Yersal and B. Kocer-Gumusel 2023

Effects of single or combined 
exposure to bisphenol A and 
mono(2-ethylhexyl)phthalate on 
oxidant/antioxidant status, 
endoplasmic reticulum stress, and 
apoptosis in HepG2 cell line

Endocrine disrupting chemicals (EDCs) may affect many biological processes like growth and stress response. Bisphenol A (BPA) is a plasticizer that is used to harden plastics and polycarbonates. Phthalates are used to 
add flexibility to polyvinyl chloride containing plastics. The main metabolite of di(2-ethylhexyl) phthalate (DEHP) is mono(2-ethylhexyl) phthalate (MEHP) and it is even more toxic than the parent compound. Humans are 
usually exposed to these chemicals in mixtures by different routes starting from fetal period. However, there are not many studies in literature that investigate the combined effects of these chemicals. The aim of this 
study is to investigate toxic effects of BPA and/or MEHP on HepG2 cell line. We have evaluated cytotoxicity, cytomorphological, apoptotic changes, oxidative stress, oxidant/antioxidant status alterations, and endoplasmic 
reticulum (ER) stress. Combined exposure to BPA and MEHP caused alterations in oxidant/antioxidant status and ER stress marker proteins in both cytoplasmic and nuclear cellular fractions. We can suggest that 
combined exposure to EDCs may cause serious toxicological outcomes and more mechanistic studies are needed to determine the combined toxic effects.

Environ Sci Pollut Res 
Int. 2023 
Jan;30(5):12189-12206.

10.1007/s11356-022-22937-6 36104651 in vitro - - - - - - - - - - 1 0 不明 1 - - - - - - - - - - - - - -

統合_1781 E. Öz and T. Tüylü Küçükkılınç 2022

Combined effect of fulvestrant and 
low dose BPA: comparative 
implications on EMT, apoptosis, and 
TGF-β1 signaling in HepG2 cells

Bisphenol A (BPA) is an endocrine-disrupting chemical utilized in the manufacture of food packaging, dental materials, medical devices, children's toys, and baby products. Numerous studies have indicated the role of BPA 
in the etiology of many diseases such as diabetes, cardiovascular diseases, obesity, cancer, and chemotherapeutic resistance. However, the effects of BPA- chemotherapeutic combination remain to be investigated in 
different cell lines. Here, we demonstrate that low dose BPA and fulvestrant (estrogen receptor antagonist) combination synergistically decrease proliferation, promote cell migration and mesenchymal transition, 
switching from E-cadherin to N-cadherin expression Hepg2 cells. Moreover, we determined that low dose BPA may evoke susceptibility to apoptosis in HepG2 cells. The mechanism underlying these effects has been 
identified as increased TGF-β1 signaling. Our results provide an experimental basis for evaluating the potential health risks of low-dose BPA for fulvestrant therapy in hepatocytes.

Drug Chem Toxicol. 
2022 Sep;45(5):2285-
2291.

10.1080/01480545.2021.1935368 34100320 in vitro - - - - - - - - - - 1 0 不明 1 - - - - - - - - - - - - - -

統合_1782 O. Ousji and L. Sleno 2021
In Vitro Metabolism of Five 
Bisphenol A Analogs Studied by LC-
HRMS/MS

Bisphenol A (BPA) structural analogs are increasingly used as alternatives in many industrial applications, due to growing evidence of BPA-related toxicity. Despite their widespread use, little is known about the 
biotransformation of these BPA analogs in the body. In this study, the in vitro metabolism of five BPA analogs (bisphenol AF, bisphenol F, bisphenol S, cumylphenol, and tetramethylbisphenol F) were investigated, using 
human and rat liver fractions, to evaluate the formation of phase I and phase II metabolites. Liquid chromatography high-resolution tandem mass spectrometry was employed to separate and characterize over 50 
metabolites, many of which were not previously reported. The structures of all detected oxidative metabolites, dimers, GSH adducts, glucuronide, and sulfate conjugates were elucidated. A biphenyl solid-core 
chromatographic column was utilized for the separation of all metabolites, with a subsequent method, on a F5 column, specifically optimized for the separation of dimers formed via oxidative metabolism. There are several 
examples in this work where the combination of high chromatographic resolution and tandem mass spectrometry were necessary to distinguish between isomeric metabolites and conjugates.

J Am Soc Mass 
Spectrom. 2021 Apr 
7;32(4):847-859.

10.1021/jasms.0c00301 33231073 in vitro - - - - - - - - - - 不明 0 不明 1 - - - - - - - - - - - - - -

統合_1783 O. Ousji, L. Ohlund and L. Sleno 2020

Comprehensive In Vitro Metabolism 
Study of Bisphenol A Using Liquid 
Chromatography-High Resolution 
Tandem Mass Spectrometry

Bisphenol A (BPA) metabolism has been investigated using several in vitro models, including human and rat liver microsomes and subcellular (S9) fractions, as well as human-recombinant cytochrome P450 3A4 (CYP3A4) 
expressed in Supersomes, for a comprehensive look at all possible metabolic pathways. By an untargeted approach using liquid chromatography coupled to a high-resolution quadrupole-time-of-flight mass spectrometer, 
we were able to detect a large number of known Phase I and Phase II metabolites of BPA, as well as several previously uncharacterized ones. A detailed fragmentation study of BPA and its detected metabolites was 
crucial to confirm structures. Isotope-labeled BPA analogs were highly useful for the structural elucidation of many metabolites. These results contribute to a better understanding of BPA metabolism, including pathways 
that may introduce additional toxicity, as well as help with the assessment of BPA exposure in different biological matrices.

Chem Res Toxicol. 2020 
Jun 15;33(6):1468-1477.

10.1021/acs.chemrestox.0c00042 32207295 in vitro - - - - - - - - - - 不明 0 不明 1 - - - - - - - - - - - - - -

統合_1784 S. K. T. Ooi, H. Jiang, Y. Kang and P. Allard 2021

Examining the Developmental 
Trajectory of an in Vitro Model of 
Mouse Primordial Germ Cells 
following Exposure to 
Environmentally Relevant Bisphenol 
A Levels

BACKGROUND: Animal-based studies indicate that bisphenol A (BPA) exposure is detrimental to reproductive health, but its impact on the earliest stages of germ cell development remains poorly defined. OBJECTIVES: 
Using a murine in vitro model of early germ cell specification and differentiation, we sought to assess whether exposure to low levels of BPA prior to formation of primordial germ cells (PGCs) alters their differentiation 
trajectory and unique molecular program. METHODS: We used an established method of in vitro differentiation of mouse embryonic stem cells (ESCs) into epiblast-like cells (EpiLCs) followed by PGC-like cells 
(PGCLCs), which together recapitulate defined stages of early germ cell development. Cellular consequences were determined using hemocytometer-based cell counting, fixation, and intracellular staining, followed by 
flow cytometry/fluorescence-activated cell sorting (FACS) of cells exposed to increasing concentrations (range: 1 nM - 10 μM) of BPA. To interrogate and characterize gene expression differences resulting from BPA 
exposure, we also generated RNA-seq libraries from RNA extracted from FACS-purified PGCLCs and performed transcriptome analysis using bioinformatics-based approaches. RESULTS: Exposure of EpiLCs to BPA 
resulted in higher numbers of cells that were associated with a higher proportion of cells in S-phase as well as a lower proportion undergoing apoptosis; this difference occurred in a concentration-dependent manner. 
Exposure also resulted in a greater fraction of EpiLCs showing signs of DNA damage. Remarkably, EpiLC exposure did not negatively affect PGC specification and resulted in a concentration-dependent effect on PGCLC 
proliferation in XX but not XY cells. PGCLC transcriptome analysis revealed an aberrant program with significant deregulation of X-linked genes and retrotransposon expression. Differential gene expression analysis also 
revealed the deregulation of genes associated with lipid metabolism as well as deregulated expression of genes associated with later stages of gametogenesis. CONCLUSIONS: To the best of our knowledge our findings 
represent the first characterization of the consequences of early BPA exposure on a model of mammalian PGC development, highlighting altered cell behavior, altered underlying pathways, and altered molecular 
processes. https://doi.org/10.1289/EHP8196.

Environ Health 
Perspect. 2021 
Sep;129(9):97013.

10.1289/ehp8196 34585602 in vitro - - - - - - - - - - 1 0 1 nM - 10 µM 1 - - - - - - - - - - - - - -

統合_1785 N. Oliveira, H. Marcelino, R. Azevedo and I. 
Verde 2023

Effects of bisphenol A on human 
umbilical arteries

Bisphenol A (BPA) is an endocrine-disrupting chemical widely used in the plastics industry, including food container, toys, and medical equipment. We analyzed the effect of BPA in human umbilical artery contractility and 
expression of some proteins modulating this function, such as ionic channels and proteins involved in the cGMP pathway. Using standard organ bath technique, rings of human umbilical arteries without endothelium were 
contracted by 5-HT (1 μM) and histamine (10 μM) and the effect of different concentrations of BPA (1 nM-100 μM) was analyzed. The results showed that BPA is a vasodilator of these arteries in a concentration-
dependent way. Besides, qPCR studies on human umbilical smooth muscle cells (HUSMC) allowed to analyze the effects of BPA on gene expression. Thus, 12-h exposition to BPA induced reduction of expression of L-
type calcium channels (LTCC), alpha subunit of BK(Ca) channels, and Kvβ1 and Kvβ3 from Kv channels. BPA also decreased the expression of soluble guanylate cyclase (sGC) and natriuretic peptide receptor type A 
(NPRA), meanwhile increasing that of PKG, proteins involved in vasodilation of human umbilical arteries (HUA) by cGMP. Further studies will be necessary to increase knowledge about the implications of these changes 
induced by BPA exposure.

Environ Sci Pollut Res 
Int. 2023 
Feb;30(10):27670-
27681.

10.1007/s11356-022-24069-3 36385337 in vitro - - - - - - - - - - 1 0 1 nM〜100 µM 1 - - - - - - - - - - - - - -

統合_1786 K. Olechowska, N. Mielniczek and K. Hąc-
Wydro 2022

The effect of selected bisphenols on 
model erythrocyte membranes of 
different cholesterol content

Bisphenols belong to the group of environmental pollutants with proven harmful impact on human red blood cells. However, the exact effect of these substances may vary depending on the lipid composition of the cell 
membrane, since this structure is the first barrier between the cell interior and the external environment. The aim of this work was to analyze the influence of bisphenol A (BPA), bisphenol S (BPS) and their 1:1 mixture on 
model human erythrocyte membranes, composed of sphingomyelin (SM), phospatidylcholine (PC) and cholesterol (Chol). Due to the postulated correlation between the content of cholesterol in biomembranes and the toxic 
effect of bisphenols the model systems of different sterol concentrations (10, 20 and 40 mol% of Chol) were used in the studies. In the experiments, Langmuir monolayer technique accompanied with Brewster Angle 
Microscopy were applied and liposome properties were investigated. The obtained findings reveal that, in the investigated range of the sterol content, the effect of BPA, namely the changes of the organization and stability 
of model membranes and weakening of the attractive lipid-lipid interactions, is strongly dependent on the concentration of Chol in the system. The higher the sterol content, the stronger the BPA-induced alterations in 
membrane properties. However taking into account the results reported previously for the system containing 33.3% of cholesterol, it seems that the relationship between the effect of BPA and the amount of Chol is not 
linear for higher sterol concentrations. In contrast, BPS shows a much weaker influence on model erythrocyte membranes and does not act selectively on the systems studied. The effect of a mixture of BPA and BPS is 
intermediate between that of BPA and BPS used separately, however, the observed effects appear to be determined only by the presence of BPA in the system. Thus, the concentration of cholesterol in human erythrocyte 
membranes, which depends on factors such as age or health status, may play a key role in the toxic effects of BPA but not BPS.

Chem Phys Lipids. 2022 
Sep:247:105224.

10.1016/j.chemphyslip.2022.10522
4

35788351 in vitro - - - - - - - - - - 1 0 不明 1 - - - - - - - - - - - - - -

統合_1787
J. Oldenburg, M. Fürhacker, C. Hartmann, P. 
Steinbichl, R. Banaderakhshan and A. 
Haslberger

2021

Different bisphenols induce non-
monotonous changes in miRNA 
expression and LINE-1 methylation 
in two cell lines

4,4'-Isopropylidenediphenol (bisphenol A, BPA), a chemical substance that is widely used mainly as a monomer in the production of polycarbonates, in epoxy resins, and in thermal papers, is suspected to cause epigenetic 
modifications with potentially toxic consequences. Due to its negative health effects, BPA is banned in several products and is replaced by other bisphenols such as bisphenol S and bisphenol F. The present study 
examined the effects of BPA, bisphenol S, bisphenol F, p,p'-oxybisphenol, and the BPA metabolite BPA β-d-glucuronide on the expression of a set of microRNAs (miRNAs) as well as long interspersed nuclear element-1 
methylation in human lung fibroblast and Caco-2 cells. The results demonstrated a significant modulation of the expression of different miRNAs in both cell lines including miR-24, miR-155, miR-21, and miR-146a, known 
for their regulatory functions of cell cycle, metabolism, and inflammation. At concentrations between 0.001 and 10 µg/ml, especially the data of miR-155 and miR-24 displayed non-monotonous and often significant dose-
response curves that were U- or bell-shaped for different substances. Additionally, BPA β-d-glucuronide also exerted significant changes in the miRNA expression. miRNA prediction analysis indicated effects on multiple 
molecular pathways with relevance for toxicity. Besides, long interspersed nuclear element-1 methylation, a marker for the global DNA methylation status, was significantly modulated by two concentrations of BPA and 
p,p'-oxybisphenol. This pilot study suggests that various bisphenols, including BPA β-d-glucuronide, affect epigenetic mechanisms, especially miRNAs. These results should stimulate extended toxicological studies of 
multiple bisphenols and a potential use of miRNAs as markers.

Environ Epigenet. 2021 
Nov 25;7(1):dvab011.

10.1093/eep/dvab011 34858639 in vitro - - - - - - - - - - 1 0 0.001〜10 µg/ml他 1 - - - - - - - - - - - - - -

統合_1788 A. Oguro, A. Sugitani, Y. Kobayashi, R. Sakuma 
and S. Imaoka 2021

Bisphenol A stabilizes Nrf2 via 
Ca(2+) influx by direct activation of 
the IP(3) receptor

Bisphenol A (BPA) is an endocrine-disrupting chemical used in polycarbonate and epoxy resins. Previously, we found that BPA stabilized the protein levels of nuclear factor erythroid 2-related factor 2 (Nrf2) by inducing 
Ca(2+) efflux into the cytosol, followed by nitric oxide synthase activation, resulting in the enhanced nitrosylation of Keap1, which is a negative regulator of Nrf2. However, the mechanisms behind the stimulation of 
Ca(2+) efflux by BPA remain unknown. In the present study, we found that BPA stimulated Ca(2+) efflux into the cytosol from the ER, but not from outside of cells through the plasma membrane in Hep3B cells. Ca(2+) 
efflux and Nrf2 stabilization by BPA were inhibited by an inhibitor of the inositol 1,4,5-trisphosphate (IP(3)) receptor, 2-aminoethoxydiphenylborane, in the endoplasmic reticulum. IP(3) is produced by activation of 
phospholipase C (PLC) from a membrane lipid, phosphatidylinositol 4,5-bisphosphate (PIP(2)). The induction of Nrf2 by BPA was not inhibited by a PLC inhibitor, U-73122, suggesting that BPA does not induce the 
production of IP(3) via PLC activation. We found that BPA bound directly to the IP(3) binding core domain of the IP(3) receptor, and BPA competed with IP(3) on this site. In addition, overexpression of this domain of the 
IP(3) receptor in Hep3B cells inhibited the stabilization of Nrf2 by BPA. These results clarified that the IP(3) receptor is a new target of BPA, and that BPA induces Ca(2+) efflux from the endoplasmic reticulum via 
activation of the IP(3) receptor.

J Toxicol Sci. 
2021;46(1):1-10.

10.2131/jts.46.1 33408296 in vitro - - - - - - - - - - 1 0 不明 1 - - - - - - - - - - - - - -

統合_1789 M. Ogawa, J. Kitamoto, T. Takeda and M. Terada 2023

Bisphenol A prevents MCF-7 breast 
cell apoptosis via the inhibition of 
progesterone receptor 
transactivation

2,2-Bis(4-hydroxyphenyl)propane (bisphenol A; BPA) is an environmental endocrine-disrupting chemical. It mimics the effects of estrogen at multiple levels by activating estrogen receptors (ERs); however, BPA also 
affects the proliferation of human breast cancer cells independent of ERs. Although BPA inhibits progesterone (P4) signaling, the toxicological significance of its effects remain unknown. Tripartite motif-containing 22 
(TRIM22) has been identified as a P4-responsive and apoptosis-related gene. Nevertheless, it has not yet been established whether exogenous chemicals change TRIM22 gene levels. Therefore, the present study 
investigated the effects of BPA on P4 signaling and TRIM22 and TP53 expression in human breast carcinoma MCF-7 cells. In MCF-7 cells incubated with various concentrations of P4, TRIM22 messenger RNA (mRNA) 
levels increased in a dose-dependent manner. P4 induced apoptosis and decreased viability in MCF-7 cells. The knockdown of TRIM22 abolished P4-induced decreases in cell viability and P4-induced apoptosis. P4 
increased TP53 mRNA expression and p53 knockdown decrease the basal level of TRIM22 and P4 increased TRIM22 mRNA expression independent of p53 expression. BPA attenuated P4-induced increases in the ratio of 
cell apoptosis in a concentration-dependent manner, and the P4-induced decreases in cell viability was abolished in the presence of 100 nM and higher BPA concentrations. Furthermore, BPA inhibited P4-induced TRIM22 
and TP53 expression. In conclusion, BPA inhibited P4-induced apoptosis in MCF-7 cells via the inhibition of P4 receptor transactivation. TRIM22 gene has potential as a biomarker for investigating the disruption of P4 
signaling by chemicals.

J Biochem Mol Toxicol. 
2023 Jul;37(7):e23367.

10.1002/jbt.23367 37009741 in vitro - - - - - - - - - - 1 0 不明 1 - - - - - - - - - - - - - -

統合_1790

H. C. Nunes, S. C. Tavares, H. V. Garcia, M. S. 
Cucielo, S. A. A. Dos Santos, M. C. E. Aal, M. A. 
de Golim, L. A. Justulin, Jr., A. O. Ribeiro, E. 
Deffune, W. R. Scarano and F. K. Delella

2022

Bisphenol A and 2,3,7,8-
tetrachlorodibenzo-p-dioxin at non-
cytotoxic doses alter the 
differentiation potential and cell 
function of rat adipose-stem cells

The possibility of chemical contamination is an important issue to consider when designing a cell therapy strategy. Both bisphenol A (BPA) and 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) are among the most 
environmentally relevant endocrine disrupting chemicals (EDCs, compounds with a high affinity for adipose tissue) recently studied. Adipose-derived stem cells (ASCs) are mesenchymal stromal cells (MSCs) obtained 
from adipose tissue widely used in regenerative medicine to prevent and treat diseases in several tissues and organs. Although the experimental use of tissue-engineered constructs requires careful analysis for approval 
and implantation, there has been a recent increase in the number of approved clinical trials for this promising strategy. This study aimed to evaluate cell viability, apoptosis, DNA damage, and the adipogenic or osteogenic 
differentiation potential of rat adipose-derived stem cells (rASCs) exposed to previously established non-cytotoxic doses of BPA and TCDD in vitro. Results demonstrated that 10 μM of BPA and 10 nM of TCDD were 
able to significantly reduce cell viability, while all exposure levels resulted in DNA damage, although did not increase the apoptosis rate. According to the analysis of adipogenic differentiation, 1 μM of BPA induced the 
significant formation of oil droplets, suggesting an increased adipocyte differentiation, while both 10 μM of BPA and 10 nM of TCDD decreased adipocyte differentiation. Osteogenic differentiation did not differ among 
the treatments. As such, BPA and TCDD in the concentrations tested can modify important processes in rASCs such as cell viability, adipogenic differentiation, and DNA damage. Together, these findings prove that EDCs 
play an important role as contaminants, putatively interfering in cell differentiation and thus impairing the therapeutic use of ASCs.

Environ Toxicol Vol.37 
Issue 9 Pages 2314-
2323

10.1002/tox.23598 35661558 in vitro - - - - - - - - - - 1 0  1, 10 µM（他？） - - - - - - - - - - - - - - -
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統合_1791 K. Norgren, A. Tuck, A. Vieira Silva, P. Burkhardt, 
M. Öberg and V. Munic Kos 2022

High throughput screening of 
bisphenols and their mixtures under 
conditions of low-intensity 
adipogenesis of human 
mesenchymal stem cells (hMSCs)

In vitro models of adipogenesis are phenotypic assays that most closely mimic the increase of adipose tissue in obesity. Current models, however, often lack throughput and sensitivity and even report conflicting data 
regarding adipogenic potencies of many chemicals. Here, we describe a ten-day long adipogenesis model using high content analysis readouts for adipocyte number, size, and lipid content on primary human mesenchymal 
stem cells (MSC) sensitive enough to compare bisphenol A derivatives quantitatively in a robust and high throughput manner. The number of adipocytes was the most sensitive endpoint capable of detecting changes of 
20% and was used to develop a benchmark concentration model (BMC) to quantitatively compare eight bisphenols (tested at 0.1-100 μM). The model was applied to evaluate mixtures of bisphenols obtaining the first 
experimental evidence of their additive effect on human MSC adipogenesis. Using the relative potency factors (RPFs), we show how a mixture of bisphenols at their sub-active concentrations induces a significant 
adipogenic effect due to its additive nature. The final active concentrations of bisphenols in tested mixtures reached below 1 μM, which is within the concentration range observed in humans. These results point to the 
need to consider the toxicity of chemical mixtures.

Food Chem Toxicol. 
2022 Mar:161:112842.

10.1016/j.fct.2022.112842 35101577 in vitro - - - - - - - - - - 1 0 0.1〜100 µM 1 - - - - - - - - - - - - - -

統合_1792
L. Niu, J. Jia, H. Yang, S. Liu, H. Wang, Y. Yan, 
Q. Li, Q. Dong, H. Zhang, G. Zhao, J. Dai, G. 
Yuan and Y. Pan

2024
Bisphenol A: Unveiling Its Role in 
Glioma Progression and Tumor 
Growth

Gliomas represent the most common and lethal category of primary brain tumors. Bisphenol A (BPA), a widely recognized endocrine disruptor, has been implicated in the progression of cancer. Despite its established links 
to various cancers, the association between BPA and glioma progression remains to be clearly defined. This study aimed to shed light on the impact of BPA on glioma cell proliferation and overall tumor progression. Our 
results demonstrate that BPA significantly accelerates glioma cell proliferation in a time- and dose-dependent manner. Furthermore, BPA has been found to enhance the invasive and migratory capabilities of glioma cells, 
potentially promoting epithelial-mesenchymal transition (EMT) characteristics within these tumors. Employing bioinformatics approaches, we devised a risk assessment model to gauge the potential glioma hazards 
associated with BPA exposure. Our comprehensive analysis revealed that BPA not only facilitates glioma invasion and migration but also inhibits apoptotic processes. In summary, our study offers valuable insights into the 
mechanisms by which BPA may promote tumorigenesis in gliomas, contributing to the understanding of its broader implications in oncology.

Int J Mol Sci. 2024 Feb 
21;25(5):2504.

10.3390/ijms25052504 38473752 in vitro - - - - - - - - - - 1 0 不明 1 - - - - - - - - - - - - - -

統合_1793 J. Nie, Z. Mao, X. Zeng and X. Zhao 2024
Rapamycin protects Sertoli cells 
against BPA-induced autophagy 
disorders

Bisphenol A (BPA) is a well-known environmental contaminant that can negatively impact reproductive function. Disruption of autophagy is implicated in BPA-induced cell injury, the specific molecular mechanisms 
through which BPA affects autophagy in Sertoli cells are still unknown. In the present study, TM4 cells were exposed to various doses of BPA (10, 100, and 200 μM), and the results indicated that BPA exposure led to the 
accumulation of autophagosomes, this change was accompanied by increased expression of p-mTOR and decreased expression of Atg12, a protein involved in regulating autophagy initiation. Additionally, BPA exposure 
upregulated the expression levels of p62, a protein involved in autophagic degradation. The inhibition of autophagy initiation and autophagic degradation contributes to the accumulation of autophagosomes. Further studies 
showed that BPA exposure didn't affect the expression of the lysosome protein LAMP1; however, decreased cytoplasmic retention of acridine orange in TM4 cells may explain the disruption of autophagy. The role of 
rapamycin and chloroquine (CQ), an autophagy inhibitor that impairs lysosomal degradation also confirmed the effect of BPA on autophagy regulation. Specifically, rapamycin can protect Sertoli cells against BPA-induced 
cell injury by promoting autophagy. These findings contribute to our understanding of the mechanisms underlying reproductive toxicity caused by BPA.

Food Chem Toxicol 
Vol.186 Pages 114510

10.1016/j.fct.2024.114510 38365117 in vitro - - - - - - - - - - 1 0 10、100、200 µM - - - - - - - - - - - - - - -

統合_1794 M. Ni, D. Deepika, X. Li, W. Xiong, L. Zhang, J. 
Chen and V. Kumar 2024

IVIVE-PBPK based new approach 
methodology for addressing early life 
toxicity induced by Bisphenol A

Bisphenol A (BPA) is a known endocrine disruptor mimicking natural estrogens with the potential to affect human health, especially during prenatal and postnatal exposure at or below current acceptable daily intake 
levels. Different adverse effects of BPA are still under investigation, and multiple mechanisms of action remain unexplored. This may be one of the reasons for the continuously changing tolerable daily intake (TDI) of BPA 
with the emergence of new adverse health effects over time. In addition, translational modelling through in vitro-in vivo extrapolation (IVIVE) can act as prerequisite bridge for translating in-vitro finding into human risk 
assessment. The objective of this study was to conduct in-vitro experiments and utilize an IVIVE-pregnancy physiologically based pharmacokinetic (P-PBPK) modeling to investigate developmental neurotoxicity and 
embryotoxicity in humans. The data obtained from human embryonic stem cells-based assays (study conducted between October 2020-2021) were used for the IVIVE-P-PBPK models to obtain the human equivalent doses 
(HEDs) which were further extrapolated to reference doses (RfDs). The results showed that simulated mean RfDs (μg/kg/day) derived from the HSD3B1 and NFATC2 gene of embryotoxicity and neurodevelopmental 
toxicity tests, respectively, were 4.94 and 5.18. The simulated RfDs were close to the temporary-tolerable daily intake (t-TDI) recommended by European Food Safety Authority (EFSA) in 2015 (t-TDI: 4 μg/kg·bw) and 
higher than the TDI of 2023 (0.2 ng/kg·bw). In conclusion, in-vitro toxicogenomics dose-response data combined with PBPK modeling can become a promising alternative new approach methodology (NAM) to support 
decision-making in chemical risk assessment. Based on the simulated RfDs derived from this NAM, the t-TDI set by EFSA in 2015 may be considered a safe exposure limit for mothers and fetuses at the current BPA 
intake levels in Chinese mothers. This study provided an animal-free new strategy for NAMs based risk assessment by combining toxicogenomics and computational toxicology.

Environ Res. 2024 Jan 
1;240(Pt 1):117343.

10.1016/j.envres.2023.117343 37858691 in vitro - - - - - - - - - - 不明 0 不明 1 - - - - - - - - - - - - - -

統合_1795 T. M. D. Nguyen, D. Klett and Y. Combarnous 2019

Estrogenic Compounds or 
Adiponectin Inhibit Cyclic AMP 
Response to Human Luteinizing 
Hormone in Mouse Leydig Tumor 
Cells

Mouse Leydig Tumor cells (mLTC), transiently expressing cAMP-dependent luciferase, were used to study the influence of sexual steroids and of adiponectin (ADPN) on the cAMP response to luteinizing hormones (LH). 
While testosterone and progesterone had no significant effect, several molecules with estrogenic activity (17β-estradiol, ethynylestradiol, and bisphenol A) provoked a decrease in intracellular cyclic AMP accumulation 
under 0.7 nM human LH stimulation. Adiponectin exhibited a bimodal dose-effect on LH response: synergistic between 2-125 ng/mL and inhibitory between 0.5-5 µg/mL. In brief, our data indicate that estrogens and 
ADPN separately exert rapid (<1 h) inhibitory and/or synergistic effects on cAMP response to LH in mLTC-1 cells. As the inhibitory effect of each estrogenic molecule was observed after only 1-h preincubation, it might 
be mediated through the G protein-coupled estrogen receptor (GPER) membrane receptor, but this remains to be demonstrated. The synergistic effect with low concentrations of ADPN with human Luteinizing Hormone 
(hLH) was observed with both fresh and frozen/thawed ADPN. In contrast, the inhibitory effect with high concentrations of ADPN was lost with frozen/thawed ADPN, suggesting deterioration of its polymeric structure.

Biology (Basel). 2019 
Jun 11;8(2):45.

10.3390/biology8020045 31212720 in vitro - - - - - - - - - - 不明 0 不明 1 - - - - - - - - - - - - - -

統合_1796 L. Narciso, F. Ietta, R. Romagnoli, L. Paulesu, A. 
Mantovani and S. Tait 2019

Effects of Bisphenol A on 
endogenous retroviral envelopes 
expression and trophoblast fusion in 
BeWo cells

Placenta is a target organ of Bisphenol A (BPA). To investigate possible effects on syncytiotrophoblast, the exchanging surface between mother and fetus, we exposed a trophoblast model (BeWo) to BPA concentrations 
occurring in humans (1 and 50 nM). We assessed the gene and protein expression of three human endogenous retroviral envelopes, specifically expressed in placenta (ERVW-1, ERVFRD-1 and ERV3-1), the secretion of β
-hCG, the extent of trophoblast fusion and the activity of apoptosis markers (caspases 8, 3, 9 and PARP); additionally, the gene expression of transcription factors regulating HERV expression (i.e. GCM1, PPARγ, ERα 
and ERβ) was evaluated. At 50 nM, BPA induced ERVW-1, ERVFRD-1 and the corresponding syncytin proteins, ERV3-1, PPARγ, ERα and ERβ expression, increased β-hCG secretion and BeWo cells fusion, thus 
promoting the syncytiotrophoblast phenotype. The results support placenta as a target organ of BPA. Possible implications on fetal and pregnancy health should be carefully considered.

Reprod Toxicol. 2019 
Oct:89:35-44.

10.1016/j.reprotox.2019.07.001 31278978 in vitro - - - - - - - - - - 1 0 1 nMおよび50 nM 1 - - - - - - - - - - - - - -

統合_1797 V. A. Nair, L. J. B. Malhab and W. M. Abdel-
Rahman 2022

Characterization of the Molecular 
Alterations Induced by the 
Prolonged Exposure of Normal Colon 
Mucosa and Colon Cancer Cells to 
Low-Dose Bisphenol A

Colorectal cancer is a common cancer with a poor prognosis in both males and females. The influence of bisphenol A (BPA), a widely used environmental contaminant, in colon cancer development and progression is not 
well identified, in spite of the fact that the most common mode of exposure to BPA is ingestion. The aim of this work is to elucidate the carcinogenic effects of BPA in the colon in vitro. We analyzed BPA's effects on 
human colon epithelial (HCoEpiC) and colon cancer (HCT116) cells. BPA exerted cytotoxic effects and augmented the 5FU cytotoxicity on both cell lines at high doses, while it did not show this effect at low doses. 
Therefore, we focused on studying the effects of low-dose (0.0043 nM) exposure on normal colonic epithelial cells for a long period of time (two months), which is more consistent with environmental exposure levels and 
patterns. BPA increased cellular invasiveness through collagen and the ability to anchorage-independent cell growth, as measured by colony formation in soft agar, which could support oncogenicity. To gain insights into 
the mechanism of these actions, we performed transcriptomic analysis using next-generation sequencing, which revealed 340 differentially expressed transcripts by BPA in HCT116 and 75 in HCoEpiC. These transcripts 
belong in many cancer-related pathways such as apoptosis, cell proliferation, signal transduction, and angiogenesis. Some of the significant genes (FAM83H, CXCL12, PITPNA, HMOX1, DGKZ, NR5A2, VMP1, and ID1) 
were confirmed by quantitative RT-PCR. Furthermore, BPA induced the phosphorylation of protein kinases such as JNK1/2/3, GSK-3α/β, AMPKα1, AKT1/2/3, AMPKα2, HSP27, β-catenin, STAT2, Hck, Chk2, FAK, 
and PRAS40 in HCoEpiC, as well as GSK-3α/β, p53, AKT1/2/3, p70 S6 kinase, and WNK1 in HCT116. The majority of these proteins are involved in potential carcinogenic pathways. Taken together, these data suggest 
that BPA plays a role in colon carcinogenesis, and they provide insights into the molecular mechanisms of colon epithelial cell transformation by BPA. Increasing exposure to environmental toxins such as BPA can explain 
the increasing incidence of colorectal cancer.

Int J Mol Sci. 2022 Oct 
1;23(19):11620.

10.3390/ijms231911620 36232920 in vitro - - - - - - - - - - 1 0 0.0043 nM 1 - - - - - - - - - - - - - -

統合_1798 M. Nagarajan, G. B. Maadurshni and J. 
Manivannan 2022

Systems toxicology approach 
explores target-pathway relationship 
and adverse health impacts of 
ubiquitous environmental pollutant 
bisphenol A

The effects of environmental chemicals on health outcomes may be underestimated due to deficiency of knowledge regarding the actions of compounds on toxico-pathogenic mechanisms underlying biological systems 
outcomes. In this regard, the current study aimed to explore the potential target-pathway-disease relationship attributed to bisphenol A (BPA) responses in target tissues. Computational methods including reverse 
pharmacophore mapping approach, structural similarity based search and kinome wide interaction profiling were employed with molecular docking validation. Gene ontology (GO) enrichment analysis and protein-protein 
interaction (PPI) network based illustrations were utilized to prioritize target-pathway and disease relationships. Data illustrated that BPA possessed multi-target nature since this chemical potentially interacted with 
various protein targets where many of these were validated through docking. Potential BPA targets were significantly enriched to various cellular signaling pathways including steroid biosynthesis, peroxisome proliferator-
activated receptor gamma (PPARℽ) and cancer. Further, hypertension was prioritized as disease target. In addition, BPA targeted 17 cell signaling kinases encompassed in the human kinome. In addition, inflammatory (5-
LO) and apoptosis regulators (Bcl-X and Bcl-2) were also explored as novel targets. Evidence indicates that the multi-target nature and plausible mechanisms underlying BPA actions in a system wide manner aids toward 
understanding of adverse effects. This observation may lead us to more precise method to elucidate the toxico-pathogenic mechanisms of BPA with an environmental health perspective.

J Toxicol Environ Health 
A. 2022 Mar 
19;85(6):217-229.

10.1080/15287394.2021.1994492 34706627 in vitro - - - - - - - - - - 不明 0 不明 1 - - - - - - - - - - - - - -

統合_1799
V. Naffaa, I. Hochar, C. Lama, R. Magny, A. 
Regazzetti, P. Gressens, O. Laprévote, N. Auzeil 
and A. L. Schang

2022

Bisphenol A Impairs Lipid 
Remodeling Accompanying Cell 
Differentiation in the 
Oligodendroglial Cell Line Oli-Neu

In the central nervous system, the process of myelination involves oligodendrocytes that wrap myelin around axons. Myelin sheaths are mainly composed of lipids and ensure efficient conduction of action potentials. 
Oligodendrocyte differentiation is an essential preliminary step to myelination which, in turn, is a key event of neurodevelopment. Bisphenol A (BPA), a ubiquitous endocrine disruptor, is suspected to disrupt this 
developmental process and may, thus, contribute to several neurodevelopmental disorders. In this study, we assessed the effect of BPA on oligodendrocyte differentiation through a comprehensive analysis of cell lipidome 
by UHPLC-HRMS. For this purpose, we exposed the oligodendroglial cell line Oli-neu to several BPA concentrations for 72 h of proliferation and another 72 h of differentiation. In unexposed cells, significant changes 
occurred in lipid distribution during Oli-neu differentiation, including an increase in characteristic myelin lipids, sulfatides, and ethanolamine plasmalogens, and a marked remodeling of phospholipid subclasses and fatty 
acid contents. Moreover, BPA induced a decrease in sulfatide and phosphatidylinositol plasmalogen contents and modified monounsaturated/polyunsaturated fatty acid relative contents in phospholipids. These effects 
counteracted the lipid remodeling accompanying differentiation and were confirmed by gene expression changes. Altogether, our results suggest that BPA disrupts lipid remodeling accompanying early oligodendrocyte 
differentiation.

Molecules. 2022 Mar 
31;27(7):2274.

10.3390/molecules27072274 35408676 in vitro - - - - - - - - - - 1 0 不明 1 - - - - - - - - - - - - - -

統合_1800

E. A. S. Musachio, S. de Freitas Couto, M. R. 
Poetini, V. C. Bortolotto, M. M. M. Dahleh, D. E. 
Janner, S. M. Araujo, B. P. Ramborger, R. 
Rohers, G. P. Guerra and M. Prigol

2021

Bisphenol A exposure during the 
embryonic period: Insights into 
dopamine relationship and 
behavioral disorders in Drosophila 
melanogaster

Environmental factors are involved in the pathogenesis of neurodevelopmental disorders in addition to genetic factors. In this sense, we demonstrated here that the embryonic exposure of Drosophila melanogaster to 
Bisphenol A (BPA) 1 mM resulted in changes in development, behavior, and biochemical markers punctuated below. BPA did not alter the oviposition and viability of the eggs, however, it was evidenced a decrease in the 
rate of pupal eclosion and life span of the hatched flies of the generation filial 1 (F1). F1 flies also developed behavioral changes such as incompatibility in the social interaction between them, and hyperactivity 
demonstrated by increased locomotion in open field tests, increased grooming, and aggression episodes. Furthermore, decreases in dopamine levels and tyrosine hydroxylase activity have also been observed in flies' 
heads, possibly related to oxidative damage. Through analyzes of oxidative stress biomarkers, carried out on samples of flies' heads, we observed an increase in malondialdehyde and reactive species, decrease in the 
activity of the superoxide dismutase and catalase, which possibly culminated in the reduction of cell viability. Thus, it is important to emphasize that BPA developed atypical behaviors in Drosophila melanogaster, reinforce 
the importance of the environmental factor in the development of neurobehavioral diseases.

Food Chem Toxicol 
Vol.157 Pages 112526

10.1016/j.fct.2021.112526 34461193 動物 - 0 不明 不明 不明 0 1 mM - - - - - - - - - - - - - - - - - - - - -

統合_1801

E. A. S. Musachio, S. M. Araujo, V. C. Bortolotto, 
S. de Freitas Couto, M. M. M. Dahleh, M. R. 
Poetini, E. F. Jardim, L. B. Meichtry, B. P. 
Ramborger, R. Roehrs, G. Petri Guerra and M. 
Prigol

2020
Bisphenol A exposure is involved in 
the development of Parkinson like 
disease in Drosophila melanogaster

The pathogenesis of Parkinson's disease has not been fully clarified yet but its cause is known to be multifactorial. One of these factors is oxidative stress induced by exposure to environmental toxifiers. We studied the 
effect of Bisphenol A (BPA) at concentrations of 0.5 mM and 1 mM, the concentration of 1 mM corresponding to Lowest Observed Adverse Effect Level (LOAEL) for humans in adult Drosophila melanogaster. The BPA 
induced oxidative stress was established by increased levels of malondialdehyde, reactive species, and decreased activity of the antioxidant enzymes superoxide dismutase and catalase, and detoxificant enzyme 
glutathione-S-transferase. Associated with oxidative stress, there was a reduction of acetylcholinesterase activity and a reduction of dopamine levels, which are related to the decreased locomotion activity as observed 
in negative geotaxis, open field and equilibrium behaviors in group exposed to 1 mM of BPA. Oxidative stress also impaired mitochondrial and cellular metabolic activity in the head causing an increase in the mortality of 
flies exposed to both BPA concentrations. Therefore, BPA induced Parkinsonian-like changes in flies and it is possible that the oxidative stress is closely related to this effect, providing new insights for future studies.

Food Chem Toxicol 
Vol.137 Pages 111128

10.1016/j.fct.2020.111128 31952986 動物 - 0 不明 不明 不明 0 0.5 mMおよび1 mM - - - - - - - - - - - - - - - - - - - - -

統合_1802 Y. Murakami, S. Fahmy, R. M. Goldblum, C. S. 
Watson and T. Midoro-Horiuti 2023

Environmental estrogen exposures 
alter molecular signaling in immune 
cells that promote the development 
of childhood asthma

Environmental estrogens (EEs) are associated with an increased prevalence of asthma. These epigenetic alterations of the immune cells may explain the multigenerational effects on asthma development. We 
hypothesized that exposure to immune cells enhances allergic sensitization by initiating signaling in these cells. Human T cell lines (TIB-152, CCL-119) were exposed to varying concentrations of estradiol, bisphenol A, 
bisphenol S, or bisphenol A + estradiol. H3K27me3, phosphorylations of EZH2 (pEZH2), AKT (pAKT), and phosphatidylinositide 3-kinase (pPI3K) were assessed. pAKT and pPI3K were decreased in response to some of 
the concentrations of these exposures in both cell lines. It is likely that EEs exposure to immune cells is one of the factors in the increase in the prevalence of asthma.

Mol Immunol. 2023 
May:157:142-145.

10.1016/j.molimm.2023.03.023 37023493 in vitro - - - - - - - - - - 1 0 不明 1 - - - - - - - - - - - - - -

統合_1803

V. Munic Kos, S. Arvidsson, B. Islam, V. 
Nikiforova, E. Mickols, A. Meyer, R. Svensson, U. 
G. Boztepe, E. Banti, P. Lundquist, H. Khalidi, I. 
Gardner, O. Spjuth, I. Cotgreave and P. 
Artursson

2025

The intracellular free concentration 
of endocrine disrupting chemicals 
enables translation between cell-
free and cell-based estrogenic 
activity assays

Many environmental toxicants can activate estrogen receptor α (ERα), disrupting normal endocrine function. While these activities are predicted across in silico, in vitro, and in vivo models, translating active 
concentrations between these systems remains challenging. We hypothesized that cellular uptake and the resulting free intracellular toxicant concentration could bridge this gap. Using cell-free (hER) and cell-based (ER
α-CALUX cells) estrogen assays, we tested this hypothesis by determination of the free intracellular concentration available for binding to the intracellularly located ERα. Predictive modeling identified three classes of 
estrogenic chemicals from the ToxCast collection: bisphenols, parabens, and phthalates. Experimental data confirmed potency differences of up to 100-fold between the cell-free and cell-based models. Cellular 
toxicokinetic (TK) parameters, including cellular uptake and intracellular binding, were determined using computational and experimental methods. Incorporating experimental TK parameters significantly improved the 
correlation between ERα activities in the cell-free and cellular models (from r = 0.6230, P = 0.0989 without corrections to r = 0.8869, P = 0.0033 after corrections), and bridged the gap between the cell free and cell based 
assays. Both computational and experimental TK parameters varied widely across chemical classes and compounds. Correcting active concentrations for free intracellular levels enhanced assay correlations, with 
experimentally derived corrections showing the strongest improvement with r = 0.8869 (compared to the in silico derived corrections with r = 0.811). Our findings highlight the critical role of free intracellular concentration 
in determining the biological activity of estrogenic toxicants and emphasize its importance in accurately assessing their endocrine-disrupting potential.

Environ Toxicol 
Pharmacol. 2025 
Aug:117:104750.

10.1016/j.etap.2025.104750 40562181 in vitro - - - - - - - - - - 不明 0 不明 1 - - - - - - - - - - - - - -
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統合_1804
P. Moyano, A. Flores, J. García, J. M. García, M. 
J. Anadon, M. T. Frejo, E. Sola, A. Pelayo and J. 
Del Pino

2021

Bisphenol A single and repeated 
treatment increases HDAC2, leading 
to cholinergic neurotransmission 
dysfunction and SN56 cholinergic 
apoptotic cell death through AChE 
variants overexpression and 
NGF/TrkA/P75(NTR) signaling 
disruption

Bisphenol-A (BPA), a widely used plasticizer, induces cognitive dysfunctions following single and repeated exposure. Several studies, developed in hippocampus and cortex, tried to find the mechanisms that trigger and 
mediate these dysfunctions, but those are still not well known. Basal forebrain cholinergic neurons (BFCN) innervate hippocampus and cortex, regulating cognitive function, and their loss or the induction of cholinergic 
neurotransmission dysfunction leads to cognitive disabilities. However, no studies were performed in BFCN. We treated wild type or histone deacetylase (HDAC2), P75(NTR) or acetylcholinesterase (AChE) silenced SN56 
cholinergic cells from BF with BPA (0.001 μM-100 μM) with or without recombinant nerve growth factor (NGF) and with or without acetylcholine (ACh) for one- and fourteen days in order to elucidate the mechanisms 
underlying these effects. BPA induced cholinergic neurotransmission disruption through reduction of ChAT activity, and produced apoptotic cell death, mediated partially through AChE-S overexpression and 
NGF/TrkA/P75(NTR) signaling dysfunction, independently of cholinergic neurotransmission disruption, following one- and fourteen days of treatment. BPA mediates these alterations, in part, through HDAC2 
overexpression. These data are relevant since they may help to elucidate the neurotoxic mechanisms that trigger the cognitive disabilities induced by BPA exposure, providing a new therapeutic approach.

Food Chem Toxicol. 
2021 Nov:157:112614.

10.1016/j.fct.2021.112614 34655688 in vitro - - - - - - - - - - 1 0 0.001 µM-100 µM 1 - - - - - - - - - - - - - -

統合_1805

R. Moreno-Gómez-Toledano, M. I. Arenas, C. 
González-Martínez, N. Olea-Herrero, P. Reventú
n, M. Di Nunzio, S. Sánchez-Esteban, E. Arilla-
Ferreiro, M. Saura and R. J. Bosch

2020

Bisphenol A impaired cell adhesion 
by altering the expression of 
adhesion and cytoskeleton proteins 
on human podocytes

Bisphenol A (BPA), a chemical -xenoestrogen- used in food containers is present in the urine of almost the entire population. Recently, several extensive population studies have proven a significant association between 
urinary excretion of BPA and albuminuria. The alteration of glomerular podocytes or "podocytopathy" is a common event in chronic albuminuric conditions. Since many podocytes recovered from patients' urine are viable, 
we hypothesized that BPA could impair podocyte adhesion capabilities. Using an in vitro adhesion assay, we observed that BPA impaired podocyte adhesion, an effect that was abrogated by Tamoxifen (an estrogen 
receptor blocker). Genomic and proteomic analyses revealed that BPA affected the expression of several podocyte cytoskeleton and adhesion proteins. Western blot and immunocytochemistry confirmed the alteration in 
the protein expression of tubulin, vimentin, podocin, cofilin-1, vinculin, E-cadherin, nephrin, VCAM-1, tenascin-C, and β-catenin. Moreover, we also found that BPA, while decreased podocyte nitric oxide production, it 
lead to overproduction of ion superoxide. In conclusion, our data show that BPA induced a novel type of podocytopathy characterizes by an impairment of podocyte adhesion, by altering the expression of adhesion and 
cytoskeleton proteins. Moreover, BPA diminished production of podocyte nitric oxide and induced the overproduction of oxygen-free metabolites. These data provide a mechanism by which BPA could participate in the 
pathogenesis and progression of renal diseases.

Sci Rep. 2020 Oct 
6;10(1):16638.

10.1038/s41598-020-73636-6 33024228 in vitro - - - - - - - - - - 1 0 不明 1 - - - - - - - - - - - - - -

統合_1806 M. Moreau, T. Antonijevic, J. C. Hall and J. 
Fisher 2025

In vitro and computational 
approaches to predict 
developmental toxicity: Integrating 
PBPK models with cell-based 
assays

The field of chemical safety assessment is experiencing a transformative shift away from animal testing toward new approach methodologies (NAMs). While in vitro screening platforms for teratogenic potential have 
advanced significantly, their practical application in public health risk assessment has been limited by the lack of quantitative frameworks connecting in vitro results to human exposure levels. This study investigated 
whether prenatal developmental toxicity assays could quantitatively predict developmental toxicity thresholds for nine known reproductive toxicants (bisphenol A, caffeine, carbamazepine, carbaryl, deltamethrin, ethanol, 
nicotine, thalidomide, and toluene) and one non-teratogen (acetaminophen). We employed a three-tiered physiologically based pharmacokinetic (PBPK) model to translate in vitro concentrations from ReproTracker, 
Stemina DevTOX quickPredict™, and developmental neurotoxicity (DNT) battery assays into human equivalent doses (HEDs). These in vitro-derived HEDs were then compared against HEDs based on rodent 
developmental studies' lowest observed effect levels (LOAELs), as well as human clinical doses and exposure predictions. Our findings demonstrate that the integration of PBPK modeling with Reprotracker, Stemina 
DevTOX quickPredict™ and DNT assays advances the reduction of animal testing while enhancing human-relevant developmental toxicity assessment. Moving forward requires parallel improvements in our understanding 
of developmental toxicity mechanisms and computational methods that effectively translate in vitro results to human risk evaluation.

Toxicol Appl Pharmacol. 
2025 Sep:502:117435.

10.1016/j.taap.2025.117435 40480613 in vitro - - - - - - - - - - 不明 0 不明 1 - - - - - - - - - - - - - -

統合_1807
J. Moreau, N. Gatimel, Y. Lippi, G. Tavenier, P. 
Fauque, M. Guilleman, C. Naylies, A. A. Huesca, 
V. Gayrard, J. Parinaud and R. D. Leandri

2021

Impact of the polycarbonate 
strippers used in assisted 
reproduction techniques on 
embryonic development

STUDY QUESTION: Do daily manipulations of preimplantation embryos with polycarbonate (PC)-made bisphenol A (BPA)-releasing strippers influence embryo development? SUMMARY ANSWER: Compared to glass 
strippers, PC strippers enhance the blastocyst development rate but this does not seem to be BPA-related. WHAT IS KNOWN ALREADY: PC strippers have been shown to release tiny amounts (around 0.5 ng/ml BPA) of 
BPA in routine human IVF procedures. A chronic exposure to BPA either in vivo or in vitro during the preimplantation period can impact post-implantation and post-natal development. BPA can act rapidly by binding to 
membrane receptors and inducing rapid non-genomic effects. STUDY DESIGN, SIZE, DURATION: This experimental study using mouse embryos had a balanced design and blinded evaluations of the endpoints. 
PARTICIPANTS/MATERIALS, SETTING, METHODS: In vivo fertilized zygotes were obtained from outbred Swiss CD1 mice crossings after an ovarian stimulation. The zygotes were allocated to three daily handling 
conditions (HCs) and cultured until Day 4 in a single human commercial medium. Each day, the embryos were handled for 20 s either in a PC stripper (HC1) or in a glass stripper (HC2). In HC3, the embryos were pre-
exposed to 0.5 ng/ml BPA before being handled for 20 s in a glass stripper. Handling operations were repeated on Days 1, 2 and 3. Embryo development was assessed blindly on Day 4. Expanded blastocysts were selected 
for a transcriptomic analysis using Agilent Sureprint G3 Mouse GE v2 microarrays and the retrotransposon LINE1-Orf2 expression was analysed using qRT-PCR, as a proxy for a global evaluation of the epigenetic status. 
MAIN RESULTS AND THE ROLE OF CHANCE: Compared to the embryos manipulated in HC2 (n = 243), those in HC1 (n = 228) developed significantly more often to the blastocyst stage (55 vs 46%; P < 0.05). It appears 
the effect of these PC strippers was not BPA-related because embryos pre-exposed to BPA (HC3, n = 230) showed no difference in the blastocyst rate when compared to HC2 (43 vs 46%). When analysing same-stage 
blastocysts, we noticed no difference in the embryo gene expression between the three HC groups. LARGE SCALE DATA: https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE148868. LIMITATIONS, REASONS 
FOR CAUTION: Our results using a mouse model designed to mimic human conditions (outbred strain, human commercial IVF dishes and a unique commercial human embryonic culture media) are reassuring since no gene 
was found to be differentially expressed, including LINE-1 genes, as a proxy for a global evaluation of the epigenetic status. However, no global epigenetic analysis of the genome has been performed. Furthermore, we did 
not evaluate post-implantation events, although BPA exposure during peri-conception could affect foeto-placental and post-natal development. WIDER IMPLICATIONS OF THE FINDINGS: Based on the precautionary 
principle, several European countries banned the use of BPA in baby bottles and food packaging several years before European Agencies took an official position. The question of applying this principle to plastics in closed 
contact with human embryos is raised. Further studies are needed for a decision to be made. STUDY FUNDING/COMPETING INTEREST(S): This study was supported by a grant from the Agence de Biomédecine (AOR 
2016). The authors declare no competing interest.

Hum Reprod. 2021 Jan 
25;36(2):331-339.

10.1093/humrep/deaa290 33246333 in vitro - - - - - - - - - - 不明 0 不明 1 - - - - - - - - - - - - - -

統合_1808 A. Mondal, N. Burchat and H. Sampath 2021
Palmitate exacerbates bisphenol A 
toxicity via induction of ER stress 
and mitochondrial dysfunction

Combined exposure to dietary nutrients and environmental chemicals may elicit significantly different physiological effects than single exposures. Exposure to dietary saturated fats and environmental toxins is a 
physiologically-significant dual exposure that is particularly associated with lower socioeconomic status, potentially placing these individuals at heightened risk of xenobiotic toxicities. However, no prior studies have 
examined interactions between specific lipids and environmental xenobiotics in modulating cellular health. Using primary mouse embryonic fibroblasts, we have discovered that prior exposure to the saturated fatty acid, 
palmitate, exacerbates cellular toxicity associated with the industrial plasticizer, bisphenol A (BPA). Cell death upon BPA exposure following palmitate pre-treatment was greater than that occurring with either exposure 
alone. Mechanistically, cell death was preceded by increased endoplasmic reticulum stress and loss of mitochondrial membrane potential in palmitate plus BPA exposed cells, leading to increased caspase-3 cleavage and 
subsequent apoptosis. Interestingly, inclusion of the unsaturated fatty acid, oleate, along with palmitate during the pre-treatment period completely abrogated the ER stress, mitochondrial toxicity, and cell death induced 
by subsequent exposure to BPA. Thus, our data identify for the first time an important interaction between a fatty acid and an environmental toxin and have implications for developing nutritional interventions to mitigate 
the deleterious effects of such xenobiotic exposures.

Biochim Biophys Acta 
Mol Cell Biol Lipids. 
2021 
Jan;1866(1):158816.

10.1016/j.bbalip.2020.158816 32976987 in vitro - - - - - - - - - - 不明 0 不明 1 - - - - - - - - - - - - - -

統合_1809 A. B. Mlynarcikova and S. Scsukova 2020

Effect of selected bisphenol 
derivatives on nuclear receptor 
expression in ovarian cell line 
COV434

Objectives. Bisphenol A (BPA), as an indispensable plastic additive, has also been proven as an endocrine disruptor associated with adverse health effects including impaired ovarian function and cancer. Due to the 
restrictions of its usage, several analogs have been employed to replace BPA. Although many studies revealed a harmfulness in the biological effects of BPA analogs, their specific targets remain largely unknown. Nuclear 
receptors (NRs) may be one of the most important targets of bisphenols. Therefore, in this study, our attention was directed to explore the effect of BPA and its analogs, AF and S, on the mRNA expression of selected NRs 
involved in the steroidogenic and carcinogenic pathways in the human granulosa cell line COV434. The NRs investigated included: thyroid hormone receptor α (THRA), peroxisome proliferator activating receptor β/δ 
(PPARD), retinoid X receptor α (RXRA), chicken ovalbumin upstream promoter-transcription factor II (COUPTFII), nuclear receptor-related protein 1 (NURR1), and liver receptor homolog-1 (LRH1).Methods. COV434 cells 
were treated with the bisphenols at the concentrations of 10(-9) M, 10(-7) M, and 10(-5) M, and after 24 and 48 h, cell viability was monitored by the MTS assay and gene expressions were analyzed using RT-
qPCR.Results. Bisphenol treatment did not alter the COV434 cell viability. After 24 h, the expression of neither of the NRs was changed. Likewise, after 48 h, the expression of the selected genes was not altered. 
However, both BPAF and BPS increased, at the highest concentration (10(-5) M) used, the mRNA levels of both PPARD and NURR1 NRs after 48 h of the treatment. In the BPA-treated groups, no significant upregulation 
was observed.Conclusions. In the present study, the effect of bisphenols on COUP-TFII, Nurr1, and LRH-1 NRs was investigated for the first time. Although generally we did not observe that BPs provoked any alterations 
in the expression of the selected NRs in COV434 cells, at specific concentrations and time points they might alter mRNA expression of certain NRs (NURR1, PPARD).

Endocr Regul. 2020 Nov 
24;54(4):275-283.

10.2478/enr-2020-0031 33885253 in vitro - - - - - - - - - - 1 0 10（-9）、10（-7）、10（-5）M 1 - - - - - - - - - - - - - -

統合_1810 A. B. Mlynarcikova, D. Macejova and S. 
Scsukova 2023

Expression of selected nuclear 
receptors in human epithelial 
ovarian cell line Caov3 exposed to 
bisphenol derivatives

Objectives. Bisphenol A (BPA) is an indispensable industrial chemical. However, as a proven endocrine disruptor, it may be associated with several health disturbances, including the reproductive functions impairment and 
cancer. Due to the restriction of BPA usage, many bisphenol derivatives gradually substitute BPA. However, studies have reported adverse biological effects of BPA analogs, but the specific sites of their action remain 
largely unknown. Nuclear receptors (NRs) appear to play significant roles in various types of cancer. In addition, they are considered relevant targets of bisphenols. In the present study, we investigated the effects of BPA 
and its analogs bisphenol S (BPS), bisphenol F (BPF), and bisphenol AF (BPAF) on mRNA expression of selected NRs in the human ovarian epithelial cell line Caov3. The NRs examined included retinoic acid receptor α 
(RARA), retinoid X receptor α (RXRA), peroxisome proliferator activating receptor β/δ (PPARD), chicken ovalbumin upstream promoter-transcription factor 2 (COUPTFII), and nuclear receptor-related protein 1 (NURR1). 
Methods. Caov3 cells were treated with the bisphenols at the concentrations of 1 nM, 100 nM, 10 µM and 100 µM. After 24 h and 72 h of incubation, cell viability was determined by the MTS assay, and the selected genes 
expression was analyzed using RT-qPCR. Results. Bisphenol treatment did not affect Caov3 cell viability, except the significant impairment after exposure to the highest BPAF dose (100 µM). At lower doses, neither 
bisphenol analog altered the expression of the NRs. However, at the highest concentration (100 µM), BPAF and BPA altered the mRNA levels of PPARD, COUPTFII, and NURR1 in a time- and receptor-specific manner. 
Conclusions. The effects of bisphenols on the specific NRs in the epithelial ovarian cancer cells were addressed for the first time by the present study. Although generally we did not find that bisphenols may provoke 
significant alterations in the expression of the selected NRs in Caov3 cells, they may alter mRNA expression of certain NRs at high concentrations.

Endocr Regul. 2023 Sep 
16;57(1):191-199.

10.2478/enr-2023-0023 37715983 in vitro - - - - - - - - - - 1 0 1 nM、100 nM、10 µM、100 µM 1 - - - - - - - - - - - - - -

統合_1811

R. Miura, A. Araki, M. Minatoya, K. Miyake, M. L. 
Chen, S. Kobayashi, C. Miyashita, J. Yamamoto, 
T. Matsumura, M. Ishizuka, T. Kubota and R. 
Kishi

2019

An epigenome-wide analysis of cord 
blood DNA methylation reveals sex-
specific effect of exposure to 
bisphenol A

Exposure to bisphenol A (BPA) in utero is associated with adverse health outcome of the offspring. Differential DNA methylation at specific CpG sites may link BPA exposure to health impacts. We examined the 
association of prenatal BPA exposure with genome-wide DNA methylation changes in cord blood in 277 mother-child pairs in the Hokkaido Study on Environment and Children's Health, using the Illumina 
HumanMethylation 450 BeadChip. We observed that a large portion of BPA-associated differentially methylated CpGs with p-value < 0.0001 was hypomethylated among all newborns (91%) and female infants (98%), as 
opposed to being hypermethylated (88%) among males. We found 27 and 16 CpGs with a false discovery rate (FDR) < 0.05 in the analyses for males and females, respectively. Genes annotated to FDR-corrected CpGs 
clustered into an interconnected genetic network among males, while they rarely exhibited any interactions in females. In contrast, none of the enrichment for gene ontology (GO) terms with FDR < 0.05 was observed for 
genes annotated to the male-specific CpGs with p < 0.0001, whereas the female-specific genes were significantly enriched for GO terms related to cell adhesion. Our epigenome-wide analysis of cord blood DNA 
methylation implies potential sex-specific epigenome responses to BPA exposure.

Sci Rep. 2019 Aug 
26;9(1):12369.

10.1038/s41598-019-48916-5 31451752 in vitro - - - - - - - - - - 不明 0 不明 1 - - - - - - - - - - - - - -

統合_1812 E. A. Miroshnichenko, M. A. Diatroptova, A. I. 
Alekseeva, A. D. Gerasimov and A. M. Kosyreva 2025

The Influence of Bisphenol A on the 
Molecular Biological Characteristics 
of Human Colon Adenocarcinoma 
HT-29 Culture Cells

Researchers attribute increased incidence of colorectal cancer to environmental pollution with endocrine disruptors, including the estrogen-like substance bisphenol A (BPA). The proliferative activity, viability, and mRNA 
expression levels of the PIK3CA, NFkBp65, VEGFA, ESR1, HIF1a, PTEN, TP53, CD44, and CDH1 genes were evaluated in human colon adenocarcinoma HT-29 cell culture incubated with different concentrations of BPA 
(5, 25, and 50 μM) for 24 and 96 h. Short-term (24 h) incubation with BPA did not lead to pronounced biological effects. During prolonged incubation (96 h), 5 μM BPA decreased VEGFA mRNA expression and increased 
HIF1a mRNA expression, 25 μM BPA increased the expression of PIK3CA, ESR1, and HIF1a mRNAs and decreased VEGFA and CD44, and 50 μM BPA increased the expression of ESR1 mRNA and was cytotoxic. Hence, 
the duration of incubation and the concentration of BPA in the culture medium affect the progression of the colon cancer and its malignancy.

Bull Exp Biol Med 
Vol.179 Issue 1 Pages 
135-140

10.1007/s10517-025-06447-2 40682643 in vitro - - - - - - - - - - 1 0 5、25、50 µM - - - - - - - - - - - - - - -

統合_1813
A. Milon, M. Kaczmarczyk, P. Pawlicki, B. 
Bilinska, M. Duliban, E. Gorowska-Wojtowicz, 
W. Tworzydlo and M. Kotula-Balak

2019
Do estrogens regulate lipid status in 
testicular steroidogenic Leydig cell?

In this study mouse Leydig cell (MA-10) were treated with G-protein coupled membrane estrogen receptor antagonist (G-15; 10 nM). Cells were analyzed by Western blotting for expression of estrogen-related receptors 
(ERRα, β and γ), steroidogenic markers (lutropin receptor; LHR and 3β-hydroxysteroid dehydrogenase; 3β-HSD) and lipid droplet markers (perilipin; PLIN and microtubule-associated protein 1 A/1B-light chain 3; LC3). 
Concomitantly, microscopic analyses by light microscope (immunofluorescent staining for lipid droplets, PLIN and LC3) as well as by electron microscope (for lipid droplet ultrastructure) were utilized. For analysis of 
cholesterol content, cAMP level and progesterone secretion, G-15, estrogen receptor (ER) antagonist (ICI 182,780; 10 μM), 17β-estradiol (10 mM) and, bisphenol A (BPA; 10 nM) were used alone or in combinations. We 
revealed no changes in ERRs expression but alterations in ERRβ and γ localization in G-15-treated cells when compared to control. Partial translocation of ERRβ and γ from the cell nucleus to cytoplasm was observed. 
Decreased expression of LHR, 3β-HSD, PLIN and LC3 was detected. Moreover, in treated cells large lipid droplets and differences in their distribution were found. Very strong signal of co-localization for PLIN and LC3 
was found in treated cells when compared to control. In ultrastructure of treated cells, degenerating lipid droplets and double membrane indicating on presence of lipophagosome were observed. We found, that only (i) 
BPA and G-15 did not effect on cholesterol content, (ii) BPA, G-15 and ICI did not effect on cAMP level and (iii) BPA, ICI alone and in combination, and BPA with G-15 did not modulate progesterone secretion. These 
findings showed complex and diverse estrogen effects on mouse Leydig cells at various steps of steroid hormone production (cholesterol storage, release and processing). Lipid homeostasis and metabolism in these 
cells were affected by endogenous and exogenous estrogen, interactions of receptors (GPER, ER and ERR) and GPER and ER antagonists.

Acta Histochem. 2019 
Jul;121(5):611-618.

10.1016/j.acthis.2019.04.012 31126612 in vitro - - - - - - - - - - 1 0 10 nM 1 - - - - - - - - - - - - - -

統合_1814
M. Merzoug-Larabi, I. Youssef, A. T. Bui, C. 
Legay, S. Loiodice, S. Lognon, S. Babajko and J. 
M. Ricort

2019
Protein Kinase D1 (PKD1) Is a New 
Functional Non-Genomic Target of 
Bisphenol A in Breast Cancer Cells

Exposure to bisphenol A (BPA), one of the most widespread endocrine disruptors present in our environment, has been associated with the recent increased prevalence and severity of several diseases such as diabetes, 
obesity, autism, reproductive and neurological defects, oral diseases, and cancers such as breast tumors. BPA is suspected to act through genomic and non-genomic pathways. However, its precise molecular 
mechanisms are still largely unknown. Our goal was to identify and characterize a new molecular target of BPA in breast cancer cells in order to better understand how this compound may affect breast tumor growth and 
development. By using in vitro (MCF-7, T47D, Hs578t, and MDA-MB231 cell lines) and in vivo models, we demonstrated that PKD1 is a functional non-genomic target of BPA. PKD1 specifically mediates BPA-induced cell 
proliferation, clonogenicity, and anchorage-independent growth of breast tumor cells. Additionally, low-doses of BPA (≤10(-) (8) M) induced the phosphorylation of PKD1, a key signature of its activation state. Moreover, 
PKD1 overexpression increased the growth of BPA-exposed breast tumor xenografts in vivo in athymic female Swiss nude (Foxn1(nu/nu) ) mice. These findings further our understanding of the molecular mechanisms of 
BPA. By defining PKD1 as a functional target of BPA in breast cancer cell proliferation and tumor development, they provide new insights into the pathogenesis related to the exposure to BPA and other endocrine 
disruptors acting similarly.

Front Pharmacol. 2020 
Jan 31:10:1683.

10.3389/fphar.2019.01683 32082170 in vitro - - - - - - - - - - 1 0 ≤10(-) (8) M他 1 - - - - - - - - - - - - - -

統合_1815 L. Meng, J. Liu, C. Wang, Z. Ouyang, J. Kuang, Q. 
Pang and R. Fan 2021

Sex-specific oxidative damage 
effects induced by BPA and its 
analogs on primary hippocampal 
neurons attenuated by EGCG

BPA analogs, including bisphenol S (BPS) and bisphenol B (BPB), have been used to replace BPA since it was banned to be added. To investigate whether BPA and its analogs cause oxidative damage effects on primary 
hippocampal neurons of rats, reactive oxygen species (ROS), malondialdehyde (MDA), superoxide dismutase (SOD), mitochondrial membrane potential (MMP), apoptosis and cell viability assays were conducted after 
hippocampal neurons exposure to different concentrations of BPA, BPS, and BPB (1, 10, 100 nM and 1, 10, 100 μM). Moreover, the effects of EGCG (5 and 6 μM for male and female, respectively) added on neurons 
exposed to BPA were assessed. Results showed that 24 h exposure to these bisphenols (BPs) could increase the levels of ROS and contents of MDA, but reduce the activity of SOD significantly. A decline of cell viabilities 
accompanied with the increasing of apoptosis rates was observed after 7 d exposure to BPs and the reduction of MMP was also observed after 7 d exposure to BPA. Interestingly, BPS has the lower toxicity to 
hippocampal neurons compared with BPA and BPB. Non-monotonic dose-effect relationships between the concentrations of BPs and the cytotoxic effects were observed, and the effects of BPs on male hippocampal 
neurons are greater than those of female ones in general. While EGCG can protect neurons free of oxidative damages. In conclusion, the results suggest that BPs may induce sex-specific neurotoxic effects involving 
oxidative stress, which can be attenuated by EGCG, and males are more sensitive to BPs than females.

Chemosphere. 2021 
Feb;264(Pt 1):128450.

10.1016/j.chemosphere.2020.1284
50

33007573 in vitro - - - - - - - - - - 1 0 1、10、100 nM、1、10、100 µM 1 - - - - - - - - - - - - - -

統合_1816 M. McPartland, S. Stevens, Z. Bartosova, I. G. 
Vardeberg, J. Völker and M. Wagner 2024

Beyond the Nucleus: Plastic 
Chemicals Activate G Protein-
Coupled Receptors

G protein-coupled receptors (GPCRs) are central mediators of cell signaling and physiological function. Despite their biological significance, GPCRs have not been widely studied in the field of toxicology. Herein, we 
investigated these receptors as novel targets of plastic chemicals using a high-throughput drug screening assay with 126 human non-olfactory GPCRs. In a first-pass screen, we tested the activity of triphenol phosphate, 
bisphenol A, and diethyl phthalate, as well as three real-world mixtures of chemicals extracted from plastic food packaging covering all major polymer types. We found 11 GPCR-chemical interactions, of which the 
chemical mixtures exhibited the most robust activity at adenosine receptor 1 (ADORA1) and melatonin receptor 1 (MTNR1A). We further confirm that polyvinyl chloride and polyurethane products contain ADORA1 or 
MTNRA1 agonists using a confirmatory secondary screen and pharmacological knockdown experiments. Finally, an analysis of the associated gene ontology terms suggests that ADORA1 and MTNR1A activation may be 
linked to downstream effects on circadian and metabolic processes. This work highlights that signaling disruption caused by plastic chemicals is broader than that previously believed and demonstrates the relevance of 
nongenomic pathways, which have, thus far, remained unexplored.

Environ Sci Technol. 
2024 Mar 
19;58(11):4872-4883.

10.1021/acs.est.3c08392 38440973 in vitro - - - - - - - - - - 不明 0 不明 1 - - - - - - - - - - - - - -
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統合_1817 E. K. McIlwraith, C. V. Lieu and D. D. Belsham 2022

Bisphenol A induces miR-708-5p 
through an ER stress-mediated 
mechanism altering neuronatin and 
neuropeptide Y expression in 
hypothalamic neuronal models

Bisphenol A (BPA) is an endocrine disrupting chemical that promotes obesity. It acts on the hypothalamus by increasing expression of the orexigenic neuropeptides, Npy and Agrp. Exactly how BPA dysregulates energy 
homeostasis is not completely clear. Since microRNAs (miRNA) have emerged as crucial weight regulators, the question of whether BPA could alter hypothalamic miRNA profiles was examined. Treatment of the mHypoA-
59 cell line with 100 μM BPA altered a specific subset of miRNAs, and the most upregulated was miR-708-5p. BPA was found to increase the levels of miR-708-5p, and its parent gene Odz4, through the ER stress-
related protein Chop. Overexpression of an miR-708-5p mimic resulted in a reduction of neuronatin, a proteolipid whose loss of expression is associated with obesity, and an increase in orexigenic Npy expression, thus 
potentially increasing feeding through converging regulatory pathways. Therefore, hypothalamic exposure to BPA can increase miR-708-5p that controls neuropeptides directly linked to obesity.

Mol Cell Endocrinol. 
2022 Jan 1:539:111480.

10.1016/j.mce.2021.111480 34624438 in vitro - - - - - - - - - - 1 0 不明 1 - - - - - - - - - - - - - -

統合_1818
M. D. Maximino, C. Y. Silva, D. Cavalcante, C. S. 
Martin, A. E. Job, O. N. Oliveira, Jr. and P. Alé
ssio

2021

Consequences of the exposure to 
bisphenol A in cell membrane 
models at the molecular level and 
hamster ovary cells viability

The inadequate disposal and the difficulty in its removal from water treatment systems have made the endocrine disruptor bisphenol A (BPA) a significant hazard for humans and animals. The molecular-level mechanisms 
of BPA action are not known in detail, which calls for systematic investigations using cell membrane models. This paper shows that BPA affects Langmuir monolayers and giant unilamellar vesicles (GUVs) of 1,2-
dipalmitoyl-sn-glycero-3-phosphocholine (DPPC) used as membrane models, in a concentration-dependent manner and with effects that depend on BPA aggregation. BPA increases DPPC monolayer fluidity in surface 
pressure isotherms upon interacting with the headgroups through hydrogen bonding, according to polarization-modulated infrared reflection absorption spectroscopy (PM-IRRAS). In DPPC GUVs, BPA induced wrinkling 
and distortion in the spherical shape of the vesicles, but this was only observed for fresh solutions where it is not aggregated. BPA also decreased the viability of hamster ovary cells (CHO) in in vitro experiments. In 
contrast, aged, aggregated BPA solutions did not affect the GUVs and even increased CHO viability. These results may be rationalized in terms of size-dependent effects of BPA, which may be relevant for its endocrine-
disrupting effects.

Colloids Surf B 
Biointerfaces. 2021 
Jul:203:111762.

10.1016/j.colsurfb.2021.111762 33887667 in vitro - - - - - - - - - - 1 0 不明 1 - - - - - - - - - - - - - -

統合_1819

G. Matteo, K. Leingartner, A. Rowan-Carroll, M. 
Meier, A. Williams, M. A. Beal, M. Gagné, R. 
Farmahin, S. Wickramasuriya, A. J. F. Reardon, 
T. Barton-Maclaren, J. Christopher Corton, C. L. 
Yauk and E. Atlas

2023

In vitro transcriptomic analyses 
reveal pathway perturbations, 
estrogenic activities, and potencies 
of data-poor BPA alternative 
chemicals

Since initial regulatory action in 2010 in Canada, bisphenol A (BPA) has been progressively replaced by structurally related alternative chemicals. Unfortunately, many of these chemicals are data-poor, limiting 
toxicological risk assessment. We used high-throughput transcriptomics to evaluate potential hazards and compare potencies of BPA and 15 BPA alternative chemicals in cultured breast cancer cells. MCF-7 cells were 
exposed to BPA and 15 alternative chemicals (0.0005-100 µM) for 48 h. TempO-Seq (BioSpyder Inc) was used to examine global transcriptomic changes and estrogen receptor alpha (ERα)-associated transcriptional 
changes. Benchmark concentration (BMC) analysis was conducted to identify 2 global transcriptomic points of departure: (1) the lowest pathway median gene BMC and (2) the 25th lowest rank-ordered gene BMC. ERα 
activation was evaluated using a published transcriptomic biomarker and an ERα-specific transcriptomic point of departure was derived. Genes fitting BMC models were subjected to upstream regulator and canonical 
pathway analysis in Ingenuity Pathway Analysis. Biomarker analysis identified BPA and 8 alternative chemicals as ERα active. Global and ERα transcriptomic points of departure produced highly similar potency rankings 
with bisphenol AF as the most potent chemical tested, followed by BPA and bisphenol C. Further, BPA and transcriptionally active alternative chemicals enriched similar gene sets associated with increased cell division 
and cancer-related processes. These data provide support for future read-across applications of transcriptomic profiling for risk assessment of data-poor chemicals and suggest that several BPA alternative chemicals 
may cause hazards at similar concentrations to BPA.

Toxicol Sci. 2023 Feb 
17;191(2):266-275.

10.1093/toxsci/kfac127 36534918 in vitro - - - - - - - - - - 1 0 0.0005-100 µM 1 - - - - - - - - - - - - - -

統合_1820
G. Matteo, E. Cho, M. Rigden, D. C. Eickmeyer, 
L. M. Bradford, M. J. Meier, A. Williams, J. C. 
Corton, C. L. Yauk and E. Atlas

2025

High-throughput transcriptomics 
analysis of equipotent and human 
relevant mixtures of BPA 
alternatives reveal additive effects in 
vitro

While many jurisdictions have phased out use of bisphenol A (BPA), there is increasing exposure to mixtures of BPA alternatives. Like BPA, some alternatives perturb nuclear hormone receptors and are endocrine 
disruptors. We used high-throughput transcriptomics (HTTr) to evaluate the potency and modes of action of seven mixtures of BPA alternatives and their 12 individual components in breast cancer cells. Our aim was to 
explore whether alternatives present in mixtures act additively. MCF-7 cells were exposed to chemicals (0.001-50 µM) for 48 h and gene expression analysis was used to measure global and estrogen receptor alpha (ER
α)-specific transcriptomic changes. Transcriptomic points of departure (tPODs) were derived using benchmark concentration (BMC) modelling. We first identified concentrations at which global transcriptional activity 
was robustly altered. Then, we applied a ERα transcriptomic biomarker to identify ERα agonists and predict ERα activation tPODs. We employed mixtures modeling to predict potency of BPA alternatives and test for 
additive effects in vitro. Ingenuity pathway analysis (IPA; Qiagen) was used to identify upstream regulators and canonical pathways from genes fitting BMCs. BPAF was the most potent individual chemical tested overall, 
followed by BPA and BPC. All seven mixtures had additive effects across all tPODs modeled. The ERα transcriptomic biomarker classified all mixtures as ERα activators along with several BPA alternatives. All mixtures 
and most individual components perturbed similar upstream regulators and pathways, suggesting common modes of action. These data support the value of HTTr in identifying additive effects and toxicological potency of 
mixtures in vitro.

Arch Toxicol. 2025 
Sep;99(9):3707-3719

10.1007/s00204-025-04110-3 40531193 in vitro - - - - - - - - - - 1 0 0.001-50 µM 1 - - - - - - - - - - - - - -

統合_1821
S. Mas, A. Ruiz-Priego, P. Abaigar, J. Santos, V. 
Camarero, J. Egido, A. Ortiz and E. Gonzalez-
Parra

2021
Bisphenol S is a haemodialysis-
associated xenobiotic that is less 
toxic than bisphenol A

BACKGROUND: Bisphenol S (BPS) is a structural analogue of bisphenol A (BPA) that is found in the environment. BPS may accumulate in anuric patients due to decreased urinary excretion. The toxicity and health effects 
of BPS are poorly characterized. METHODS: A cross-over study was performed using polynephron (PN) or polysulphone (PS) dialysers for a short (1 week each, 14 patients) or long (3 months each, 20 patients) period on 
each dialyser. Plasma BPA, BPS and hippuric acid were assessed by SRM mass spectrometry (SRM-MS). The biological significance of the BPS concentrations found was explored in cultured kidney tubular cells. 
RESULTS: In haemodiafiltration (HDF) patients, plasma BPS was 10-fold higher than in healthy subjects (0.53 ± 0.52 versus 0.05 ± 0.01 ng/mL; P = 0.0015), while BPA levels were 35-fold higher (13.23 ± 14.65 versus 
0.37 ± 0.12 ng/mL; P = 0.007). Plasma hippuric acid decreased after an HDF session, while BPS and BPA did not. After 3 months of HDF with the same membranes, the BPS concentration was 1.01 ± 0.87 ng/mL for PN 
users and 0.62 ± 0.21 ng/mL for PS users (P non-statistically significant). In vitro, BPS and BPA leaked from dialysers containing them. In cultured tubular cells, no biological impact (cytotoxicity, inflammatory and 
oxidative stress gene expression) was observed for BPS up to 200 µM, while BPA was toxic at concentrations ≥100 µM. CONCLUSIONS: BPS may be released from dialysis membranes, and dialysis patients display high 
BPS concentrations. However, BPS concentrations are lower than BPA concentrations and no BPS toxicity was observed at concentrations found in patient plasma.

Clin Kidney J Vol.14 
Issue 4 Pages 1147-
1155

10.1093/ckj/sfaa071 33841860 ヒト、in vitro - - - - - - - バイオモニタリング 1 1 1 0 200 nM, 500 nM, 1 µM, 10, 25, 50, 100, 200µM - - - - - - - - - - - - - - -

統合_1822 É. Márton, A. Varga, L. Széles, L. Göczi, A. 
Penyige, B. Nagy and M. Szilágyi 2020

The Cell-Free Expression of MiR200 
Family Members Correlates with 
Estrogen Sensitivity in Human 
Epithelial Ovarian Cells

Exposure to physiological estrogens or xenoestrogens (e.g., zearalenone or bisphenol A) increases the risk for cancer. However, little information is available on their significance in ovarian cancer. We present a 
comprehensive study on the effect of estradiol, zearalenone and bisphenol A on the phenotype, mRNA, intracellular and cell-free miRNA expression of human epithelial ovarian cell lines. Estrogens induced a comparable 
effect on the rate of cell proliferation and migration as well as on the expression of estrogen-responsive genes (GREB1, CA12, DEPTOR, RBBP8) in the estrogen receptor α (ERα)-expressing PEO1 cell line, which was 
not observable in the absence of this receptor (in A2780 cells). The basal intracellular and cell-free expression of miR200s and miR203a was higher in PEO1, which was accompanied with low ZEB1 and high E-cadherin 
expression. These miRNAs showed a rapid but intermittent upregulation in response to estrogens that was diminished by an ERα-specific antagonist. The role of ERα in the regulation of the MIR200B-MIR200A-MIR429 
locus was further supported by publicly available ChIP-seq data. MiRNA expression of cell lysates correlated well with cell-free miRNA expression. We conclude that cell-free miR200s might be promising biomarkers to 
assess estrogen sensitivity of ovarian cells.

Int J Mol Sci. 2020 Dec 
20;21(24):9725.

10.3390/ijms21249725 33419253 in vitro - - - - - - - - - - 1 0 1〜1000 nM 1 - - - - - - - - - - - - - -

統合_1823 É. Márton, A. Varga, A. Penyige, Z. Birkó, I. 
Balogh, B. Nagy and M. Szilágyi 2023

Comparative Analysis of 
Transcriptomic Changes including 
mRNA and microRNA Expression 
Induced by the Xenoestrogens 
Zearalenone and Bisphenol A in 
Human Ovarian Cells

Xenoestrogens are natural or synthetic compounds that mimic the effect of endogenous estrogens and might cause cancer. We aimed to compare the global transcriptomic response to zearalenone (ZEA; mycotoxin) and 
bisphenol A (BPA; plastic additive) with the effect of physiological estradiol (E2) in the PEO1 human ovarian cell line by mRNA and microRNA sequencing. Estrogen exposure induced remarkable transcriptomic changes: 
308, 288 and 63 genes were upregulated (log(2)FC > 1); 292, 260 and 45 genes were downregulated (log(2)FC < -1) in response to E2 (10 nM), ZEA (10 nM) and BPA (100 nM), respectively. Furthermore, the expression of 
13, 11 and 10 miRNAs changed significantly (log(2)FC > 1, or log(2)FC < -1) after exposure to E2, ZEA and BPA, respectively. Functional enrichment analysis of the significantly differentially expressed genes and miRNAs 
revealed several pathways related to the regulation of cell proliferation and migration. The effect of E2 and ZEA was highly comparable: 407 genes were coregulated by these molecules. We could identify 83 genes that 
were regulated by all three treatments that might have a significant role in the estrogen response of ovarian cells. Furthermore, the downregulation of several miRNAs (miR-501-5p, let-7a-2-3p, miR-26a-2-3p, miR-197-5p 
and miR-582-3p) was confirmed by qPCR, which might support the proliferative effect of estrogens in ovarian cells.

Toxins (Basel). 2023 
Feb 9;15(2):140.

10.3390/toxins15020140 36828454 in vitro - - - - - - - - - - 1 0 100 nM 1 - - - - - - - - - - - - - -

統合_1824 M. Martínez, J. Blanco, J. Rovira, V. Kumar, J. L. 
Domingo and M. Schuhmacher 2020

Bisphenol A analogues (BPS and 
BPF) present a greater obesogenic 
capacity in 3T3-L1 cell line

This study was aimed at comparing the toxicity effects on cell viability and the obesogenic activity of Bisphenol A (BPA) and its analogues, Bisphenol S (BPS) and Bisphenol F (BPF), by in vitro assays with a preadipocytic 
3T3-L1 cell line. To compare the toxic potential and select the concentrations of each chemical not showing a decrease in cell viability, MTT assay was performed. The cell phenotype was determined in differentiated 
3T3-L1 adipocytes by red oil O staining. To determine the expression levels of the different adipogenic proteins the Western Blot test was performed. The results from MTT assay showed a greater toxic effect of BPA - at 
equal and even lower concentrations-than its analogues. However, BPS followed by BPF showed a greater neutral lipid storage capacity than BPA, which was reflected in the increase of the protein expression of 
CCAAT/enhancer binding protein α (C/EBPα), peroxisome proliferator-activated receptor gamma γ (PPARγ) and acid-binding protein 4 (FABP4). In summary, these BPA analogues -especially BPS- present a greater 
endocrine potential activity than BPA.

Food Chem Toxicol 
Vol.140 Pages 111298

10.1016/j.fct.2020.111298 32220626 in vitro - - - - - - - - - - 1 0 400 µM - - - - - - - - - - - - - - -

統合_1825 F. Marquet, M. C. Grandclaude, E. Ferrari and C. 
Champmartin 2019

Capacity of an in vitro rat skin model 
to predict human dermal absorption: 
Influences of aging and anatomical 
site

In addition to inhalation, dermal absorption is a route of exposure to be considered when assessing occupational risks. To investigate dermal penetration of chemicals, human skin samples are regarded as the gold 
standard. As human samples can be difficult to obtain, many experiments are performed with rat skins, and the results extrapolated to describe human percutaneous absorption. Here, we examined the characteristics of 
rat skin samples and compared absorption to that measured with in vitro human skin. The thickness of the stratum corneum layer in rat skin samples was found to be uniform when samples were excised from the animals' 
backs once they were at least 7-weeks-old. Overall, dorsal skin samples from mature rats could be reliably used to measure the flux of hydrophilic liquid molecules, such as N-methyl-2-pyrrolidone, and N,N-
dimethylformamide. In contrast, with a solid lipophilic substance, bisphenol A, dissolved in acetone, the flux obtained with rat skin samples was 3-fold higher than that measured with human skin. Consequently, it does 
not appear relevant to use rat skin in place of human skin to measure absorption of solid lipophilic substances.

Toxicol In Vitro Vol.61 
Pages 104623

10.1016/j.tiv.2019.104623 31401245 動物 - 1 0 1 1 不明 不明 - - - - - - - - - - - - - - - - - - - - -

統合_1826 V. W. Makene and E. J. Pool 2019

The Effects of Endocrine Disrupting 
Chemicals on Biomarkers of 
Inflammation Produced by 
Lipopolysaccharide Stimulated 
RAW264.7 Macrophages

Endocrine disrupting chemicals (EDCs) are common pollutants in the environment and can induce disruption of the endocrine and immune systems. The present study evaluated the effects of selected common 
environmental EDCs on secretion of inflammatory biomarkers by RAW264.7 cells. The EDCs investigated were Estradiol (E2), 5α-dihydrotestosterone (DHT), and Bisphenol A (BPA). To evaluate if the effects caused by 
EDCs were modulated by steroid hormone receptors, antagonists of estrogen and androgen receptors were used. The steroid receptor antagonists used were Tamoxifen, an estrogen receptor antagonist, and Flutamide, 
an androgen receptor antagonist. Secretion of biomarkers of inflammation, namely nitric oxide (NO) and interleukin 6 (IL-6), were monitored. The NO was determined using Griess reaction and IL-6 was measured by 
enzyme linked immunosorbent assay (ELISA). Although 5 μg/mL E2, DHT, and BPA were not toxic to RAW264.7 cell cultures, the same treatments significantly (p < 0.001) reduced both NO and IL-6 secretion by 
lipopolysaccharide (LPS)-stimulated RAW264.7 cell cultures. The suppression of NO and IL-6 secretion indicate inhibition of inflammation by DHT, E2, and BPA. The inhibitory effects of DHT, E2 and BPA are partially 
mediated via their cellular receptors, because the effects were reversed by their respective receptor antagonists. Flutamide reversed the effects of DHT, while Tamoxifen reversed the effects of E2 and BPA. In 
conclusion, E2, BPA, and DHT inhibit the synthesis of inflammation biomarkers by LPS-stimulated RAW264.7 cells. The inhibitory effects of EDCs can be partially reversed by the addition of an estrogen receptor 
antagonist for E2 and BPA, and an androgenic receptor antagonist for DHT. The inhibition of inflammatory response in stimulated RAW264.7 cells may be a useful bioassay model for monitoring estrogenic and androgenic 
pollutants.

Int J Environ Res Public 
Health. 2019 Aug 
14;16(16):2914.

10.3390/ijerph16162914 31416231 in vitro - - - - - - - - - - 1 0 不明 1 - - - - - - - - - - - - - -

統合_1827 K. Makarova, E. Olchowik-Grabarek, K. 
Drabikowski, J. Kurkowiak and K. Zawada 2022

Products of Bisphenol A 
Degradation Induce Cytotoxicity in 
Human Erythrocytes (In Vitro)

The aim of this work has been to study the possible degradation path of BPA under the Fenton reaction, namely to determine the energetically favorable intermediate products and to compare the cytotoxicity of BPA and 
its intermediate products of degradation. The DFT calculations of the Gibbs free energy at M06-2X/6-311G(d,p) level of theory showed that the formation of hydroquinone was the most energetically favorable path in a 
water environment. To explore the cytotoxicity the erythrocytes were incubated with BPA and three intermediate products of its degradation, i.e., phenol, hydroquinone and 4-isopropylphenol, in the concentrations 5-200 μ
g/mL, for 1, 4 and 24 h. BPA induced the strongest hemolytic changes in erythrocytes, followed by hydroquinone, phenol and 4-isopropylphenol. In the presence of hydroquinone, the highest level of RONS was observed, 
whereas BPA had the weakest effect on RONS generation. In addition, hydroquinone decreased the level of GSH the most. Generally, our results suggest that a preferable BPA degradation path under a Fenton reaction 
should be controlled in order to avoid the formation of hydroquinone. This is applicable to the degradation of BPA during waste water treatment and during chemical degradation in sea water.

Int J Mol Sci Vol.24 
Issue 1

10.3390/ijms24010492 36613931 in vitro - - - - - - - - - - 1 0 5‒200 µg/mL - - - - - - - - - - - - - - -

統合_1828 K. W. Y. Mak, W. He, N. Loganathan and D. D. 
Belsham 2023

Bisphenol A Alters the Levels of 
miRNAs That Directly and/or 
Indirectly Target Neuropeptide Y in 
Murine Hypothalamic Neurons

The hypothalamus is a vital regulator of energy homeostasis. Orexigenic neuropeptide Y (NPY) neurons within the hypothalamus can stimulate feeding and suppress energy expenditure, and dysregulation of these neurons 
may contribute to obesity. We previously reported that bisphenol A (BPA), an endocrine disruptor with obesogenic properties, alters Npy transcription in hypothalamic neurons by inducing oxidative stress. We hypothesized 
that hypothalamic microRNAs (miRNAs), a class of small non-coding RNAs, could directly regulate Npy gene expression by binding the 3' untranslated region (UTR). Five predicted Npy-targeting miRNA candidates were 
uncovered through TargetScan and were detected in Npy-expressing hypothalamic neuronal cell models and hypothalamic neuronal primary cultures. BPA dysregulated the expression of a number of these hypothalamic 
miRNAs. We examined the effects of putative Npy-targeting miRNAs using miRNA mimics, and we found that miR-143-3p, miR-140-5p, miR-29b-1-5p, and let-7b-3p altered Npy expression in the murine hypothalamic cell 
lines. Importantly, miR-143-3p targets the mouse Npy 3' UTR, as detected using a luciferase construct containing the potential 3' UTR binding sites. Overall, this study established the first hypothalamic miRNA that 
directly targets the 3' UTR of mouse Npy, emphasizing the involvement of miRNAs in the NPY system and providing an alternative target for control of NPY levels.

Genes (Basel) Vol.14 
Issue 9

10.3390/genes14091773 37761913 in vitro - - - - - - - - - - 1 0 100 µM - - - - - - - - - - - - - - -

統合_1829
M. C. Magnifico, M. Xhani, B. Sprovera, B. 
Buttari, G. Abballe, F. Desideri, E. Panieri, L. 
Saso and M. Arese

2022

Nitro-Oxidative Stress and 
Mitochondrial Dysfunction in Human 
Cell Lines Exposed to the 
Environmental Contaminants PFOA 
and BPA

BACKGROUND: Bisphenol A (BPA) and perfluorooctanoic acid (PFOA) are synthetic compounds widely utilized in industrial activities devoted to the production of daily life plastic, metal products, and packaging from 
which they are able to migrate to food and water. Due to their persistence in the environment, living organisms are chronically exposed to these pollutants. BPA and PFOA have adverse effects on tissues and organs. The 
aim of this study was to identify the molecular targets and biochemical mechanisms involved in their toxicity. METHODS: HepG2 and HaCaT cells were treated with BPA or PFOA, and the trypan blue exclusion test and 3-
(4,5-Dimethylthiazol-2-yl)-2,5-Diphenyltetrazolium Bromide (MTT) assay were performed to define the conditions for subsequent investigations. We conducted quantitative PCR and western blot analysis to evaluate the 
expression of proteins involved in nitric oxide (NO) signaling. Cell-based assays were carried out to evaluate reactive oxygen species (ROS) production, nitrite/nitrate (NOx) accumulation, 3-nitrotyrosine (3-NT) formation, 
and mitochondrial membrane potential (MMP) determination in treated cells. RESULTS: HepG2 and HaCaT cells incubated for 24 h with subtoxic concentrations of BPA or PFOA (50 and 10 μM, respectively) exhibited 
altered mRNA and protein expression levels of NO synthase isoforms, manganese superoxide dismutase, and cytochrome c. Treatment with PFOA led to activation of inducible NO synthase (NOS), a marker of nitrosative 
stress, accompanied by the increased production of ROS, NOx, and 3-NT and alterations of the MMP compared to controls. CONCLUSIONS: The results of this study indicate the major involvement of the NO signaling 
axis in the persistent alteration of cell redox homeostasis and mitochondrial dysfunction induced by BPA and PFOA, highlighting the specific role of PFOA in NOS regulation and induction of nitro-oxidative stress.

Front Biosci (Landmark 
Ed) Vol.27 Issue 10 
Pages 292

10.31083/j.fbl2710292 36336871 in vitro - - - - - - - - - - 1 0 1 to 250 µM - - - - - - - - - - - - - - -
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統合_1830
G. B. Maadurshni, M. Nagarajan, S. 
Priyadharshini, U. Singaravelu and J. 
Manivannan

2023

System-wide health risk prediction 
for 4-methyl-2,4-bis(4-
hydroxyphenyl)pent-1-ene(MBP), a 
major active metabolite of 
environmental pollutant and food 
contaminant - Bisphenol A

Human exposure to plastic contaminated foods and environmental micro/nano plastic derived chemicals necessitates system-wide health risk assessment. Hence, current study intend to explore the mode of action (MoA) 
based adverse outcome pathways of 4-methyl-2,4-bis(4-hydroxyphenyl)pent-1-ene (MBP), the major active metabolite of bisphenol A (BPA). The computational study employed broad range of target prediction, systems 
biology tools and molecular docking protocols. Further, validation of MBP targets was done using protein-ligand fluorescence quenching assay, endothelial cell culture and chicken embryo vascular angiogenesis models. 
Interestingly, the current results illustrate that various physiological signaling pathways (MAPK and VEGF related angiogenesis signaling) and disease progression pathways (hypertension, cancer and endocrine 
disorders) were enriched as potential targets of MBP. Further, docking studies highlights the possible binding mechanism of MBP with important targets including endothelial nitric oxide synthase (eNOS) and serum 
albumin (BSA). In addition, the validation studies on MBP-BSA interaction (fluorescence quenching), eNOS derived nitric oxide (NOx) generation in endothelial cells and chicken embryo angiogenesis support the system-
wide impacts of MBP with highlights on cardiovascular pathogenesis. Thus, the current observation provides novel insights into the system wide impacts of MBP for the futuristic health risk assessment of plastic derived 
chemicals.

Toxicology. 2023 
Feb:485:153414.

10.1016/j.tox.2022.153414 36587891 in vitro - - - - - - - - - - 不明 0 不明 1 - - - - - - - - - - - - - -

統合_1831
G. B. Maadurshni, M. Nagarajan, B. 
Mahalakshmi, J. Sivasubramanian, V. 
Hemamalini and J. Manivannan

2024

4-Methyl-2,4-bis(4-
hydroxyphenyl)pent-1-ene (MBP) 
exposure induces hepatotoxicity and 
nephrotoxicity - role of oxidative 
stress, mitochondrial dysfunction 
and pathways of cytotoxicity

OBJECTIVE: Bisphenol A (BPA) is a ubiquitous pollutant worldwide and 4-Methyl-2,4-bis(4-hydroxyphenyl)pent-1-ene (MBP) is considered a major active metabolite of BPA with a wide range of potent toxicological 
properties. However, its adverse outcome pathway (AOP) on the hepatic and renal system has not yet been explored. METHODS: Hence, the current study evaluated its effect on cell survival, oxidative stress, and 
apoptosis. In addition, the influence of signalling pathways on cytotoxicity and ROS generating enzymes (NOX2 and XO) on oxidative stress was explored by siRNA knockdown experiments. Further, its molecular 
interaction with SOD, CAT, and HSA (molecular docking and dynamics) was evaluated and validated with spectroscopy (fluorescence and FTIR) based methods. RESULTS: The outcome indicates that MBP exposure dose 
dependently increased the cytotoxic response, oxidative stress, and apoptosis in both hepatocytes and kidney cells. Further, MAPK signalling pathways and oxidative stress influenced the overall cytotoxic response in 
both cells. In addition, the stimulatory (NOX2 and XO) and inhibitory (SOD and CAT) effects of MBP were observed, along with a robust interaction with HSA. CONCLUSIONS: The overall observation illustrates that MBP 
exposure adversely impacts hepatic and renal cells through oxidative stress and relevant molecular pathways which may connect the missing links during risk assessment of BPA.

Toxicol Res (Camb). 
2024 Oct 
15;13(5):tfae173.

10.1093/toxres/tfae173 39417036 in vitro - - - - - - - - - - 不明 0 不明 1 - - - - - - - - - - - - - -

統合_1832 M. Ma, W. Zhao, T. Tan, A. Hitabatuma, P. 
Wang, R. Wang and X. Su 2022

Study of eighteen typical bisphenol 
analogues as agonist or antagonist 
for androgen and glucocorticoid at 
sub-micromolar concentrations in 
vitro

Bisphenol A and its substitutions are commonly used to manufacture epoxy resins, plastic materials and different kinds of daily necessities. In this process, a large number of bisphenol analogues (BPs) are continuously 
released directly/indirectly into the environment. Through the chain of environment-feed-farmed-animals-livestock and poultry products, BPs present the low concentration but chronic exposure for surroundings and 
environment. In addition, BPs have been revealed by extensive studies as emerging endocrine disruptors, whose effects on androgens/glucocorticoids have rarely been mentioned in previous reports. The (anta-) 
agonist/antagonist properties of 18 classic BPs were investigated in vitro: We assessed the cytotoxicity and examined the luciferase induction values of BPs in MDA-kb2 cells, incubated single or co-incubated with 
dihydrotestosterone (DHT), dexamethasone, flutamide and RU486 for 24 h. From the concentration of 10(-10) to 10(-5) M, BPs had negligible cytotoxicity for MDA-kb2 cells, except for 4,4'-(9-Fluorenylidene)diphenol with 
the IC(50) 1.32 μM. All 18 BPs had the response to androgen/glucocorticoid receptors (AR/GR). BPs at nanomolar and trace concentrations are agonists, while BPs at micromolar and higher concentrations are 
antagonists. Molecular docking showed that BPs interact with AR/GR through hydrophobic bonds, hydrogen bonds, T-type π-stacking and water-bridge. These experimental data demonstrate the universality of the 
endocrine-disrupting effects of BPs and suggest the urgency of paying attention to the usages of BPs.

Sci Total Environ. 2022 
May 20:822:153439.

10.1016/j.scitotenv.2022.153439 35093365 in vitro - - - - - - - - - - 1 0 10(-10) 〜 10(-5) M 1 - - - - - - - - - - - - - -

統合_1833 M. Ma, D. Guo, R. Wang, P. Wang and X. Su 2023

Hormone effects of eighteen 
bisphenol analogues and their 
effects on cellular homeostasis and 
the typical signal pathways

Through the transfer chain of surroundings from feed to the farmed-animals and ultimately the corresponding livestock and poultry products, people are exposed to large amounts of bisphenol analogues (BPs), such as 
rational emissions from manufacturing plants, feed packaging bags and food packaging contact. Some BPs have been reported to show certain toxicological effects, especially, estrogen and endocrine disrupting effect. 
With the increasing application of BPs, the problem is becoming more and more serious. We systematically studied the hormonal effects of 18 BPs and their effects on cell homeostasis and classical signaling pathways 
by using classical E-SCREEN assay, fluorescent probes and western blotting. The results confirmed the estrogen-like effect of 13 BPs and 6 BPs obtained high docking scores (Scores < -9.0) for the three receptors 
simultaneously with the main interactions of hydrophobic, hydrogen and π-stacking of T-type bonds. BPAP regulates cells via apoptosis and steroid signaling pathway by intracellular ROS and mitochondrial followed the 
caspase pathway. BPE and BPS were involved in the classical NF-κB and Hippo signaling pathways. All data provides scientific basis for the safety risk assessment of endocrine disrupting and cellular homeostasis 
evaluation of BPs as chronic environmental pollution.

Environ Pollut. 2023 
Dec 1:338:122688.

10.1016/j.envpol.2023.122688 37816402 in vitro - - - - - - - - - - 1 0 0.1 nM-10 µM 1 - - - - - - - - - - - - - -

統合_1834 J. Ma, N. Y. Wang, R. Jagani and H. S. Wang 2023

Proarrhythmic toxicity of low dose 
bisphenol A and its analogs in 
human iPSC-derived cardiomyocytes 
and human cardiac organoids 
through delay of cardiac 
repolarization

Bisphenol A (BPA) and its analogs are common environmental chemicals with many potential adverse health effects. The impact of environmentally relevant low dose BPA on human heart, including cardiac electrical 
properties, is not understood. Perturbation of cardiac electrical properties is a key arrhythmogenic mechanism. In particular, delay of cardiac repolarization can cause ectopic excitation of cardiomyocytes and malignant 
arrhythmia. This can occur as a result of genetic mutations (i.e., long QT (LQT) syndrome), or cardiotoxicity of drugs and environmental chemicals. To define the impact of low dose BPA on electrical properties of 
cardiomyocytes in a human-relevant model system, we examined the rapid effects of 1 nM BPA in human induced pluripotent stem cell-derived cardiomyocytes (hiPSC-CMs) using patch-clamp and confocal fluorescence 
imaging. Acute exposure to BPA delayed repolarization and prolonged action potential duration (APD) in hiPSC-CMs through inhibition of the hERG K(+) channel. In nodal-like hiPSC-CMs, BPA acutely increased pacing 
rate through stimulation of the I(f) pacemaker channel. Existing arrhythmia susceptibility determines the response of hiPSC-CMs to BPA. BPA resulted in modest APD prolongation but no ectopic excitation in baseline 
condition, while rapidly promoted aberrant excitations and tachycardia-like events in myocytes that had drug-simulated LQT phenotype. In hiPSC-CM-based human cardiac organoids, the effects of BPA on APD and 
aberrant excitation were shared by its analog chemicals, which are often used in "BPA-free" products, with bisphenol AF having the largest effects. Our results reveal that BPA and its analogs have repolarization delay-
associated pro-arrhythmic toxicity in human cardiomyocytes, particularly in myocytes that are prone to arrhythmias. The toxicity of these chemicals depends on existing pathophysiological conditions of the heart, and may 
be particularly pronounced in susceptible individuals. An individualized approach is needed in risk assessment and protection.

Chemosphere. 2023 
Jul:328:138562.

10.1016/j.chemosphere.2023.1385
62

37004823 in vitro - - - - - - - - - - 1 0 1 nM 1 - - - - - - - - - - - - - -

統合_1835 J. Ma, L. Ross, C. Grube and H. S. Wang 2024

Toxicity of low dose bisphenols in 
human iPSC-derived cardiomyocytes 
and human cardiac organoids - 
Impact on contractile function and 
hypertrophy

Bisphenol A (BPA) and its analogs are common environmental chemicals with various adverse health impacts, including cardiac toxicity. In this study, we examined the long term effect of low dose BPA and three common 
BPA analogs, bisphenol S (BPS), bisphenol F (BPF), and bisphenol AF (BPAF), in human induced pluripotent stem cell-derived cardiomyocytes (hiPSC-CMs) based models. HiPSC-CMs and human cardiac organoids were 
exposed to these chemicals for 4-5 or 20 days. 1 nM BPA, BPS, and BPAF, but not BPF, resulted in suppressed myocyte contractility, retarded contraction kinetics, and aberrant Ca(2+) transients in hiPSC-CMs. In 
cardiac organoids, BPAF and BPA, but not the other bisphenols, resulted in suppressed contraction and Ca(2+) transients, and aberrant contraction kinetics. The order of toxicities was BPAF > BPA>~BPS > BPF and the 
toxicities of BPAF and BPA were more pronounced under longer exposure. The impact of BPAF on myocyte contraction and Ca(2+) handling was mediated by reduction of sarcoplasmic reticulum Ca(2+) load and inhibition 
of L-type Ca(2+) channel involving alternation of Ca(2+) handling proteins. Impaired myocyte Ca(2+) handling plays a key role in cardiac pathophysiology and is a characteristic of cardiac hypertrophy; therefore we 
examined the potential pro-hypertrophic cardiotoxicity of these bisphenols. Four to five day exposure to BPAF did not cause hypertrophy in normal hiPSC-CMs, but significantly exacerbated the hypertrophic phenotype in 
myocytes with existing hypertrophy induced by endothelin-1, characterized by increased cell size and elevated expression of the hypertrophic marker proBNP. This pro-hypertrophic cardiotoxicity was also occurred in 
cardiac organoids, with BPAF having the strongest toxicity, followed by BPA. Our findings demonstrate that long term exposures to BPA and some of its analogs cause contractile dysfunction and abnormal Ca(2+) 
handling, and have potential pro-hypertrophic cardiotoxicity in human heart cells/tissues, and suggest that some bisphenol chemicals may be a risk factor for cardiac hypertrophy in human hearts.

Chemosphere. 2024 
Apr:353:141567.

10.1016/j.chemosphere.2024.1415
67

38417488 in vitro - - - - - - - - - - 1 0 1 nM 1 - - - - - - - - - - - - - -

統合_1836 J. Ma, P. J. Niklewski and H. S. Wang 2023

Acute exposure to low-dose 
bisphenol A delays cardiac 
repolarization in female canine heart 
- Implication for proarrhythmic 
toxicity in large animals

Bisphenol A (BPA) is a common environmental chemical with a range of potential adverse health effects. The impact of environmentally-relevant low dose of BPA on the electrical properties of the hearts of large animals 
(e.g., dog, human) is poorly defined. Perturbation of cardiac electrical properties is a key arrhythmogenic mechanism. In particular, delay of ventricular repolarization and prolongation of the QT interval of the 
electrocardiogram is a marker for the risk of malignant arrhythmias. We examined the acute effect of 10(-9) M BPA on the electrical properties of female canine ventricular myocytes and tissues. BPA rapidly delayed 
action potential repolarization and prolonged action potential duration (APD). The dose response curve of BPA on APD was nonmonotonic. BPA rapidly inhibited the I(Kr) K(+) current and I(CaL) Ca(2+) current. 
Computational modeling indicated that the effect of BPA on APD can be accounted for by its suppression of I(Kr). At the tissue level, BPA acutely prolonged the QT interval in 4 left ventricular wedges. ERβ signaling 
contributed to the acute effects of BPA on ventricular repolarization. Our results demonstrate that BPA has QT prolongation liability in female canine hearts. These findings have implication for the potential proarrhythmic 
cardiac toxicity of BPA in large animals.

Food Chem Toxicol. 
2023 Feb:172:113589.

10.1016/j.fct.2022.113589 36584932 in vitro - - - - - - - - - - 1 0 10−9 M 1 - - - - - - - - - - - - - -

統合_1837 M. Lv, S. Chen, H. Qin, Y. Wang, Y. Liu, R. Liu, 
L. Chen, G. Qu and G. Jiang 2025

Transformation of Bisphenols by 
Gut Microbiota: Insights into 
Species-Specific Pathways and 
Toxicity Implications

The widespread use of bisphenols (BPs) in consumer products has raised significant concerns regarding their environmental fate and potential health impacts. The metabolic processes and transformation products (TPs) 
of BPs in vivo play a crucial role in determining their toxicological effects, with the gut microbiota serving as a key factor. However, studies on transformation of BPs by GM are scarce. In this study, we investigated the 
transformation of 21 BPs by six human gut bacterial strains in vitro. Among these, bisphenol A-glycerol methacrylate (Bis-GMA) was significantly transformed by different bacteria, and eight species-specific TPs were 
identified, including acetylated, ester-hydrolyzed, and palmitoylated products. In vivo studies further confirmed that Bis-GMA was converted into bisphenol A bis (2,3-dihydroxypropyl) ether (Bis-HPPP), the same product 
identified in vitro. Bis-HPPP exhibited a lower cytotoxicity than Bis-GMA in cytotoxicity assays. Furthermore, compared to Bis-HPPP, Bis-GMA induced more severe damage to human intestinal organoid function, including 
effects on apoptosis, cell proliferation, and the expression of key biomarkers. Overall, our findings provide valuable insights into the species-specific transformation of environmental contaminants by a human GM, 
highlighting the important role of microbial transformation in modulating toxicity of environmental pollutants.

Environ Sci Technol. 
2025 Aug 
12;59(31):16227-16239.

10.1021/acs.est.5c01820 40717277 動物、in vitro ADME 1 1 1 0 0 0 - - - 1 0 不明 1 1 - 1 - - - - - - - - - - -

統合_1838

B. Lucendo-Villarin, P. Nell, B. Hellwig, P. Filis, 
D. Feuerborn, P. J. O'Shaughnessy, P. Godoy, J. 
Rahnenführer, J. G. Hengstler, A. Cherianidou, 
A. Sachinidis, P. A. Fowler and D. C. Hay

2020

Genome-wide expression changes 
induced by bisphenol A, F and S in 
human stem cell derived 
hepatocyte-like cells

The debate about possible adverse effects of bisphenol A (BPA) has been ongoing for decades. Bisphenol F (BPF) and S (BPS) have been suggested as "safer" alternatives. In the present study we used hepatocyte-like 
cells (HLCs) derived from the human embryonic stem cell lines Man12 and H9 to compare the three bisphenol derivatives. Stem cell-derived progenitors were produced using an established system and were exposed to 
BPA, BPF and BPS for 8 days during their transition to HLCs. Subsequently, we examined cell viability, inhibition of cytochrome P450 (CYP) activity, and genome-wide RNA profiles. Sub-cytotoxic, inhibitory concentrations 
(IC(50)) of CYP3A were 20, 9.5 and 25 µM for BPA, BPF and BPS in Man12 derived HLCs, respectively. The corresponding concentrations for H9-derived HLCs were 19, 29 and 31 µM. These IC(50) concentrations were 
used to study global expression changes in this in vitro study and are higher than unconjugated BPA in serum of the general population. A large overlap of up- as well as downregulated genes induced by the three bisphenol 
derivatives was seen. This is at least 28-fold higher compared to randomly expected gene expression changes. Moreover, highly significant correlations of expression changes induced by the three bisphenol derivatives 
were obtained in pairwise comparisons. Dysregulated genes were associated with reduced metabolic function, cellular differentiation, embryonic development, cell survival and apoptosis. In conclusion, no major 
differences in cytochrome inhibitory activities of BPA, BPF and BPS were observed and gene expression changes showed a high degree of similarity.

Excli j Vol.19 Pages 
1459-1476

10.17179/excli2020-2934 33312107 in vitro - - - - - - - - - - 1 0 1-100µM - - - - - - - - - - - - - - -

統合_1839 Y. Lu, R. Yang, N. Yin and F. Faiola 2021

In vivo and in vitro transcriptomics 
meta-analyses reveal that BPA may 
affect TGF-beta signaling regardless 
of the toxicology system employed

Bisphenol A (BPA) is a high-production-volume monomer for the manufacture of a wide variety of polycarbonate plastics and resins. Evidence suggests BPA can induce carcinogenesis, reproductive toxicity, abnormal 
inflammatory or immune response, and developmental disorders of the brain or nervous system. However, whether BPA affects the very same basic molecular processes in all the in vivo and in vitro systems employed to 
exert its molecular mechanisms of toxicity remains to be clarified. In this study, we collected multi-source global transcriptomics datasets for BPA-exposed organisms and cells, and evaluated the adverse effects of BPA 
by using data integration and gene functional enrichment analyses. We found that BPA may affect basic cellular processes, such as cell growth, survival, proliferation, differentiation, and apoptosis, independent of species 
and specific in vivo or in vitro systems. Mechanistically, BPA could regulate cell-extra cellular matrix interactions via challenging TGF-beta signaling pathways. Furthermore, we compared our in vitro BPA-dependent 
mouse embryoid body (EB) global differentiation transcriptomics with all the other datasets. We verified the EB-based toxicological system could recapitulate several in vivo and other in vitro findings very efficiently, and 
in a less time- and resource-consuming fashion. Taken together, this study emphasizes the utility of meta-analyses to understand common molecular mechanisms of toxicity of synthetic chemicals.

Environ Pollut Vol.285 
Pages 117472

10.1016/j.envpol.2021.117472 34082367 in vitro - - - - - - - - - - 0 0 0 - - - - - - - - - - - - - - -

統合_1840 X. Lu, M. Li, C. Wu, C. Zhou, J. Zhang, Q. Zhu 
and T. Shen 2019

Bisphenol A promotes macrophage 
proinflammatory subtype 
polarization via upregulation of IRF5 
expression in vitro

Exposure to environmental endocrine-disrupting chemical Bisphenol-A (BPA) is closely associated with an imbalance of immune homeostasis, but the underlying mechanisms are not fully understood. In the present study, 
the effects of BPA on the polarization of mouse peritoneal macrophages were investigated in vitro. Environmentally relevant low concentrations of BPA treatment under M1 type polarization conditions increased the 
number of M1 subtype macrophages, the gene expression of M1 phenotypic marker CD11c and the activity and gene expression of M1 functional marker iNOS, as well as the production of pro-inflammatory cytokines. 
However, The same dose BPA treatment under M2 type polarization conditions reduced the number of M2 subtype macrophages, the gene expression of M2 phenotypic marker CD206 and the activity and gene expression 
of M2 functional marker Arg-1, along with the production of anti-inflammatory cytokines. We also identified that the expression of transcription factor IRF5 was upregulated by BPA exposure in M1 macrophages under M1 
type polarization conditions. Our results demonstrate that BPA promotes macrophage polarization toward proinflammatory M1 subtype and M1 activity, associated with upregulated expression of IRF5, while BPA inhibits 
macrophage toward anti-inflammatory M2 subtype polarization. These findings provide new insight into the link between exposure to BPA and impairment of immune functions.

Toxicol In Vitro. 2019 
Oct:60:97-106.

10.1016/j.tiv.2019.05.013 31108126 in vitro - - - - - - - - - - 1 0 不明 1 - - - - - - - - - - - - - -

統合_1841

S. J. Lozano-Herrera, G. Luna-Bárcenas, R. G. 
Guevara-González, R. Campos-Vega, J. C. Solís-
Sáinz, A. G. Hernández-Puga and H. A. Vergara-
Castañeda

2022

Fermentation Extract of Naringenin 
Increases the Expression of 
Estrogenic Receptor β and 
Modulates Genes Related to the p53 
Signalling Pathway, miR-200c and 
miR-141 in Human Colon Cancer 
Cells Exposed to BPA

The estrogenic receptor beta (ERβ) protects against carcinogenesis by stimulating apoptosis. Bisphenol A (BPA) is related to promoting cancer, and naringenin has chemoprotective activities both can bind to ERβ. 
Naringenin in the colon is metabolized by the microbiota. Cancer involves genetic and epigenetic mechanisms, including miRNAs. The objective of the present study was to evaluate the co-exposure effect of colonic in 
vitro fermented extract of naringenin (FEN) and BPA, to elucidate molecular effects in HT-29 colon cancer cell line. For this, we quantified genes related to the p53 signaling pathway as well as ERβ, miR-200c, and miR-
141. As an important result, naringenin (IC50 250 µM) and FEN (IC50 37%) promoted intrinsic pathways of apoptosis through phosphatase and tensin homolog (PTEN) (+2.70, +1.72-fold, respectively) and CASP9 (+3.99, 
+2.03-fold, respectively) expression. BPA decreased the expression of PTEN (-3.46-fold) gene regulated by miR-200. We suggest that once co-exposed, cells undergo a greater stress forcing them to mediate other 
extrinsic apoptosis mechanisms associated with death domain FASL. In turn, these findings are related to the increase of ERβ (5.3-fold with naringenin and 13.67-fold with FEN) gene expression, important in the 
inhibition of carcinogenic development.

Molecules Vol.27 Issue 
19

10.3390/molecules27196588 36235125 in vitro - - - - - - - - - - 1 0 4.4 µM - - - - - - - - - - - - - - -

統合_1842 B. Loup, E. Poumerol, L. Jouneau, P. A. Fowler, 
C. Cotinot and B. Mandon-Pépin 2022

BPA disrupts meiosis I in oogonia by 
acting on pathways including cell 
cycle regulation, meiosis initiation 
and spindle assembly

The negative in utero effects of bisphenol A (BPA) on female reproduction are of concern since the ovarian reserve of primordial follicles is constituted during the fetal period. This time-window is difficult to access, 
particularly in humans. Animal models and explant culture systems are, therefore, vital tools for investigating EDC impacts on primordial germ cells (PGCs). Here, we investigated the effects of BPA on prophase I meiosis 
in the fetal sheep ovary. We established an in vitro model of early gametogenesis through retinoic acid (RA)-induced differentiation of sheep PGCs that progressed through meiosis. Using this system, we demonstrated 
that BPA (3 ×10(-7) M & 3 ×10(-5) M) exposure for 20 days disrupted meiotic initiation and completion in sheep oogonia and induced transcriptomic modifications of exposed explants. After exposure to the lowest 
concentrations of BPA (3 ×10(-7) M), only 2 probes were significantly up-regulated corresponding to NR2F1 and TMEM167A transcripts. In contrast, after exposure to 3 × 10(-5) M BPA, 446 probes were deregulated, 
225 were down- and 221 were up-regulated following microarray analysis. Gene Ontology (GO) annotations of differentially expressed genes revealed that pathways mainly affected were involved in cell-cycle phase 
transition, meiosis and spindle assembly. Differences in key gene expression within each pathway were validated by qRT-PCR. This study provides a novel model for direct examination of the molecular pathways of 
environmental toxicants on early female gametogenesis and novel insights into the mechanisms by which BPA affects meiosis I. BPA exposure could thereby disrupt ovarian reserve formation by inhibiting meiotic 
progression of oocytes I and consequently by increasing atresia of primordial follicles containing defective oocytes.

Reprod Toxicol Vol.111 
Pages 166-177

10.1016/j.reprotox.2022.06.001 35667523 in vitro - - - - - - - - - - 1 0 3×10（-7）Mおよび3×10（-5）M - - - - - - - - - - - - - - -
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統合_1843
A. López-Moreno, C. Carbonne, C. Kropp, D. 
Rios-Covian, F. Pepke, P. Langella, M. Aguilera 
and R. Martin

2024
Characterisation of potential anti-
inflammatory next-generation 
probiotics resistant to bisphenol A

The world is witnessing an increasing incidence of chronic non-communicable diseases (NCDs), such as inflammatory bowel disease (IBD), a group of complex gastrointestinal disorders characterised by inflammation. It 
is believed that environmental factors, such as exposure to pollutants and endocrine-disrupting chemicals (i.e. bisphenol A [BPA]), are playing a role in IBD pathophysiology. New research suggests a potential treatment 
solution: next-generation probiotic (NGP) strains isolated from human gut microbiota that can biodegrade xenobiotics and thus possibly modulate IBD triggered by these xenobiotics. In this study, we hypothesised that 
specific BPA-tolerant bacteria would exhibit beneficial, anti-inflammatory properties that could counter the effects of BPA exposure and concomitantly reduce colitis severity. We observed that two such strains, Bacillus 
sp. AM1 and Paeniclostridium sp., exhibited potential anti-inflammatory properties in vitro and in vivo. First, these bacteria were able to decrease the secretion of interleukin (IL)-8 cytokines by HT-29 cells that had been 
exposed to the proinflammatory cytokine tumour necrosis factor (TNF)-α. Second, when treated with Bacillus sp. AM1 and Paeniclostridium sp. (this latter had a stronger reducing effect on inflammatory markers), mice 
with chemically induced colitis displayed lower levels of colon damage, monocyte chemotactic protein 1 (MCP-1), lipocalin-2 (LCN-2), and proinflammatory cytokines (IL-1β and IL-6). Future research should clarify the 
underlying mechanisms at play and identify potential strategies for counteracting the systemic effects of IBD, including those exacerbated by BPA exposure. Our results suggest that one such strategy could be treatment 
with BPA-tolerant bacteria that possess anti-inflammatory properties.

Benef Microbes. 2024 
Sep 27;16(1):91-107.

10.1163/18762891-bja00041 39353590 in vitro - - - - - - - - - - 不明 0 不明 1 - - - - - - - - - - - - - -

統合_1844 M. Longo, F. Zatterale, J. Naderi, C. Nigro, F. 
Oriente, P. Formisano, C. Miele and F. Beguinot 2020

Low-dose Bisphenol-A Promotes 
Epigenetic Changes at Pparγ 
Promoter in Adipose Precursor Cells

Exposure to endocrine-disrupting chemicals such as Bisphenol-A (BPA) is associated with an increase in obesity prevalence. Diet is the primary cause of human exposure to this contaminant. BPA promotes obesity by 
inducing adipocyte dysfunction and altering adipogenesis. Contradictory evidence and unanswered questions are reported in the literature concerning the BPA effects on adipogenesis. To clarify this issue, we tested the 
effects of prolonged low-dose BPA exposure on different phases of adipogenesis in committed 3T3L1 and uncommitted NIH3T3 preadipocytes. Our findings show that BPA effects on the adipogenesis are mediated by 
epigenetic mechanisms by reducing peroxisome proliferator-activated receptor gamma (Pparγ) promoter methylation in preadipocytes. Nevertheless, in BPA-exposed 3T3L1, Pparγ expression only transiently increases 
as lipid accumulation at day 4 of differentiation, without altering the adipogenic potential of the precursor cells. In the absence of differentiation mix, BPA does not make the 3T3L1 an in vitro model of spontaneous 
adipogenesis and the effects on the Pparγ expression are still limited at day 4 of differentiation. Furthermore, BPA exposure does not commit the NIH3T3 to the adipocyte lineage, although Pparγ overexpression is more 
evident both in preadipocytes and during the adipocyte differentiation. Interestingly, termination of the BPA exposure restores the Pparγ promoter methylation and inflammatory profile of the 3T3L1 cells. This study 
shows that BPA induces epigenetic changes in a key adipogenic gene. These modifications are reversible and do not affect preadipocyte commitment and/or differentiation. We identify an alternative transcriptional 
mechanism by which BPA affects gene expression and demonstrate how the challenge of preventing exposure is fundamental for human health.

Nutrients. 2020 Nov 
13;12(11):3498.

10.3390/nu12113498 33203037 in vitro - - - - - - - - - - 1 0 1 nM 1 - - - - - - - - - - - - - -

統合_1845 N. Loganathan, E. K. McIlwraith and D. D. 
Belsham 2021

Bisphenol A Induces Agrp Gene 
Expression in Hypothalamic Neurons 
through a Mechanism Involving 
ATF3

BACKGROUND: Bisphenol A (BPA) is a ubiquitous endocrine disrupting chemical and obesogen. Although limited evidence exists of the effects of BPA on hypothalamic agouti-related peptide (AgRP) levels, the 
mechanisms underlying these effects remain unknown. Given that AgRP is a potent orexigenic neuropeptide, determining the mechanism by which BPA increases AgRP is critical to preventing the progression to metabolic 
disease. METHODS: Using quantitative reverse transcriptase polymerase chain reaction, we investigated the response of Agrp-expressing mouse hypothalamic cell lines to BPA treatment. The percentage of total BPA 
entering hypothalamic cells in culture was quantified using an enzyme-linked immunosorbent assay. In order to identify the mechanism underlying BPA-mediated changes in Agrp, siRNA knockdown of transcription 
factors, FOXO1, CHOP, ATF3, ATF4, ATF6, and small-molecule inhibitors of endoplasmic reticulum stress, JNK or MEK/ERK were used. RESULTS: BPA increased mRNA levels of Agrp in six hypothalamic cell lines 
(mHypoA-59, mHypoE-41, mHypoA-2/12, mHypoE-46, mHypoE-44, and mHypoE-42). Interestingly, only 18% of the total BPA in the culture medium entered the cells after 24 h, suggesting that the exposure concentration 
is much lower than the treatment concentration. BPA increased pre-Agrp mRNA levels, indicating increased Agrp transcription. Knockdown of the transcription factor ATF3 prevented BPA-mediated increase in Agrp, pre-
Agrp, and in part Npy mRNA levels. However, chemical chaperone, sodium phenylbutyrate, JNK inhibitor, SP600125, or the MEK/ERK inhibitor PD0352901 did not block BPA-induced Agrp upregulation. CONCLUSION: 
Overall, these results indicate that hypothalamic Agrp is susceptible to dysregulation by BPA and implicate ATF3 as a common mediator of the orexigenic effects of BPA in hypothalamic neurons.

Neuroendocrinology. 
2021;111(7):678-695.

10.1159/000509592 32575098 in vitro - - - - - - - - - - 不明 0 不明 1 - - - - - - - - - - - - - -

統合_1846 N. Loganathan, E. K. McIlwraith and D. D. 
Belsham 2020

BPA Differentially Regulates NPY 
Expression in Hypothalamic Neurons 
Through a Mechanism Involving 
Oxidative Stress

Bisphenol A (BPA), a ubiquitous endocrine-disrupting chemical, interferes with reproduction and is also considered an obesogen. The neuropeptide Y (NPY) neurons of the hypothalamus control both food intake and 
reproduction and have emerged as potential targets of BPA. These functionally diverse subpopulations of NPY neurons are differentially regulated by peripheral signals, such as estrogen and leptin. Whether BPA also 
differentially alters Npy expression in subpopulations of NPY neurons, contributing to BPA-induced endocrine dysfunction is unclear. We investigated the response of 6 immortalized hypothalamic NPY-expressing cell 
lines to BPA treatment. BPA upregulated Npy mRNA expression in 4 cell lines (mHypoA-59, mHypoE-41, mHypoA-2/12, mHypoE-42), and downregulated Npy in 2 lines (mHypoE-46, mHypoE-44). This differential 
expression of Npy occurred concurrently with differential expression of estrogen receptor mRNA levels. Inhibition of G-protein coupled estrogen receptor GPR30 or estrogen receptor β prevented the BPA-mediated 
decrease in Npy, whereas inhibition of energy sensor 5' adenosine monophosphate-activated protein kinase (AMPK) with compound C prevented BPA-induced increase in Npy. BPA also altered neuroinflammatory and 
oxidative stress markers in both mHypoA-59 and mHypoE-46 cell lines despite the differential regulation of Npy. Remarkably, treatment with BPA in an antioxidant-rich media, Neurobasal A (NBA), or with reactive oxygen 
species scavenger tauroursodeoxycholic acid mitigated the BPA-induced increase and decrease in Npy. Furthermore, 2 antioxidant species from NBA-N-acetylcysteine and vitamin B6-diminished the induction of Npy in 
the mHypoA-59 cells, demonstrating these supplements can counteract BPA-induced dysregulation in certain subpopulations. Overall, these results illustrate the differential regulation of Npy by BPA in neuronal 
subpopulations, and point to oxidative stress as a pathway that can be targeted to block BPA-induced Npy dysregulation in hypothalamic neurons.

Endocrinology Vol.161 
Issue 11

10.1210/endocr/bqaa170 32960947 in vitro - - - - - - - - - - 1 0 50 µM, 25 µM, and 10 µM - - - - - - - - - - - - - - -

統合_1847
V. Lloyd, M. Morse, B. Purakal, J. Parker, P. 
Benard, M. Crone, S. Pfiffner, M. Szmyd and S. 
Dinda

2019
Hormone-Like Effects of Bisphenol 
A on p53 and Estrogen Receptor 
Alpha in Breast Cancer Cells

Bisphenol A (BPA) is a polymerizing agent commonly found in plastics that has been linked to xenoestrogenic activity. In this study, we analyzed the estrogen-like effects of BPA on the expression of estrogen receptor 
(ER)α and p53 with hormonal and antihormonal treatments in T-47D and MCF-7 cells. Cells were cultured in medium containing 5% charcoal-stripped fetal bovine serum for 6 days to deplete any endogenous steroids or 
effectors. The cells were then treated for 24 h with 600 nM BPA, which was determined to be the optimal value by a concentration study of BPA from 1 nM to 2 μM. Extracted cellular proteins were quantified and 
subjected to sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE)/Western blot analysis. The cell proliferation assays were quantified upon exposure to BPA. Laser confocal microscopy was performed 
to determine the cytolocalization of p53 and ERα upon treatment with BPA. Western blot analysis revealed that BPA caused an increase in the cellular protein p53 in a concentration-dependent manner. While treatment 
with BPA did not affect the cytolocalization of p53, an increase in cell proliferation was observed. Our studies provide interesting leads to delineate the possible mechanistic relationship among BPA, ER, and tumor 
suppressor proteins in breast cancer cells.

Biores Open Access. 
2019 Oct 31;8(1):169-
184.

10.1089/biores.2018.0048 31681507 in vitro - - - - - - - - - - 1 0 1 nM‒2 µM 1 - - - - - - - - - - - - - -

統合_1848 Y. Liu, Y. Yao, W. Tao, F. Liu, S. Yang, A. Zhao, 
D. Song and X. Li 2021

Coenzyme Q10 ameliorates BPA-
induced apoptosis by regulating 
autophagy-related lysosomal 
pathways

Bisphenol A (BPA) is a widely distributed environmental endocrine disruptor. The accumulation of BPA has been proved that produce various toxic effects both on human and animals. However, the strategies to reduce the 
damage of BPA on the body and related mechanisms remain to be studied. Coenzyme Q10 (CoQ10), as a powerful antioxidant, is ubiquitous in many eukaryotic cells, which can improve the integrity of lysosomal 
membrane, lysosomal degradation function and promote autophagy. Here, we examined the ability of CoQ10 to alleviate oxidative stress and apoptosis in BPA-induced damages in C2C12 cells, and how to alleviate it. Our 
results showed that BPA treatment significantly reduced cell viability, increased the number of cell apoptosis and ROS production, decreased mitochondrial membrane potential, and inhibited the gene expression of 
mitochondria biogenesis. Moreover, we demonstrated that exposure to BPA increased expression levels of autophagy protein (LC3-II, p62), inhibited autophagy flux, and disrupted the acidic pH environment of lysosomes. 
Importantly, CoQ10 supplementation effectively restored these abnormalities caused by BPA. CoQ10 significantly decreased the apoptotic incidence and ROS levels, improved mitochondrial membrane potential. Moreover, 
CoQ10 improved lysosome function and enhanced autophagy flux. Taken together, our results indicate that CoQ10 supplementation is a feasible and effective way to promote the level of autophagy by improving lysosomal 
function, thereby reducing the apoptosis caused by BPA accumulation. This study aims to provide evidence for the role of CoQ10 in repairing BPA-induced cell damage in clinical practice.

Ecotoxicol Environ Saf. 
2021 Sep 
15:221:112450.

10.1016/j.ecoenv.2021.112450 34186417 in vitro - - - - - - - - - - 1 0 不明 1 - - - - - - - - - - - - - -

統合_1849

X. Liu, H. Sakai, M. Nishigori, K. Suyama, T. 
Nawaji, S. Ikeda, M. Nishigouchi, H. Okada, A. 
Matsushima, T. Nose, M. Shimohigashi and Y. 
Shimohigashi

2019
Receptor-binding affinities of 
bisphenol A and its next-generation 
analogs for human nuclear receptors

An endocrine-disrupting chemical Bisphenol A (BPA) binds specifically to a nuclear receptor (NR) named ERRγ. Although the importance of receptor-binding evaluation for human NRs is often stressed, the binding 
characteristics of so-called next-generation (NextGen) bisphenol compounds are still poorly understood. The ultimate objective of this investigation was to evaluate BPA and its NextGen analogs for their abilities to bind 
to 21 human NRs, the greatest members of NRs for which tritium-labeled specific ligands were available. After establishing the detailed assay conditions for each NR, the receptor binding affinities of total 11 bisphenols 
were evaluated in competitive binding assays. The results clearly revealed that BPA and the NextGen bisphenols of BPAF, BPAP, BPB, BPC, BPE, and BPZ were highly potent against one or more of NRs such as CAR, ER
α, ERβ, ERRγ, and GR, with IC(50) values of 3.3-73 nM. These bisphenols were suggested strongly to be disruptive to these NRs. BPM and BPP also appeared to be disruptive, but less potently. BPF exhibited only weak 
effects and only against estrogen-related NRs. Surprisingly, most doubtful bisphenol BPS was supposed not to be disruptive. The NRs to which BPA and NextGen bisphenols did not bind were RARα, RARβ, RARγ, and 
VDR. PPARγ, RORα, RORβ, RORγ, RXRα, RXRβ, and RXRγ, exhibited very weak interaction with these bisphenols. The ten remaining NRs, namely, ERRγ, ERβ, ERα, CAR, GR, PXR, PR, AR, LXRβ, and LXRα, 
showed distinctly strong binding to some bisphenols in this order, being likely to have consequential endocrine-disruption effects.

Toxicol Appl Pharmacol. 
2019 Aug 
15:377:114610.

10.1016/j.taap.2019.114610 31195007 in vitro - - - - - - - - - - 1 0 不明 1 - - - - - - - - - - - - - -

統合_1850 X. Liu, M. Park, S. C. Beitel, I. J. Lopez-Prieto, N. 
Z. Zhu, X. Z. Meng and S. A. Snyder 2021

Exploring the genotoxicity triggers in 
the MP UV/H(2)O(2)-chloramination 
treatment of bisphenol A through 
bioassay coupled with non-targeted 
analysis

Bisphenol A (BPA) is a well-known xenoestrogen, and UV/H(2)O(2) advanced oxidation process (AOP) is one of the most effective technologies to remove BPA from water. Using BPA spiked tap water, a batch-scale 
photochemical experiment was conducted to investigate whether BPA can pose a genotoxicity concern during the medium pressure (MP) UV/H(2)O(2) treatment and the post-chloramination. Samples at different UV 
exposure and post-chloramination durations were collected and analyzed by CALUX® gene reporter assays regarding estrogen receptor α (ERα) and p53 transcriptional activity. MP UV/H(2)O(2) process did not cause 
extra estrogenic effects from the degradation of BPA, whereas genotoxicity occurred when the treated water was exposed with monochloramine. Seven frequently reported nitrogenous disinfection byproducts (N-DBPs) 
were detected, but none of them were responsible for the observed genotoxicity. Employed with gas chromatography-quadrupole time-of-flight mass spectrometry (GC-QTOF-MS), four compounds possibly contributed to 
the genotoxicity were tentatively identified and two of them with aminooxy- or cyano- group were considered as "new" N-DBPs. This study demonstrated that by-products differ from their parent compounds in toxicity can 
be formed in the UV oxidation with post-disinfection process, which should become a cause for concern.

Sci Total Environ. 2021 
May 15:769:145218.

10.1016/j.scitotenv.2021.145218 33736268 in vitro - - - - - - - - - - 1 1 不明 1 - - - - - - - - - - - - - -

統合_1851 S. Liu, L. Zhang, Y. Liu, L. Wang and C. Quan 2023
[The role of PERK-eIF2α-ATF4-
CHOP pathway in the apoptosis of 
TM4 cells induced by bisphenol A]

OBJECTIVE: To investigate the effects of bisphenol A(BPA) on the proliferation and apoptosis of mouse testicular sertoli cells(TM4 cells) and the role of PERK-eIF2α-ATF4-CHOP pathway. METHODS: TM4 cells were 
treated with different concentrations of BPA(0, 25, 50, 100 μmol/L) and 100 μmol/L BPA combined with protein kinase R-like ER kinase(PERK) inhibitor GSK2656157 for 24 h, and the apoptosis of TM4 cells was 
observed by TUNEL staining. The expression levels of Bax, Bcl-2, cleaved Caspase-3, GRP78 and PERK-eIF2α-ATF4-CHOP pathway-related proteins were detected by Western blot. RESULTS: The apoptosis rate of 
TM4 cells in 25, 50 and 100 μmol/L BPA exposed groups was increased to 3.31%±0.34%, 7.51%±1.10% and 14.58%±0.91%, respectively, which was significantly higher than that in control group(0.73%±0.03%, 
P&lt;0.05). Compared with the control group(1.00), cleaved Caspase-3 protein expression of TM4 cells in the 25, 50 and 100 μmol/L BPA exposed groups increased to 1.49±0.11, 1.59±0.12, 2.42±0.24, respectively; the 
ratio of Bax/Bcl-2 increased to 2.06±0.19, 3.94±0.034, 6.14±0.71, respectively; the protein expression of GRP78 increased to 1.29±0.06, 1.39±0.06, 1.92±0.17, respectively; the expression of p-PERK protein was 
increased to 1.64±0.03, 2.52±0.09, 2.80±0.11, respectively; the expression of p-eIF2α protein was increased to 1.79±0.05, 2.48±0.10, 4.77±0.32, respectively; ATF4 protein expression was increased to 2.51±0.03, 
3.24±0.14 and 7.45±0.51, respectively; CHOP protein expression was increased to 1.44±0.01, 3.20±0.11 and 3.80±0.11, respectively, and all the differences were statistically significant(P&lt;0.05). Compared to 100 μ
mol/L BPA group, the expression level of p-PERK, p-eIF2α, ATF4, CHOP, cleaved Caspase-3 protein and the ratio of Bax/Bcl-2 in 100 μmol/L BPA+10 μmol/L GSK2656157 group were decreased to 2.17±0.11, 1.81±
0.13, 1.71±0.23, 2.18±0.22, 1.43±0.03, 2.22±0.13, respectively; the apoptosis rate of TM4 cells was also decreased to 7.28%±0.47%, all the differences were statistically significant(P&lt;0.05). CONCLUSION: BPA can 
induce apoptosis of TM4 cells by activating endoplasmic reticulum stress and regulating PERK-eIF2α-ATF4-CHOP pathway.

Wei Sheng Yan Jiu 
Vol.52 Issue 4 Pages 
591-597

10.19813/j.cnki.weishengyanjiu.20
23.04.012

37679073 in vitro - - - - - - - - - - 1 0 25、50、100 µmol/L - - - - - - - - - - - - - - -

統合_1852 Q. Liu, W. Shao, Z. Weng, X. Zhang, G. Ding, C. 
Xu, J. Xu, Z. Jiang and A. Gu 2020

In vitro evaluation of the hepatic 
lipid accumulation of bisphenol 
analogs: A high-content screening 
assay

Bisphenol A (BPA) has a variety of adverse effects on human health; therefore, BPA analogs are increasingly used as replacements. Notably, recent studies have revealed that BPA exposure induced hepatic lipid 
accumulation, but few studies are available regarding the similar effects of other bisphenol analogues (BPs). Thus, in the present study, a high-content screening (HCS) assay was performed to simultaneously evaluate 
the hepatic lipid accumulation of 13 BPs in vitro. The BPs induced lipid deposition in HepG2 cells ranking as below: 4,4'-thiodiphenol (TDP) < bisphenol S (BPS) < 4,4'-dihydroxybenzophenone (DHBP) < 
tetrabromobisphenol A (TBBPA) < tetrachlorobisphenol A (TCBPA) < bisphenol E (BPE) < bisphenol F (BPF) < bisphenol B (BPB) < bisphenol AF (BPAF) < bisphenol A (BPA) < bisphenol C (BPC) < tetramethylbisphenol 
A (TMBPA) < bisphenol AP (BPAP). Meanwhile, Oil Red O staining and triacylglycerol detection further validated the lipid accumulation elicited by the latter 8 BPs, which exhibited the more significant effects on lipid 
deposition. Mechanistically, significantly increased expressions of genes involved in fatty acid synthesis and nuclear receptors and decreased levels of genes associated with fatty acid β-oxidation were observed under 
BPs treatment. Therefore, the present work is the first to systematically provide direct evidence for BPs-induced hepatic lipid accumulation in vitro via HCS, which can be helpful for safety assessments of BPs.

Toxicol In Vitro. 2020 
Oct:68:104959.

10.1016/j.tiv.2020.104959 32763284 in vitro - - - - - - - - - - 1 0 不明 1 - - - - - - - - - - - - - -

統合_1853 M. Liu, S. Jia, T. Dong, F. Zhao, T. Xu, Q. Yang, J. 
Gong and M. Fang 2020

Metabolomic and Transcriptomic 
Analysis of MCF-7 Cells Exposed to 
23 Chemicals at Human-Relevant 
Levels: Estimation of Individual 
Chemical Contribution to Effects

BACKGROUND: Humans are constantly being exposed to various xenobiotics at relatively low concentrations. To date, limited evidence is available to ascertain whether a complex xenobiotic mixture at human-relevant 
levels causes any health effect. Moreover, there is no effective method to pinpoint the contribution of each chemical toward such an effect. OBJECTIVES: This study aims to understand the responses of cells to a mixture 
containing 23 xenobiotics at human-relevant levels and develop a feasible method to decipher the chemical(s) that contribute significantly to the observed effect. METHODS: We characterized the metabolome and 
transcriptome of breast cancer cells (MCF-7) before and after exposure to the mixture at human-relevant levels; preexposure levels were derived from existing large-scale biomonitoring data. A high-throughput 
metabolomics-based "leave-one-out" method was proposed to understand the relative contribution of each component by comparing the metabolome with and without the particular chemical in the mixture. RESULTS: The 
metabolomic analysis suggested that the mixture altered metabolites associated with cell proliferation and oxidative stress. For the transcriptomes, gene ontology terms and pathways including "cell cycle," "cell 
proliferation," and "cell division" were significantly altered after mixture exposure. The mixture altered genes associated with pathways such as "genotoxicity" and "nuclear factor erythroid 2-related factor 2 (Nrf2)." 
Through joint pathways analysis, metabolites and genes were observed to be well-aligned in pyrimidine and purine metabolisms. The leave-one-out results showed that many chemicals made their contributions to 
specific metabolic pathways. The overall metabolome pattern of the absence of 2,4-dihyroxybenzophenone (DHB) or bisphenol A (BPA) showed great resemblance to controls, suggesting their higher relative contribution 
to the observed effect. DISCUSSION: The omics results showed that exposure to the mixture at human-relevant levels can induce significant in vitro cellular changes. Also, the leave one out method offers an effective 
approach for deconvoluting the effects of the mixture. https://doi.org/10.1289/EHP6641.

Environ Health Perspect 
Vol.128 Issue 12 Pages 
127008

10.1289/ehp6641 33325755 in vitro - - - - - - - - - - 0 0 - - - - - - - - - - - - - - - -

統合_1854 J. Liu, L. Yu, L. Castro, Y. Yan, P. Bushel, E. 
Scappini and D. Dixon 2024

Induction of fibrosis following 
exposure to bisphenol A and its 
analogues in 3D human uterine 
leiomyoma cultures

Bisphenol A (BPA) and its analogues (BPAF, BPS) are ubiquitous environmental contaminants used as plastic additives in various daily life products, with many concerns on their role as environmental estrogens. Uterine 
leiomyomas (fibroids) are highly prevalent gynecologic tumors with progressive fibrosis. Fibroids are hormone-responsive and may be the target of environmental estrogens. However, the effects of BPA, BPAF, and BPS 
exposure on uterine fibrosis are largely unknown. Here, we evaluated fibrosis and the crucial role of TGF-beta signaling in human fibroid tumors, the profibrotic effects of BPA, BPAF or BPS in a human 3D uterine 
leiomyoma (ht-UtLM) in vitro model, and the long-term outcomes of BPAF exposure in rat uterus. In 3D ht-UtLM spheroids, BPA, BPAF, and BPS all promoted cell proliferation and fibrosis by increasing the production of 
extracellular matrices. Further mechanistic analysis showed the profibrotic effects were induced by TGF-beta signaling activation mainly through SMAD2/3 pathway and crosstalk with multiple non-SMAD pathways. 
Furthermore, the profibrotic effects of BPAF were supported by observation of uterine fibrosis in vivo in rats following long-term BPAF exposure. Overall, the 3D ht-UtLM spheroid can be an important model for 
investigating environment-induced fibrosis in uterine fibroids. BPA and its analogues can induce fibrosis via TGF-beta signaling.

J Hazard Mater Vol.476 
Pages 134772

10.1016/j.jhazmat.2024.134772 38901254 in vitro - - - - - - - - - - 1 0 10-6〜200µM - - - - - - - - - - - - - - -

統合_1855 J. Liu, C. Ou, X. Zhu, C. Tan, X. Xiang and Y. He 2020

Potential role of CFTR in bisphenol 
A-induced malignant transformation 
of prostate cells via mitochondrial 
apoptosis

Bisphenol A (BPA) is an environmental endocrine disruptor and a risk factor for prostate cancer. The cystic fibrosis transmembrane conductance regulator (CFTR) is proposed to be a prostate cancer suppressor in some 
recent researches. However, the potential role and mechanism of CFTR in BPA-induced prostate cancer cells has not been well identified. In this study, BPA decreased the viability of human normal prostate RWPE-1 cells 
detected with a CCK-8 kit. The capacity of the cell line on soft agar colony formation, wound healing, and transwell invasion indicated malignant transformation induced by BPA. Western blot analysis demonstrated that 
the levels of CFTR and Bcl-2 decreased, whereas Bax level increased, and ELISA detection showed a decreased ATP level in BPA-exposed cells. Cell apoptosis was analyzed with Annexin V-FITC Detection Kit by flow 
cytometry. However, no significant difference was observed in cell viability and apoptosis rates compared to normal RWPE-1 cells. Our research revealed a potential role of CFTR in BPA-induced malignant transformation 
via mitochondrial apoptosis of normal prostate cells.

Toxicol Ind Health. 2020 
Aug;36(8):531-539.

10.1177/0748233720943750 32729384 in vitro - - - - - - - - - - 不明 0 不明 1 - - - - - - - - - - - - - -
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統合_1856 H. Liu, H. Jin, G. Kim and J. Bae 2021

A low dose of bisphenol A 
stimulates estradiol production by 
regulating β-catenin-FOXL2-
CYP19A1 pathway in human ovarian 
granulosa cells

Bisphenol A (BPA) is a well-known endocrine-disrupting chemical that interferes with normal steroid hormone production in various species. However, the underlying mechanism of the effect of BPA on steroid production 
in the human ovary is not well understood. In the present study, we found that BPA, at very low concentrations (10(-11) to 10(-8) M), significantly increased the expression of FOXL2, a transcriptional factor essential for 
proper ovarian development and function, in a human ovarian granulosa cell-derived cell line (KGN). Furthermore, BPA enhanced CYP19A1 (aromatase) expression levels and estradiol (E2) production, but these effects 
were not observed in FOXL2 knockout (KO) cells. In addition, we found that BPA upregulates β-catenin (CTNNB1) and stimulates nuclear translocation of CTNNB1, leading to transcriptional activation of FOXL2 mRNA. 
Furthermore, BPA failed to induce CYP19A1 and E2 production in CTNNB1-silenced KGN cells. Thus, we reveal a comprehensive molecular signaling cascade encompassing BPA-CTNNB1-FOXL2-CYP19A1-E2 that 
contributes to the endocrine-disrupting activities of BPA in human ovarian granulosa cells.

Biochem Biophys Res 
Commun. 2021 Dec 
17:583:192-198.

10.1016/j.bbrc.2021.10.070 34749236 in vitro - - - - - - - - - - 1 0 10（-11）〜10（-8）M 1 - - - - - - - - - - - - - -

統合_1857 C. Litton, P. Benny, L. Lambertini, Y. Ma, J. Riel, 
R. Weingrill, J. Urschitz, J. Chen and M. J. Lee 2024

Epigenetic Changes in the HTR8 
and 3A-sub E placental Cell Lines 
Exposed to Bisphenol A and Benzyl 
Butyl Phthalate

OBJECTIVE: Bisphenol A and phthalate are known endocrine disruptors and capable of inducing epigenetic changes in the human population. However, their impact on the placenta is less well studied. Our objective was 
to measure the effect of exposure to bisphenol A and benzyl butyl phthalate in first-trimester HTR8-SVneo and third-trimester 3A-sub E trophoblast cells by profiling the DNA methylation pattern of the imprinting control 
region of the IGF2 (insulin-like growth factor) and H19 genes. METHODS: Human placental HTR8-SVneo and 3A-sub E cell lines were treated with two sub-lethal concentrations of bisphenol A and benzyl butyl phthalate. 
Demethylating agent, 5-azacytidine, was used as a positive control. Cells were harvested on post-treatment days 1 and 4. The methylation profile of six CpG dinucleotide sites, part of the CTCF 6 binding site of the 
IGF2/H19 imprinting control region, was determined by pyrosequencing. RESULTS: In the first-trimester HTR8-SVneo cell line, we observed a significant increased methylation of the CpG sites 3, 4 when treated with a 
high concentration of bisphenol A or benzyl butyl phthalate while increased methylation at site 6 for both high and low dose treatment on day 4. Demethylation of the CpG sites 1, 4, and 6 was observed when treated with 
5-azacytidine on day 4. In the third-trimester 3A-sub E cell line, no significant changes in the methylation profile were observed under any treatment conditions. CONCLUSIONS: The results of this study demonstrate the 
capability of epigenetic changes in human placenta cells induced by bisphenol A and benzyl butyl phthalate. The observed methylation changes only in the first-trimester HTR8-SVneo cells phthalate may reflect a window 
of epigenetic susceptibility related to these environmental toxicants.

Toxics. 2024 Sep 
9;12(9):659.

10.3390/toxics12090659 39330587 in vitro - - - - - - - - - - 1 1 1, 100 nM 1 - - - - - - - - - - - - - -

統合_1858 F. Ling, W. Xie, X. Kui, Y. Cai, M. He and J. Ma 2025
miR-141-3p inhibited BPA-induced 
proliferation and migration of lung 
cancer cells through PTGER4

The chemical substance bisphenol A (BPA) is widely used in household products, and its effect on human health has frequently been the focus of research. The aim of this study was to explore the potential molecular 
regulatory mechanism of BPA on the proliferation and migration of lung cancer cells. In this study, the H1299 and A549 lung cancer cell lines were selected as the study objects. The cells were treated with different 
concentrations of BPA (0, 0.1, 1, or 10 μM), and cell viability, proliferation, and migration were evaluated by CCK-8, EdU, clonogenic, and scratch test assays. Western blotting and RT‒qPCR were used to detect the 
expression of related proteins and genes. Our findings indicated that BPA markedly enhanced both the proliferation and migration capacities of lung cancer cells. In BPA-treated lung cancer cells, the level of miR-141-3p 
was decreased, PTGER4 expression was significantly increased, and PTGER4 knockdown reduced BPA-induced lung cancer cell proliferation and migration. In addition, miR-141-3p can target and negatively regulate the 
expression of PTGER4 and further inhibit PI3K/AKT signaling pathway activation and MMPs expression. Moreover, PTGER4 overexpression weakened the inhibitory effect of the miR-141-3p mimic on the proliferation and 
migration of lung cancer cells. In conclusion, miR-141-3p can inhibit the proliferation and migration of BPA-induced lung cancer cells by downregulating PTGER4, providing a new potential target for the treatment and 
prevention of lung cancer. SUPPLEMENTARY INFORMATION: The online version contains supplementary material available at 10.1007/s10616-024-00692-5.

Cytotechnology. 2025 
Feb;77(1):28.

10.1007/s10616-024-00692-5 39741890 in vitro - - - - - - - - - - 1 0 0.1、1、10 µM 1 - - - - - - - - - - - - - -

統合_1859 T. C. Lin, K. H. Wang, K. H. Chuang, A. P. Kao 
and T. C. Kuo 2021

Downregulation of gap junctional 
intercellular communication and 
connexin 43 expression by bisphenol 
A in human granulosa cells

Gap junctional intercellular communication (GJIC) is the transfer of ions, metabolites, and second messengers between neighboring cells through intercellular junctions. Connexin 43 (Cx43) was found to be the type of gap 
junction protein responsible for human granulosa cells (GCs) and oocyte communication, which is required for folliculogenesis and oocyte maturation. Bisphenol A (BPA), an estrogenic-like endocrine-disrupting chemical, 
is one of the most widely produced chemicals around the world. There are reports that the chemical might cause endometrial tumorigenesis and several female reproductive disorders. This study demonstrated that cell 
culture medium, containing antioxidants (N-acetyl-l-cysteine and l-ascorbic acid-2-phosphate), was able to enhance the survival and self-renewal of GCs. In addition, we found that BPA at environmentally relevant 
concentration (10(-7)  M) reduced Cx43 expression and GJIC in GCs through estrogen receptor and mitogen-activated protein kinase pathways. The results of this study not only reveal the reproductive toxicity of BPA but 
also provide possible mechanisms by which BPA inhibited GJIC in GCs.

Biotechnol Appl 
Biochem. 2021 
Jun;68(3):676-682.

10.1002/bab.1979 32610363 in vitro - - - - - - - - - - 1 0 10-7 M 1 - - - - - - - - - - - - - -

統合_1860 J. Lin, L. Deng, M. Sun, Y. Wang, S. Lee, K. Choi 
and X. Liu 2021

An in vitro investigation of endocrine 
disrupting potentials of ten 
bisphenol analogues

The endocrine disruption potency of BPA was reported elsewhere, but the mechanisms of its analogues have not been fully resolved. In this study, endocrine disruption potentials of nine alternative bisphenol analogues, 
namely 2,2-bis(4-hydroxyphenyl)butane (BPB), 2,2-Bis(4-hydroxy-3-methylphenyl)propane (BPC), 4,4'-dihydroxydiphenylmethane (BPF), 4,4'-(1,3-Phenylene diisopropylidene)bisphenol (BPM), 4,4'-(1,4-
phenylenediisopropylidene)bisphenol (BPP), 4,4'- sulfonyldiphenol (BPS), 4,4' cyclohexylidenebisphenol (BPZ), 4,4' (hexafluoroisopropylidene)-diphenol (BPAF) and 4,4'-(1-phenylethylidene)bisphenol (BPAP), plus 2,2-
bis(4-hydroxyphenyl)propane (BPA) were investigated by H295R cell and MVLN cell bioassays. In the H295R cell assay, the endpoints included hormone production and key genes for steroidogenesis (CYP11A, CYP17, 
CYP19 and 3βHSD2) or metabolism sulfotransferase (SULT1A1, SULT2A1 and SULT2B1) at the molecular level. The results indicated that except for BPP or BPAF, the eight other bisphenols significantly increased the 
E2/T ratio. In addition, BPB, BPF and BPS significantly up-regulate CYP19 gene expression, and only BPB significantly reduced sulfotransferase gene expression. In the MVLN luciferase gene reporter assay, seven 
bisphenols induced luciferase activity alone, and are 10(4) to 10(8)-fold less potent than E2. Their nuclear ERα binding activity is in the order of BPAF > BPZ > BPP > BPB > BPA > BPF > BPS. In summary, all nine tested 
bisphenols showed endocrine toxicity through different mechanisms. Some had similar potency as BPA, but some had even higher potency. Further research is necessary to evaluate the toxicity of these potential BPA 
substitutes.

Steroids. 2021 
May:169:108826.

10.1016/j.steroids.2021.108826 33753083 in vitro - - - - - - - - - - 1 0 不明 1 - - - - - - - - - - - - - -

統合_1861 S. R. Lim, D. W. Kim, J. Sung, T. H. Kim, C. H. 
Choi and S. J. Lee 2021

Astaxanthin Inhibits Autophagic Cell 
Death Induced by Bisphenol A in 
Human Dermal Fibroblasts

Astaxanthin, a natural antioxidant carotenoid, is a nutrient with diverse health benefits, given that it decreases the risk of oxidative stress-related diseases. In the present study, we investigate the functional role of 
astaxanthin during autophagic cell death induced by the estrogenic endocrine-disrupting chemical bisphenol A (BPA) in normal human dermal fibroblasts (NHDF). BPA significantly induced apoptotic cell death and 
autophagy in NHDF. Autophagic cell death evoked by BPA was significantly restored upon a treatment with astaxanthin (10 μM) via the inhibition of intracellular reactive oxygen species (ROS) production. Astaxanthin 
inhibited the phosphorylation of extracellular signal-regulated kinases (ERK) stimulated by ROS production, but it did not influence the activation of c-Jun N-terminal kinase (JNK) and p38 mitogen-activated protein kinase 
(MAPK) in BPA-treated NHDF. Astaxanthin abrogated the ERK-mediated activation of nuclear factor-kappa B (NF-κB), which is responsible for the mRNA expression of LC3-II, Beclin-1, Atg12, and Atg14 during 
apoptotic cell death induced by BPA. These results indicate that astaxanthin is a pharmacological and nutritional agent that blocks the skin fibroblastic autophagic cell death induced by BPA in human dermal fibroblasts.

Antioxidants (Basel). 
2021 Aug 11;10(8):1273.

10.3390/antiox10081273 34439521 in vitro - - - - - - - - - - 1 0 0.1〜50 µM 1 - - - - - - - - - - - - - -

統合_1862 Y. Liang, Q. Jiang, Y. Gong, Y. Yu, H. Zou, J. 
Zhao, T. Zhang and J. Zhang 2023

In vitro and in silico assessment of 
endocrine disrupting effects of food 
contaminants through pregnane X 
receptor

As a promiscuous xenobiotic receptor, pregnane X receptor (PXR) has been confirmed to participate in numerous physiological process. In addition to the conventional estrogen/androgen receptor, PXR also serves as an 
alternative target for environmental chemical contaminants. In this work, the PXR-mediated endocrine disrupting effects of typical food contaminants were explored. Firstly, the time-resolved fluorescence resonance 
energy transfer assays confirmed the PXR binding affinities of 2,2',4,4',5,5'-hexachlorobiphenyl, bis(2-ethylhexyl) phthalate, dibutyl phthalate, chlorpyrifos, bisphenol A, and zearalenone, with IC50 values ranging from 1.88 
to 4284.00 nM. Then their PXR agonist activities were assessed by PXR-mediated CYP3A4 reporter gene assays. Subsequently, the regulation of gene expressions of PXR and its targets CYP3A4, UGT1A1, and MDR1 by 
these compounds was further investigated. Intriguingly, all the tested compounds interfered with these gene expressions, confirming their endocrine disrupting effects via PXR-mediated signaling. The compound-PXR-
LBD binding interactions were explored by molecular docking and molecular dynamics simulations to unravel the structural basis of their PXR binding capacities. The weak intermolecular interactions are key players in 
stabilizing these compound-PXR-LBD complexes. During the simulation process, 2,2',4,4',5,5'-hexachlorobiphenyl remained stable while the other 5 compounds underwent relatively severe disturbances. In conclusion, 
these food contaminants might exhibit endocrine disrupting effects via PXR.

Food Chem Toxicol. 
2023 May:175:113711.

10.1016/j.fct.2023.113711 36893891 in vitro - - - - - - - - - - 1 0 不明 1 - - - - - - - - - - - - - -

統合_1863 X. Liang, N. Yin, S. Liang, R. Yang, S. Liu, Y. Lu, 
L. Jiang, Q. Zhou, G. Jiang and F. Faiola 2020

Bisphenol A and several derivatives 
exert neural toxicity in human 
neuron-like cells by decreasing 
neurite length

Bisphenol A (BPA) and its derivatives, including bisphenols S (BPS), F (BPF), E (BPE), B (BPB), Z (BPZ), and AF (BPAF), are widely used in consumer products. Moreover, they are typically detected in the environment, 
food, and humans. Previous studies have linked BPA to several health risks, but it is still unclear whether BPA replacements are safe. In this study, we developed an in vitro model based on human embryonic stem cells 
(hESCs) to explore the potential neural toxicity of these compounds. We observed that the bisphenols affected the viability of hESCs and hESC-derived neural stem cells (NSCs) at high concentrations, with BPS being the 
least cytotoxic and BPAF the strongest cytotoxic compound. At human-relevant concentrations, the bisphenols did not significantly interfere with gene expression and protein levels during hESC differentiation into the 
neural epithelium, as well as during specification of neuron-like cells from NSCs. Nevertheless, monitoring of cell morphology changes indicated that exposure to BPA and its derivatives impaired neurite length in neuron-
like cells. Thus, our findings provide insights into the molecular mechanisms of bisphenol-dependent neurotoxicity at low nanomolar levels and support the view that BPA substitutes may not be sufficiently safe for 
widespread use as industrial chemicals.

Food Chem Toxicol. 
2020 Jan:135:111015.

10.1016/j.fct.2019.111015 31812737 in vitro - - - - - - - - - - 1 0 不明 1 - - - - - - - - - - - - - -

統合_1864 X. Liang, R. Yang, N. Yin and F. Faiola 2021

Evaluation of the effects of low 
nanomolar bisphenol A-like 
compounds' levels on early human 
embryonic development and lipid 
metabolism with human embryonic 
stem cell in vitro differentiation 
models

The widely used chemical bisphenol A (BPA) has been associated with several health effects. In recent years, many derivatives were developed to replace BPA although without thorough toxicological evaluation. Here, we 
employed a human embryoid body (EB)-based in vitro global differentiation and hepatic specification models, followed by RNA-seq analyses, to comprehensively study the potential developmental toxicity of six BPA 
replacements (BPS, BPF, BPZ, BPB, BPE, and BPAF), as compared to BPA. We found that those bisphenols may disrupt lineage commitment and lipid metabolism during early embryonic development. These effects mostly 
manifested via the dysregulation of HOX and APO family genes. Moreover, among the seven bisphenols analyzed, BPE seemed to have the mildest effects.

J Hazard Mater. 2021 
Apr 5:407:124387.

10.1016/j.jhazmat.2020.124387 33172680 in vitro - - - - - - - - - - 1 0 100 nM 1 - - - - - - - - - - - - - -

統合_1865 N. Liang, W. Song and J. Li 2024
BPA promotes lung fibrosis in mice 
by regulating autophagy-dependent 
ferroptosis in alveolar epithelial cells

BACKGROUND: Bisphenol A (BPA) is an industrial chemical that is commonly found in daily consumer products. BPA is reportedly associated with lung diseases. However, the impact of BPA on pulmonary fibrosis (PF) 
and its possible mechanisms of action both remain unclear. METHODS: A PF mouse model was induced by bleomycin (BLM). Mouse lung fibroblasts (MLG 2908) and mouse alveolar epithelial cells (MLE-12) were treated 
with BPA to establish a PF cell model. Tissue staining, CCK-8 assays, western blot experiments and relevant indicator kits were used to detect and evaluate the effect of BPA on PF. RESULTS: BPA dose-dependently 
promoted oxidative stress and induced ferroptosis, leading to PF. The ferroptosis inhibitor Fer-1 partly attenuated the effect of BPA. In addition, among the two main cell types associated with the progression of PF, 
MLE-12 cells are more sensitive to BPA than are MLG 2908 cells, and BPA induces ferroptosis in MLE-12 cells. Furthermore, BPA promoted autophagy-mediated ferroptosis by activating the AMPK/mTOR signaling 
pathway, thereby exacerbating the progression of PF. The autophagy inhibitor CQ1 partly attenuated the effect of BPA. CONCLUSION: BPA promotes the progression of PF by promoting autophagy-dependent ferroptosis 
in alveolar epithelial cells, which provides a new theoretical basis for understanding BPA-induced PF.

Ecotoxicol Environ Saf 
Vol.278 Pages 116412

10.1016/j.ecoenv.2024.116412 38691879 in vitro - - - - - - - - - - 0 0 不明 - - - - - - - - - - - - - - -

統合_1866 B. Liang, J. Chen, L. Wang, L. Zhang, S. Huang, 
Y. Zhou, M. Ni, L. Zhang, X. Lv and X. Li 2024

Mode of action exploration for 
prostate epithelial cell injury caused 
by bisphenol A

Bisphenol A (BPA) is a typical food chemical contaminant with various detrimental effects, especially on reproductive system. Male prostate damage is also one of its major adverse health effects, of which mode of action 
(MOA) remains unclear. This study aims to explore the MOA for prostate toxicity of BPA using human normal prostate epithelial cell RWPE-1 for 28-day human-relevant-level exposure. A physiological based 
pharmacokinetic model was used to determine the concentration of BPA based on the actual oral exposure in China. The possible key events were identified by high-throughput transcriptome sequencing and validated by 
qPCR, Western blot and cell cycle assay, and the benchmark concentration analysis were conducted. The enriched KEGG pathways include the endocytosis, cell cycle, cellular senescence, MAPK and TNF signaling 
pathways. With increasing BPA concentrations, the increased mRNA and/or protein expressions of MAPKAPK2, c-JUN and c-fos in the MAPK signaling pathway, the increased mRNA expressions of CCND1 and CDKN1A, 
the decreased mRNA expression of CDC25C, the increased proportion of G0/G1 phase and S phase, as well as the decreased proportion of G2/M phase, were observed. The lowest value of benchmark concentration 
lower confidence limit (BMCL) was retrieved from G2/M phase ratio, with 110.580 and 175.862 nM for BMCL(5) and BMCL(10), respectively, much higher than the male gonad maximum concentration of 0.019 nM of BPA 
at the current exposure level of adult Chinese males. In conclusion, the MOA of BPA induced male prostatic toxicity at human-relevant levels may include: key event (KE)1-MAPK signaling pathway activation, KE2-
disorder of cell cycle regulatory gene expression (increased expression of CCND1 and CDKN1A, decreased expression of CDC25C), and KE3-disturbance of cell cycle (increased proportion of G0/G1 and S phases, 
decreased proportion of G2/M phases). However, more studies are needed to validate and complete the MOA.

Ecotoxicol Environ Saf. 
2024 Nov 1:286:117228.

10.1016/j.ecoenv.2024.117228 39442252 in vitro - - - - - - - - - - 1 0 不明 1 - - - - - - - - - - - - - -

統合_1867 Z. Li, H. Yin, Y. Shen, M. Ren and X. Xu 2021

The influence of phenolic 
environmental estrogen on the 
transcriptome of uterine leiomyoma 
cells: A whole transcriptome 
profiling-based analysis

OBJECTIVE: The study aimed to recognize potential molecular targets and signal pathways whereby phenolic environmental estrogen promotes the proliferation of uterine leiomyoma cells. METHODS: Primary cultured cell 
lines of uterine leiomyoma were treated with 0.1% DMSO, 10.0μmol/L Bisphenol A (BPA), and 32.0μmol/L Nonylphenol (NP) for 48 h before RNA-seq was performed. Those genes affected by BPA and NP were 
identified. Then, Gene Ontology (GO) enrichment, Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway enrichment, and Protein-protein Interaction (PPI) analysis were performed. Quantitative real-time 
polymerase chain reaction (q-PCR) and western blot were used to verify the differentially expressed gene and protein. RESULTS: Compared to with the control group, 739 differentially expressed genes were identified in 
both the BPA group and the NP group. GO enrichment analysis showed that the most enriched GO terms were connective tissue development and G1/S transition of mitotic cell cycle, and extracellular matrix. The results 
of KEGG enrichment analysis showed that differentially expressed mRNA were enriched mainly in three primary pathways, including environmental information processing, human diseases, and cellular processes. The cell 
cycle, PI3K-Akt signaling pathway are significantly enriched. The q-PCR and western blot verified the cell cycle associated genes and proteins were upregulated in both BPA group and NP group. Both BPA and NP 
activated the PI3K-AKT signaling pathway. CONCLUSION: Phenolic environmental estrogens may promote the proliferation and cell cycle progression of uterine leiomyoma cells through rapid non-genomic ER signaling, 
which leads to disordered cell cycle regulation and accelerates the transition of the cell cycle from G0/G1 phase to S phase. In addition, as an external stimulant, phenolic estrogen promotes the upregulation of 
inflammatory factors in uterine leiomyomas.

Ecotoxicol Environ Saf 
Vol.211 Pages 111945

10.1016/j.ecoenv.2021.111945 33516137 in vitro - - - - - - - - - - 1 0 10.0 µmol/L - - - - - - - - - - - - - - -

統合_1868 Z. Li, T. Xu, X. Fan, K. Chen, C. Wan, X. Li, H. 
Yin and S. Li 2023

Bisphenol A aggravate selenium 
deficiency-induced apoptosis via 
miR-215-3p/Dio1 to activate 
ROS/PI3K/AKT pathway in chicken 
arterial

Both bisphenol A (BPA) and selenium (Se) deficiency can affect the expression of microRNAs (miRNAs), which can specifically regulate its target mRNA and induce apoptosis, and play a significant role in cardiovascular 
injury diseases. To explore the mechanism of apoptosis induced by BPA and Se deficiency in chicken arterial endothelial tissue and the role of miRNAs in this process, the model of BPA exposure/Se deficiency in chicken 
and PAEC cells have been employed. The targeting relationship between miR-215-3p and iodothyronine deiodinase 1 (Dio1) in PAEC was verified by double luciferase gene report. The level of miR-215-3p was detected by 
qRT-PCR. The oxidative stress level of arterial endothelial cells was detected by oxidative stress kit and DCFH-DA probe method. The PI3K/AKT pathway, mitochondrial dynamics, and apoptosis-related genes were 
detected by qRT-PCR and western blot. The mitochondrial ATP level and nitric oxide synthases (NOSs) level were detected with the kit. TUNEL, acridine orange/ethidium bromide, and flow cytometry were used to detect 
the level of apoptosis. The results showed that BPA exposure and Se deficiency led to overexpression of miR-215-3p, aggravated oxidative stress, inhibited activation of PI3K/AKT pathway, promoted mitochondrial 
division, increased expression of apoptosis related genes, and finally led to apoptosis of chicken arterial endothelial cells. We also established knockdown/overexpression models of miR-215-3p and Dio1 in vitro, and 
found that overexpression of miR-215-3p and knockout of Dio1 can induce apoptosis. Interestingly, miR-215-3p-Inhibitor and N-acetyl- l-cysteine (NAC) partially prevented apoptosis caused by BPA exposure and Se 
deficiency, and LY294002 aggravated apoptosis. These results suggest that BPA exposure aggravates the apoptosis of Se deficient arterial endothelial cells in chickens by regulating the ROS/PI3K/AKT pathway activated 
by miR-215-3p/Dio1. The miR-215-3p/Dio1 axis provides a new way to understand the toxic mechanism of BPA exposure and Se deficiency, and reveals a new regulatory model of apoptosis damage in vascular diseases.

J Cell Physiol. 2023 
Jun;238(6):1256-1274.

10.1002/jcp.31007 37012668 in vitro - - - - - - - - - - 1 0 不明 1 - - - - - - - - - - - - - -
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CLARITY
-BPA

 適格性評価（動物）1：該当、0：該当しない  適格性評価（疫学）1：該当、0：該当しない  適格性評価（in vitro）1：該当、0：該当しない

適格性評価はタイトル及び要旨の情報に基づ
き可能な範囲で実施。明らかに適格性基準不
適合と判断されるもの以外を信頼性評価へ進
め、信頼性評価段階で原著に基づき精査。

引⽤評価機関
●：該当

統合_1869 Z. Li, Y. Ren, X. Li and W. Wang 2023

KDM2A interacts with estrogen 
receptor α to promote bisphenol A 
and S-induced breast cancer cell 
proliferation by repressing TET2 
expression

As a recognized endocrine disruptor in the environment targeting estrogen receptors (ERs), Bisphenol A (BPA) and its bisphenol S (BPS) analogs are involved in the development of breast cancer. Epigenetic modifications 
are crucial in many biological processes, and DNA hydroxymethylation (DNAhm) coupled with histone methylation is implicated in epigenetic machinery covering cancer occurrence. Our previous study indicated that 
BPA/BPS induces breast cancer cell (BCC) proliferation with enhanced estrogenic transcriptional activity and causes the change of DNAhm depending on ten-eleven translocation 2 (TET2) dioxygenase. Herein, we 
investigated the interplay of KDM2A-mediated histone demethylation with ER-dependent estrogenic activity (EA) and identified their function in DNAhm catalyzed by TET2 for ER-positive (ER(+)) BCC proliferation 
induced by BPA/BPS. We found that BPA/BPS-treated ER(+) BCCs presented increased KDM2A mRNA and protein levels but reduced TET2 and genomic DNAhm. Furthermore, KDM2A promoted H3K36me2 loss and 
suppressed TET2-dependent DNAhm by reducing its chromatin binding during BPA/BPS-induced cell proliferation. Results of Co-IP & ChIP assays suggested the direct interplay of KDM2A with ERα in multiple manners. 
KDM2A reduced the lysine methylation of ERα protein to increase its phosphorylated activation. On the other hand, ERα did not affect KDM2A expression, while KDM2A protein levels decreased after ERα deletion, 
indicating that ERα binding might maintain KDM2A protein stability. In conclusion, a potential feedback circuit of KDM2A/ERα-TET2-DNAhm was identified among ER(+) BCCs with significant effects on regulating 
BPA/BPS-induced cell proliferation. These insights advanced the understanding of the relationship between histone methylation, DNAhm, and cancer cell proliferation with EA attributed to BPA/BPS exposure in the 
environment.

Ecotoxicol Environ Saf. 
2023 Jun 
12:262:115132.

10.1016/j.ecoenv.2023.115132 37315367 in vitro - - - - - - - - - - 1 0 100 nM 1 - - - - - - - - - - - - - -

統合_1870 Z. Li, C. Lyu, Y. Ren and H. Wang 2020

Role of TET Dioxygenases and DNA 
Hydroxymethylation in Bisphenols-
Stimulated Proliferation of Breast 
Cancer Cells

BACKGROUND: Bisphenol A (BPA), a ubiquitous environmental endocrine disruptor targeting estrogen receptors (ERs), has been implicated in the promotion of breast cancer. Perinatal exposure of BPA could induce 
longitudinal alteration of DNA hydroxymethylation in imprinted loci of mouse blood cells. To date, no data has been reported on the effects of BPA on DNA hydroxymethylation in breast cells. Therefore, we asked whether 
BPA can induce DNA hydroxymethylation change in human breast cells. Given that dysregulated epigenetic DNA hydroxymethylation is observed in various cancers, we wondered how DNA hydroxymethylation modulates 
cancer development, and specifically, whether and how BPA and its analogs promote breast cancer development via DNA hydroxymethylation. OBJECTIVES: We aimed to explore the interplay of the estrogenic activity of 
bisphenols at environmental exposure dose levels with TET dioxygenase-catalyzed DNA hydroxymethylation and to elucidate their roles in the proliferation of ER+ breast cancer cells as stimulated by environmentally 
relevant bisphenols. METHODS: Human MCF-7 and T47D cell lines were used as ER-dependent breast cell proliferation models, and the human MDA-MB-231 cell line was used as an ER-independent breast cell model. 
These cells were treated with BPA or bisphenol S (BPS) to examine BPA/BPS-related proliferation. Ultra-high performance liquid chromatography-tandem mass spectrometry (UHPLC-MS/MS) and enzyme-linked 
immunosorbent assays (ELISAs) were used to detect DNA hydroxymethylation. Crispr/Cas9 and RNA interference technologies, quantitative polymerase chain reaction (qPCR), and Western blot analyses were used to 
evaluate the expression and function of genes. Co-immunoprecipitation (Co-IP), bisulfite sequencing-PCR (BSP), and chromatin immunoprecipitation-qPCR (ChIP-qPCR) were used to identify the interactions of target 
proteins. RESULTS: We measured higher proliferation in ER+ breast cancer cells treated with BPA or its replacement, BPS, accompanied by an ERα-dependent decrease in genomic DNA hydroxymethylation. The results 
of our overexpression, knockout, knockdown, and inhibition experiments suggested that TET2-catalyzed DNA hydroxymethylation played a suppressive role in BPA/BPS-stimulated cell proliferation. On the other hand, we 
observed that TET2 was negatively regulated by the activation of ERα (dimerized and phosphorylated), which was also induced by BPA/BPS binding. Instead of a direct interaction between TET2 and ERα, data of our Co-
IP, BSP, and ChIP-qPCR experiments indicated that the activated ERα increased the DNA methyltransferase (DNMT)-mediated promoter methylation of TET2, leading to an inhibition of the TET2 expression and DNA 
hydroxymethylation. CONCLUSIONS: We identified a new feedback circuit of ERα activation-DNMT-TET2-DNA hydroxymethylation in ER+ breast cancer cells and uncovered a pivotal role of TET2-mediated DNA 
hydroxymethylation in modulating BPA/BPS-stimulated proliferation. Moreover, to our knowledge, we for the first time established a linkage among chemical exposure, DNA hydroxymethylation, and tumor-associated 
proliferation. These findings further clarify the estrogenic activity of BPA/BPS and its profound implications for the regulation of epigenetic DNA hydroxymethylation and cell proliferation. https://doi.org/10.1289/EHP5862.

Environ Health 
Perspect. 2020 
Feb;128(2):27008.

10.1289/ehp5862 32105160 in vitro - - - - - - - - - - 1 0 10‒1,000 nM 1 - - - - - - - - - - - - - -

統合_1871
Z. Li, C. Chen, P. Ying, G. Ji-Jun, D. Lian-Jie, H. 
Dan, Z. Xuan-Min, G. Tian-Yue, Z. Chao and H. 
Jia-Hu

2023

Bisphenol A and its analogue 
bisphenol S exposure reduce 
estradiol synthesis via the ROS-
mediated PERK/ATF4 signaling 
pathway

As a kind of endocrine-disrupting chemicals, BPA may affect the human placenta. Due to consumer unease about BPA, many manufacturers are using alternatives to BPA, such as BPS. However, some reports suggest 
that BPS may produce similar results to BPA. To understand how BPA/BPS leads to reduced synthesis of placental estradiol (E2), we conducted studies using a human choriocarcinoma cell (JEG-3) model for research. In 
this study. Elisa assay revealed that both BPA/BPS exposures decreased E2 synthesis in JEG-3 cells. The results of RT-PCR showed that both BPA and BPS could reduce the mRNA expression of CYP19A1, a key enzyme 
for E2 synthesis in JEG-3 cells. In addition, Western blot assay showed that BPA/BPS-induced ER-stress PERK/eIF2α/ATF4 signaling protein expression was increased. The expression of ROS in cells after exposure to 
BPA/BPS was detected using the 2,7-dichlorodihydrofluorescein diacetate (DCF-DA) method. The results of this experiment showed that BPA/BPS significantly induced an inhibition of ROS in JEG-3 cells. The present 
study concluded that, firstly, BPS exposure induced almost the same effect as BPA in reducing E2 synthesis in JEG-3 cells. Second, BPA/BPS exposure may reduce E2 synthesis in JEG-3 cells by increasing ROS levels and 
thus activating endoplasmic reticulum stress.

Food Chem Toxicol 
Vol.182 Pages 114179

10.1016/j.fct.2023.114179 37944787 in vitro - - - - - - - - - - 1 0 50 µM - - - - - - - - - - - - - - -

統合_1872 Y. Li, H. Xu, Z. Ma, Q. Li, Y. Xiong, X. Xiong, J. 
Li, D. Lan and W. Fu 2024

Comprehensive cognition of yak 
(Bos grunniens) AIFM2 gene and its 
anti-ferroptosis role in bisphenol A-
induced fetal fibroblast model

Apoptosis-inducing factor mitochondrion-associated 2 (AIFM2) has been identified as a gene with anti-ferroptosis properties. To explore whether AIFM2 exerts anti-ferroptosis role in yaks (Bos grunniens), we cloned yak 
AIFM2 gene and analyzed its biological characteristics. The coding region of AIFM2 had 1122 bp and encoded 373 amino acids, which was conserved in mammals. Next, RT-qPCR results showed an extensive expression 
of AIMF2 in yak tissues. Furthermore, we isolated yak skin fibroblasts (YSFs) and established a bisphenol A (BPA)-induced ferroptosis model to further investigate the role of AIFM2. BPA elevated oxidative stress 
(reactive oxygen species, ROS) and lipid peroxidation (malondialdehyde, MDA and BODIPY), and reduced cell viability and antioxidant capacity (glutathione, GSH), with the severity depending on the dosage. Of note, a 
supplement of Ferrostatin-1 (Fer), an inhibitor of ferroptosis, restored the previously mentioned indicators. Subsequently, we constructed an AIFM2 overexpression vector and designed AIFM2 specific interfering siRNAs, 
which were transfected into YSFs. The results showed that overexpressing AIFM2 alleviated ferroptosis, characterizing by significant changes of cell viability, ROS, BODIPY, MDA and GSH. Meanwhile, interfering AIFM2 
aggravated ferroptosis, demonstrating the critical anti-ferroptosis role of the yak AIFM2 gene. This study shed light on further exploring the molecular mechanism of AIFM2 in plateau adaptability.

Anim Biotechnol Vol.35 
Issue 1 Pages 2377209

10.1080/10495398.2024.2377209 39037081 in vitro - - - - - - - - - - 1 0 100, 150, 200, and 250 µM - - - - - - - - - - - - - - -

統合_1873 Y. Li, S. Liu, F. Gao, Z. Peng, J. Zhang, S. Li, D. 
Lu and X. Pan 2023

BPA interferes with granulosa cell 
development and oocyte meiosis in 
mouse preantral follicles

Bisphenol A (BPA) is an established environmental endocrine disruptor and can interfere with the development of female germ cells. However, the underlying mechanisms are still unclear. We investigated the effects of 
BPA on granulosa cell development and meiosis of oocytes using in vitro culture system of mouse preantral follicles. Preantral follicles from D14 mouse ovary were treated with 10 μg/mL BPA in vitro for 11 days. The 
adherent area of follicles was measured. On D11, cumulus cell expansion was observed. The meiosis recovery rate was calculated. Western blot detected P53, proliferating cell nuclear antigen (PCNA), estrogen receptor 
α (ERα), and cyclin B1. ELISA measured estrogen and progesterone levels. Immunofluorescence detected Cx37 on oocyte membrane. Gap junction communication was assessed. We found that BPA significantly 
promoted the expressions of PCNA and ERα in granulosa cells and the secretion of estrogen and progesterone by granulosa cells on D10 and significantly increased the attachment area of the follicles on D8 and D10. 
However, it reduced the expansion of cumulus cells, Cx37 expression, and the gap junction communication between cumulus cells and oocytes on D11. BPA promoted the recovery of oocytes from meiosis, interrupted the 
expression of cyclin B1 protein in arrested germinal vesicle breakdown (GVBD) oocytes, and reduced the in vitro maturation rate of oocytes. These GVBD oocytes were live without apoptosis or death. Conclusively, BPA 
disturbs the development of granulosa cells and the meiosis progression of oocytes by decreasing gap junction communication between oocytes and the granulosa cells as well as regulating cyclin B1 expression in GVBD 
oocytes.

Exp Biol Med 
(Maywood) Vol.248 
Issue 13 Pages 1145-
1158

10.1177/15353702231179940 37452689 in vitro - - - - - - - - - - 1 0 10 µg/mL - - - - - - - - - - - - - - -

統合_1874 Y. Li, Z. Dong, S. Liu, F. Gao, J. Zhang, Z. Peng, 
L. Wang and X. Pan 2022

Astaxanthin improves the 
development of the follicles and 
oocytes through alleviating oxidative 
stress induced by BPA in cultured 
follicles

This study is to investigate whether astaxanthin could alleviate the oxidative stress damages of follicles induced by BPA and improve the development of the cultured follicles and oocytes. Compared with BPA group, the 
survival rate, antrum formation rate, oocyte maturation rate and adherence area of the D8 and D10 follicles of the BPA+Asta group were significantly higher. The estrogen and progesterone in the culture medium of 
BPA+Asta group were significantly higher. PCNA in D8 and D10 granulosa cells and ERα in D10 granulosa cells of follicles in BPA+Asta group were significantly higher. The levels of malondialdehyde in the follicle 
culture medium, levels of ROS in the oocytes, the expression levels of caspase 3 and cathepsin B in the oocytes of the BPA+Asta group were significantly lower. However, the mitochondrial membrane potential, and the 
expression levels of antioxidant genes (CAT, SOD1 and SOD2) and anti-apoptotic gene Bcl-2 in the oocytes in the BPA+Asta group were significantly higher. Astaxanthin improves the development of follicles and oocytes 
through increasing the antioxidant capacity of follicles and oocytes, and relieving the BPA-induced oxidative stress during follicular development and oocyte maturation.

Sci Rep. 2022 May 
12;12(1):7853.

10.1038/s41598-022-11566-1 35551214 in vitro - - - - - - - - - - 1 0 25 µmol/L or 2.5 nmol/L 1 - - - - - - - - - - - - - -

統合_1875 X. Li, M. Ni, W. Xiong, L. Tian, Z. Yang, L. Zhang 
and J. Chen 2022

Transcriptomics analysis and 
benchmark concentration 
estimating-based in vitro test with 
IOSE80 cells to unveil the mode of 
action for female reproductive 
toxicity of bisphenol A at human-
relevant levels

Bisphenol A (BPA) is of great concern in public health, of which female reproductive toxicity is one major adverse health effect with the unclear mode of action (MOA) yet. Based on the principle of Toxicity Testing in the 
21st Century, the purpose of this study is to explore the MOA for female reproductive toxicity using human normal ovarian epithelial cells IOSE80 at 28-day human-relevant-level exposure. A physiological based 
pharmacokinetic model was used to select the administration concentrations according to the BPA levels in female gonads at human actual exposure scenario. Enrichment KEGG pathways interrupted by BPA consisted of 
RNA transport, ribosome biogenesis in eukaryotes, cell cycle, cellular senescence, progesterone-mediated oocyte maturation, and oocyte meiosis. Increased relative mRNA and protein expressions of ERK and CDKN3, 
and proportion of S phase, as well as decreased proportion of G0/G1 phase were observed with increasing BPA concentrations, which could be partially inhibited by ERK inhibitor U0126. Among all the benchmark 
concentration lower confidence limits, mRNA expression of MAPK3 served as the lowest. In conclusion, the MOA of BPA induced female reproductive toxicity at human-relevant levels may include: key event (KE)1-ERK 
activation, KE2-increased expression of CDKN3, and KE3-cell cycle arrest. However, more in vivo studies may be needed to complete the MOA.

Ecotoxicol Environ Saf. 
2022 Jun 1:237:113523.

10.1016/j.ecoenv.2022.113523 35429799 in vitro - - - - - - - - - - 1 0 不明 1 - - - - - - - - - - - - - -

統合_1876 Q. Li and Z. Zhao 2019

Influence of N-acetyl-L-cysteine 
against bisphenol a on the 
maturation of mouse oocytes and 
embryo development: in vitro study

BACKGROUND: Bisphenol A (BPA), an endocrine disruptor, is a widely used chemical that has adverse effects on animal development and reproduction. The current research aimed to evaluate the effect of BPA on the in 
vitro maturation (IVM) and subsequent embryo development of mouse oocytes following in vitro fertilization (IVF). METHODS: IVM was performed in the presence of different concentrations (0, 20, 50, or 100 μg/mL) of 
BPA. Nuclear maturation, IVF efficiency and embryonic development were determined. The levels of reactive oxygen species (ROS) and glutathione (GSH) in the BPA (50 μg/mL) group were evaluated. We explored the 
ability of N-acetyl-L-cysteine (NAC) in the IVM medium to rescue the BPA-induced damage by examining changes in nuclear maturation, IVF rate, blastocyst formation, ROS levels and GSH content. RESULTS: Compared 
with the control, BPA (50 μg/mL) supplementation during oocyte IVM significantly inhibited nuclear maturation and decreased fertilization and blastocyst formation rates. In addition, BPA exposure increased ROS levels 
and decreased GSH content in oocytes. The addition of NAC weakened the BPA-induced suppression of nuclear maturation, relieved the BPA-induced downregulation of the fertilization and blastocyst formation rates, and 
mitigated the increased ROS levels and decreased GSH content. CONCLUSION: BPA affects mouse oocyte maturation and subsequent early embryonic developmental competence following IVF by increasing 
intracytoplasmic oxidative stress in mature oocytes. NAC can reduce these harmful effects to a certain extent.

BMC Pharmacol Toxicol 
Vol.20 Issue 1 Pages 43

10.1186/s40360-019-0323-9 31331389 in vitro - - - - - - - - - - 1 0 20、50、または 100 µg/mL - - - - - - - - - - - - - - -

統合_1877 M. Li, J. Gong, L. Ge, H. Gao, J. Yang, C. Yang, J. 
Kang, Y. Fang and H. Xu 2022

Development of human retinal 
organoid models for bisphenol 
toxicity assessment

Bisphenols, including Bisphenol A (BPA), Tetrabromobisphenol A (TBBPA), and Tetrabromobisphenol S (TBBPS), have been widely applied in the production of polycarbonate plastics and epoxy resins and have been 
detected in the environment worldwide. The frequent detection of bisphenols in maternal and fetal samples has raised concerns about their toxic effects on human embryonic development, especially on the development 
of the central nervous system. However, the effect of bisphenols on human retinal development is still unknown. In this study, to evaluate the toxicity of bisphenols on early retinal development, human embryonic stem 
cells were induced to differentiate into retinal organoids that responded to BPA, TBBPA, and TBBPS, at human exposure relevant concentrations. The global gene expression of retinal organoids was analyzed by RNA 
sequencing (RNA-seq). A set of retinal development-related biological processes, including neuron differentiation, phototransduction, axon guidance, and retina layer formation, were identified in retinal organoids 
corresponding to different developmental stages. The RNA-seq data also showed that BPA, TBBPA, and TBBPS influenced retinal development by interfering with the Cytokine-cytokine receptor interaction pathway. 
HSPA6, HIF1A-AS3, CDC20B, IL19, OAS1, HSPA7, and RN7SK were dysregulated by these chemicals. Additionally, BPA, TBBPA, and TBBPS exhibited different toxic effects on neural retina development, with TBBPA 
appearing to exert more toxicity than BPA and TBBPS. Furthermore, three bisphenols exhibited different effects at different stages of neural retina development. The sensitivity of retinal development to bisphenols 
depends on their developmental stage. This study provides new insights into the deep dissection of retinotoxicity after prenatal bisphenol exposure.

Ecotoxicol Environ Saf. 
2022 Oct 
15:245:114094.

10.1016/j.ecoenv.2022.114094 36126549 in vitro - - - - - - - - - - 1 0 不明 1 - - - - - - - - - - - - - -

統合_1878 J. Li, Z. Yin, L. Hua, X. Wang, F. Ren and Y. Ge 2022
Evaluation of BPA effects on 
autophagy in Neuro-2a cells

Bisphenol A (BPA), which is used for the industrial production of polycarbonate plastics and epoxy resins, is found in many commercially available products. Plasticizer BPA produces chemical substances worldwide, and 
knowledge of its effects on humans and animals is increasing. In the present work, the morphology of cells was observed by optical microscopy and phalloidin staining to evaluate the toxic effect of BPA on Neuro-2a cells. 
Autophagy has an important role in the regulation of cell metabolism. To study the effect of BPA on the autophagy in Neuro-2a cells, the expression distribution of LC3 was detected by immunofluorescence, and the 
expression levels of p62 and Beclin1 were determined using western blot and quantitative real-time PCR (qRT-PCR), respectively. Optical microscopy and phalloidin staining revealed that the cells became rounded and 
small and that the dendritic spine of the cells were reduced at high BPA doses. Immunofluorescence analysis demonstrated that the expression of LC3 fluorescence intensity was weak at increasing BPA concentrations. 
Western blot results showed that the relative expression of protein p62 increased significantly and that the relative expression levels of the Beclin1 and the LC3 proteins significantly decreased with increasing BPA 
concentration. qRT-PCR results showed that the relative expression level of autophagy-related p62 mRNA increased significantly and that the relative expression level of Beclin1 mRNA decreased significantly with 
increasing BPA concentration. The above results indicated that BPA treatment exerted dose-dependent toxic effects on Neuro-2a cells, and BPA inhibited the autophagy level of Neuro-2a cells, thereby providing a new 
perspective in studying the toxic effect of BPA on Neuro-2a cells.

Toxicol Ind Health. 2022 
Mar;38(3):151-161.

10.1177/07482337221076587 35261310 in vitro - - - - - - - - - - 1 0 不明 1 - - - - - - - - - - - - - -

統合_1879 H. M. Li, Y. W. Dai, J. Y. Yu, P. Duan, X. L. Ma, 
W. W. Dong, N. Li and H. G. Li 2019

Comprehensive 
circRNA/miRNA/mRNA analysis 
reveals circRNAs protect against 
toxicity induced by BPA in GC-2 
cells

Aim: To identify the circRNAs expression pattern and roles in bisphenol A (BPA) induced germ cell apoptosis. Materials & methods: We performed circRNA/miRNA/mRNA-Seq in 120 μM BPA treated and nontreated GC-2 
cells. Bioinformatic analysis, qPCR, apoptosis assays, luciferase report were done in the function analysis. Results: A large number of apoptosis related circRNAs/miRNAs/mRNAs were differentially expressed with 
competing endogenous RNA network constructed. Interestingly, most investigated upregulated circRNAs, including circDcbld2, circMapk1, circMpp6 and circTbc1d20 showed protective effects in antagonizing BPA 
toxicity, with the effects individually and synergistically observed. CircMapk1 may take its role by sponging miR-214-3p. Conclusion: circRNAs can play protective roles via sponging miRNAs in toxicity. Some circRNAs may 
serve as novel targets for BPA toxicity intervention or as biomarkers.

Epigenomics. 2019 
Jun;11(8):935-949.

10.2217/epi-2018-0217 31020848 in vitro - - - - - - - - - - 1 0 不明 1 - - - - - - - - - - - - - -

統合_1880 H. Li, Y. Zhao, Q. Shen and H. Li 2022

Multiple circRNAs regulated by QKI5 
conjointly spongemiR-214-3p to 
antagonize bisphenol A-
inducedspermatocyte toxicity

Although circular RNAs (circRNAs) are found to play important roles in many pathophysiological processes, the canonical theory that they act as microRNA sponges is now more and more challenged, given that most 
circRNAs only have few binding sites in a particular microRNA. Our previous study revealed that some up-regulated circRNAs play protective roles in bisphenol A (BPA)-induced toxicity in GC-2 germ cells. Here by CCK-8 
assay, apoptosis assay, qRT-PCR and western blot analysis, we further discover that circRNAs (represented by circDcbld2, circMapk1 and circTbcld20) can cooperatively sponge miR-214-3p and then up-regulate AKT1 in 
ameliorating BPA-induced reproductive toxicity. They share binding sites with miR-214-3p and collectively reinforce the sponging effects. In addition, the upstream regulation mechanism, proven by bioinformatics analysis 
and in vitro gain- and loss-of-function study, shows that down-regulation of RNA binding protein QKI5 after BPA exposure can increase the expressions of these protective circRNAs, and thus activate the cell protective 
process. The QKI5-circDcbld2/circMapk1/circTblcd20-miR-214-3p-AKT1 axis ameliorates the toxic effect of BPA on GC-2 cells. Many other circRNAs up-regulated upon BPA treatment and QKI5 down-regulation also 
show binding sites with miR-214-3p. Thus the above axis may also be extrapolated to other circRNAs. Our results enrich the context of circRNA sponge mode and may provide new ideas in future multiple nucleic acid 
therapy.

Acta Biochim Biophys 
Sin (Shanghai) Vol.54 
Issue 8 Pages 1090-
1099

10.3724/abbs.2022101 35959880 in vitro - - - - - - - - - - 1 0 40, 80, 160 µM - - - - - - - - - - - - - - -

統合_1881 C. H. Li, D. H. Zhang, L. D. Jiang, Y. Qi and L. H. 
Guo 2021

Binding and activity of bisphenol 
analogues to human peroxisome 
proliferator-activated receptor β/δ

Several studies have indicated metabolic function disruption effects of bisphenol analogues through peroxisome proliferator-activated receptor (PPAR) alpha and gamma pathways. In the present study, we found for the 
first time that PPARβ/δ might be a novel cellular target of bisphenol analogues. By using the fluorescence competitive binding assay, we found seven bisphenol analogues could bind to PPARβ/δ directly, among which 
tetrabromobisphenol A (TBBPA, 18.38-fold) and tetrachlorobisphenol A (TCBPA, 12.06-fold) exhibited stronger binding affinity than bisphenol A (BPA). In PPARβ/δ-mediated luciferase reporter gene assay, the seven 
bisphenol analogues showed transcriptional activity toward PPARβ/δ. Bisphenol AF (BPAF), bisphenol F (BPF) and bisphenol B (BPB) even showed higher transcriptional activity than BPA, while TBBPA and TCBPA 
showed comparable activity with BPA. Moreover, in human liver HL-7702 cells, the bisphenol analogues promoted the expression of two PPARβ/δ target genes PDK4 and ANGPTL4. Molecular docking simulation 
indicated the binding potency of bisphenol analogues to PPARβ/δ might depend on halogenation and hydrophobicity and the transcriptional activity might depend on their binding affinity and hydrogen bond interactions. 
Overall, the PPARβ/δ pathway may provide a new mechanism for the metabolic function disruption of bisphenol analogues, and TBBPA and TCBPA might exert higher metabolic disruption effects than BPA via PPARβ/δ 
pathway.

Ecotoxicol Environ Saf. 
2021 Dec 
15:226:112849.

10.1016/j.ecoenv.2021.112849 34627044 in vitro - - - - - - - - - - 1 0 不明 1 - - - - - - - - - - - - - -
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適格性評価はタイトル及び要旨の情報に基づ
き可能な範囲で実施。明らかに適格性基準不
適合と判断されるもの以外を信頼性評価へ進
め、信頼性評価段階で原著に基づき精査。

引⽤評価機関
●：該当

統合_1882
C. Li, Z. Cui, Z. Liu, H. Fan, Y. Lan, J. Luo, F. 
Ruan, Y. Huang, K. Chu, Y. Wu, D. Xia and J. 
Zhou

2024

MiR-204 regulates autophagy and 
cell viability by targeting BDNF and 
inhibiting the NTRK2-dependent 
PI3K/Akt/mTOR pathway in a 
human granulosa cell line exposed 
to bisphenol A

Bisphenol A (BPA) is a widespread endocrine disruptor that mimics estrogen. The accumulation of BPA within the human body has been shown to be detrimental to ovarian function. However, few studies have focused on 
the specific mechanisms by which it causes harm to granulosa cells (GCs), pivotal ovarian cells that are responsible for the growth and function of oocytes. In vitro research was conducted using human GC lines (KGN 
cells). The cells were exposed to various concentrations of BPA (0.1, 1, 10, or 100 µM) for either 24 or 48 hours. Here, our findings indicate that 100 μM BPA inhibits KGN cell proliferation and promotes cell autophagy 
through inhibiting the PI3K/Akt/mTOR pathway. Interestingly, these effects could be partly reversed by an NTRK2 activator (LM22b-10). NTRK2 is the receptor for BDNF. Moreover, via the use of bioinformatics tools, 
miR-204 was predicted to target BDNF. Additionally, our findings confirmed that miR-204 has the ability to directly target BDNF through a luciferase assay. Downregulation of miR-204 abrogated the BPA exposure-
mediated effects on proliferation and autophagy. Furthermore, the inhibition of miR-204 significantly reversed the downregulation of PI3K/Akt/mTOR pathway-related molecules. Similarly, we validated miR-204 as a novel 
miRNA involved in BPA-mediated damage to GC proliferation and autophagy, and our data provide the first in vitro evidence that increasing miR-204 expression and inhibiting the BDNF/NTRK2-mediated PI3K/Akt/mTOR 
signaling pathway are involved in the BPA-induced toxic effects in KGN cells.

Ecotoxicol Environ Saf 
Vol.287 Pages 117304

10.1016/j.ecoenv.2024.117304 39520743 in vitro - - - - - - - - - - 1 0 100 µM - - - - - - - - - - - - - - -

統合_1883
C. T. Leung, Y. Yang, T. F. Chan, X. Lin, A. S. T. 
Wong, W. Y. Lui, K. W. Y. Yuen, R. Y. C. Kong, K. 
P. Lai and R. S. S. Wu

2023

Chromatin modifiers: A new class of 
pollutants with potential epigenetic 
effects revealed by in vitro assays 
and transcriptomic analyses

A great variety of endocrine-disrupting chemicals (EDCs) have been used extensively and become widespread in the environment nowadays. Limited mammalian studies have shown that certain EDCs may target 
chromosome and epigenome of the germline, leading to adverse effects in subsequent generations, despite these progenies having never been exposed to the EDC before. However, the underlying mechanisms of 
chromosomal changes induced by these pollutants remain poorly known. Using the human ovarian granulosa tumor cell line COV434 as a model, we investigated and compared the transcriptomic changes induced by nine 
EDCs with diverse chemical structures (i.e. BDE-47, BPA, BP-3, DEHP, DHP, EE2, TCS, TDCPP and NP), to inquire if there is any common epigenetic modification associated with reproductive functions induced by these 
EDCs. Our results showed that COV434 cells were more responsive to BP-3, NP, DEHP and EE2, and more importantly, these four EDCs altered the expression of gene clusters related to DNA damage response, cell 
cycle, proliferation, and chromatin remodeling, which can potentially lead to epigenetic modifications and transgenerational inheritance. Furthermore, dysregulation of similar gene clusters was common in DEHP and NP 
treatments. Bioinformatics analysis further revealed that BP-3 disturbed signaling pathways associated with reproductive functions, whereas alterations in telomere-related pathways were highlighted upon EE2 exposure. 
Overall, this study highlighted chromatin modifications caused by a class of chemicals which that may potentially lead to epigenetic changes and transgenerational reproductive impairments.

Toxicology. 2023 Jan 
15:484:153413.

10.1016/j.tox.2022.153413 36581016 in vitro - - - - - - - - - - 1 0 不明 1 - - - - - - - - - - - - - -

統合_1884 D. Lei, T. Hong, L. Li, L. Chen, X. Luo, Q. Wu 
and Z. Liu 2021

Isobaric tags for relative and 
absolute quantitation-based 
proteomics analysis of the effect of 
ginger oil on bisphenol A-induced 
breast cancer cell proliferation

Several chemicals in the environment, particularly those with estrogenic activity and small amounts (micromolar or lower) of environmental estrogen can cause changes in cell function and interfere with endocrine 
functions of animals and humans. These compounds enter the human body and increase the load of estrogen in the body, leading to an increasing incidence of estrogen-related tumors in breast cancer, ovarian cancer and 
endometrial cancer. Previous studies have demonstrated that ginger can inhibit the expression of estrogen receptors, while the bioactive ingredients of ginger sig-nificantly inhibit proliferation and promote the apoptosis 
of breast cancer cells. In the present study, a quantitative proteomics technique based on relative and absolute quanti-tative isobaric labeling was used to determine the effect of ginger essential oil (GEO) and BPA 
combined treatment on the proteomic characteristics of MCF-7 cells. In total, 5,084 proteins were detected. Proteins that were upregulated >1.2-fold and downregu-lated by >0.8-fold were differentially expressed. 
Overall, 528 differentially expressed proteins were identified. Compared with the control group, MCF-7 cells treated with GEO, BPA and GEO-BPA resulted in 45 (14 up- and 31 downregulated), 481 (141 up- and 340 
downregulated) and 34 (13 up- and 21 downregulated) differentially ex-pressed proteins, respectively. Compared with the BPA group, MCF- 7 cells treated with GEO-BPA resulted in 210 (117 up- and 93 downregulated) 
differentially expressed proteins, among the 210 differentially expressed proteins in the GEO-BPA group, 10 proteins were associated with oxidative phosphorylation pathways, while succinate dehydrogenase (ubiquinone) 
iron-sulfur subunit (SDHB), succinate dehydrogenase cytochrome b560 subunit, mitochondrial (SDHC), cytochrome c oxidase subunit 2 and superoxide dismutase (Mn), mitochondrial (SOD2) expression was decreased 
with GEO-BPA combined treatment. Through the analysis of Gene Ontology and Kyoto Encyclopedia of Genes and Genomes, the cellular localization, functional annotation and biological pathways of differentially 
expressed proteins were ex-amined. The results indicated that GEO-BPA may act through the oxidative phosphory-lation pathway, decreased the expression of SDHB and SDHC, affected the tricarbox-ylic acid cycle and 
decreased the expression of SOD2. This may have led to oxidative stress and the death of breast cancer cells, and the SDH signaling pathway may be an important mediator of the inhibitory effects of GEO in MCF-7 
breast cancer cells. GEO can inhibit the proliferation of breast cancer MCF-7 cells induced by BPA, and the underlying mechanism may be associated with oxidative phosphorylation. These results may aid the 
development of future treatment strategies for breast cancer caused by environmental estrogen exposure.

Oncol Lett. 2021 
Feb;21(2):101.

10.3892/ol.2020.12362 33376534 in vitro - - - - - - - - - - 1 0 10-5, 10-6, 10-7, 10-8 and 10-9 mol/l 1 - - - - - - - - - - - - - -

統合_1885
S. G. Lee, G. E. Song, J. Seok, J. Kim, M. W. Kim, 
J. Rhee, S. Park, K. S. Jeong, S. Lee, Y. H. Lee, Y. 
Jeong, H. M. Chung and C. Y. Kim

2024

Evaluation of the cardiotoxicity 
potential of bisphenol analogues in 
human induced pluripotent stem 
cells derived cardiomyocytes

The importance of evaluating the cardiotoxicity potential of common chemicals as well as new drugs is increasing as a result of the development of animal alternative test methods using human induced pluripotent stem 
cell-derived cardiomyocytes (hiPSC-CM). Bisphenol A (BPA), which is used as a main material in plastics, is known as an endocrine-disrupting chemical, and recently reported to cause cardiotoxicity through inhibition of 
ion channels in CMs even with acute exposure. Accordingly, the need for the development of alternatives to BPA has been highlighted, and structural analogues including bisphenol AF, C, E, F, and S have been developed. 
However, cardiotoxicity data for analogues of bisphenol are not well known. In this study, in order to evaluate the cardiotoxicity potential of analogues, including BPA, a survival test of hiPSC-CMs and a dual-cardiotoxicity 
evaluation based on a multi-electrode array were performed. Acute exposure to all bisphenol analogues did not affect survival rate, but spike amplitude, beat period, and field potential duration were decreased in a dose-
dependent manner in most of the bisphenols except bisphenol S. In addition, bisphenols, except for bisphenol S, reduced the contractile force of hiPSC-CMs and resulted in beating arrest at high doses. Taken together, it 
can be suggested that the developed bisphenol analogues could cause cardiotoxicity even with acute exposure, and it is considered that the application of the MEA-based dual-cardiotoxicity evaluation method can be an 
effective help in the development of safe alternatives.

Ecotoxicol Environ Saf 
Vol.272 Pages 116108

10.1016/j.ecoenv.2024.116108 38364764 in vitro - - - - - - - - - - 1 0 1, 10, 30, 100 µM - - - - - - - - - - - - - - -

統合_1886
J. K. Lee, W. S. Choi, J. Y. Song, O. S. Kwon, Y. J. 
Lee, J. S. Lee, S. Lee, S. R. Choi, C. H. Lee and J. 
Y. Lee

2023

Anti-inflammatory effects of 
Athyrium yokoscense extract via 
inhibition of the Erk1/2 and NF-κB 
pathways in bisphenol A-stimulated 
A549 cells

Bisphenol A is an environmental endocrine disruptor that has similar functions to estrogen in humans. However, few studies have investigated pulmonary inflammation induced by BPA, and the effect of Athyrium 
yokoscense extract on this inflammatory response is unknown. In this study, we investigated this effect in A549 human alveolar epithelial cells. BPA at concentrations higher than 100 µM were cytotoxic to A549 cells at 24 
and 48 h after treatment; however, AYE (100 µg/mL) had a protective effect against BPA-induced cytotoxicity. AYE also inhibited the generation of intracellular reactive oxygen species, expressions of cyclooxygenase-2 
and extracellular signal-regulated kinase1/2 proteins, activities of phospholipase A(2), COX-2, nuclear factor kappa-light-chain-enhancer of activated B cells, and proinflammatory mediators including prostaglandin E(2), 
tumor necrosis factor-α, and interleukin-6 induced by BPA in A549 cells. This study demonstrated that BPA, which induces chronic lung disease, causes oxidative stress and inflammatory response in lung epithelial cell 
line, and found that AYE reduces BPA-induced oxidative stress and inflammatory response by down-regulating the Erk1/2 and NF-κB pathways.

Toxicol Res. 2022 Nov 
7;39(1):135-146.

10.1007/s43188-022-00154-0 36726827 in vitro - - - - - - - - - - 1 0 0.1〜100 µM 1 - - - - - - - - - - - - - -

統合_1887 J. H. Lee, Y. M. Yoo, E. M. Jung, C. H. Ahn and E. 
B. Jeung 2019

Inhibitory effect of octyl-phenol and 
bisphenol A on calcium signaling in 
cardiomyocyte differentiation of 
mouse embryonic stem cells

Endocrine-disrupting chemicals (EDCs) have structures similar to steroid hormones and can interfere with hormone synthesis and normal physiological functions of reproductive organs. For example, sex steroid hormones 
influence calcium signaling of the cardiac muscle in early embryo development. To confirm the effect of progesterone (P4), octyl-phenol (OP), and bisphenol A (BPA) on early differentiation of mouse embryonic stem cells 
(mESCs) into cardiomyocytes, mESCs were treated with P4, OP, and BPA two days after attachment and media were replaced every two days. In addition, cells were treated with mifepristone (RU486), a synthetic steroid 
that has an affinity for progesterone receptor (Pgr), for one day starting on day 11. Beating ratio was decreased with P4, OP, and BPA treatment. The Pgr mRNA level was significantly increased in the P4-, OP- and BPA-
treated groups. However, the mRNA level of the calcium channel gene (Trpv2), contraction-related genes (Ryr2, Cam2, and Mylk3) and cardiac development and morphogenesis genes (Rbp4, Ly6e, and Gata4) were 
significantly decreased in the P4-, OP-, and BPA-treated groups. Interestingly, treatment with RU486 rescued the altered calcium channel gene, contraction-related genes, and cardiac development and morphogenesis 
genes. P4, OP, and BPA treatments reduced the intracellular calcium level. Taken together, these results indicate that EDCs (OP and BPA) has a structure similar to that of endogenous steroid hormones such as 
progesterone and estrogen, and OP and BPA act like progesterone to inhibit and disrupt cardiomyocyte differentiation of mESCs.

J Physiol Pharmacol. 
2019 Jun;70(3).

10.26402/jpp.2019.3.10 31566189 in vitro - - - - - - - - - - 1 0 不明 1 - - - - - - - - - - - - - -

統合_1888 H. Lee, J. Park and K. Park 2023
Mixture Effects of Bisphenol A and 
Its Structural Analogs on Estrogen 
Receptor Transcriptional Activation

Bisphenol A (BPA) exposure has been widely linked to endocrine-disrupting effects. Recently, many substitutes for BPA have been developed as safe structural analogs. However, they have still been reported to have 
similar adverse effects. The current study evaluated the effects of bisphenol A and eight structural analogs on the transcription of estrogen receptor alpha (ERα). The effects of binary and ternary mixtures prepared from 
different combinations of BPA analogs were also evaluated for transcription activity. The measured data of the mixtures were compared to the predicted data obtained by the full logistic model, and the model deviation 
ratio (MDR) was calculated to determine whether the effects were synergistic, antagonistic, or additive. Overall, the results suggest that the effect of bisphenol compound are additive in binary and ternary mixtures.

Toxics. 2023 Dec 
4;11(12):986.

10.3390/toxics11120986 38133387 in vitro - - - - - - - - - - 1 0 10−11~10−3 M 1 - - - - - - - - - - - - - -

統合_1889 C. T. Lee, C. F. Hsieh and J. Y. Wang 2021

Bisphenol a Induces Autophagy 
Defects and AIF-Dependent 
Apoptosis via HO-1 and AMPK to 
Degenerate N2a Neurons

Bisphenol A (BPA) is an environmental contaminant widely suspected to be a neurological toxicant. Epidemiological studies have demonstrated close links between BPA exposure, pathogenetic brain degeneration, and 
altered neurobehaviors, considering BPA a risk factor for cognitive dysfunction. However, the mechanisms of BPA resulting in neurodegeneration remain unclear. Herein, cultured N2a neurons were subjected to BPA 
treatment, and neurotoxicity was assessed using neuronal viability and differentiation assays. Signaling cascades related to cellular self-degradation were also evaluated. BPA decreased cell viability and axon outgrowth 
(e.g., by down-regulating MAP2 and GAP43), thus confirming its role as a neurotoxicant. BPA induced neurotoxicity by down-regulating Bcl-2 and initiating apoptosis and autophagy flux inhibition (featured by nuclear 
translocation of apoptosis-inducing factor (AIF), light chain 3B (LC3B) aggregation, and p62 accumulation). Both heme oxygenase (HO)-1 and AMP-activated protein kinase (AMPK) up-regulated/activated by BPA 
mediated the molecular signalings involved in apoptosis and autophagy. HO-1 inhibition or AIF silencing effectively reduced BPA-induced neuronal death. Although BPA elicited intracellular oxygen free radical production, 
ROS scavenger NAC exerted no effect against BPA insults. These results suggest that BPA induces N2a neurotoxicity characterized by AIF-dependent apoptosis and p62-related autophagy defects via HO-1 up-regulation 
and AMPK activation, thereby resulting in neuronal degeneration.

Int J Mol Sci. 2021 Oct 
11;22(20):10948.

10.3390/ijms222010948 34681608 in vitro - - - - - - - - - - 1 0 0.01〜100 µM 1 - - - - - - - - - - - - - -

統合_1890 C. K. Lee, F. T. Wang, C. H. Huang, H. J. Lin and 
W. H. Chan 2025

Effects and regulatory mechanisms 
of bisphenol a on the increases 
apoptosis and decreases 
differentiation potential in mouse 
embryonic stem cells

Bisphenol A has deleterious effects on reproductive, developmental, cell biological, and physiological functions. Here, we investigated the dosage effects of bisphenol A on the differentiation potential and apoptosis of 
mouse embryonic stem cells, and assessed some relevant regulatory mechanisms. Our results showed that bisphenol A at doses of 1-2 μmol/L triggers apoptotic processes without necrotic cell death in the ESC-B5 
mouse embryonic stem cell line. No death effect was seen at treatment dosages of 0.5 μmol/L or less. Mechanistically, the application of 1-2 μmol/L bisphenol A directly increased the intracellular oxidative stress 
levels, significantly increased the cytoplasmic calcium and nitric oxide contents, decreased the mitochondrial membrane potential, activated caspases-9 and -3, and triggered programmed cell death. Interestingly, 
embryoid body formation assays showed that 0.5 μmol/L bisphenol A decreased the differentiation potential of ESC-B5 cells without inducing apoptotic processes. Together, our results indicate that treatment with 1-2 
μmol/L bisphenol A induces apoptosis and triggers hazardous effects on the differentiation and developmental potential of mouse embryonic stem cells in vitro. These results provide important evidence that bisphenol A 
should be considered a potent cytotoxin that has dose-dependent impacts on differentiation and apoptosis in a mouse embryonic stem cell line.

Toxicol Res (Camb) 
Vol.14 Issue 2 Pages 
tfaf043

10.1093/toxres/tfaf043 40161257 in vitro - - - - - - - - - - 1 0 0.5 µmol/L - - - - - - - - - - - - - - -

統合_1891

D. Lavogina, N. Visser, K. Samuel, E. Davey, R. 
D. Björvang, J. Hassan, J. Koponen, P. 
Rantakokko, H. Kiviranta, A. Rinken, M. 
Olovsson, A. Salumets and P. Damdimopoulou

2022

Endocrine disrupting chemicals 
interfere with decidualization of 
human primary endometrial stromal 
cells in vitro

Multiple studies have shown associations between exposure to endocrine disrupting chemicals (EDCs) and reduced fertility in women. However, little is known about the target organs of chemical disruption of female 
fertility. Here, we focus on the hormone-sensitive uterine lining, the endometrium, as a potential target. Decidualization is the morphological and functional change that endometrial stromal cells undergo to support 
endometrial receptivity, which is crucial for successful implantation, placentation, and pregnancy. We investigated the effect of nine selected EDCs on primary human endometrial stromal cell decidualization in vitro. The 
cells were exposed to a decidualization-inducing mixture in the presence or absence of 1 μM of nine different EDCs for nine days. Extent of decidualization was assessed by measuring the activity of cAMP dependent 
protein kinase, Rho-associated coiled-coil containing protein kinase, and protein kinase B in lysates using photoluminescent probes, and secretion of prolactin into the media by using ELISA. Decidualization-inducing 
mixture upregulated activity of protein kinases and prolactin secretion in cells derived from all women. Of the tested chemicals, dichlorodiphenyldichloroethylene (p,p'-DDE), hexachlorobenzene (HCB) and 
perfluorooctanesulfonic acid (PFOS) significantly reduced decidualization as judged by the kinase markers and prolactin secretion. In addition, bisphenol A (BPA) reduced prolactin secretion but did not significantly affect 
activity of the kinases. None of the EDCs was cytotoxic, based on the assessment of total protein content or activity of the viability marker casein kinase 2 in lysates. These results indicate that EDCs commonly present 
in the blood circulation of reproductive-aged women can reduce decidualization of human endometrial stromal cells in vitro. Future studies should focus on detailed hazard assessment to define possible risks of EDC 
exposure to endometrial dysfunction and implantation failure in women.

Front Endocrinol 
(Lausanne). 2022 Aug 
19:13:903505.

10.3389/fendo.2022.903505 36060944 in vitro - - - - - - - - - - 1 0 不明 1 - - - - - - - - - - - - - -

統合_1892

F. Lamberto, B. Shashikadze, R. Elkhateib, S. D. 
Lombardo, A. Horánszky, A. Balogh, K. Kistamá
s, M. Zana, J. Menche, T. Fröhlich and A. Dinnyé
s

2023

Low-dose Bisphenol A exposure 
alters the functionality and cellular 
environment in a human 
cardiomyocyte model

Early embryonic development represents a sensitive time-window during which the foetus might be vulnerable to the exposure of environmental contaminants, potentially leading to heart diseases also later in life. 
Bisphenol A (BPA), a synthetic chemical widely used in plastics manufacturing, has been associated with heart developmental defects, even in low concentrations. This study aims to investigate the effects of 
environmentally relevant doses of BPA on developing cardiomyocytes using a human induced pluripotent stem cell (hiPSC)-derived model. Firstly, a 2D in vitro differentiation system to obtain cardiomyocytes from hiPSCs 
(hiPSC-CMs) have been established and characterised to provide a suitable model for the early stages of cardiac development. Then, the effects of a repeated BPA exposure, starting from the undifferentiated stage 
throughout the differentiation process, were evaluated. The chemical significantly decreased the beat rate of hiPSC-CMs, extending the contraction and relaxation time in a dose-dependent manner. Quantitative 
proteomics analysis revealed a high abundance of basement membrane (BM) components (e.g., COL4A1, COL4A2, LAMC1, NID2) and a significant increase in TNNC1 and SERBP1 proteins in hiPSC-CMs treated with 
BPA. Network analysis of proteomics data supported altered extracellular matrix remodelling and provided a disease-gene association with well-known pathological conditions of the heart. Furthermore, upon hypoxia-
reoxygenation challenge, hiPSC-CMs treated with BPA showed higher rate of apoptotic events. Taken together, our results revealed that a long-term treatment, even with low doses of BPA, interferes with hiPSC-CMs 
functionality and alters the surrounding cellular environment, providing new insights about diseases that might arise upon the toxin exposure. Our study contributes to the current understanding of BPA effects on 
developing human foetal cardiomyocytes, in correlation with human clinical observations and animal studies, and it provides a suitable model for New Approach Methodologies (NAMs) for environmental chemical hazard 
and risk assessment.

Environ Pollut. 2023 Oct 
15:335:122359.

10.1016/j.envpol.2023.122359 37567409 in vitro - - - - - - - - - - 1 0 0.01‒100 µM 1 - - - - - - - - - - - - - -

統合_1893 S. S. N. Lam, Z. Shi, C. K. M. Ip, C. K. C. Wong 
and A. S. T. Wong 2023

Environmental-relevant bisphenol A 
exposure promotes ovarian cancer 
stemness by regulating microRNA 
biogenesis

Bisphenol A (BPA) is a ubiquitous environmental xenobiotic impacting millions of people worldwide. BPA has long been proposed to promote ovarian carcinogenesis, but the detrimental mechanistic target remains unclear. 
Cancer stem cells (CSCs) are considered as the trigger of tumour initiation and progression. Here, we show for the first time that nanomolar (environmentally relevant) concentration of BPA can markedly increase the 
formation and expansion of ovarian CSCs concomitant. This effect is observed in both oestrogen receptor (ER)-positive and ER-defective ovarian cancer cells, suggesting that is independent of the classical ERs. Rather, 
the signal is mediated through alternative ER G-protein-coupled receptor 30 (GPR30), but not oestrogen-related receptor α and γ. Moreover, we report a novel role of BPA in the regulation of Exportin-5 that led to 
dysregulation of microRNA biogenesis through miR-21. The use of GPR30 siRNA or antagonist to inhibit GPR30 expression or activity, respectively, resulted in significant inhibition of ovarian CSCs. Similarly, the CSCs 
phenotype can be reversed by expression of Exportin-5 siRNA. These results identify for the first time non-classical ER and microRNA dysregulation as novel mediators of low, physiological levels of BPA function in CSCs 
that may underlie its significant tumour-promoting properties in ovarian cancer.

J Cell Mol Med. 2023 
Sep;27(18):2792-2803.

10.1111/jcmm.17920 37610061 in vitro - - - - - - - - - - 1 0 10, 50 and 100 nM 1 - - - - - - - - - - - - - -

統合_1894 F. A. Lagunas-Rangel, W. Liu and H. B. Schiöth 2023

Interaction between environmental 
pollutants and cancer drug efficacy: 
Bisphenol A, Bisphenol A diglycidyl 
ether and Perfluorooctanoic acid 
reduce vincristine cytotoxicity in 
acute lymphoblastic leukemia cells

Every day, we are exposed to many environmental pollutants that can enter our body through different routes and cause adverse effects on our health. Epidemiological studies suggest that these pollutants are responsible 
for approximately nine million deaths per year. Acute lymphoblastic leukemia (ALL) represents one of the major cancers affecting children, and although substantial progress has been made in its treatment, relapses are 
frequent after initial treatment and are now one of the leading causes of cancer-related death in pediatric patients. Currently, relatively little attention is paid to pollutant exposure during drug treatment and this is not 
taken into account for dose setting or regulatory purposes. In this work, we investigated how bisphenol A (BPA), its derivative bisphenol A diglycidyl ether (BADGE), and perfluorooctanoic acid (PFOA) alter vincristine 
treatment in ALL when administered before or together with the drug. We found that these three pollutants at nanomolar concentrations, lower than those established by current regulations, can reduce the cytotoxic 
effects of vincristine on ALL cells. Interestingly, we found that this is only achieved when exposure to pollutants occurs prior to administration of the chemotherapeutic drug. Moreover, we found that this effect could be 
mediated by activation of the PI3K/AKT pathway and stabilization of microtubules. This work strengthens the idea of starting to take into account exposure to pollutants to improve the efficacy of chemotherapy 
treatments.

J Appl Toxicol. 2023 
Mar;43(3):458-469.

10.1002/jat.4398 36181250 in vitro - - - - - - - - - - 1 0 不明 1 - - - - - - - - - - - - - -
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統合_1895

F. A. Lagunas-Rangel, M. Åberg, S. Liao, F. 
Espinelli-Amorim, R. Tummaramatti-Hanumant, 
L. Jackeviča, M. Briviba, W. Liu, R. Fredriksson, 
A. M. Alsehli, O. Spjuth, J. Klovins, M. 
Dambrova, B. Kudłak, C. Andersson and H. B. 
Schiöth

2025

Extensive analysis of pollutant 
interactions: Identification of 
deleterious synergistic effects at 
environmentally relevant dose levels 
using Drosophila and mammalian 
cells

Environmental pollutants are commonly present in low concentrations, often as complex mixtures that can lead to various interaction phenomena, including synergism, antagonism, or additive effects. These interactions 
can alter the overall toxicity or biological impact of the mixture when compared to the effects of individual pollutants. While regulatory agencies typically assess the safety of individual pollutants, the cumulative and 
interactive effects of pollutant mixtures are less well understood. This study aims to address this gap by evaluating the interactions of eight common pollutants (BPA, BADGE, DBP, DEHP, PFOA, 4MBC, OMC, TCEP) at 
their no observed effect level (NOEL) concentrations. The study specifically focuses on identifying potential synergistic effects on cell viability, transcriptomic changes, and phenotypic outcomes in two biological models: 
Drosophila and mammalian cell lines. Nearly 400 combinations of pollutants were tested, and their effects were compared to those of individual pollutants and appropriate controls. The results highlighted significant 
findings, including detrimental effects of the BPA-DBP-OMC mixture on neuronal differentiation and the BADGE-OMC-TCEP mixture's negative impact on muscle differentiation on Drosophila and mammalian cell lines. 
Cytotoxic synergy effects were also found between bisphenol derivatives and phthalates. These findings emphasize the need to consider the risks associated with pollutant mixtures.

Sci Total Environ. 2025 
Aug 25:992:179848.

10.1016/j.scitotenv.2025.179848 40570385 in vitro - - - - - - - - - - 1 0 不明 1 - - - - - - - - - - - - - -

統合_1896
A. Lacouture, Y. Breton, C. Weidmann, S. M. 
Goulet, L. Germain, M. Pelletier and É. Audet-
Walsh

2023

Estrogens and endocrine-disrupting 
chemicals differentially impact the 
bioenergetic fluxes of mammary 
epithelial cells in two- and three-
dimensional models

Due to its sensitivity to hormonal signaling, the mammary gland is often referred to as a sentinel organ for the study of endocrine-disrupting chemicals (EDCs), environmental pollutants that can interfere with the estrogen 
signaling pathway and induce mammary developmental defects. If and how EDCs impact mammary epithelial cell metabolism has not yet been documented. Herein, to study how estrogens and EDCs modulate mammary 
gland metabolism, we performed bioenergetic flux analyses using mouse mammary epithelial organoids compared to cells grown in monolayer culture. Several EDCs were tested, including bisphenol A (BPA), its close 
derivative BPS, a new BPA replacement copolyester called Tritan(TM), and the herbicide glyphosate. We report that estrogens reprogrammed mammary epithelial cell metabolism differently when grown in two- and three-
dimensional models. Specific EDCs were also demonstrated to alter bioenergetic fluxes, thus identifying a new potential adverse effect of these molecules. Notably, organoids were more sensitive to low EDC 
concentrations, highlighting them as a key model for screening the impact of various environmental pollutants. Mechanistically, transcriptomic analyses revealed that EDCs interfered with the regulation of estrogen target 
genes and the expression of metabolic genes in organoids. Furthermore, co-treatment with the anti-estrogen fulvestrant blocked these metabolic impacts of EDCs, suggesting that, at least partially, they act through 
modulation of the estrogen receptor activity. Finally, we demonstrate that mammary organoids can be used for long-term studies on EDC exposure to study alterations in organogenesis/morphogenesis and that past 
pregnancies can modulate the sensitivity of mammary epithelial organoids to specific EDCs. Overall, this study demonstrates that estrogens and EDCs modulate mammary epithelial cell metabolism in monolayer and 
organoid cultures. A better understanding of the metabolic impacts of EDCs will allow a better appreciation of their adverse effects on mammary gland development and function.

Environ Int. 2023 
Sep:179:108132.

10.1016/j.envint.2023.108132 37657410 in vitro - - - - - - - - - - 1 0 不明 1 - - - - - - - - - - - - - -

統合_1897

R. Kumar, A. Oke, B. Rockmill, M. de Cruz, R. 
Verduzco, A. Shodhan, X. Woodruff-Madeira, D. 
P. Abrahamsson, J. Varshavsky, J. Lam, J. F. 
Robinson, P. Allard, T. J. Woodruff and J. C. 
Fung

2024

Rapid identification of reproductive 
toxicants among environmental 
chemicals using an in vivo 
evaluation of gametogenesis in 
budding yeast Saccharomyces 
cerevisiae

Infertility affects ~12 % of couples, with environmental chemical exposure as a potential contributor. Of the chemicals that are actively manufactured, very few are assessed for reproductive health effects. Rodents are 
commonly used to evaluate reproductive effects, which is both costly and time consuming. Thus, there is a pressing need for rapid methods to test a broader range of chemicals. Here, we developed a strategy to evaluate 
large numbers of chemicals for reproductive toxicity via a yeast, S. cerevisiae high-throughput assay to assess gametogenesis as a potential new approach method (NAM). By simultaneously assessing chemicals for 
growth effects, we can distinguish if a chemical affects gametogenesis only, proliferative growth only or both. We identified a well-known mammalian reproductive toxicant, bisphenol A (BPA) and ranked 19 BPA analogs 
for reproductive harm. By testing mixtures of BPA and its analogs, we found that BPE and 17 β-estradiol each together with BPA showed synergistic effects that worsened reproductive outcome. We examined an 
additional 179 environmental chemicals including phthalates, pesticides, quaternary ammonium compounds and per- and polyfluoroalkyl substances and found 57 with reproductive effects. Many of the chemicals were 
found to be strong reproductive toxicants that have yet to be tested in mammals. Chemicals having affect before meiosis I division vs. meiosis II division were identified for 16 gametogenesis-specific chemicals. Finally, 
we demonstrate that in general yeast reproductive toxicity correlates well with published reproductive toxicity in mammals illustrating the promise of this NAM to quickly assess chemicals to prioritize the evaluation for 
human reproductive harm.

Reprod Toxicol Vol.128 
Pages 108630

10.1016/j.reprotox.2024.108630 38906490 in vitro - - - - - - - - - - 1 0 30 µM - - - - - - - - - - - - - - -

統合_1898 S. E. Kulsange, M. Sharma, B. Sonawane, M. R. 
Jaiswal, M. J. Kulkarni and B. Santhakumari 2024

SWATH-MS reveals that bisphenol 
A and its analogs regulate pathways 
leading to disruption in insulin 
signaling and fatty acid metabolism

Bisphenol A (BPA) is an endocrine-disrupting chemical (EDC), associated with obesity and insulin resistance. The FDA prohibited the use of BPA-based polycarbonate resins in infant formula packaging; thus, its analogs, 
viz. Bisphenol S (BPS) and Bisphenol F (BPF) were considered alternatives in epoxy resins, plastics, and food cans. As these analogs might evoke a similar response, we investigated the role of Bisphenols (BPA, BPF, and 
BPS), on insulin signaling in CHO-HIRc-myc-GLUT4eGFP cells at environmentally relevant concentrations of 2 nM and 200 nM. Insulin signaling demonstrated that Bisphenols reduced phosphorylation of IR and AKT2, 
GLUT4 translocation, and glucose uptake. This was accompanied by increased oxidative stress. Furthermore, SWATH-MS-based proteomics of 3T3-L1 cells demonstrated that Bisphenol-treated cells regulate proteins in 
insulin resistance, adipogenesis, and fatty acid metabolism pathways differently. All three Bisphenols induced differentially expressed proteins enriched similar pathways, although their abundance differed for each 
Bisphenol. This might be due to their varying toxicity level, structural differences, and estrogen-mimetic activity. This study has important implications in addressing health concerns related to EDCs. Given that the 
analogs of BPA are considered alternatives to BPA, the findings of this study suggest they are equally potent in altering fatty acid metabolism and inducing insulin resistance.

Food Chem Toxicol. 
2024 Jun:188:114667.

10.1016/j.fct.2024.114667 38653447 in vitro - - - - - - - - - - 1 0 不明 1 - - - - - - - - - - - - - -

統合_1899 J. L. Krause, A. Pierzchalski, H. D. Chang, A. C. 
Zenclussen, M. Bauer and G. Herberth 2023

Bisphenols, but not phthalate 
esters, modulate gene expression in 
activated human MAIT cells in vitro

One route of human exposure to environmental chemicals is oral uptake. This is primarily true for chemicals that may leach from food packaging materials, such as bisphenols and phthalate esters. Upon ingestion, these 
compounds are transported along the intestinal tract, from where they can be taken up into the blood stream or distributed to mucosal sites. At mucosal sites, mucosal immune cells and in the blood stream peripheral 
immune cells may be exposed to these chemicals potentially modulating immune cell functions. In the present study, we investigated the impact of three common bisphenols and two phthalate esters on mucosal-
associated invariant T (MAIT) cells in vitro, a frequent immune cell type in the intestinal mucosae and peripheral blood of humans. All compounds were non-cytotoxic at the chosen concentrations. MAIT cell activation 
was only slightly affected as seen by flow cytometric analysis. Phthalate esters did not affect MAIT cell gene expression, while bisphenol-exposure induced significant changes. Transcriptional changes occurred in ~ 25
 % of genes for BPA, ~ 22 % for BPF and ~ 8 % for BPS. All bisphenols down-modulated expression of CCND2, CCL20, GZMB and IRF4, indicating an effect on MAIT cell effector function. Further, BPA and BPF showed a 
high overlap in modulated genes involved in cellular stress response, activation signaling and effector function suggesting that BPF may not be safe substitute for BPA.

Toxicol Rep Vol.10 
Pages 348-356

10.1016/j.toxrep.2023.02.017 36923442 in vitro - - - - - - - - - - 1 0 0.992 µM - - - - - - - - - - - - - - -

統合_1900

J. L. Krause, B. Engelmann, U. Nunes da Rocha, 
A. Pierzchalski, H. D. Chang, A. C. Zenclussen, 
M. von Bergen, U. Rolle-Kampczyk and G. 
Herberth

2022
MAIT cell activation is reduced by 
direct and microbiota-mediated 
exposure to bisphenols

Oral uptake is the primary route of human bisphenol exposure, resulting in an exposure of the intestinal microbiota and intestine-associated immune cells. Therefore, we compared the impact of bisphenol A (BPA), 
bisphenol F (BPF) and bisphenol S (BPS) on (i) intestinal microbiota, (ii) microbiota-mediated immunomodulatory effects and (iii) direct effects on mucosal-associated invariant T (MAIT) cells in vitro. We acutely exposed 
human fecal microbiota, Bacteroides thetaiotaomicron and Escherichia coli to BPA and its analogues BPF and BPS referring to the European tolerable daily intake (TDI), i.e. 2.3 µg/mL, 28.3 µg/mL and 354.0 µg/mL. 
Growth and viability of E. coli was most susceptible to BPF, whereas B.thetaiotaomicron and fecal microbiota were affected by BPA > BPF > BPS. At 354.0 µg/mL bisphenols altered microbial diversity in compound-
specific manner and modulated microbial metabolism, with BPA already acting on metabolism at 28.3 µg/mL. Microbiota-mediated effects on MAIT cells were observed for the individual bacteria at 354.0 µg/mL only. 
However, BPA and BPF directly modulated MAIT cell responses at low concentrations, whereby bisphenols at concentrations equivalent for the current TDI had no modulatory effects for microbiota or for MAIT cells. Our 
findings indicate that acute bisphenol exposure may alter microbial metabolism and impact directly on immune cells.

Environ Int Vol.158 
Pages 106985

10.1016/j.envint.2021.106985 34991247 in vitro - - - - - - - - - - 1 0 28.3 µg/mL - - - - - - - - - - - - - - -

統合_1901 D. Kokai, B. Stanic, D. Samardzija Nenadov, K. 
Pogrmic-Majkic, B. Tesic, S. Fa and N. Andric 2020

Biological effects of chronic and 
acute exposure of human 
endothelial cell line EA.hy926 to 
bisphenol A: New tricks from an old 
dog

Although epidemiological and animal studies suggest a possible correlation between bisphenol A (BPA) exposure and atherosclerosis, very few in vitro mechanistic and functional studies regarding the effect of BPA on 
vascular cells have been conducted. Here, we applied a "real-life" exposure scenario by continuously exposing human endothelial cell (EC) line EA.hy926 to environmentally relevant concentrations of BPA (10(-9), 10(-8), 
and 10(-7) M) during 14 weeks. We also exposed EA.hy926 cells to higher concentrations of BPA (10(-7), 10(-6), and 10(-5) M) for up to 48 h to gain mechanistic insight into the BPA's action in ECs. Chronic exposure to 
BPA produced some unexpected effects in EA.hy926 cells including a transient decrease in the adhesion of monocytes to the EC monolayer and decrease in the expression of cellular adhesion molecules, improvement in 
endothelial barrier function and elevated expression of tight junction proteins occludin and zonula occludens-1 (ZO-1), increased adhesion of ECs, and increased nitric oxide (NO) production. Some of these effects, such 
as diminished adhesion of monocytes to the EC monolayer and elevated NO production have also been replicated during acute exposure experiments. Using Western blotting and specific pharmacological inhibitors in the 
acute study, we have shown that direct BPA's action in EA.hy926 cells involves activation of estrogen receptor (ER), phosphorylation of protein kinase B (PKB/Akt) and endothelial nitric oxide synthase (eNOS)-mediated 
production of NO. Collectively, these data indicate that BPA induces functional and molecular changes in EA.hy926 cells associated with the promotion of endothelial integrity through activation of the ER/Akt/eNOS 
pathway.

Chemosphere. 2020 
Oct:256:127159.

10.1016/j.chemosphere.2020.1271
59

32559890 in vitro - - - - - - - - - - 1 0 10-9, 10-8, 10-7 M 1 - - - - - - - - - - - - - -

統合_1902 S. H. Kim, D. W. Kang, D. Kwon and Y. S. Jung 2024

Critical role of endoplasmic 
reticulum stress on bisphenol A-
induced cytotoxicity in human 
keratinocyte HaCaT cells

Bisphenol A (BPA) is widely used in plastic and paper products, and its exposure can occur through skin contact or oral ingestion. The hazardous effects of BPA absorbed through the skin may be more severe; however, 
few studies have investigated the skin toxicity of BPA. This study investigated the effects of BPA on human epidermal keratinocyte cell lines, which is relevant for skin exposure. BPA treatment reduced cell viability in a 
time- and concentration-dependent manner and elevated oxidative and endoplasmic reticulum (ER) stress. N-acetylcysteine (NAC), an oxidative stress inhibitor, reduced BPA-induced reactive oxygen species (ROS) levels. 
However, only 10% of the decreased cell viability was restored at the highest NAC concentration. Treatment with tauroursodeoxycholic acid (TUDCA), which is an ER stress inhibitor, effectively countered the increase in 
ER stress-related proteins induced by BPA. Moreover, TUDCA treatment led to a reduction in oxidative stress, as demonstrated by the decrease in ROS levels, maintenance of mitochondrial membrane potential, and 
modulation of stress signaling proteins. Consequently, TUDCA significantly improved BPA-induced cytotoxicity in a concentration-dependent manner. Notably, combined treatment using TUDCA and NAC further reduced 
the BPA-induced ROS levels; however, no significant difference in cell viability was observed compared with that for TUDCA treatment alone. These findings indicated that the oxidative stress observed following BPA 
exposure was exacerbated by ER stress. Moreover, the principal factor driving BPA-induced cytotoxicity was indeed ER stress, which has potential implications for developing therapeutic strategies for diseases 
associated with similar stress responses.

Environ Toxicol. 2024 
Aug;39(8):4091-4104.

10.1002/tox.24290 38629620 in vitro - - - - - - - - - - 1 0 不明 1 - - - - - - - - - - - - - -

統合_1903 S. G. Kim, J. H. Jeon, S. H. Shin, D. C. Varias, S. 
H. Moon and B. Y. Ryu 2024

Inhibition of reactive oxygen species 
generation by N-Acetyl Cysteine can 
mitigate male germ cell toxicity 
induced by bisphenol analogs

The estrogen-like effect of bisphenol A (BPA) disrupting the maintenance of functional male germ cells is associated with male sub-fertility. This study investigated toxicity of male germ cells induced by four bisphenol 
analogs: BPA, BPAF, BPF, and BPS. The investigation of bisphenol analogs' impact on male germ cells included assessing proliferation, apoptosis induction, and the capacity to generate reactive oxygen species (ROS) in 
GC-1 spermatogonia (spg) cells, specifically type B spermatogonia. Additionally, the therapeutic potential and protective effects of N-Acetyl Cysteine (NAC) and NF-κB inhibitor parthenolide was evaluated. In 
comparison to BPA, BPF and BPS, BPAF exhibited the most pronounced adverse effect in GC-1 spg cell proliferation. This effect was characterized by pronounced inhibition of phosphorylation of PI3K, AKT, and mTOR, 
along with increased release of cytochrome c and subsequent cleavages of caspase 3, caspase 7, and poly (ADP-ribose) polymerase. Both NAC and parthenolide were effective reducing cellular ROS induced by BPAF. 
However, only NAC demonstrated a substantial recovery in proliferation, accompanied by a significant reduction in cytochrome c release and cleaved PARP. These results suggest that NAC supplementation may play an 
effective therapeutic role in countering germ cell toxicity induced by environmental pollutants with robust oxidative stress-generating capacity.

Food Chem Toxicol. 
2024 Jun:188:114652.

10.1016/j.fct.2024.114652 38583502 in vitro - - - - - - - - - - 1 0 不明 1 - - - - - - - - - - - - - -

統合_1904
J. Y. Kim, G. S. Shin, M. J. An, H. M. Lee, A. R. 
Jo, Y. Park, J. Kim, Y. Hwangbo, C. H. Kim and J. 
W. Kim

2024

Comparative study of cytotoxic 
Signaling pathways in H1299 cells 
exposed to alternative Bisphenols: 
BPA, BPF, and BPS

BACKGROUND: Bisphenols are prevalent in food, plastics, consumer goods, and industrial products. Bisphenol A (BPA) and its substitutes, bisphenol F (BPF) and bisphenol S (BPS), are known to act as estrogen mimics, 
leading to reproductive disorders, disruptions in fat metabolism, and abnormalities in brain development. OBJECTIVES: Despite numerous studies exploring the adverse effects of bisphenols both in vitro and in vivo, the 
molecular mechanisms by which these compounds affect lung cells remain poorly understood. This study aims to compare the effects of BPA, BPF, and BPS on the physiological behavior of human nonsmall cell lung 
cancer (NSCLC) cells. MATERIALS AND METHODS: Human non-small cell lung cancer (NSCLC) H1299 cells were treated with various concentration of BPA, BPF and BPS during different exposure time. Cellular 
physiology for viability and cell cycle was assessed by the staining with apoptotic cell makers such as active Caspase-3 and cyclins antibodies. Toxicological effect was quantitatively counted by using flow-cytometry 
analysis. RESULTS: Our findings indicate that BPA induces apoptosis by increasing active Caspase-3 levels in H1299 cells, whereas BPF and BPS do not promote late apoptosis. Additionally, BPA was found to upregulate 
cyclin B1, causing cell cycle arrest at the G0/G1 phase and leading to apoptotic cell death through Caspase-3 activation. Conclusion: These results demonstrate that BPA, BPF, and BPS differentially impact cell viability, 
cell cycle progression, and cell death in human NSCLC cells.

Toxicol Res (Camb). 
2024 Dec 
1;13(6):tfae200.

10.1093/toxres/tfae200 39677491 in vitro - - - - - - - - - - 1 0 不明 1 - - - - - - - - - - - - - -

統合_1905
J. H. Kim, S. R. Lim, D. H. Jung, E. J. Kim, J. 
Sung, S. C. Kim, C. H. Choi, J. W. Kang and S. J. 
Lee

2022

Grifola frondosa Extract Containing 
Bioactive Components Blocks Skin 
Fibroblastic Inflammation and 
Cytotoxicity Caused by Endocrine 
Disrupting Chemical, Bisphenol A

Grifola frondosa (GF), a species of Basidiomycotina, is widely distributed across Asia and has been used as an immunomodulatory, anti-bacterial, and anti-cancer agent. In the present study, the pharmacological activity 
of the GF extract against an ecotoxicological industrial chemical, bisphenol A (BPA) in normal human dermal fibroblasts (NHDFs), was investigated. GF extract containing naringin, hesperidin, chlorogenic acid, and 
kaempferol showed an inhibitory effect on cell death and inflammation induced by BPA in the NHDFs. For the cell death caused by BPA, GF extract inhibited the production of reactive oxygen species responsible for the 
unique activation of the extracellular signal-regulated kinase. In addition, GF extract attenuated the expression of apoptosis-related proteins (Bax, Bcl-2, and cleaved caspase-3) and the pro-inflammatory cytokine IL-1β 
by the suppression of the redox-sensitive transcription factor, nuclear factor-kappa B (NF-κB) in BPA-treated NHDFs. For the inflammation triggered by BPA, GF extract blocked the inflammasome-mediated caspase-1 
activation that leads to the secretion of IL-1β protein. These results indicate that the GF extract is a functional antioxidant that prevents skin fibroblastic pyroptosis induced by BPA.

Nutrients Vol.14 Issue 
18

10.3390/nu14183812 36145189 in vitro - - - - - - - - - - 1 0 50 µM - - - - - - - - - - - - - - -

統合_1906 H. M. Kim, S. M. Lee, J. Choi, N. K. Soung and J. 
D. Heo 2021

Effects of Bisphenol A and Its 
Alternatives, Bisphenol F and 
Tetramethyl Bisphenol F on 
Osteoclast Differentiation

Bisphenol A (BPA) is a typical environmental endocrine disruptor that exhibits estrogen-mimicking, hormone-like properties and can cause the collapse of bone homeostasis by an imbalance between osteoblasts and 
osteoclasts. Various BPA substitutes, structurally similar to BPA, have been used to manufacture 'BPA-free' products; however, the regulatory role of BPA alternatives in osteoclast differentiation still remains 
unelucidated. This study aimed to investigate the effects of these chemicals on osteoclast differentiation using the mouse osteoclast precursor cell line RAW 264.7. Results confirmed that both BPA and its alternatives, 
bisphenol F and tetramethyl bisphenol F (TMBPF), were nontoxic to RAW 264.7 cells. In particular, tartrate-resistant acid phosphatase (TRAP)-positive multinucleated cell staining and activity calculation assays revealed 
that TMBPF enhanced osteoclast differentiation upon stimulation of the receptor activator of nuclear factor-kappa B ligand (RANKL). Additionally, TMBPF activated the mRNA expression of osteoclast-related target 
genes, such as the nuclear factor of activated T-cells, cytoplasmic 1 (NFATc1), tartrate-resistant acid phosphatase (TRAP), and cathepsin K (CtsK). Western blotting analysis indicated activation of the mitogen-
activated protein kinase signaling pathway, including phosphorylation of c-Jun N-terminal kinase and p38. Together, the results suggest that TMBPF enhances osteoclast differentiation, and it is critical for bone 
homeostasis and skeletal health.

Molecules. 2021 Oct 
9;26(20):6100.

10.3390/molecules26206100 34684681 in vitro - - - - - - - - - - 1 0 0.1, 1, 10 µM 1 - - - - - - - - - - - - - -

統合_1907 H. Kim, H. Park, B. Hwang, S. Kim, Y. H. Choi, 
W. J. Kim and S. K. Moon 2023

Bisphenol A exposure inhibits 
vascular smooth muscle cell 
responses: Involvement of 
proliferation, migration, and invasion

Previous studies have associated bisphenol A (BPA) with malignant tumor formation, infertility, and atherosclerosis in vitro and in vivo. However, the precise mechanisms through which BPA affects the cardiovascular 
system under normal conditions remain unclear. Therefore, this study investigated the biological mechanisms through which BPA affects the responses of aortic vascular smooth muscle cells (VSMCs). BPA treatment 
inhibited the proliferative activity of VSMCs and induced G(2)/M-phase cell cycle arrest via stimulation of the ATM-CHK2-Cdc25C-p21(WAF1)-Cdc2 cascade in VSMCs. Furthermore, BPA treatment upregulated the 
phosphorylation of mitogen-activated protein kinase (MAPK) pathways such as ERK, JNK, and p38 MAPK in VSMCs. However, the phosphorylation level of AKT was down-regulated by BPA treatment. Additionally, the 
phosphorylation of ERK, JNK, and p38 MAPK was suppressed when the cells were treated with their respective inhibitors (U0126, SP600125, and SB203580). BPA suppressed MMP-9 activity by reducing the binding 
activity of AP-1, Sp-1, and NF-κB, thus inhibiting the invasive and migratory ability of VSMCs. These data demonstrate that BPA interferes with the proliferation, migration, and invasion capacities of VSMCs. Therefore, 
our findings suggest that overexposure to BPA can lead to cardiovascular damage due to dysregulated VSMC responses.

Environ Toxicol 
Pharmacol. 2023 
Mar:98:104060.

10.1016/j.etap.2023.104060 36610522 in vitro - - - - - - - - - - 1 0 不明 1 - - - - - - - - - - - - - -
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統合_1908 H. Kim, H. S. Kim, Y. J. Piao and W. K. Moon 2019

Bisphenol A Promotes the Invasive 
and Metastatic Potential of Ductal 
Carcinoma In Situ and 
Protumorigenic Polarization of 
Macrophages

Increased cancer risk and immune disorders linked with exposure to environmental endocrine disruptors like bisphenol A (BPA) have been steadily reported. Nevertheless, the impacts of BPA on the breast ductal 
carcinoma in situ (DCIS) progression and macrophage polarization remain to be elucidated. Here, we analyzed the differentially expressed genes in BPA-exposed DCIS cells and explored BPA effects on DCIS progression 
and macrophage polarization in vitro and in vivo. Two hundred and ninety-one genes were differentially expressed in 10-8 M BPA-exposed DCIS cells, in which the gene ontology terms of biological processes associated 
with negative regulation of cell death, cell adhesion, and immune response was enriched. 10-8 M BPA promoted the proliferation and migration of DCIS cells and the migration of macrophages, and upregulated the 
expression of M1 (NOS2) or M2 markers (Arg-1 and CD206) in macrophages. In coculture system, the migratory capacity of both cells and the expression levels of NOS2, Arg-1, and CD206 in macrophages were 
significantly enhanced upon 10-8 M BPA. In a DCIS xenograft model, oral exposure to an environmentally human-relevant low dose of 2.5 µg/l BPA for 70 days via drinking water led to an approximately 2-fold promotion in 
the primary tumor growth rate and a significant enhancement of lymph node metastasis along with increased protumorigenic CD206+ M2 polarization of macrophages. These results demonstrate that BPA acts as an 
accelerator to promote DCIS progression to invasive breast cancer by affecting DCIS cell proliferation and migration as well macrophage polarization toward a protumorigenic phenotype.

Toxicol Sci. 2019 Aug 
1;170(2):283-295.

10.1093/toxsci/kfz119 31143956 動物、in vitro - 1 1 1 DCIS異種移植モデル 0 2.5 µg/l BPA - - - 1 0 10-8 M 1 - - - - - - - - - - - - - -

統合_1909 H. Kim, H. S. Kim and W. K. Moon 2019

Comparison of transcriptome 
expression alterations by chronic 
exposure to low-dose bisphenol A in 
different subtypes of breast cancer 
cells

The impacts of chronic bisphenol A (BPA) exposure suspected to be a potential risk factor for breast cancer progression are not thoroughly understood in different subtypes of breast cancer cells (BCCs). This study 
aimed to compare the differentially expressed genes (DEGs) and biological functions in MCF-7 (luminal A), SK-BR3 (HER2-enriched) and MDA-MB-231 (triple-negative) cells exposed to BPA at an environmentally human-
relevant low dose (10(-8) M) for 30 days, by using the approach of RNA sequencing and online informatics tools. BPA-exposure resulted in 172, 137, and 139 DEGs in MCF-7/BPA, SK-BR3/BPA, and MDA-MB-231/BPA, 
respectively. The significantly enriched gene ontology terms of DEGs in each cell were different: cellular response to gonadotropin-releasing hormone, negative regulation of fibrinolysis, choline metabolism, glutamate 
signaling pathways and coagulation pathway in MCF-7/BPA; positive regulation of inflammatory response and VEGF/VEGFR signaling pathways in SK-BR3/BPA; negative regulation of keratinocyte proliferation and HIF 
signaling pathways in MDA-MB-231/BPA cells. The immune network analysis of DEGs across the breast cancer cells indicated NKT, NK and T cell activation and dendritic cell migration by regulating the expression of 
immunomodulatory genes. High expression of IL19, CA9 and SPARC identified in MCF-7/BPA, SK-BR3/BPA, and MDA-MB-231/BPA are detrimental gene signatures to predict poor overall survival in luminal A, HER2-
enriched and triple-negative breast cancer patients, respectively. These findings indicate chronic BPA exposure has dissimilar impacts on the regulation of gene expression and diverse biological functions, including 
immune modulation, in different subtypes of BCCs.

Toxicol Appl Pharmacol. 
2019 Dec 
15:385:114814.

10.1016/j.taap.2019.114814 31715268 in vitro - - - - - - - - - - 1 0 10（-8）M 1 - - - - - - - - - - - - - -

統合_1910 C. H. Kim, M. J. Kim, J. Park, J. Kim, J. Y. Kim, M. 
J. An, G. S. Shin, H. M. Lee and J. W. Kim 2021

Bisphenol A Exposure Changes the 
Transcriptomic and Proteomic 
Dynamics of Human Retinoblastoma 
Y79 Cells

Bisphenol A (BPA) is a xenoestrogen chemical commonly used to manufacture polycarbonate plastics and epoxy resin and might affect various human organs. However, the cellular effects of BPA on the eyes have not 
been widely investigated. This study aimed to investigate the cellular cytotoxicity by BPA exposure on human retinoblastoma cells. BPA did not show cytotoxic effects, such as apoptosis, alterations to cell viability and cell 
cycle regulation. Comparative analysis of the transcriptome and proteome profiles were investigated after long-term exposure of Y79 cells to low doses of BPA. Transcriptome analysis using RNA-seq revealed that mRNA 
expression of the post-transcriptional regulation-associated gene sets was significantly upregulated in the BPA-treated group. Cell cycle regulation-associated gene sets were significantly downregulated by exposure to 
BPA. Interestingly, RNA-seq analysis at the transcript level indicated that alternative splicing events, particularly retained introns, were noticeably altered by low-dose BPA treatment. Additionally, proteome profiling using 
MALDI-TOF-MS identified a total of nine differentially expressed proteins. These results suggest that alternative splicing events and altered gene/protein expression patterns are critical phenomena affected by long-term 
low-dose BPA exposure. This represents a novel marker for the detection of various diseases associated with environmental pollutants such as BPA.

Genes (Basel) Vol.12 
Issue 2

10.3390/genes12020264 33670352 in vitro - - - - - - - - - - 1 0 20, 40, 80, 100, 500, and 1000 µM - - - - - - - - - - - - - - -

統合_1911 L. Khorsandi, A. Heidari-Moghadam, E. Younesi, 
M. Javad Khodayar and Y. Asadi-Fard 2023

Naringenin ameliorates cytotoxic 
effects of bisphenol A on mouse 
Sertoli cells by suppressing oxidative 
stress and modulating mitophagy: 
An experimental study

BACKGROUND: Bisphenol A (BPA), an endocrine-disrupting agent, is widely used as polycarbonate plastics for producing food containers. BPA exposure at environmentally relevant concentrations can cause reproductive 
disorders. OBJECTIVE: The effect of Naringenin (NG) on BPA-induced Sertoli cell toxicity and its mechanism was examined in the present study. MATERIALS AND METHODS: In this experimental-laboratory study, the 
mouse TM4 cells were treated to BPA (0.8 μM) or NG for 24 hr at concentrations of 10, 20, and 50 μg/ml. Cell viability, reactive oxygen species (ROS) production, malondialdehyde (MDA) content, antioxidant level, and 
mitochondrial membrane potential (MMP) were examined. The expression of mitophagy-related genes, including Parkin and PTEN-induced putative kinase 1 (Pink1), was also evaluated. RESULTS: BPA significantly 
lowered the viability of the Sertoli cells (p= 0.004). Pink1 and Parkin levels of the BPA group were significantly increased (p  <  0.001), while the MMP was considerably decreased (p  <  0.001). BPA raised MDA and ROS 
levels (p  <  0.001) and reduced antioxidant biomarkers (p= 0.003). NG at the 20 and 50 μg/ml concentrations could significantly improve the viability and MMP of TM4 cells (p= 0.034). NG depending on concentration, 
could decrease Pink1 and Parkin at mRNA and protein levels compared to the BPA group (p = 0.024). NG enhanced antioxidant factors, while ROS and MDA levels were decreased in the BPA-exposed cells. CONCLUSION: 
The beneficial impacts of NG on BPA-exposed Sertoli cells are related to the suppression of mitophagy and the reduction of oxidative stress.

Int J Reprod Biomed 
Vol.22 Issue 3 Pages 
219-228

10.18502/ijrm.v22i3.16166 38868445 in vitro - - - - - - - - - - 1 0 0.8 µM - - - - - - - - - - - - - - -

統合_1912 L. Khani, M. Studzian, L. Martins, M. 
Gorzkiewicz and Ł. Pułaski 2025

Tetrabromobisphenol A, but not 
bisphenol A, disrupts plasma 
membrane homeostasis in myeloid 
cell models - A novel threat from an 
established persistent organic 
pollutant

Bisphenol A (BPA, a plastic polymer component) and tetrabromobisphenol A (TBBPA, a brominated flame retardant) are industrial compounds and representative persistent organic pollutants (POPs) with similar chemical 
structure. We studied their impact on biological membrane dynamics, which is an emerging and understudied target for environmental contaminants, using a set of state-of-the-art methods. We found that exposure to 
TBBPA, but not to BPA, leads to disruption of biophysical homeostasis of the plasma membrane in myeloid cell lines HL-60, THP-1 and Mono Mac 6. Applied methods include: pyrene excimer formation, fluorescence 
anisotropy, solvatochromic shift ratiometry (using di-4-ANEPPDHQ, NR12A and laurdan) and fluorescence recovery after photobleaching. TBBPA increased rotational and lateral mobility and decreased general polarity and 
lipid order in plasma membranes of myeloid cells, but decreased mobility and increased rigidity in internal membranes of the same cells. Strikingly, BPA had no significant membrane effects in these cells, suggesting a 
specific molecular interaction mechanism of TBBPA action which may potentially lead to disruption of immune function. Identification of this novel threat from an established pollutant with documented exposure pathways 
highlights the possibility that immunotoxicity of POPs may contribute to their environmental toxicity burden.

Sci Total Environ 
Vol.961 Pages 178284

10.1016/j.scitotenv.2024.178284 39798458 in vitro - - - - - - - - - - 1 0 5〜200µM - - - - - - - - - - - - - - -

統合_1913 N. G. Khan, D. Adiga, P. S. Rai and S. P. 
Kabekkodu 2024

Integrated In-Silico and In Vitro 
analysis to Decipher the contribution 
of bisphenol-A in cervical cancer

Bisphenol A (BPA) is a synthetic chemical widely used as a monomer for producing polycarbonate plastics. The present investigation employed an in-silico approach to identify BPA-responsive genes and comprehend the 
biological functions affected using in vitro studies. A Comparative Toxicogenomics Database search identified 29 BPA-responsive genes in cervical cancer (CC). Twenty-nine genes were screened using published 
datasets, and thirteen of those showed differential expression between normal and CC samples. Protein-Protein Interaction Networks (PPIN) analysis identified BIRC5, CASP8, CCND1, EGFR, FGFR3, MTOR, VEGFA, 
DOC2B, WNT5A, and YY1 as hub genes. KM-based survival analysis identified that CCND, EGFR, VEGFA, FGFR3, DOC2B, and YY1 might affect CC patient survival. SiHa and CaSki cell proliferation, migration, and 
invasion were all considerably accelerated by BPA exposure. Changes in cell morphology, remodeling of the actin cytoskeleton, increased number and length of filopodia, elevated intracellular reactive oxygen species and 
calcium, and lipid droplet accumulation were noted upon BPA exposure. BPA treatment upregulated the expression of epithelial to mesenchymal transition pathway members and enhanced the nuclear translocation of 
CTNNB1. We showed that the enhanced migration and nuclear translocation of CTNNB1 upon BPA exposure is a calcium-dependent process. The present study identified potential BPA-responsive genes and provided 
novel insights into the biological effects and mechanisms affected by BPA in CC. Our study raises concern over the use of BPA.

Toxicology. 2024 
May:504:153791.

10.1016/j.tox.2024.153791 38555994 in vitro - - - - - - - - - - 1 0 1 mM, 1 µM, 1 nM, and 1 pM 1 - - - - - - - - - - - - - -

統合_1914 V. M. Katata, M. D. Maximino, C. Y. Silva and P. 
Alessio 2022

The Role of Cholesterol in the 
Interaction of the Lipid Monolayer 
with the Endocrine Disruptor 
Bisphenol-A

Among pollutants of emerging concern, endocrine disruptors (ED) have been shown to cause side effects in humans and animals. Bisphenol-A (BPA) is an ED by-product of the plastic industry and one of the chemicals 
with the highest volume produced yearly. Here, we studied the role of cholesterol in the BPA exposure effects over membrane models. We used Langmuir films of both neat lipid DPPC (1,2-dipalmitoyl-sn-glycero-3-
phosphocholine) and cholesterol (Chol) and a binary mixture containing DPPC/Chol, exposing it to BPA. We evaluate changes in the π-A isotherms and the PM-IRRAS (polarization modulation-infrared reflection 
adsorption spectroscopy) spectra. BPA exposure induced changes in the DPPC and Chol neat monolayers, causing mean molecular area expansion and altering profiles. However, at high surface pressure, the BPA was 
expelled from the air-water interface. For the DPPC/Chol mixture, BPA caused expansion throughout the whole compression, indicating that BPA is present at the monolayer interface. The PM-IRRAS analysis showed that 
BPA interacted with the phosphate group of DPPC through hydrogen bonding, which caused the area's expansion. Such evidence might be biologically relevant to better understand the mechanism of action of BPA in cell 
membranes once phosphatidylcholines and Chol are found in mammalian membranes.

Membranes (Basel) 
Vol.12 Issue 8

10.3390/membranes12080729 35893447 in vitro - - - - - - - - - - 1 0  1 × 10−5 mol/L - - - - - - - - - - - - - - -

統合_1915 A. A. Kasongo, M. Leroux, I. Amrouche-
Mekkioui, M. Belhadji-Domecq and C. Aguer 2022

BPA exposure in L6 myotubes 
increased basal glucose metabolism 
in an estrogen receptor-dependent 
manner but induced insulin 
resistance

Exposure to bisphenol A (BPA) is associated with insulin resistance and type 2 diabetes (T2D). Since muscle insulin resistance is the primary defect in T2D, we aimed to determine whether BPA alters glucose metabolism 
in L6 muscle cells. L6 or L6-GLUT4-myc cells were exposed to 1-10(4) nM BPA or the vehicle (0.1% DMSO) for 7 days. BPA at 10(3)-10(4) nM significantly decreased the levels of the muscle differentiation markers 
troponin- T and myosin heavy chain 3. Insulin-stimulated phosphorylation of Akt and GSK3, insulin-stimulated glucose uptake, and insulin-stimulated GLUT4 translocation were significantly decreased with 10(3)-10(4) 
nM BPA. Basal glucose uptake and glycolysis (extracellular acidification rates measured by Seahorse XFe96) were increased with 10(3)-10(4) nM BPA. Levels of ROS detoxifying enzymes were increased with BPA >10 
nM, while catalase activity was increased with 10(3)-10(4) nM BPA. However, BPA did not induce oxidative stress (measured by protein carbonylation and lipid peroxidation) nor mitochondrial dysfunction. The effects of 
BPA on basal glucose uptake and catalase activity, but not on insulin sensitivity, were restored when estrogen receptors (ERs) were inhibited with ICI. These findings suggest that high concentrations of BPA increase 
muscle glucose uptake through the ERs but induce insulin resistance through another pathway.

Food Chem Toxicol. 
2022 Dec:170:113505.

10.1016/j.fct.2022.113505 36328215 in vitro - - - - - - - - - - 1 0 10nM 1 - - - - - - - - - - - - - -

統合_1916 W. Karunarathne, I. M. N. Molagoda, Y. H. Choi, 
S. R. Park, S. Lee and G. Y. Kim 2021

Bisphenol A: A potential Toll-like 
receptor 4/myeloid differentiation 
factor 2 complex agonist

In addition to endocrine disruption, bisphenol A (BPA) is known to induce inflammation through the activation of nuclear factor-κB (NF-κB). However, detailed studies on the mechanism of NF-κB activation by BPA have 
not been sufficiently conducted. In the present study, we observed that low concentrations of BPA (≤1 μM) upregulated the release of proinflammatory mediators, including nitric oxide (NO) and prostaglandin E(2) 
(PGE(2)), as well as proinflammatory cytokines, including tumor necrosis factor (TNF)-α, interleukin (IL)-12, and IL-6. Molecular modeling predicted that BPA docked with the Toll-like receptor 4 (TLR4)/myeloid 
differentiation factor 2 (MD2) complex activates downstream molecules including myeloid differentiation primary response 88 (MyD88) and IL-1 receptor-associated kinase 4 (IRAK-4) and results in the upregulation of 
the NF-κB signaling pathway. Additionally, BPA increased morphological abnormalities and mortality in zebrafish larvae and enhanced the dispersal of macrophages and neutrophils in the whole body, thereby causing an 
endotoxemia-like disorder. However, a specific TLR4 inhibitor, TLR4-IN-C34, mitigated BPA-induced mortality and morphological abnormalities, which indicates that the TLR4/MD2 complex is a molecular target of BPA-
induced immunotoxicity. Collectively, our results indicate that low concentrations of BPA, which is a potential agonist of the TLR4/MD2 complex, can intensify the immune response and eventually cause an endotoxemia-
like disorder.

Environ Pollut. 2021 Jun 
1:278:116829.

10.1016/j.envpol.2021.116829 33706241 in vitro - - - - - - - - - - 1 0 1 µM以下 1 - - - - - - - - - - - - - -

統合_1917 R. Kabakci and A. A. Yigit 2020

Effects of bisphenol A, diethylhexyl 
phthalate and pentabrominated 
diphenyl ether 99 on steroid 
synthesis in cultured bovine luteal 
cells

Bisphenol A (BPA), diethylhexyl phthalate (DEHP) and pentabrominated diphenyl ether 99 (PBDE 99) are environmental toxicants belonging to the endocrine disrupting compounds (EDCs). They exert adverse effects on the 
various physiological systems, especially the reproductive system of humans and animals. The aim of this study was to investigate the effects of BPA, DEHP and PBDE 99 on progesterone (P4) synthesis in cultured bovine 
luteal cells. The bovine luteal cells isolated from the mid-luteal corpora lutea were exposed to different concentrations of BPA (1, 3, 10 and 30 µM), DEHP (1, 3, 10 and 30 µM) and PBDE 99 (0.1, 0.3, 1 and 3 µM) in a 
serum-free culture media for 48 and 96 hr. At 48 hr, the P4 level in the luteal cells decreased after treatment with all concentrations of BPA; 3, 10 and 30 µM of DEHP; and 3 µM of PBDE 99 compared to the control (p <
 .05). Treatment of cells with 3-30 µM of BPA, 1-30 µM of DEHP and 1-3 µM of PBDE 99 for 96 hr resulted in reduction in P4 synthesis (p < .05). However, lower concentrations of PBDE 99 (0.1 and 0.3 µM) increased P4 
levels at 48 and 96 hr. Synthesis of P4 was lower at 96 hr compared to the 48 hr in the groups treated with BPA (30 µM), DEHP (1-30 µM), PBDE 99 (0.3-3 µM) and control group. Our results showed that BPA, DEHP and 
PBDE 99 are able to alter luteal steroidogenesis in bovine cells and can disrupt hormonal balance in the ovary. However, it is necessary to evaluate the exact mechanism underlying these effects in future studies.

Reprod Domest Anim 
Vol.55 Issue 6 Pages 
683-690

10.1111/rda.13665 32125030 in vitro - - - - - - - - - - 1 0 1、3、10、および30 µM - - - - - - - - - - - - - - -

統合_1918 R. Kabakci, H. C. Macun, I. M. Polat and E. 
Yildirim 2019

Inhibitory effect of Bisphenol A on in 
vitro feline uterine contractions

Bisphenol A (BPA) is an environmental pollutant used as a plasticizer in the manufacture of many plastic products, such as packaging, containers, and water and beverage bottles. There are deleterious effects of BPA on 
metabolic, endocrine, nervous, and reproductive systems. This is the first study in which there was investigation of the in vitro effect of BPA on the spontaneous contractions of the cat uterus. The tubal uterine segments 
(1 cm) collected from queens in estrus were suspended in an isolated organ bath. Following tissue stabilization, spontaneous contractions were recorded for 10 min to constitute the control group. The effects of the 
solvent (alcohol) and BPA at different concentrations (1, 10, and 100 μM) on uterine contractions were subsequently evaluated at 10 min intervals in terms of frequency and mean amplitude variables. The ethanol vehicle 
did not alter the uterine contractions compared to the control group. All concentrations of BPA used in the study resulted in a reduction (P < 0.05) in amplitude of uterine contractions in a dose-dependent manner, while 
only the largest dose of BPA decreased the frequency of contractions (P < 0.05). In reproductive physiology, regular uterine contractions facilitate successful fertilization, migration, implantation, and maintenance of 
pregnancy, as well as fetus expulsion. The results of this study indicate BPA has an inhibitory effect on spontaneous contractions of the cat uterus. It is proposed that this suppressive effect of BPA on uterine 
contractions might lead to queen infertility.

Anim Reprod Sci 
Vol.205 Pages 27-33

10.1016/j.anireprosci.2019.03.017 30967318 in vitro - - - - - - - - - - 1 0 1、10、100 µM - - - - - - - - - - - - - - -

統合_1919
Y. S. Jung, S. T. Ro, S. W. Kang, H. Lee, J. S. Lee, 
Y. K. Chae, K. E. Lee, H. S. Lee, K. H. Kwack, S. 
K. Kim, S. C. Choi and O. H. Nam

2023

Bisphenol A release from 
commercially available 3-
dimensionally printed resins and 
human cell apoptosis to bisphenol 
A: an in-vitro study

Bisphenol A (BPA) from dental materials may be linked to children's health issues. This study aimed to assess the release of BPA from commercially available 3-dimensional (3D)-printed resin materials and evaluate BPA-
related apoptotic effects on human periodontal ligament cells and gingival fibroblasts. Commercially available 3D-printed resin materials for prosthodontic use were selected as follows: NextDent C&B MFH (3D Systems, 
Rock Hill, SC, USA), DIOnavi-P. MAX (Dio Co., Busan, Korea), and DIOnavi-Denture02 (Dio Co., Busan, Korea). Identical cuboidal samples (1 cm × 1 cm × 0.5 cm) were printed from the materials and cured. BPA release 
was assessed using liquid chromatography/mass spectrometry (LC/MS). In addition, human gingival fibroblasts and periodontal ligament cells were exposed to various BPA solutions based on the LC/MS results. Cell 
Counting kit-8 (CCK-8) and real-time polymerase chain reaction analyses were performed to evaluate BPA-related apoptotic effects. The LC/MS analysis confirmed that none of the 3D-printed resin materials released 
BPA after curing. Both human gingival fibroblasts and periodontal ligament cells showed lower viability after BPA exposure. Regarding apoptosis-related gene expression, Caspase10 (CASP10) expression in periodontal 
ligament cells was significantly different in the BPA solutions (p < 0.05). The expression of BAX and Capspase8 (CASP8) in gingival fibroblasts was significantly increased by BPA in a dose-dependent manner (p < 0.05). 
Within the limitations of this study, the 3D-printed resin materials were not found to release BPA. This finding implies that 3D-printed resin materials are not associated with potential BPA-related risks in children.

J Clin Pediatr Dent. 
2023 May;47(3):89-95.

10.22514/jocpd.2023.027 37143426 in vitro - - - - - - - - - - 1 0 不明 1 - - - - - - - - - - - - - -

統合_1920 E. M. Jung, Y. M. Yoo, J. H. Lee and E. B. Jeung 2022
Cytotoxicity evaluation and 
mechanism of endocrine-disrupting 
chemicals by the embryoid body test

Endocrine-disrupting chemicals (EDCs) are a structurally diverse class of synthetic and natural compounds. EDCs can cause non-communicable diseases such as obesity, type 2 diabetes, thyroid disorders, 
neurodevelopmental disease, hormone-dependent cancers, and reproductive disorders. The embryoid body test (EBT) is a developmental toxicity test method that determines the size of embryoid bodies (EBs) and the 
viability of mouse embryonic stem cells (mESCs) and fibroblasts (3T3 cells). The present study used the EBT to perform cytotoxicity evaluations of 10 EDCs and assessed the mechanistic relationship between 
endoplasmic reticulum (ER) stress and cytotoxicity. According to the statistical analysis and prediction model results, methylparaben, butylparaben, propylparaben, ethylparaben, triclosan, octylphenol, methoxychlor, 
bisphenol A, and diethylstilbestrol were classified as cytotoxic, but trichloroacetic acid was non-toxic. Classification accuracy was 90%. The mechanistic study showed that the cytotoxicities of butylparaben, 
propylparaben, octylphenol, and triclosan were induced by ER stress. The mRNA expressions of BiP, CHOP, and ATF4 were significantly higher following treatments with four EDCs compared to those after the control 
treatment. Compared to the control treatment, the mRNA levels of XBP1u and XBP1s increased significantly after butylparaben and propylparaben treatments, but did not increase with octylphenol and triclosan 
treatments. These results indicate that the EBT can be applied as an alternative toxicity test when evaluating the cytotoxicity of EDCs.

J Clin Pediatr Dent. 
2023 May;47(3):89-95.

10.1007/s43188-022-00132-6 36277366 in vitro - - - - - - - - - - 1 0 10-8〜10-2 mg/mL 1 - - - - - - - - - - - - - -

148



別添-2 統合⽂献リスト  

統合No. 著者名 発⾏年 タイトル アブストラクト 書誌情報 doi PMID
ヒト/動物/in vitro/ex 

vivo/in silico
分野

（疫学/動物） 哺乳動物 経⼝投与
BPA

単独ばく露

⼀般的な動物
種及び系統の
無処置動物

対照群と
3⽤量以上の
BPA投与群

10 mg/kg/⽇
以下の

⽤量設定

コホート研究/症例対照研究
/メタアナリシス

全ての
集団

全ての
ばく露経路

BPA
単独ばく露

遺伝毒性
試験

遺伝毒性試験以外
については100nM
以下の濃度設定の

試験

適格性評価基準
通過

（1534報）

信頼性評価対象
⽂献

(1012報)

疫学納品
⽂献(716報)

動物納品
⽂献(299報)

※１報取得不
可を含む

疫学情報
抽出⽂献

（170報）

動物情報
抽出⽂献

（123報）

EFSA
2023

EFSA
2016

EFSA
2015 BfR KEMI ANSES FDA NIFDS

CLARITY
-BPA

 適格性評価（動物）1：該当、0：該当しない  適格性評価（疫学）1：該当、0：該当しない  適格性評価（in vitro）1：該当、0：該当しない

適格性評価はタイトル及び要旨の情報に基づ
き可能な範囲で実施。明らかに適格性基準不
適合と判断されるもの以外を信頼性評価へ進
め、信頼性評価段階で原著に基づき精査。

引⽤評価機関
●：該当

統合_1921 G. Jocsak, E. Ioja, D. S. Kiss, I. Toth, Z. Barany, 
T. Bartha, L. V. Frenyo and A. Zsarnovszky 2019

Endocrine Disruptors Induced 
Distinct Expression of Thyroid and 
Estrogen Receptors in Rat versus 
Mouse Primary Cerebellar Cell 
Cultures

The endocrine system of animals consists of fine-tuned self-regulating mechanisms that maintain the hormonal and neuronal milieu during tissue development. This complex system can be influenced by endocrine 
disruptors (ED)-substances that can alter the hormonal regulation even in small concentrations. By now, thousands of substances-either synthesized by the plastic, cosmetic, agricultural, or medical industry or occurring 
naturally in plants or in polluted groundwater-can act as EDs. Their identification and testing has been a hard-to-solve problem; Recent indications that the ED effects may be species-specific just further complicated the 
determination of biological ED effects. Here we compare the effects of bisphenol-A, zearalenone, and arsenic (well-known EDs) exerted on mouse and rat neural cell cultures by measuring the differences of the ED-
affected neural estrogen- and thyroid receptors. EDs alters the receptor expression in a species-like manner detectable in the magnitude as well as in the nature of biological responses. It is concluded that the 
interspecies differences (or species specificity) in ED effects should be considered in the future testing of ED effects.

Brain Sci. 2019 Dec 
5;9(12):359.

10.3390/brainsci9120359 31817561 in vitro - - - - - - - - - - 1 0 10−10 M 1 - - - - - - - - - - - - - -

統合_1922 H. J. Jin, Z. D. Qiu, C. Qian, C. Y. Zhang and Y. 
Peng 2025

Identification of the metabolomic 
alterations associated with the 
formation of bisphenol-A sulfate 
metabolite in HepG2 cells

The elucidation of the causal relationship between bisphenol-A (BPA) exposure and hepatoxic outcomes is challenging because of the complexity in both the BPA-derived metabolites formed in the liver and the associated 
endogenous molecular responses. We performed parallel metabolism experiments with BPA to characterize the BPA sulfate formation and the associated alterations in the metabolome level in HepG2 cells using mass 
spectrometry-based metabolome wide association study. Briefly, HepG2 cells were exposed for 8 or 24 h to 1 or 10 μM BPA in DMSO or DMSO alone. The levels of BPA sulfate in the cell culture media were quantified, 
and the sulfation efficiency was about 0.4 % observed for both 1 and 10 μM BPA in HepG2 cells. Targeted metabolomic analyses revealed alterations belonging to forty metabolic pathways following BPA exposure. 
Featured by the decreasing of estrone sulfate, estrogen metabolism was observed as the top 1 enriched pathway in response to BPA exposure. MWAS suggests that BPA sulfate formation in HepG2 cells resulted in 
vitamin B6 deficiency and dysregulated vitamin B6-dependent processes, for example, the kynurenine pathway in tryptophan metabolism. These findings collectively provide insights into the linkage between exogenous 
and endogenous metabolism and the potential initial events in BPA exposure-relevant hepatoxicity.

Food Chem Toxicol 
Vol.200 Pages 115382

10.1016/j.fct.2025.115382 40058625 in vitro - - - - - - - - - - 1 0 1, 10 µM - - - - - - - - - - - - - - -

統合_1923 C. Jiménez-Torres, L. C. Hernández-Kelly, M. 
Najimi and A. Ortega 2020

Bisphenol A exposure disrupts 
aspartate transport in HepG2 cells

The liver is the organ responsible for bisphenol A (BPA) metabolism, an environmental chemical agent. Exposure to this toxin is associated with liver abnormalities and dysfunction. An important role played by excitatory 
amino acid transporters (EAATs) of the slc1 gene family has been reported in liver injuries. To gain insight into a plausible effect of BPA exposure in the liver glutamate/aspartate transport, using the human 
hepatoblastoma cell line HepG2, we report a BPA-dependent dynamic regulation of SLC1A3 and SLC1A2. Through the use of radioactive [(3) H]- d-aspartate uptake experiments and immunochemical approaches, we 
characterized time and dose-dependent regulation of the protein levels and function of these transporters after acute exposure to BPA. An increase in nuclear Yin Yang 1 was found. These results suggest an important 
involvement of the EAATs in liver physiology and its disruption after acute BPA exposure.

J Biochem Mol Toxicol. 
2020 Aug;34(8):e22516.

10.1002/jbt.22516 32363662 in vitro - - - - - - - - - - 1 0 不明 1 - - - - - - - - - - - - - -

統合_1924 X. Jiang, S. Sun, C. Shi, K. Liu, Y. Yang, J. Cao, J. 
Gu and J. Liu 2024

Rsad2 mediates Bisphenol A-
induced actin cytoskeletal disruption 
in mouse spermatocytes

Bisphenol A (BPA) is widely exposed in populations worldwide and has negative effects on spermatogenesis both in animals and humans. The homeostasis of the actin cytoskeleton in the spermatogenic epithelium is 
crucial for spermatogenesis. Actin cytoskeleton destruction in the seminiferous epithelium is one of the important reasons for BPA-induced spermatogenesis disorder. However, the underlying molecular mechanisms 
remain largely unexplored. Herein, we explored the role and mechanism of Rsad2, an interferon-stimulated gene in BPA-induced actin cytoskeleton disorder in mouse GC-2 spermatocyte cell lines. After BPA exposure, the 
actin cytoskeleton was dramatically disrupted and the cell morphology was markedly altered accompanied by a significant increase in Rsad2 expression both in mRNA and protein levels in GC-2 cells. Furthermore, the 
phalloidin intensities and cell morphology were restored obviously when interfering with the expression of Rsad2 in BPA-treated GC-2 cells. In addition, we observed a significant decrease in intracellular ATP levels after 
BPA treatment, while the ATP level was obviously upregulated when knocking down the expression of Rsad2 in BPA-treated cells compared to cells treated with BPA alone. Moreover, Rsad2 relocated to mitochondria 
after BPA exposure in GC-2 cells. BPA promoted Rsad2 expression by activating type I IFN-signaling in GC-2 cells. In summary, Rsad2 mediated BPA-induced actin cytoskeletal disruption in GC-2 cells, which provided 
data to reveal the mechanism of BPA-induced male reproductive toxicity.

J Appl Toxicol. 2024 
Oct;44(10):1478-1488.

10.1002/jat.4649 38828519 in vitro - - - - - - - - - - 1 0 不明 1 - - - - - - - - - - - - - -

統合_1925 S. Jia, C. Li, M. Fang, M. Marques Dos Santos 
and S. A. Snyder 2022

Non-targeted metabolomics 
revealing the effects of bisphenol 
analogues on human liver cancer 
cells

Bisphenol analogues (BPs) are widely used in plastics, food packaging and other commercial products as non safer alternative of BPA. As emerging environmental contaminants, BPs have received considerable attention 
for their adverse effects on human health. However, their effects on liver metabolisms are only marginally understood. In this study, high-resolution mass spectrometry-based global metabolomics and extracellular flux 
(XF) analysis were applied to characterize the cellular metabolome alterations and reveal the possible mechanisms of the metabolic disorders associated with BPs-induced toxicity in HepG2 cells. BPE, BPB and BPAP 
with similar chemical structures were selected to compare their interference with different metabolic pathways. A total of 61 key metabolite profiles were significantly altered after exposure to the three BPs. Overall, BPs 
altered metabolites which are associated with energy metabolism, oxidative stress, cell proliferation and nucleotides synthesis. The primary dysregulated pathways included energy and nucleotides synthesis related 
Purine and Glycolysis/Gluconeogenesis metabolism. In addition, attenuated mitochondrial function and enhanced glycolysis were found under BPB and BPAP treatment. While attenuated glycolysis was observed under 
BPE treatment. These findings may provide potential biomarkers indicating the cytotoxicity of BPs and prompt a deeper understanding of the intramolecular metabolic processes induced by BPs exposure.

Chemosphere. 2022 
Jun:297:134088.

10.1016/j.chemosphere.2022.1340
88

35216976 in vitro - - - - - - - - - - 1 0 不明 1 - - - - - - - - - - - - - -

統合_1926 G. Ji, J. Gu, M. Guo, L. Zhou, Z. Wang, L. Shi and 
A. Gu 2022

A systematic comparison of the 
developmental vascular toxicity of 
bisphenol A and its alternatives in 
vivo and in vitro

Due to the potential toxicity of bisphenol A (BPA), several bisphenols (BPs), including bisphenol F (BPF), bisphenol S (BPS) and bisphenol AF (BPAF), have been gradually used as its main substitutes, and the levels of 
these alternatives in different environmental media have been constantly increasing. Although some previous studies have shown that bisphenol substitutes have similar or greater acute toxicity and estrogenic effects 
than BPA, comparative studies on the cardiovascular toxicity of BPs have not been evaluated. In this study, the developmental vascular toxicity of BPA and three predominant substitutes (BPF, BPS and BPAF) were 
evaluated using zebrafish embryos and human vascular endothelial cells (HUVECs). BP exposure at a sublethal concentration of 1/10 96 h median lethal concentration (96 h-LC(50)) significantly hindered intersegmental 
vessel (ISV) growth, delayed common cardinal vein (CCV) remodeling and decreased subintestinal vessels (SIVs) in Tg (fli1:EGFP) zebrafish embryos. Meanwhile, the results of the endothelial tube formation assay 
showed that in vitro angiogenesis was inhibited by BP exposure. Mechanistically, BP exposure increased oxidative stress characterized by a significant decrease in superoxide dismutase (SOD) and catalase (CAT) 
activity, accompanied by increased levels of malondialdehyde (MDA) and reactive oxygen species (ROS) in both zebrafish and HUVECs. Therefore, the vascular toxicity and oxidative stress potency of the BPs were 
compared and evaluated, ranking as follows: BPAF > BPF > BPA > BPS. To the best of our knowledge, the present work, for the first time, systematically provides direct evidence for BPA and its alternatives on 
developmental vascular toxicity in vitro and in vivo. Therefore, these findings will provide insight into the rational and safe application of BPA substitutes.

Chemosphere. 2022 
Mar;291(Pt 2):132936.

10.1016/j.chemosphere.2021.1329
36

34798105 in vitro - - - - - - - - - - 1 0 不明 1 - - - - - - - - - - - - - -

統合_1927 D. H. Jeong, D. W. Jung, J. W. Kim and H. S. Lee 2024

Beauvericin, produced by Fusarium 
oxysporum inhibits bisphenol A-
induced proliferation of human 
breast cancer cell line by regulating 
ERα/p38 pathway

Beauvericin (BEA) is a cyclic depsipeptide secondary metabolite of Fusarium species. It causes chemical hazards in food products and exists in an environment containing soil and various food types. On the other hand, 
the purified BEA has various biological activities and is regarded as a potential candidate for pharmaceutical research. This study was performed to assess the anti-proliferation activity of BEA against human breast 
cancer cells by regulating the estrogen receptor-alpha (ERα)/p38 pathway. TA and BA assays verified that BEA is a completed ER antagonist. Additionally, BEA suppressed cell proliferation in the anti-proliferation assay 
involving ER-positive human breast cancer cells co-treated with BPA and BEA. In respect to an anti-proliferation activity, the BPA-induced phosphorylation of p38 protein was inhibited in the presence of BEA. These 
results suggested that BEA exerts inhibitory potentials on endocrine disrupting effect and possibly acts as a natural therapeutic material for human estrogen hormonal health.

J Steroid Biochem Mol 
Biol. 2024 
May:239:106483.

10.1016/j.jsbmb.2024.106483 38369033 in vitro - - - - - - - - - - 1 0 不明 1 - - - - - - - - - - - - - -

統合_1928 N. Jangid, A. Sharma and N. Srivastava 2024
Potential involvement of ferroptosis 
in BPA-induced neurotoxicity: An in 
vitro study

BACKGROUND: Ferroptosis is a newly recognized cell death pathway having distinct characteristics compared to traditional cell death pathways such as apoptosis, necroptosis, or autophagy. However, the potential 
involvement of ferroptosis in bisphenol A (BPA)-induced neurotoxicity has not been well explored so far. In present study, we analyzed the relationship between ferroptosis and BPA-induced neurotoxicity. METHODS: In 
this study, a human neuroblastoma cell line, SH-SY5Y, was treated with BPA, ferrostatin-1 (FS-1, ferroptosis inhibitor) and RSL-3 (ferroptosis inducer). The cell viability was measured using MTT assay. Additionally, the 
levels of lipid peroxidation, total iron content, reactive oxygen species (ROS) generation, and nitrite content were measured to evaluate the key markers of ferroptosis. To further confirm the involvement of ferroptosis in 
BPA-induced neurotoxicity, other ferroptosis markers such as glutathione peroxidase (GPx) activity, total glutathione contents and antioxidant parameters were also evaluated. RESULTS: The cell viability of SH-SY5Y 
cells was down-regulated by BPA treatment in a concentration-dependent manner, the cell viability at 0.1 µM concentration was 97.63% whereas at highest BPA concentration i.e. 10 µM, the cell viability was 86.05% (p < 
0.0001). Also the antioxidant parameters including catalase and superoxide dismutase activity of neuronal cells were down-regulated upon BPA exposure. However, the levels of lipid peroxidation, total iron, reactive 
oxygen species, and nitrite contents were increased in a concentration-dependent manner which could be rescued by FS-1 and exacerbated by RSL-3. The total iron in SH-SY5Y cells at 0.1 µM concentration was found to 
be 1.2 fold (p < 0.05) of control and at highest BPA concentration total iron was about 1.41 fold (p < 0.001) of control. CONCLUSIONS: The present study indicated that, ferroptosis plays an important role in the 
progression of BPA-induced neurotoxicity, and ferroptosis may become a novel target in the treatment of various neurological disorders.

Environ Toxicol 
Pharmacol. 2024 
Mar:106:104355.

10.1016/j.etap.2023.104355 38154758 in vitro - - - - - - - - - - 1 0 0.1〜10µM 1 - - - - - - - - - - - - - -

統合_1929 J. W. Jang, J. W. Lee, Y. D. Yoon, J. S. Kang and 
E. Y. Moon 2020

Bisphenol A and its substitutes 
regulate human B cell survival via 
Nrf2 expression

B cells contribute to produce inflammatory cytokines and antibodies, to present autoantigens, and to interact with T cells, which lead to body defense and disease control. Nuclear factor (erythroid-derived 2)-like 2(Nrf2) 
is responsible for gene expression of antioxidant enzymes to protect cells from oxidative stress by reactive oxygen species(ROS) production. Bisphenol A(BPA) may not be safe due to the effect on body's physiological 
functions. The chemicals that substitute for BPA may still have similar effects in the body. Tritan™ copolyester is a novel plastic form using BPA substitutes, 1,4-cyclohexanedimethanol(CHDM), dimethyl 
terephthalate(DMT), and 2,2,4,4-tetramethyl-1,3-cyclobutanediol(TMCD). Isosorbide(ISO) was also used as a substitute for TMCD and DMT. Here, we investigated whether B cell viability is influenced by BPA and its 
substitutes via Nrf2 induction using WiL2-NS human B lymphoblast cells. When cytotoxicity was measured by using assays with MTT, CellTiter-Glo, trypan blue and propidium iodide, cytotoxicity by BPA was higher than 
that by substitutes. BPA and its substitutes showed significant cytotoxicity and ROS production, which were attenuated by the treatment with N-acetylcysteine(NAC), a ROS scavenger. In addition, BPA treatment 
enhanced gene expression of antioxidant enzymes, heme oxygenase(HO)-1, catalase, superoxide dismutase(SOD) 1 and 2. As H(2)O(2) treatment induced cell death and Nrf2 amount in WiL2-NS cells, BPA treatment 
increased Nrf2. Cell death by H(2)O(2) was increased in doxycycline-inducible Nrf2-knockdown(KD) cells. In Cytotoxicity by the treatment with BPA or its substitutes was also enhanced in Nrf2-KD cells but that was 
reduced by Nrf2 overexpression compared to control cells. Taken together, these results implicate that B cell cytotoxicity by substitutes should be lower than BPA and Nrf2 can prevent B cells from BPA- or BPA 
substitutes-induced cytotoxicity via ROS production. Data suggest that the comprehensive studies or evaluation could be necessary to replace BPA in manufacture by other substitutes.

Environ Pollut. 2020 
Apr:259:113907.

10.1016/j.envpol.2019.113907 32023790 in vitro - - - - - - - - - - 1 0 不明 1 - - - - - - - - - - - - - -

統合_1930 T. Jambor, E. Kovacikova, H. Greifova, A. 
Kovacik, L. Libova and N. Lukac 2019

Assessment of the effective impact 
of bisphenols on mitochondrial 
activity and steroidogenesis in a 
dose-dependency in mice TM3 
Leydig cells

The increasing worldwide production of bisphenols has been associated to several human diseases, such as chronic respiratory and kidney diseases, diabetes, breast cancer, prostate cancer, behavioral troubles and 
reproductive disorders in both sexes. The aim of the present in vitro study was to evaluate the potential impact bisphenols A, B, S and F on the cell viability and testosterone release in TM3 Leydig cell line. Mice Leydig 
cells were cultured in the presence of different concentrations of bisphenols (0.04-50 µg.ml-1) during 24 h exposure. Quantification of the cell viability was assessed using the metabolic activity assay, while the level of 
testosterone in cell culture media was determined by enzyme-linked immunosorbent assay. Within the panel of substances under investigations, the higher experimental concentrations (10; 25 and 50 µg.ml-1) significantly 
(P<0.001) decreased Leydig cells viability, while the same doses of BPA and BPB also reduced testosterone production significantly (P<0.001). Taken together, the results of our study reported herein is a consistent whit 
the conclusion that higher experimental doses of bisphenols have a cytotoxic effect and could have a dose-dependent impact on testosterone production.

Physiol Res Vol.68 Issue 
4 Pages 689-693

10.33549/physiolres.934200 31342755 in vitro - - - - - - - - - - 1 0 0.04〜50 µg/ml - - - - - - - - - - - - - - -

統合_1931 T. Jambor, N. Knizatova, H. Greifova, A. Kovacik 
and N. Lukac 2023

Toxicity of bisphenol A and its 
replacements in the mice Leydig 
cells in vitro

The aim of the study was to examine the potential impacts of bisphenol A (BPA) and its analogues BPB, BPF, and BPS on mice TM3 Leydig cells, with respect to basal cell viability parameters such as metabolic activity, 
cell membrane integrity, and lysosomal activity after 48-h exposure. In addition, monitoring of potential bisphenol´s actions included evaluation of ROS production and gap junctional intercellular communication (GJIC) 
complemented by determination of testosterone secretion. Obtained results revealed significant inhibition in mitochondrial activity started at 10 microg/ml of bisphenols after 48-h exposure. Cell membrane integrity was 
significantly decreased at 5 microg/ml of BPA and BPF and 10, 25, and 50 microg/ml of BPA and BPS. The lysosomal activity was significantly affected at 10, 25, and 50 microg/ml of applied bisphenols. A significant 
overproduction of ROS was recorded mainly at 5 and 10 microg/ml of tested compounds. In addition, significant inhibition of GJIC was observed at 5 microg/ml of BPB followed by a progressive decline at higher applied 
doses. In the case of testosterone production, a significant decline was confirmed at 10, 25 and 50 microg/ml.

Physiol Res Vol.72 Issue 
1 Pages 71-86

10.33549/physiolres.934989 36545881 in vitro - - - - - - - - - - 1 0 10 µg/ml - - - - - - - - - - - - - - -

統合_1932 L. Q. Ismael, Y. Y. Keong, H. Bahari, C. A. Lan 
and K. B. Yin 2024

Bombesin-like receptor 3 expression 
induced by bisphenol A is likely 
associated with reduced cell 
proliferation by inhibiting DNA 
synthesis and inducing inflammation 
in liver cells

BACKGROUND: Bisphenol A (BPA) is an exogenous endocrine disruptor mimicking hormones closely associated with health complications, such as cancer progression. BPA is also related to an increase in the prevalence 
of obesity-related diseases due to its obesogenic action. Bombesin-like receptor 3 (BRS3) is an important factor that should be considered in the adipogenic gene network, as depletion of this gene alters adiposity. 
METHODS: Therefore, the present study aimed to investigate the messenger ribonucleic acid (mRNA) expression of BRS3 in human liver THLE-2 cells post-BPA treatment by real-time polymerase chain reaction. The 
effects of BPA on the levels of pro-inflammatory proteins, interleukin 6 (IL6) and CC motif chemokine ligand 2 (CCL2), in conditioned media of BPA-treated THLE-2 cells and deoxyribonucleic acid (DNA) synthesis in 
replicating BPA-treated THLE-2 cells during the cell cycle were also examined by enzyme-linked immunosorbent assay (ELISA) and flow cytometry, respectively. RESULTS: The study found that the mRNA expression of 
BRS3 was increased in THLE-2 cells treated with BPA. The study also showed that the expression levels of IL6 and CCL2 reached an optimum level in the conditioned media of BPA-treated THLE-2 cells after 48 h of 
treatment. Subsequently, the DNA synthesis analysis showed that bromodeoxyuridine/propidium iodide (BrdU/PI) stained positive cells were decreased in BPA-treated THLE-2 cells at 72 h of treatment. CONCLUSION: 
The study demonstrates that BRS3 expression induced by BPA is likely associated with reduced cell proliferation by inhibiting DNA synthesis and inducing cellular inflammation in liver cells.

Mol Biol Rep. 2024 Feb 
1;51(1):271.

10.1007/s11033-023-09080-2 38302795 in vitro - - - - - - - - - - 1 0 不明 1 - - - - - - - - - - - - - -

統合_1933
L. Q. Ismael, A. R. Abdulhameed, Y. Y. Keong, 
M. N. H. Abdullah, H. Bahari, T. J. Jie and K. B. 
Yin

2022

Bisphenol A is a carcinogen that 
induces lipid accumulation, 
peroxisome proliferator-activated 
receptor-γ expression and liver 
disease

Bisphenol (BP) A is an exogenous endocrine disruptor that mimics hormones closely associated with health complications, e.g., obesity and cancers. The present study aimed to evaluate the effects of BPA on human liver 
cells and tissue. The peroxisome proliferator-activated receptor (PPAR)-γ expression profile across tumour samples and paired normal tissue was first analysed using GEPIA. Subsequently, BPA-treated liver THLE-2 cell 
viability was evaluated using an MTT assay. Clusterin, PPARα and PPARγ gene expression in BPA-treated THLE-2 cells was assessed using GEPIA before validating the gene expression using real-time PCR and 
analysing overall survival using TCGA data in GEPIA. Cytoplasmic lipid accumulation was examined in BPA-treated THLE-2 cells using Oil Red O staining, and liver tissue was examined using haematoxylin and eosin 
staining. Finally, cytochrome P450 (CYP) gene expression was assessed in BPA-treated THLE-2 cells using real-time PCR. PPARγ is likely the primary nuclear receptor protein involved in lipid accumulation in THLE-2 
cells following BPA treatment and is associated with liver disease. THLE-2 cells exposed to BPA showed a decrease in viability and lipid accumulation after 48 h treatment. Higher PPARγ gene expression was 
significantly associated with survival of patients with liver cancer, with an average survival time of <80 months. Haematoxylin and eosin-stained sections showed notable disruption of the liver architecture in tissue 
exposed to BPA. Downregulated CYP1A1 and CYP1B1 gene expression implied that BPA-treated THLE-2 cells decreased capacity for carcinogen metabolism, while upregulated CYP2S1 gene expression exerted minimal 
cytotoxicity. The present study revealed that BPA served as a carcinogen, enhanced tumorigenesis susceptibility and may induce other types of liver disease.

Exp Ther Med Vol.24 
Issue 6 Pages 735

10.3892/etm.2022.11671 36466761 in vitro - - - - - - - - - - 1 0 7.81, 15.63, 31.25, 62.50, 125.00, 250.00, 500.00, 1,000.00 µg/ml - - - - - - - - - - - - - - -
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統合_1934 L. Iskandarani, S. Romanelli, B. F. Hales and B. 
Robaire 2025

The effects of bisphenol A and its 
analogs on steroidogenesis in MA-
10 Leydig cells and KGN granulosa 
cells

Bisphenols are a family of chemicals used in the manufacture of consumer products containing polycarbonate plastics and epoxy resins. Studies have shown that exposure to bisphenol A (BPA) may disrupt 
steroidogenesis and induce adverse effects on male and female reproduction, but little is known about BPA replacements. We determined the effects of six bisphenols on the steroidogenic function of MA-10 Leydig cells 
and KGN granulosa cells by measuring the levels of progesterone and estradiol produced by these cells as well as the expression of transcripts involved in steroid and cholesterol biosynthesis. MA-10 and KGN cells were 
exposed for 48 h to one of six bisphenols (0.01-50 μM): BPA, bisphenol F, bisphenol S, bisphenol AF, bisphenol M, or bisphenol TMC, under both basal and dibutyryl cAMP (Bu2cAMP)-stimulated conditions. In MA-10 
cells, most bisphenols increased the Bu2cAMP-stimulated production of progesterone. In KGN cells, there was a general decrease in progesterone production, while estradiol levels were increased following exposure to 
many bisphenols. Quantitative real-time polymerase chain reaction analyses revealed that all six bisphenols (≥1 μM) upregulated the expression of STAR, a cholesterol transporter, in both cell lines after stimulation. Key 
transcripts directly involved in steroid and cholesterol biosynthesis were significantly altered in a cell line, chemical, and concentration-dependent manner. Thus, BPA and five of its analogs can disrupt steroid production 
in two steroidogenic cell lines and alter the levels of transcripts involved in this process. Importantly, BPA replacements do not appear to have fewer effects than BPA.

Biol Reprod. 2025 Feb 
14;112(2):399-414.

10.1093/biolre/ioae165 39520287 in vitro - - - - - - - - - - 1 0 0.01-50 µM 1 - - - - - - - - - - - - - -

統合_1935 L. Iskandarani, T. McHattie, B. Robaire and B. F. 
Hales 2022

Effects of Bisphenols A, AF, and S 
on Endochondral Ossification and 
the Transcriptome of Murine Limb 
Buds

Bisphenols are a family of chemicals commonly used to produce polycarbonate plastics and epoxy resins. Exposure to bisphenol A (BPA) is associated with a variety of adverse effects; thus, many alternatives to BPA, 
such as bisphenol AF (BPAF) and bisphenol S (BPS), are now emerging in consumer products. We have determined the effects of 3 bisphenols on endochondral ossification and the transcriptome in a murine limb bud 
culture system. Embryonic forelimbs were cultured in the presence of vehicle, BPA, BPAF, or BPS. BPA (≥10 μM), BPAF (≥1 μM), and BPS (≥50 μM) reduced the differentiation of hypertrophic chondrocytes and 
osteoblasts. Chondrogenesis was suppressed by exposure to ≥50 μM BPA, ≥5 μM BPAF, or 100 μM BPS and osteogenesis was almost completely arrested at 100 μM BPA or 10 μM BPAF. RNA sequencing analyses 
revealed that the total number of differentially expressed genes increased with time and the concentration tested. BPA exposure differentially regulated 635 genes, BPAF affected 554 genes, whereas BPS affected 95 
genes. Although the genes that were differentially expressed overlapped extensively, each bisphenol also induced chemical-specific alterations in gene expression. BPA- and BPAF-treated limbs exhibited a 
downregulation of Rho-specific guanine nucleotide dissociation inhibitor (RhoGDI) signaling genes. Exposure to BPA and BPS resulted in the upregulation of key genes involved in cholesterol biosynthesis, whereas 
exposure to BPAF induced an upregulation of genes involved in bone formation and in the p53 signaling pathway. These data suggest that BPAF may be more detrimental to endochondral ossification than BPA, whereas 
BPS is of comparable toxicity to BPA.

Toxicol Sci Vol.187 
Issue 2 Pages 234-253

10.1093/toxsci/kfab145 34850234 in vitro - - - - - - - - - - 1 0 5〜100 µM - - - - - - - - - - - - - - -

統合_1936 S. A. Hyun, C. Y. Lee, M. Y. Ko, S. H. Chon, Y. J. 
Kim, J. W. Seo, K. K. Kim and M. Ka 2021

Cardiac toxicity from bisphenol A 
exposure in human-induced 
pluripotent stem cell-derived 
cardiomyocytes

Bisphenol A (BPA) is a well-known endocrine-disrupting chemical that is widely used in a variety of products, including plastics, medical equipment and receipts. Hence, most people are exposed to BPA through the skin, 
via inhalation and via the digestive system, and such exposure has been linked to cardiovascular diseases including coronary artery disease, hypertension, atherosclerosis, and myocardial infarction. However, the 
underlying mechanisms of cardiac dysfunction caused by BPA remain poorly understood. In this study, we found that BPA exposure altered cardiac function in human induced pluripotent stem cell-derived cardiomyocytes 
(hiPSC-CMs). Acute BPA exposure in hiPSC-CMs resulted in reduced field potential, as measured by multielectrode array (MEA). Furthermore, we observed that BPA dose-dependently inhibited I(Ca), I(Na) or I(Kr) 
channels. In addition, BPA exposure dose-dependently inhibited calcium transients and contraction in hiPSC-CMs. Our findings suggest that BPA exposure leads to cardiac dysfunction and cardiac risk factors such as 
arrhythmia.

Toxicol Appl Pharmacol. 
2021 Oct 1:428:115696.

10.1016/j.taap.2021.115696 34419494 in vitro - - - - - - - - - - 1 0 不明 1 - - - - - - - - - - - - - -

統合_1937 Y. S. Huang, A. A. Chang, Z. J. Yang, J. A. Chen, 
C. K. Lin and H. C. Lan 2024

Long-term subculture induces 
syncytialization and influent the 
response to bisphenol A (BPA) of 
placental JEG-3 cells

The placenta is a temporary organ that exists only during pregnancy, responsible for connecting the mother and the fetus. During placental development, the cytotrophoblast cells differentiate into multinucleated, 
syncytialized cells that envelop the chorionic villi, a process known as syncytialization. These syncytiotrophoblast cells serve as a barrier between maternal circulation and the fetus and secrete important hormones such 
as human chorionic gonadotropin (hCG), estrogen, and progesterone. Proper regulation of trophoblast differentiation and hormone secretion is crucial throughout pregnancy, as disruption of these processes can lead to 
pregnancy failure. Previous studies showed that Bisphenol A (BPA), an endocrine-disrupting chemical (EDC), negatively impacts pregnancy. It affects placental development, tissue morphology, hormone secretion, and 
probably increase the risk of pregnancy complications. Furthermore, some compounds like hCG and forskolin induce the cell differentiation and affecting hormone secretion in trophoblast. In this study, we found that 
long-term subculture of JEG-3 cells indicates an increase in cell differentiation, alterations in physiological properties, and changes in hormone secretion profiles. Our results also demonstrate distinct responses in JEG-3 
cells to BPA stimulation in later passages, suggesting that long-term subculture alters cell characteristics and elicits varied responses to stimuli. This implies potential harm from BPA exposure at different stages of 
pregnancy, albeit through different mechanisms.

Reprod Toxicol. 2024 
Dec:130:108738.

10.1016/j.reprotox.2024.108738 39477191 in vitro - - - - - - - - - - 1 0 (0‒200 µM for early passage; 0‒1000 nM for late passage) 1 - - - - - - - - - - - - - -

統合_1938 Y. Huang, W. Zhang, C. Zhang, N. Cui, Z. Xiao, 
R. Wang and X. Su 2022

Rapid and reagent-free bioassay 
using autobioluminescent yeasts to 
detect agonistic and antagonistic 
activities of bisphenols against rat 
androgen receptor and progesterone 
receptor

Bisphenol A (BPA) and its analogues have been classified as endocrine disruptors via binding to nuclear receptors. Two novel bioassays, BLYrARS and BLYrPRS, were developed for rapid detection of agonistic and 
antagonistic activities of BPA and five of its analogues binding rat androgen receptor (rAR) and rat progesterone receptor (rPR). The reporter bioassay was based on two autonomously bioluminescent strains of the yeast 
Saccharomyces cerevisiae, recombined with a bacterial luciferase reporter gene cassette (lux) that can produce autofluorescence, regulated by the corresponding hormone response element acting as the responsive 
promoter. The bioluminescent signal is autonomous and continuous without cell lysis or addition of exogenous reagents. The AR agonist R1881 could be detected at 4 h with a half-maximal effective concentration 
(EC(50)) of ~9.4 nM. The PR agonist progesterone could be determined at 4 h with an EC(50) of ~2.74 nM. None of the sixteen bisphenols presented agonistic activities against rAR and rPR. However, thirteen BPs were 
rAR antagonists and eleven BPs acted as rPR antagonists with different potency. The BLYrARS and BLYrPRS bioassay characterized by automated signal acquisition without additional manipulations or cost can be 
applied for simple and rapid detection of agonistic and antagonistic activities of BPs and other compounds acting as agonists or antagonists of rAR and rPR. Based on data derived by use of this bioassay endocrine-
disrupting activities of some BPA analogues are more potent than BPA.

Reprod Toxicol. 2024 
Dec:130:108738.

10.1016/j.jsbmb.2022.106151 35787454 in vitro - - - - - - - - - - 1 0 2.74 nM 1 - - - - - - - - - - - - - -

統合_1939 X. Huang, X. Cang and J. Liu 2019
Molecular mechanism of Bisphenol 
A on androgen receptor antagonism

Bisphenol A (BPA), one of the highest production volume chemicals, is a typical endocrine-disrupting chemical (EDC) that exhibits antiandrogenic activity. However, how BPA antagonizes androgen effects remains 
ambiguous. In this study, the in silico and in vitro assays were carried out to explore the molecular mechanism(s) of BPA on androgen receptor (AR) antagonism. In reporter gene assay, BPA caused a significant 
antagonistic effect on 5α-dihydrotestosterone (DHT)-induced AR transcriptional activity at concentrations of 10(-9) M-10(-5) M. The results of molecular docking and molecular dynamics simulations indicated the 
availability of BPA binding to the ligand binding domain of AR. BPA treatment prevented the inhibition of receptor degradation caused by DHT binding to AR. BPA exposure also abolished DHT-dependent dissociation of AR 
from its co-chaperone, 90-kDa heat shock protein (Hsp90), and resulted in the blockage of DHT-induced AR nuclear translocation. This is the first report to show that BPA inhibited the DHT-induced stabilization of AR 
and the DHT-induced dissociation of AR-Hsp90 complex. This study provided new evidence for further understanding the precise mechanisms of antagonism of BPA on AR.

Toxicol In Vitro. 2019 
Dec:61:104621.

10.1016/j.tiv.2019.104621 31415812 in vitro - - - - - - - - - - 1 0 0(-9) M〜10(-5) M 1 - - - - - - - - - - - - - -

統合_1940 M. Huang, G. Xu, M. Li and M. Yang 2024

Bisphenol A and bisphenol AF co-
exposure induced apoptosis of 
human ovarian granulosa cells via 
mitochondrial dysfunction

Bisphenol A (BPA) is a synthetic chemical primarily utilized in the manufacturing of polycarbonate plastics and epoxy resins that are present in various consumer products. While the BPA impacts on female reproductive 
toxicity have been widely investigated, very little is currently identified about the mixed toxicity of BPA and bisphenol AF (BPAF), another common BPA derivative that is used in many industrial applications. In this study, 
we assessed the effect of co-exposure of BPA (30 and 50 μM) and BPAF (3 and 5 μM) on mitochondrial dysfunction in human granulosa cells (KGN cells) for 24 h. Our results exhibited that high-concentration bisphenol 
individual or their mixture exposure of KGN cells induced significant mitochondrial dysfunction by reducing mitochondrial mass, reducing ATP production, and damaging the mitochondrial respiratory chain. In addition, we 
found that the combination of BPA and BPAF significantly induced mitochondrial stress by increasing calcium levels and the production of ROS in mitochondria. Mitochondrial stress induced by BPA and BPAF was 
determined to be a mechanism that promoted cell apoptosis after pretreating the cells with the mitochondrial-targeted antioxidant and the calcium chelator. Our results provide novel evidence of the cytotoxicity of 
mixtures of different bisphenol compounds.

Food Chem Toxicol 
Vol.191 Pages 114894

10.1016/j.fct.2024.114894 39074574 in vitro - - - - - - - - - - 1 0 30および50 µM - - - - - - - - - - - - - - -

統合_1941 M. Huang, S. Liu, L. Fu, X. Jiang and M. Yang 2020

Bisphenol A and its analogues 
bisphenol S, bisphenol F and 
bisphenol AF induce oxidative stress 
and biomacromolecular damage in 
human granulosa KGN cells

Bisphenol A (BPA) is gradually being replaced by presumably safer analogues such as bisphenol S (BPS), bisphenol F (BPF), and bisphenol AF (BPAF), due to its toxic, endocrine disrupting and possible carcinogenic 
effects. Although these bisphenols are widely used to produce a variety of everyday household items, the effects of BPA and its analogues on oxidative stress and cellular energy metabolism of the female reproductive 
system are still poorly understood. The aim of this study was to evaluate the oxidative stress, biomacromolecular damage and changes in calcium ion (Ca(2+)) levels induced by BPA and its substitutes on KGN cells, 
which are maintain physiological characteristics of ovarian granulosa cells. We have observed that BPA and BPAF significantly reduced the viability of KGN cells, while BPS and BPF exhibited a slight toxic effect on the 
cells. The levels of intracellular ROS production and antioxidant capacity were significantly increased and decreased, respectively, in KGN cells after treatment with high concentrations of BPA and its analogues. In 
addition, we found that the damage to biomacromolecules, which are the main targets of oxidative stress was significantly increased after treatment with BPA, BPS, BPF, and BPAF. The intracellular Ca(2+) levels in KGN 
cells were significantly increased after exposure to high concentrations of BPA and BPAF, respectively. These results suggest that BPA and its analogues may play different roles in regulating the biologic functions of 
granulosa cells and the process of ovarian follicular development.

Chemosphere. 2020 
Aug:253:126707.

10.1016/j.chemosphere.2020.1267
07

32289607 in vitro - - - - - - - - - - 1 0 不明 1 - - - - - - - - - - - - - -

統合_1942 M. Huang, Y. Li, K. Wu, S. Hao, Q. Cai, Z. J. Zhou 
and H. F. Yang 2019

Effects of environmental chemicals 
on the proliferation and 
differentiation of neural stem cells

The objective of the present study was to explore the effects of environmental chemicals, such as methyl mercury, paraquat, and bisphenol A, on cell proliferation and apoptosis, as well as the expression levels of 
neuronal differentiation-related genes in neural stem cells (NSCs). NSCs originated from human umbilical cord blood (HUCB-NSCs) were used as cell models in the current study. CCK-8 and flow cytometry experiments 
were performed to assess the effects of methyl mercury, paraquat, and bisphenol A on the proliferation and apoptosis of HUCB-NSCs at different processes, including proliferation and differentiation stages. The 
expressions of neuronal differentiation-related genes were determined by reverse transcription-polymerase chain reaction and western blot analysis. The results showed that methyl mercury, paraquat, and bisphenol A 
treatments significantly inhibited cell proliferation and induced cell apoptosis in HUCB-NSCs, as well as decreased the expressions of Oct4, Gdf3, and Sox1, whereas increased Pax6 and Ngn1 expressions at both mRNA 
and protein levels. In conclusion, this study demonstrates that environmental chemicals can impair the proliferation and differentiation of NSCs, which may cause abnormal development of the nervous system.

Environ Toxicol. 2019 
Dec;34(12):1285-1291.

10.1002/tox.22829 31400064 in vitro - - - - - - - - - - 1 0 不明 1 - - - - - - - - - - - - - -

統合_1943 M. Huang, M. Huang, X. Li, S. Liu, L. Fu, X. 
Jiang and M. Yang 2021

Bisphenol A induces apoptosis 
through GPER-dependent activation 
of the ROS/Ca(2+)-ASK1-JNK 
pathway in human granulosa cell 
line KGN

Bisphenol A (BPA) is widely distributed in the environment and human surroundings and is closely related to the occurrence of many chronic diseases including female infertility. Although BPA-induced granulosa cell 
apoptosis has been widely reported, the underlying mechanisms remain unknown. In this study, we evaluated the induction effect of BPA exposure on apoptosis and mechanisms of regulation in KGN cells (a human 
granulosa-like tumor cell line). Our results indicated that BPA induced apoptosis of KGN cells in a dose- and time-dependent manner. BPA exposure significantly promoted the expression of pro-apoptotic proteins and 
decreased mitochondrial membrane potential. We also observed that high concentrations of BPA significantly promoted the generation of reactive oxygen species (ROS) and calcium ion (Ca(2+)) accumulation. The 
involvement of ROS and Ca(2+) in BPA-induced KGN cell apoptosis was confirmed by pretreatment with NAC (an antioxidant) and BAPTA-AM (a calcium chelator). After inhibitors pretreatment to block the corresponding 
signaling pathways, it was found that BPA-induced phosphorylation of JNK and ASK1 proteins and apoptosis of KGN cells were significantly inhibited. We pretreated with G15 (a GPER inhibitor) and found that BPA-
induced ROS generation and Ca(2+) accumulation and apoptosis were significantly inhibited. These results suggest that BPA exposure induces KGN cell apoptosis through GPER-dependent activation of the ROS/Ca(2+)-
ASK1-JNK signaling pathway. Our study provides mechanisms by which BPA induced apoptosis of granulosa cells and ovarian dysfunction.

Ecotoxicol Environ Saf. 
2021 Jan 
15:208:111429.

10.1016/j.ecoenv.2020.111429 33039870 in vitro - - - - - - - - - - 1 0 0.1〜100 µM 1 - - - - - - - - - - - - - -

統合_1944
C. Y. Huang, R. H. Xie, P. H. Li, C. Y. Chen, B. H. 
You, Y. C. Sun, C. K. Chou, Y. H. Chang, W. C. 
Lin and G. Y. Chen

2025
Environmental Exposure to 
Bisphenol A Enhances Invasiveness 
in Papillary Thyroid Cancer

Bisphenol A (BPA) is a prevalent environmental contaminant found in plastics and known for its endocrine-disrupting properties, posing risks to both human health and the environment. Despite its widespread presence, 
the impact of BPA on papillary thyroid cancer (PTC) progression, especially under realistic environmental conditions, is not well understood. This study examined the effects of BPA on PTC using a 3D thyroid papillary 
tumor spheroid model, which better mimicked the complex interactions within human tissues compared to traditional 2D models. Our findings demonstrated that BPA, at environmentally relevant concentrations, could 
induce significant changes in PTC cells, including a decrease in E-cadherin expression, an increase in vimentin expression, and reduced thyroglobulin (TG) secretion. These changes suggest that BPA exposure may 
promote epithelial-mesenchymal transition (EMT), enhance invasiveness, and reduce cell differentiation, potentially complicating treatment, including by increasing resistance to radioiodine therapy. This research 
highlights BPA's hazardous nature as an environmental contaminant and emphasizes the need for advanced in vitro models, like 3D tumor spheroids, to better assess the risks posed by such chemicals. It provides valuable 
insights into the environmental implications of BPA and its role in thyroid cancer progression, enhancing our understanding of endocrine-disrupting chemicals.

Int J Mol Sci. 2025 Jan 
19;26(2):814.

10.3390/ijms26020814 39859529 in vitro - - - - - - - - - - 1 0 10−9 M, 10−6 M, 10−5 M, and 10−4 M 1 - - - - - - - - - - - - - -

統合_1945
C. C. Huang, C. Y. Yang, C. C. Su, K. M. Fang, C. 
C. Yen, C. T. Lin, J. M. Liu, K. I. Lee, Y. W. Chen, 
S. H. Liu and C. F. Huang

2021

4-Methyl-2,4-bis(4-
hydroxyphenyl)pent-1-ene, a Major 
Active Metabolite of Bisphenol A, 
Triggers Pancreatic β-Cell Death 
via a JNK/AMPKα Activation-
Regulated Endoplasmic Reticulum 
Stress-Mediated Apoptotic Pathway

4-methyl-2,4-bis(4-hydroxyphenyl)pent-1-ene (MBP), a major active metabolite of bisphenol A (BPA), is generated in the mammalian liver. Some studies have suggested that MBP exerts greater toxicity than BPA. 
However, the mechanism underlying MBP-induced pancreatic β-cell cytotoxicity remains largely unclear. This study demonstrated the cytotoxicity of MBP in pancreatic β-cells and elucidated the cellular mechanism 
involved in MBP-induced β-cell death. Our results showed that MBP exposure significantly reduced cell viability, caused insulin secretion dysfunction, and induced apoptotic events including increased caspase-3 activity 
and the expression of active forms of caspase-3/-7/-9 and PARP protein. In addition, MBP triggered endoplasmic reticulum (ER) stress, as indicated by the upregulation of GRP 78, CHOP, and cleaved caspase-12 
proteins. Pretreatment with 4-phenylbutyric acid (4-PBA; a pharmacological inhibitor of ER stress) markedly reversed MBP-induced ER stress and apoptosis-related signals. Furthermore, exposure to MBP significantly 
induced the protein phosphorylation of JNK and AMP-activated protein kinase (AMPK)α. Pretreatment of β-cells with pharmacological inhibitors for JNK (SP600125) and AMPK (compound C), respectively, effectively 
abrogated the MBP-induced apoptosis-related signals. Both JNK and AMPK inhibitors also suppressed the MBP-induced activation of JNK and AMPKα and of each other. In conclusion, these findings suggest that MBP 
exposure exerts cytotoxicity on β-cells via the interdependent activation of JNK and AMPKα, which regulates the downstream apoptotic signaling pathway.

Int J Mol Sci Vol.22 
Issue 9

10.3390/ijms22094379 33922211 in vitro - - - - - - - - - - 1 0 25‒300 µM - - - - - - - - - - - - - - -

統合_1946 C. Huang, X. Chen, Z. Ouyang, L. Meng, J. Liu, 
Q. Pang and R. Fan 2024

Bisphenol a accelerates the 
glucolipotoxicity-induced 
dysfunction of rat insulinoma cell 
lines: An implication for a potential 
risk of environmental bisphenol a 
exposure for individuals susceptible 
to type 2 diabetes

Epidemiological studies have suggested a correlation between bisphenol A (BPA) and type 2 diabetes (T2DM). The effects of BPA on β-cell dysfunction may reveal the risks from an in vitro perspective. We used the rat 
insulinoma (INS-1) cell lines (a type of β-cells) to set up normal or damaged models (DM), which were exposed to various concentrations of BPA (0.001, 0.01, 0.1, 1, 10 and 100 μM). An increase in reactive oxygen 
species (ROS) and apoptosis, and a decrease in cell viability were observed in INS-1 cells exposed to high doses of BPA for 48 h. Interestingly, exposure to lower doses of BPA for 24 h resulted in increased ROS levels and 
apoptosis rates in INS-1 in the DM group, along with decreased cell viability, suggesting that BPA exerts toxicity to INS-1 cells, particularly to the DM group. Insulin levels and Glut2 expression, glucose consumption, 
intracellular Ca(2+) and insulin secretion were increased in INS-1 cells after 48 h exposure to high dose of BPA. Stronger effects were observed in the DM group, even those exposed to low doses of BPA for 24 h. 
Moreover, BPA inhibited high glucose-stimulated insulin secretion in these cells. Our research suggests that low doses of BPA exacerbate the dysfunction caused by glucolipotoxicity, implying environmental BPA exposure 
poses a risk for individuals with prediabetes or T2DM.

Toxicol In Vitro. 2024 
Aug:99:105866.

10.1016/j.tiv.2024.105866 38844119 in vitro - - - - - - - - - - 1 0 0.001、0.01、0.1、1、10、100 µM 1 - - - - - - - - - - - - - -
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統合_1947
Q. Hu, X. Q. Guan, L. L. Song, H. N. Wang, Y. 
Xiong, J. L. Liu, H. Yin, Y. F. Cao, J. Hou, L. Yang 
and G. B. Ge

2020
Inhibition of pancreatic lipase by 
environmental xenoestrogens

Environmental xenoestrogens are the most accessible endocrine disrupting chemicals that have been reported with harmful effects on human health. Although the influences of xenoestrogens on the endocrine system 
have been extensively studied, it remains unclear whether these xenoestrogens can affect the digestive system in mammals. This study aimed to investigate the inhibitory effects and the underlying mechanism of six non-
steroidal synthetic estrogens (including hexestrol, diethylstilbestrol, dienestrol, bisphenol A, bisphenol AF and bisphenol Z) on pancreatic lipase (PL), a key digestive enzyme responsible for lipid digestion and absorption 
in mammals. The results clearly demonstrated that hexestrol, diethylstilbestrol and dienestrol exhibited strong inhibition on PL, with the IC(50) values of less than 1.0 μM. Further investigations elucidated that these 
three synthetic estrogens functioned as mixed inhibitors of PL, with the K(i) values of less than 1 μM. Moreover, molecular dynamics simulations showed that diethylstilbestrol and its analogues might block the binding 
of substrate on PL via occupying the portal to the active site of PL and thereby inhibit the hydrolytic activity of this key enzyme. Collectively, these results suggested that diethylstilbestrol and its analogues were potent 
PL inhibitors, which might play a profound role in lipid absorption and weight gain in mammals.

Ecotoxicol Environ Saf 
Vol.192 Pages 110305

10.1016/j.ecoenv.2020.110305 32070782 in vitro - - - - - - - - - - 1 0 1.0 µM - - - - - - - - - - - - - - -

統合_1948 J. Hu, J. Liu, X. Lv, L. Yu, S. Lan, Y. Li and Y. 
Yang 2021

Assessment of epigenotoxic profiles 
of Dongjiang River: A comprehensive 
of chemical analysis, in vitro 
bioassay and in silico approach

This research explored the occurrence, epigenetic toxic profiling and main toxic pollutants of POPs in surface water of Dongjiang River, southern China. The concentrations of selected POPs including polycyclic aromatic 
hydrocarbons (PAHs), endocrine disrupting chemicals (EDCs), phthalate esters (PAEs) and polybrominated diphenyl ethers (PBDEs) of surface water from 18 sites were investigated. ∑(16)PAHs and ∑(4)EDCs were at a 
moderate level, while ∑(6)PAEs and ∑(6)PBDEs had low pollution levels. PAHs, EDCs and PAEs showed higher concentrations in dry season than those in wet season, and the loading of selected POPs in tributaries was 
higher than those in mainstream due to intensive manufactures and lower runoff volume. Moreover, activities of DNA methyltransferase (DNMT)1, histone deacetylase (HDAC2, HDAC8) were confirmed to be sensitive 
indicators for epigenetic toxicity. The DNMT1-mediated epigenetic equivalency toxicity of organic extracts in Dongjiang River were more serious than those of HDAC2 and HDAC8. Correlation analysis shown binding 
affinity between POPs and DNMT1, HDAC2 and HDAC8 could be regarded as toxic equivalency factors. Risk assessment suggested that 4-nonylphenol and bisphenol A were the largest contributors to epigenetic risk. 
This study is the first attempt to quantify epigenetic toxicity and epigenetic risk evaluation of river water.

Environ Pollut. 2021 
Aug 1:282:116961.

10.1016/j.envpol.2021.116961 33823309 in vitro - - - - - - - - - - 1 0 不明 1 - - - - - - - - - - - - - -

統合_1949 Y. Hong, J. Li, Z. Du, N. Xu, Q. Yang, J. X. Zhou 
and W. Shu 2025

Genomic evidence based on eQTL 
data implicates endocrine disruptors 
as environmental risk factors for 
estrogen receptor-positive breast 
cancer

BACKGROUND: Estrogen receptor-positive (ER+) breast cancer is the most common molecular subtype of breast cancer and is strongly influenced by hormonal and environmental factors. Endocrine-disrupting chemicals 
(EDCs), which interfere with hormone signaling, have been suggested to contribute to ER+ breast cancer risk, but causal mechanisms remain unclear. METHODS: We integrated chemical-gene interaction data from the 
TEDX and CTD databases with large-scale genomic datasets to investigate the relationship between EDC-regulated gene expression and ER+ breast cancer. A total of 5797 EDC-related genes were identified and 
filtered using cis-expression quantitative trait loci (cis-eQTL) data from eQTLGen. Mendelian randomization (MR) and colocalization analyses were performed using ER+ breast cancer GWAS summary statistics to 
assess causal associations and shared genetic signals. Interacting EDCs were mapped to colocalized genes. RESULTS: Among 4207 genes with available cis-eQTLs, 50 showed statistically significant associations 
(FDR < 0.05) with ER+ breast cancer. Of these, 24 genes, including CIRBP, JMJD1C, and TET2, demonstrated strong evidence of colocalization. Key EDCs, such as bisphenol A and phthalates, were identified to interact 
with multiple high-risk genes, suggesting potential environmental drivers of ER+ breast cancer. CONCLUSION: This study provides genetic evidence supporting the causal role of EDC-regulated gene expression in ER+ 
breast cancer. The integration of MR, colocalization, and chemical-gene networks offers a novel framework for identifying environmentally relevant risk factors and contributes to understanding the gene-environment 
mechanisms underlying hormone-dependent cancers.

Int J Surg Vol.111 Issue 
8 Pages 5664-5674

10.1097/js9.0000000000002642 40576180 in silico - - - - - - - - - - - - - - - - - - - - - - - - - - - -

統合_1950 X. Hong, S. Wang, Q. Zhang, L. Li, H. Liu, H. 
Yang, D. Wu, X. Liu and T. Shen 2025

Bisphenol A exacerbates colorectal 
cancer progression through 
enhancing ceramide synthesis

Bisphenol A (BPA) is a typical environmental endocrine disruptor which have been broadly confirmed to be associated with malignant tumors, including colorectal cancer (CRC). Lipid metabolism reprogramming performed 
important biological effects in cancer progression. While the role of lipid metabolism in CRC progression upon BPA exposure remain elusive. Here, we found that BPA exposure enhanced de novo ceramide synthesis in 
vitro, along with upregulated ceramide synthase in high-BPA tumor tissue of CRC patients. Simultaneously, we demonstrated that BPA exposure exacerbated tumor biological behavior and epithelial mesenchymal 
transition (EMT), concurrent with elevated EMT expression of CRC tissue in high BPA group. Subsequently, the inhibition of ceramide synthase and pharmacological stimulation experiments revealed that ceramide 
accumulation activated EMT and exacerbated CRC progression, including Cer (d18:1/16:0) and Cer (d18:1/24:1). Collectively our findings elucidated the pathogenesis of ceramide accumulation escalating tumor 
progression under environmental BPA exposure, providing a strong basis for further investigation of dysregulated ceramide metabolism to boost tumor development and avoid metastatic relapse.

Toxicology. 2025 
Feb:511:154054.

10.1016/j.tox.2025.154054 39809339 in vitro - - - - - - - - - - 1 0 不明 1 - - - - - - - - - - - - - -

統合_1951 Q. He, A. Ma, Z. Yang, X. Pang, C. Li, J. Diao, Y. 
Liu, Q. Liu, Q. Zhang, Z. Dong and D. Zhang 2025

Bisphenol A promotes OSCC 
progression via GABBR1-mediated 
MAPK signaling and macrophage 
polarization: A network toxicology 
based study

BACKGROUND: Bisphenol A (BPA), an environmental pollutant, has been implicated in oral squamous cell carcinoma (OSCC) progression, yet its molecular mechanisms remain unclear. This study explores the role of 
GABBR1 in BPA-induced OSCC malignancy. METHODS: Bioinformatics analysis identified GABBR1 as a key gene in OSCC. Expression patterns and clinical relevance were assessed using TCGA, GTEx, and HPA 
databases. Molecular docking and dynamics simulations further elucidated the binding interaction between BPA and GABBR1. Functional assays, including western blot, immunofluorescence, CCK-8, EdU, and transwell 
evaluated the effects of BPA exposure and GABBR1 knockdown on OSCC cell function. Transwell co-culture, RT-PCR and ELISA assays examined exosome-mediated interactions between OSCC cells and macrophages. 
RESULTS: BPA exposure enhanced OSCC proliferation, migration, and invasion while promoting stemness through the GABBR1/MEK/ERK signaling pathway. Additionally, it induced M2 macrophage polarization via 
exosomal communication, contributing to an immunosuppressive microenvironment. CONCLUSION: This study uncovers a novel mechanism by which BPA promotes OSCC progression via GABBR1-mediated signaling and 
exosome-driven immunomodulation, highlighting GABBR1 as a potential therapeutic target in BPA-associated OSCC.

Ecotoxicol Environ Saf 
Vol.303 Pages 118835

10.1016/j.ecoenv.2025.118835 40779845 in silico - - - - - - - - - - - - - - - - - - - - - - - - - - - -

統合_1952 V. Hautanen, T. Toimela, M. Paparella and T. 
Heinonen 2023

A Human Cell-based Assay to 
Assess the Induction of Vasculature 
Formation for Non-genotoxic 
Carcinogenicity Testing Purposes: A 
Pilot Study

The induction of vasculature formation is proposed to be a significant mechanism behind the non-genotoxic carcinogenicity of a chemical. The vasculature formation model used in this study is based on the coculture of 
human primary HUVECs and hASCs. This model was used to develop an assay to assess the induction of vasculature formation. Three assay protocols, based on different conditions, were developed and compared in 
order to identify the optimal conditions required. Some serum supplements and growth factors were observed to be essential for initiating vasculature formation. Of the studied putative positive reference chemicals, 
aspartame, sodium nitrite, bisphenol A and nicotine treatment led to a clear induction of vasculature formation, but arsenic and cadmium treatment only led to a slight increase. This human cell-based assay has the 
potential to be used as one test within a next generation testing battery, to assess the non-genotoxic carcinogenicity of a chemical through the mechanism of vasculature formation induction.

Altern Lab Anim. 2023 
May;51(3):188-203.

10.1177/02611929231171165 37125451 in vitro - - - - - - - - - - 1 0 不明 1 - - - - - - - - - - - - - -

統合_1953 K. G. Harnett, A. Chin and S. M. Schuh 2021

BPA and BPA alternatives BPS, 
BPAF, and TMBPF, induce 
cytotoxicity and apoptosis in rat and 
human stem cells

Bisphenol A (BPA) is a ubiquitous industrial chemical found in everyday plastic products and materials. Due to scientific findings on the reproductive, developmental, and cellular defects caused by BPA and heightened 
public awareness, manufacturers have begun to use new chemicals in place of BPA in "BPA-free" products. These alternatives are chemical analogs of BPA and include dozens of new compounds that have undergone 
relatively little testing and oversight, including: bisphenol S (BPS), bisphenol AF (BPAF), and the recently developed tetramethyl bisphenol F (TMBPF; the monomer of valPure V70). Here, we used adult female rat adipose-
derived stem cells (rASCs) and human mesenchymal stem cells (hMSCs) to compare the toxicities and potencies of these BPA alternatives in vitro. Rat and human stem cells were exposed to BPA (1-10 μM), 17β-
estradiol (E2; 10 μM), BPS (1-100 μM), BPAF (3×10(-4)-30 μM), TMBPF (0.01-50 μM), or control media alone (with 0.01% ethanol) for varying time intervals from 10 min to 24 h. We found significantly decreased cell 
viability and massive apoptosis in rat and human stem cells treated with each BPA analog, as early as 10 min of exposure, and at low, physiologically relevant doses. BPAF showed extreme cytotoxicity in a dose-dependent 
manner (LC(50) =0.014 μM (rASCs) and 0.009 μM (hMSCs)), whereas TMBPF showed a bimodal response, with low and high concentrations being the most toxic (LC(50) =0.88 μM (rASCs) and 0.06 μM (hMSCs)). 
Activated caspase-6 levels increased in nearly all cells treated with the BPA analogs indicating the majority of cell death was due to caspase-6-mediated apoptosis. These results in both rat and human stem cells 
underscore the toxicity and potency of these BPA analogs, and establish a rank order of potency of: BPAF>TMBPF>BPA>BPS. Further, these and other recent findings indicate that these newer BPA analogs may be 
'regrettable substitutions,' being worse than the original parent compound and lacking proper testing and regulation. This work brings to light the need for further toxicological characterization, better regulation, greater 
public awareness, and the development of safer, more sustainable chemicals and non-plastic products.

Ecotoxicol Environ Saf 
Vol.216 Pages 112210

10.1016/j.ecoenv.2021.112210 33866271 in vitro - - - - - - - - - - 1 0 1〜10 µM - - - - - - - - - - - - - - -

統合_1954 K. G. Harnett, A. Chin and S. M. Schuh 2021

Cytotoxic and apoptotic data of BPA 
and BPA alternatives TMBPF, BPAF, 
and BPS in female adult rat and 
human stem cells

Here, we used female adult rat adipose-derived stem cells (rASCs) and human adipose-derived stem cells (hASCs) to compare the toxicities and potencies of several widespread environmental toxins that may be 
endocrine-disrupting chemicals, including bisphenol A (BPA), and the newer BPA alternatives bisphenol S (BPS), bisphenol AF (BPAF), and tetramethyl bisphenol F (TMBPF). Adult stem cells were cultured to 80% 
confluency in vitro and then exposed to BPA (1 and 10 µM), 17β-estradiol (E2; 10 µM), BPS (1 and 10 µM), BPAF (3 × 10(-3)-30 µM), TMBPF (0.01-50 µM), or control media alone (with 0.01% ethanol) for varying time 
intervals from 20 min to 5 hrs. Using several cellular assays, the levels of cell death, apoptosis, caspase-6 activation, and potencies were compared across chemical treatments and vehicle-treated controls. There was 
significantly decreased cell viability and increased apoptosis in rat and human stem cells treated with each BPA analog, as early as 20 min of exposure, and at low doses. With higher magnification, higher resolution 
imaging it was evident that in many of the BPA analog-treated cells, the Apopxin Deep Red dye indicative of apoptosis was localized to the cytoplasmic compartments of cells, while the nuclear green DCS1 dye indicative 
of late-stage apoptosis and necrosis was localized to the nuclei of cells. Notably, BPAF and TMBPF showed cytotoxicity in a dose-dependent manner (BPAF LC(50) = 0.014 µM (rASCs) and 0.009 µM (hASCs); TMBPF 
LC(50) = 0.88 µM (rASCs) and 0.06 µM (hASCs); lethal concentration with 50% survival). The rank order of potency was BPAF>TMBPF>BPA>BPS. The majority of cell death was due to apoptosis as indicated by high 
levels of activated caspase-6 in the cytoplasm of almost 100% of cells treated with the BPA analogs. This data allows for further confirmation of caspase-6-mediated apoptosis using higher magnification imaging that 
definitively demonstrate the cytotoxic and apoptotic effects of these BPA analogs. For a complete description, interpretation, and discussion of the data refer to the article in press [1].

Data Brief Vol.37 Pages 
107183

10.1016/j.dib.2021.107183 34141841 in vitro - - - - - - - - - - 1 0 1µMおよび10µM - - - - - - - - - - - - - - -

統合_1955 A. Hale, A. Dhoonmoon, J. Straka, C. M. Nicolae 
and G. L. Moldovan 2023

Multi-step processing of replication 
stress-derived nascent strand DNA 
gaps by MRE11 and EXO1 nucleases

Accumulation of single stranded DNA (ssDNA) gaps in the nascent strand during DNA replication has been associated with cytotoxicity and hypersensitivity to genotoxic stress, particularly upon inactivation of the BRCA 
tumor suppressor pathway. However, how ssDNA gaps contribute to genotoxicity is not well understood. Here, we describe a multi-step nucleolytic processing of replication stress-induced ssDNA gaps which converts 
them into cytotoxic double stranded DNA breaks (DSBs). We show that ssDNA gaps are extended bidirectionally by MRE11 in the 3'-5' direction and by EXO1 in the 5'-3' direction, in a process which is suppressed by the 
BRCA pathway. Subsequently, the parental strand at the ssDNA gap is cleaved by the MRE11 endonuclease generating a double strand break. We also show that exposure to bisphenol A (BPA) and diethylhexyl phthalate 
(DEHP), which are widespread environmental contaminants due to their use in plastics manufacturing, causes nascent strand ssDNA gaps during replication. These gaps are processed through the same mechanism 
described above to generate DSBs. Our work sheds light on both the relevance of ssDNA gaps as major determinants of genomic instability, as well as the mechanism through which they are processed to generate 
genomic instability and cytotoxicity.

Nat Commun. 2023 Oct 
7;14(1):6265.

10.1038/s41467-023-42011-0 37805499 in vitro - - - - - - - - - - 1 1 不明 1 - - - - - - - - - - - - - -

統合_1956 K. G. U. Güzel, M. Nazıroğlu and D. Ceyhan 2020

Bisphenol A-Induced Cell 
Proliferation and Mitochondrial 
Oxidative Stress Are Diminished via 
Modulation of TRPV1 Channel in 
Estrogen Positive Breast Cancer Cell 
by Selenium Treatment

Cancer cell proliferation and apoptosis are induced by overload Ca(2+) entry. Transient receptor potential vanilloid 1 (TRPV1) as a Ca(2+) permeable cation channel is activated by capsaicin and reactive oxygen species 
(ROS), although it is blocked by capsazepine and sodium selenite (Na-Se). Bisphenol A (BPA) induces estrogenic action and further stimulates the proliferation of estrogen receptor positive MCF-7 cell through excessive 
production ROS and Ca(2+) influx. However, whether or not Na-Se can influence BPA-induced oxidative stress and apoptosis through modulation of TRPV1 in breast cancer cells has not drawn much attention. The MCF-7 
and MDA-MB-231 breast cancer cells were divided into four treatment groups as control, Na-Se (1 μM for 2 h), and BPA (0.1 mM for 24 h) and BPA + Na-Se. The Na-Se reduced BPA-induced increase of cell number, 
mitochondria oxidative stress, and TRPV1 channel activity modulation of MCF-7 cells, which was proved by the suppression of cell viability, excessive ROS production, mitochondrial membrane depolarization, lipid 
peroxidation, early apoptosis (Annexin-V), late apoptosis (propidium iodide) and upregulation of reduced glutathione, glutathione peroxidase, and cell death (propidium iodide/Hoechst rate). The similar effects of Na-Se 
were observed in the MCF-7 cells by capsazepine treatment. However, the effects of BPA were not observed in the MDA-MB-231 breast cancer cells. In conclusion, cell proliferative and oxidant effects of BPA were 
increased by activation of TRPV1, but its action on the values was decreased by the Na-Se treatment. The results may be a good set of preliminary data for designing animal studies on estrogenic effect of bisphenol A and 
antiestrogenic of selenium.

Biol Trace Elem Res 
Vol.198 Issue 1 Pages 
118-130

10.1007/s12011-020-02057-3 32040846 in vitro - - - - - - - - - - 1 0 0.1mM - - - - - - - - - - - - - - -

統合_1957 Y. Guo, Y. Wang, Q. Li, Q. Liu, X. Zhang, J. Ren 
and C. Wang 2024

Bisphenol A disrupts the neuronal 
F-actin cytoskeleton by activating 
the RhoA/ROCK/LIMK pathway in 
Neuro-2a cells

Bisphenol A (BPA) is an environmental endocrine disruptor that is widely present in the environment and has been reported to affect neuronal cytoskeleton and neural function. However, the exact molecular mechanisms 
remain unclear. In the present study, the effects of BPA on cytoskeleton rearrangement were examined, and the associated signaling pathways, which were influenced by the RhoA/ROCK/LIMK pathway in Neuro-2a cells 
in vitro, were identified. Specifically, Neuro-2a cells were exposed to BPA, and the effects of BPA exposure on the cytoskeleton of neuronal cells and on the activation or nonactivation of the RhoA/ROCK signaling 
pathway were evaluated using Cell Counting Kit-8 (CCK8), phalloidin staining, western blot, and real-time PCR. A RhoA inhibitor (Rhosin hydrochloride) and a ROCK inhibitor (Y-27632) were then used to elucidate the 
precise function of the pathway. The results demonstrated that 50-100 μM BPA exposure inhibited Neuro-2a cell viability and caused the formation of aberrantly polymerized F-actin and stress fibers. In addition, the 
RhoA/ROCK pathway was activated, and the expression levels of the pathway-related molecules-RhoA, ROCK2, LIMK1, Cofilin, Profilin, p-MLC2, and F-actin were dramatically elevated. The addition of Rhosin and Y-
27632 resulted in a decrease in F-actin polymerization in the Neuro-2a cells, the disassembly of stress fibers, and a noteworthy drop in the levels of molecular proteins related to the RhoA/ROCK pathway affected by BPA. 
Together, these new findings indicated that BPA exposure thus activated the RhoA/ROCK signaling pathway and caused an abnormal accumulation of F-actin in the Neuro-2a cells, in turn altering the microfilament 
cytoskeleton. F-actin was restored when the RhoA/ROCK pathway was inhibited, suggesting that the process of BPA-induced neuronal cytoskeletal degradation is linked to the RhoA/ROCK signaling cascade.

Toxicology. 2024 
Dec:509:153994.

10.1016/j.tox.2024.153994 39527977 in vitro - - - - - - - - - - 1 0 不明 1 - - - - - - - - - - - - - -

統合_1958 Y. Guo, B. Li, X. Yan, X. Shen, J. Ma, S. Liu and 
D. Zhang 2020

Bisphenol A and polychlorinated 
biphenyls enhance the cancer stem 
cell properties of human ovarian 
cancer cells by activating the WNT 
signaling pathway

Cancer stem cells (CSCs) are a very small subpopulation that have stem-cell qualities, such as exhibiting self-renewal, immortality, and pluripotency, and the capability to differentiate into different tumor cell subtypes. 
CSCs contribute to tumor onset, expansion, metastasis, resistance and recurrence. Meanwhile, organic pollutants, including nonpersistent pollutants, such as bisphenol A (BPA), and persistent pollutants, such as 
polychlorinated biphenyls (PCBs), are toxic chemicals that can be readily ingested via dietary exposure and other exposure routes and can accumulate through the food chain. Many organic pollutants increase the risk of 
ovarian cancer depending on their estrogenic effects. Nonetheless, most previous studies have focused on the toxic effects of these pollutants on the proliferation, metastasis and development of ovarian cancer cells. 
However, little research has investigated the adverse effect of these pollutants on ovarian cancer stem cells. The current study found that BPA, PCB126 and PCB153 greatly enhanced the formation of cancer stem-like 
cell spheres of OVCAR-3 cells (human ovarian cancer cells) under low-dose exposure. In parallel, the CD44(high)CD24(low) cell subpopulation was increased in treated cells relative to untreated cells. Elevated 
expression of cancer stem cell markers, including ALDH1A1, CD133, SOX2, NANOG and OCT4, was demonstrated in treated cells compared to untreated cells. In summary, these data demonstrate that the oncogenic 
effects of pollutants can be evaluated according to changes in caner stem cell properties.

Chemosphere. 2020 
May:246:125775.

10.1016/j.chemosphere.2019.1257
75

31918092 in vitro - - - - - - - - - - 1 0 不明 1 - - - - - - - - - - - - - -

統合_1959 S. Guo, Q. Zhao, Y. Li, S. Chu, F. He, X. Li, N. 
Sun, W. Zong and R. Liu 2023

Potential toxicity of bisphenol A to 
α-chymotrypsin and the 
corresponding mechanisms of their 
binding

Bisphenol A (BPA) is an endocrine disruptor widely existing in plastics and resins, which can accumulate in animals and human bodies, posing a potential threat to the physiological and biochemical reactions of human 
beings or other organisms. α-Chymotrypsin is a kind of proteolytic enzyme existing in humans and animals, which can cause diseases when its activity is excessive. However, there is a lack of research on the mechanism 
of endocrine disruptors affecting α-chymotrypsin activity. In this study, the interaction between BPA and α-chymotrypsin was proved via multiple spectroscopic approaches, enzyme activity change, isothermal titration 
calorimetry and molecular docking. Results showed that α-chymotrypsin's polypeptide chains were unfolded, and protein skeletons were loosened with the exposure to BPA. α-Helix content increased and β-sheet 
content was decreased. The particle size of the BPA-α-chymotrypsin complex became smaller. Fluorescence sensitization may also be explained by a perturbation of the chromophore Trp 141. The thermodynamic 
parameters of the binding reaction were measured by isothermal titration calorimetry (ITC), which showed that there was hydrophobic interaction between BPA and α-chymotrypsin, which was consistent with the results 
of molecular docking. Moreover, BPA may stop near the active center of α-chymotrypsin and interact with the key residues His 57 and Ser 195. The above phenomenon explained the result that the activity of α-
chymotrypsin increased to 139% when exposed to high dose BPA (40 μM). Taken together, the effects of BPA on the structure and function of α-chymotrypsin were clarified at the molecular level, which made up the gap 
in the mechanism of BPA on the proteolytic enzyme, and provided a reliable basis for disease avoidance and prevention.

Spectrochim Acta A Mol 
Biomol Spectrosc 
Vol.285 Pages 121910

10.1016/j.saa.2022.121910 36167003 in vitro - - - - - - - - - - 1 0 40 µM - - - - - - - - - - - - - - -
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統合_1960 Y. Gui, C. Li, W. Wang, Y. Hu and X. Guo 2025

Bisphenol A induces cellular 
senescence in SW1353 
chondrocytes via miRNA-449a-
mediated downregulation of SIRT1

Bisphenol A (BPA) is reportedly linked to multiple human diseases. Recent studies found that it disturbs cartilage development and homeostasis. However, the exact molecular mechanisms are mostly unknown. This study 
aimed to elucidate how BPA impacts chondrocyte senescence and the regulatory molecular mechanism involved. After exposing SW1353 cells to 2.5, 5 or 10 μM BPA for 72 h, we found that 5 and 10 μM BPA notably 
increased the percentage of senescence-associated β-galactosidase-positive cells by 34.7 % and 45.3 %, respectively. The expression of senescence-associated proteins p53, p21 and p16 were notably upregulated, 
whereas that of anti-senescence protein bcl2-associated athanogene 1 declined greatly in BPA-treated cells. Moreover, 10 μM BPA greatly elevated the percentage of cells in the G0/G1 phase by 5.96 %, whereas it 
notably decreased those in the G2/M phase by 3.34 %. Additionally, BPA strongly downregulated the expressions of cell cycle markers cyclin D1, cyclin-dependent protein kinases 4 (CDK4) and CDK6. BPA also dose-
dependently upregulated senescence-associated secretory phenotype factors interleukin-1 alpha, interleukin-1 beta, transforming growth factor beta and matrix metalloproteinase 13. Notably, BPA downregulated sirtuin 1 
(SIRT1) expression. Resveratrol, an activator of SIRT1, effectively reversed the effects of BPA on senescence-associated proteins and reduced cell cycle arrest. We further identified that SIRT1 was a direct target of 
microRNA-449a by a luciferase reporter assay. Importantly, inhibition of miR-449a greatly reduced the percentage of SA-β-gal-positive cells by 21.3 % and reversed the expression of senescence-associated factors 
induced by BPA. Taken together, our results indicated that BPA induces chondrocyte senescence via miR-449a-mediated downregulation of SIRT1, revealing a novel molecular mechanism of BPA-induced chondrocyte 
senescence.

Ecotoxicol Environ Saf 
Vol.303 Pages 118906

10.1016/j.ecoenv.2025.118906 40848421 in vitro - - - - - - - - - - 1 0 10 µM - - - - - - - - - - - - - - -

統合_1961 Y. X. Gu, X. X. Liang, N. Y. Yin, Y. Yang, B. Wan, 
L. H. Guo and F. Faiola 2019

New insights into mechanism of 
bisphenol analogue neurotoxicity: 
implications of inhibition of O-
GlcNAcase activity in PC12 cells

Bisphenol analogues including bisphenol A and its derivatives are ubiquitous environmental contaminants and have been linked to adverse neurodevelopment effects on animals and humans. Most toxicological research 
focused on estrogen receptor mediated pathways and did not comprehensively clarify the observed toxicity. O-GlcNAcase (OGA), the highest level in brain, plays a critical role in controlling neuronal functions at multi-
levels from molecule to animal behaviors. In this work, we intend to investigate the underlying molecular mechanisms for the neurotoxicity of bisphenol analogues by identifying their cellular targets and the resultant 
effects. The inhibitory actions of seven bisphenol analogues on the OGA activity at molecular level were investigated by our developed electrochemical biosensor. We found that their potency varied with substituent 
groups, in which tetrabromo bisphenol A (TBBPA) was the strongest. The seven bisphenol analogues (0-100 μM exposure) significantly inhibited OGA activity and up-regulated protein O-GlcNAcylation level in PC12 cells. 
Inhibition of OGA by bisphenol analogues further induced intracellular calcium, ROS, inflammation, repressed proliferation, interfered with cell cycle, induced apoptosis. And especially, 10 μM tetrabromo bisphenol A 
(TBBPA) exposure could impair the growth and development of neurite in human neural stem cells (hNSCs). Molecular docking for OGA/bisphenol analogue complexes revealed the hydrophobicity-dominated inhibition 
potency. OGA, as a new cellular target of bisphenol analogues, would illuminate the molecular mechanism of bisphenol analogues neurotoxicity.

Arch Toxicol Vol.93 
Issue 9 Pages 2661-
2671

10.1007/s00204-019-02525-3 31332466 in vitro - - - - - - - - - - 1 0 0〜100 µM - - - - - - - - - - - - - - -

統合_1962 M. F. Grosso, E. Řehůřková, I. Virmani, E. 
Sychrová, I. Sovadinová and P. Babica 2025

Impact of endocrine disruptors on 
key events of hepatic steatosis in 
HepG2 cells

Endocrine-disrupting chemicals (EDCs) may contribute to the rising incidence of metabolic dysfunction-associated steatotic liver disease (MASLD). We investigated the potential of 10 environmentally relevant EDCs to 
affect key events of hepatic steatosis in HepG2 human hepatoblastoma cells. Increased lipid droplet formation, a key marker of steatosis, was induced by PFOA, bisphenol F, DDE, butylparaben, and DEHP, within the 
non-cytotoxic concentration range of 1 nM-25 μM. Cadmium also induced this effect, but at concentrations impairing cell viability (>1 μM). At non-cytotoxic concentrations, these compounds, along with bisphenol A, 
dysregulated major genes controlling lipid homeostasis. Cadmium, PFOA, DDE, and DEHP significantly upregulated the DGAT1 gene involved in triglyceride synthesis, while butylparaben increased the expression of the 
FAT/CD36 gene responsible for fatty acid uptake. Bisphenol A downregulated the CPT1A gene involved in fatty acid oxidation. No significant effects on lipid droplet accumulation or lipid metabolism-related genes were 
observed for PFOS, bisphenol S, and dibutyl phthalate. Among the tested EDCs, lipid accumulation positively correlated with the expression of SREBF1, DGAT1, and CPT1A. These findings provide additional evidence that 
EDCs can affect MASLD and highlight the utility of in vitro methods in the screening of EDCs with hazardous steatogenic and metabolism-disrupting properties.

Food Chem Toxicol 
Vol.197 Pages 115241

10.1016/j.fct.2025.115241 39778647 in vitro - - - - - - - - - - 1 0 1 µM - - - - - - - - - - - - - - -

統合_1963

M. I. Girón-Pérez, G. H. Ventura-Ramón, C. E. 
Covantes-Rosales, A. B. Benitez-Trinidad, F. F. 
Razura-Carmona, L. G. Marmolejo-Murillo, C. E. 
Pérez-Arenivas, J. Morales-Montor and K. J. G. 
Díaz-Resendiz

2025
Effect of bisphenol-A and 
bisphenol-S on functional 
parameters of human leukocytes

BACKGROUND: Bisphenol A (BPA) and bisphenol S (BPS) are commonly used in the food industry to manufacture epoxy resins in food packaging. Both compounds are characterized as potent carcinogens and 
xenoestrogens. However, little is known about their effects on the immune response. OBJECTIVE: This study evaluated the immunotoxic effects of BPA and BPS (0.1 ng/mL) on human peripheral blood leukocytes. 
METHODS: Leukocytes isolated from human peripheral blood were exposed in vitro to 0.1 ng/mL (0.4 nM) of BPA and 0.1 ng/mL (0.4 nM) of BPS for 0.5, 4, and 24 hours. Apoptosis, mitochondrial membrane potential (ΔΨ
m), senescence, reactive oxygen species (ROS), and intracellular Ca(2+) flux were subsequently assessed through flow cytometry. RESULTS: Data suggest that in vitro exposure to BPA or BPS does not cause leukocyte 
death; however, it induces loss of mitochondrial membrane potential (ΔΨm), senescence, as well as ROS production and intracellular Ca(2+) flux. CONCLUSION: These findings demonstrate that even low 
concentrations (0.1 ng/ml) of BPA or BPS, levels that have been reported in human blood, can cause alterations in leukocyte function.

Immunopharmacol 
Immunotoxicol. 2025 
Oct;47(5):621-630.

10.1080/08923973.2025.2542133 40739598 in vitro - - - - - - - - - - 1 0 0.1 ng/mL 1 - - - - - - - - - - - - - -

統合_1964 S. Gill and V. M. R. Kumara 2021

Comparative Neurodevelopment 
Effects of Bisphenol A and 
Bisphenol F on Rat Fetal Neural 
Stem Cell Models

Bisphenol A (BPA) is considered as one of the most extensively synthesized and used chemicals for industrial and consumer products. Previous investigations have established that exposure to BPA has been linked to 
developmental, reproductive, cardiovascular, immune, and metabolic effects. Several jurisdictions have imposed restrictions and/or have banned the use of BPA in packaging material and other consumer goods. Hence, 
manufacturers have replaced BPA with its analogues that have a similar chemical structure. Some of these analogues have shown similar endocrine effects as BPA, while others have not been assessed. In this 
investigation, we compared the neurodevelopmental effects of BPA and its major replacement Bisphenol F (BPF) on rat fetal neural stem cells (rNSCs). rNSCs were exposed to cell-specific differentiation media with non-
cytotoxic doses of BPA or BPF at the range of 0.05 M to 100 M concentrations and measured the degree of cell proliferation, differentiation, and morphometric parameters. Both of these compounds increased cell 
proliferation and impacted the differentiation rates of oligodendrocytes and neurons, in a concentration-dependent manner. Further, there were concentration-dependent decreases in the maturation of oligodendrocytes 
and neurons, with a concomitant increase in immature oligodendrocytes and neurons. In contrast, neither BPA nor BPF had any overall effect on cellular proliferation or the cytotoxicity of astrocytes. However, there was a 
concentration-dependent increase in astrocyte differentiation and morphological changes. Morphometric analysis for the astrocytes, oligodendrocytes, and neurons showed a reduction in the arborization. These data 
show that fetal rNSCs exposed to either BPA or BPF lead to comparable changes in the cellular differentiation, proliferation, and arborization processes.

Cells. 2021 Apr 
2;10(4):793.

10.3390/cells10040793 33918242 in vitro - - - - - - - - - - 1 0 0.05 µM, 0.25 µM, 10 µM, 50 µM,  100 µM 1 - - - - - - - - - - - - - -

統合_1965
C. Garoche, A. Boulahtouf, M. Grimaldi, B. 
Chiavarina, L. Toporova, M. J. den Broeder, J. 
Legler, W. Bourguet and P. Balaguer

2021

Interspecies Differences in 
Activation of Peroxisome 
Proliferator-Activated Receptor γ by 
Pharmaceutical and Environmental 
Chemicals

Endocrine disrupting chemicals (EDCs) are able to deregulate the hormone system, notably through interactions with nuclear receptors (NRs). The mechanisms of action and biological effects of many EDCs have mainly 
been tested on human and mouse but other species such as zebrafish and xenopus are increasingly used as a model to study the effects of EDCs. Among NRs, peroxisome proliferator-activated receptor γ (PPARγ) is a 
main target of EDCs, for which most experimental data have been obtained from human and mouse models. To assess interspecies differences, we tested known human PPARγ ligands on reporter cell lines expressing 
either human, mouse, zebrafish, or xenopus PPARγ. Using these cell lines, we were able to highlight major interspecies differences. Known hPPARγ pharmaceutical ligands modulated hPPARγ and mPPARγ activities 
in a similar manner, while xPPARγ was less responsive and zfPPARγ was not modulated at all by these compounds. On the contrary, human liver X receptor (hLXR) ligands GW 3965 and WAY-252623 were only active on 
zfPPARγ. Among environmental compounds, several molecules activated the PPARγ of the four species similarly, e.g., phthalates (MEHP), perfluorinated compounds (PFOA, PFOS), and halogenated derivatives of BPA 
(TBBPA, TCBPA), but some of them like diclofenac and the organophosphorus compounds tri-o-tolyl phosphate and triphenyl phosphate were most active on zfPPARγ. This study confirms or shows for the first time the 
h, m, x, and zfPPARγ activities of several chemicals and demonstrates the importance of the use of species-specific models to study endocrine and metabolism disruption by environmental chemicals.

Environ Sci Technol. 
2021 Dec 
21;55(24):16489-16501.

10.1021/acs.est.1c04318 34843233 in vitro - - - - - - - - - - 1 0 不明 1 - - - - - - - - - - - - - -

統合_1966
E. García-Recio, A. González-Acedo, F. J. 
Manzano-Moreno, E. De Luna-Bertos and C. 
Ruiz

2024

Gene Expression Modulation of 
Markers Involved in Bone Formation 
and Resorption by Bisphenol A, 
Bisphenol F, Bisphenol S, and 
Bisphenol AF

BACKGROUND: Bisphenol A (BPA) and its analogs (BPF, BPS, and BPAF) are recognized for inducing detrimental effects on various tissues, including bone. OBJECTIVES: The aim of this study is to investigate their 
impact on information and repair processes, specifically focusing on vascular endothelial growth factor (VEGF), transforming growth factor β1 (TGF-β1), and the receptors for transforming growth factor β (TGFR1, 
TGFR2, and TGFR3). METHODS: Human osteoblasts isolated through primary culture from bone samples of healthy volunteers were subjected to cultivation in the presence of various dosage levels (10(-5), 10(-6), or 10(-
7) M) of BPA, BPF, BPS, or BPAF for 24 h. Gene expressions of RANKL, OPG, TGF-β1, TGFR1, TGFR2, TGFR3, and VEGF were analyzed by real-time polymerase chain reaction (RT-PCR). All experiments included 
untreated cells as controls. RESULTS: Expressions of RANKL and OPG were dose-dependently downregulated by the presence of all tested bisphenols (BPs) except for BPAF, whose presence upregulated OPG 
expression at all three doses. TGF-β1 expression was downregulated by all BP treatments, and TGF-β1 receptor expression was also downregulated as a function of the BP and dose. VEGF expression was 
downregulated in the presence of BPF and BPAF at all three doses and in the presence of BPA at the two higher doses (10(-5), and 10(-6) M), but it was not changed by the presence of BPS at any dose. CONCLUSIONS: 
The inhibition of both RANKL and OPG by the BPs, with a higher %inhibition of RANKL than of OPG, appears to rule out BP-induced activation of osteoclastogenesis via RANKL/RANK/OPG. Nevertheless, the effect of the 
BPs on the expression by osteoblasts of TGF-β1, TGF-β receptors, and VEGF indicates that these compounds can be responsible for major molecular changes in this cell population, contributing to their adverse effects 
on bone tissue.

Genes (Basel). 2024 
Nov 11;15(11):1453.

10.3390/genes15111453 39596653 in vitro - - - - - - - - - - 1 0 10(-5)、10(-6)、または 10(-7) M 1 - - - - - - - - - - - - - -

統合_1967
E. García-Recio, V. J. Costela-Ruiz, L. Melguizo-
Rodriguez, J. Ramos-Torrecillas, O. García-Martí
nez, C. Ruiz and E. de Luna-Bertos

2022
Repercussions of Bisphenol A on the 
Physiology of Human Osteoblasts

(1) Background: Bisphenol A (BPA) is an endocrine disruptor that is widely present in the environment and exerts adverse effects on various body tissues. The objective of this study was to determine its repercussions on 
bone tissue by examining its impact on selected functional parameters of human osteoblasts. (2) Methods: Three human osteoblast lines were treated with BPA at doses of 10(-5), 10(-6), or 10(-7) M. At 24 h post-
treatment, a dose-dependent inhibition of cell growth, alkaline phosphatase activity, and mineralization was observed. (4) Results: The expression of CD54 and CD80 antigens was increased at doses of 10(-5) and 10(-6) 
M, while the phagocytic capacity and the expression of osteogenic genes (ALP, COL-1, OSC, RUNX2, OSX, BMP-2, and BMP-7) were significantly and dose-dependently reduced in the presence of BPA. (5) Conclusions: 
According to these findings, BPA exerts adverse effects on osteoblasts by altering their differentiation/maturation and their proliferative and functional capacity, potentially affecting bone health. Given the widespread 
exposure to this contaminant, further human studies are warranted to determine the long-term risk to bone health posed by BPA.

Int J Mol Sci. 2022 May 
11;23(10):5349.

10.3390/ijms23105349 35628159 in vitro - - - - - - - - - - 1 0 10(-5)、10(-6)、または10(-7) M 1 - - - - - - - - - - - - - -

統合_1968

N. García-Gutiérrez, G. Luna-Bárcenas, G. 
Herrera-Hernández, R. Campos-Vega, S. J. 
Lozano-Herrera, A. A. Sánchez-Tusié, P. García-
Solis and H. A. Vergara-Castañeda

2023

Quercetin and Its Fermented Extract 
as a Potential Inhibitor of Bisphenol 
A-Exposed HT-29 Colon Cancer 
Cells' Viability

Bisphenol A (BPA) promotes colon cancer by altering the physiological functions of hormones. Quercetin (Q) can regulate signaling pathways through hormone receptors, inhibiting cancer cells. The antiproliferative 
effects of Q and its fermented extract (FEQ, obtained by Q gastrointestinal digestion and in vitro colonic fermentation) were analyzed in HT-29 cells exposed to BPA. Polyphenols were quantified in FEQ by HPLC and their 
antioxidant capacity by DPPH and ORAC. Q and 3,4-dihydroxyphenylacetic acid (DOPAC) were quantified in FEQ. Q and FEQ exhibited antioxidant capacity. Cell viability with Q+BPA and FEQ+BPA was 60% and 50%, 
respectively; less than 20% of dead cells were associated with the necrosis process (LDH). Treatments with Q and Q+BPA induced cell cycle arrest in the G0/G1 phase, and FEQ and FEQ+BPA in the S phase. Compared 
with other treatments, Q positively modulated ESR2 and GPR30 genes. Using a gene microarray of the p53 pathway, Q, Q+BPA, FEQ and FEQ+BPA positively modulated genes involved in apoptosis and cell cycle arrest; 
bisphenol inhibited the expression of pro-apoptotic and cell cycle repressor genes. In silico analyses demonstrated the binding affinity of Q > BPA > DOPAC molecules for ERα and ERβ. Further studies are needed to 
understand the role of disruptors in colon cancer.

Int J Mol Sci Vol.24 
Issue 6

10.3390/ijms24065604 36982678 in vitro - - - - - - - - - - 1 0 4.4-8.8 µM - - - - - - - - - - - - - - -

統合_1969 P. Gao, L. Wang, N. Yang, J. Wen, M. Zhao, G. 
Su, J. Zhang and D. Weng 2020

Peroxisome proliferator-activated 
receptor gamma (PPARγ) activation 
and metabolism disturbance 
induced by bisphenol A and its 
replacement analog bisphenol S 
using in vitro macrophages and in 
vivo mouse models

Bisphenol A (BPA) and its replacement analog, bisphenol S (BPS), have been proposed as environmental obesogen to disrupt the lipid metabolism through regulating peroxisome proliferator-activated receptor gamma 
(PPARγ) receptor. However, there is a dearth of information on whether this biological effect can occur in human macrophage, a cell type which closely interacts with adipocytes and hepatocytes to control lipid 
metabolism. Here, we for the first time investigate the activity of BPA and BPS on PPARγ pathway in human macrophages. The results demonstrated that BPA and BPS served as activators of PPARγ in human 
macrophage cell line, and significantly induced the expression of lipid metabolism-related genes, including fatty acid binding protein 4 (FABP4), cluster of differentiation 36 (CD36) and nuclear receptor subfamily 1 group 
H member 3 (NR(1)H(3)). In PPARγ knockout cells, expression of these genes was down-regulated, suggesting that these genes are dependent on PPARγ. The underlying mechanisms were further investigated using an 
in vivo mouse model, and the results confirmed the induction of PPARγ and its respective target genes in mice following exposure to BPA or BPS. Moreover, the observed alteration of PPARγ expression highly correlated 
with the disturbance of metabolism profiles in liver tissues as detected by (1)H Nuclear Magnetic Resonance (NMR)-based metabonomics. Overall, this study provided the first evidence that BPA and BPS activated PPAR
γ and its target genes in human macrophages, and provided comprehensive information to confirm that BPA and BPS disturb the metabolism through targeting PPARγ via both in vitro assays and in vivo animal models.

Environ Int Vol.134 
Pages 105328

10.1016/j.envint.2019.105328 31778932 動物、in vitro - 1 1 1 1 0 50 µg/kg/day、5000 µg/kg/day、 - - - 1 0 1, 10, 100 µM - - - - - - - - - - - - - - -

統合_1970 J. Gao, T. Song, D. Che, C. Li, J. Jiang, J. Pang, Y. 
Yang, Goma and P. Li 2019

The effect of bisphenol a exposure 
onto endothelial and decidualized 
stromal cells on regulation of the 
invasion ability of trophoblastic 
spheroids in in vitro co-culture 
model

Bisphenol A (BPA) is a kind of environmental endocrine disruptors (EEDs) that interfere embryo implantation. Trophoblast invasion plays a crucial role during embryo implantation. In this study, the effects of BPA on 
invasion ability of human trophoblastic Jeg-3 spheroids and regulation of endothelial and stromal cells on trophoblastic spheroids invasion, and its possible mechanism were investigated. The results showed that BPA at 
10 and 100 μM can inhibit the attachment of Jeg-3 spheroid onto Ishikawa cells. BPA at 1-100 μM also activate ERE-Luc reporter expression in the transfected cells, which was through the ERα, but not ERβ or GPR30 
binding. Endothelial receptivity ability was harmed by BPA treatment since receptivity markers of LIF, EGF, MUC1 and integrin αVβ3 were decreased after BPA treatment. The invasion ability of trophoblastic spheroids 
generated from Jeg-3 cell line was inhibited by BPA and this effect was mediated through canonical ERs pathway and MMP2/MMP9 down-regulation and TIMP1/PAI-1 up-regulation. Besides, BPA treated decidualized 
stromal cells suppressed Jeg-3 spheroid outgrowth and invasion in co-culture assay. Our study would give a better understanding on the possible mechanism of BPA effect on human embryo implantation process.

Biochem Biophys Res 
Commun Vol.516 Issue 
2 Pages 506-514

10.1016/j.bbrc.2019.06.066 31230753 in vitro - - - - - - - - - - 1 0 1〜100 µM - - - - - - - - - - - - - - -

統合_1971

M. D. Ganzerla, N. C. Indolfo, L. C. M. Oliveira, T. 
R. Doratioto, T. M. Avelino, R. J. de Azevedo, L. 
B. Tofani, M. F. Terra, G. B. Elias, I. L. de Sousa, 
M. R. Alborguetti, S. A. Rocco, K. F. Arroteia and 
A. C. M. Figueira

2024

Unveiling the intricacies of BPA and 
BPS: comprehensive insights into its 
toxic effects using a cutting-edge 
microphysiological system

Concerns over Bisphenol A (BPA) and its substitute, Bisphenol S (BPS), have led to innovative exploration due to potential adverse health effects. BPS, replacing BPA in some regions to avoid toxic impacts, remains 
insufficiently studied. Besides this, the organ-on-a-chip technology emerges as a transformative solution in drug discovery and chemiclas toxicity testing, minimizing costs and aligning with ethical standards by reducing 
reliance on animal models, by integrating diverse tissues and dynamic cell environments enhances precision in predicting organ function. Here, we employ a 3-organ-on-a-chip microfluidic device with skin, intestine, and 
liver cultures to assess the effects of BPA and BPS via topical and oral administration. Our evaluation focused on gene markers associated with carcinogenicity, systemic toxicity, and endocrine disruption. BPA exhibited 
expected absorption profiles, causing liver injury and genetic modulation in related pathways. BPS, a safer alternative, induced adverse effects on gene expression, particularly in topical absorption, with distinct 
absorption patterns. Our findings underscore the urgency of addressing BPA and BPS toxicity concerns, highlighting the crucial role of organ-on-a-chip technology in understanding associated health risks. The study 
promotes the organ-on-a-chip methodology as a valuable tool for safe drug development and disease treatments, offering a novel liver toxicity screening alternative to traditional animal tests. This contributes to advancing 
comprehension of the biological effects of these compounds, fostering improved safety assessments in human health.

Toxicol In Vitro. 2024 
Jun:98:105849.

10.1016/j.tiv.2024.105849 38772494 in vitro - - - - - - - - - - 1 0 不明 1 - - - - - - - - - - - - - -

統合_1972 G. Gaggi, A. Di Credico, F. Barbagallo, B. 
Ghinassi and A. Di Baldassarre 2023

Bisphenols and perfluoroalkyls alter 
human stem cells integrity: A 
possible link with infertility

Bisphenols and Perfluoroalkyls are chemical compounds widely used in industry known to be endocrine disruptors (EDs). Once ingested through contaminated aliments, they mimic the activity of endogenous hormones 
leading to a broad spectrum of diseases. Due to the extensive use of plastic in human life, particular attention should be paid to antenatal exposure to Bisphenols and Perfluoroalkyls since they cross the placental barrier 
and accumulates in developing embryo. Here we investigated the effects of Bisphenol-A (BPA), Bisphenol-S (BPS), perfluorooctane-sulfonate (PFOS) and perfluorooctanoic-acid (PFOA), alone or combined, on human-
induced pluripotent stem cells (hiPSCs) that share several biological features with the stem cells of blastocysts. Our data show that these EDs affect hiPSC inducing a great mitotoxicity and dramatic changes in genes 
involved in the maintenance of pluripotency, germline specification, and epigenetic regulation. We also evidenced that these chemicals, when combined, may have additive, synergistic but also negative effects. All these 
data suggest that antenatal exposure to these EDs may affect the integrity of stem cells in the developing embryos, interfering with critical stages of early human development that might be determinant for fertility. The 
observation that the effects of exposure to a combination of these chemicals are not easily foreseeable further highlights the need for wider awareness of the complexity of the EDs effects on human health and of the 
social and economic burden attributable to these compounds.

Environ Res. 2023 Oct 
15:235:116487.

10.1016/j.envres.2023.116487 37419196 in vitro - - - - - - - - - - 1 0 不明 1 - - - - - - - - - - - - - -
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統合_1973 U. B. Gadgoli, C. S. Y, D. Kumar, M. M. Pai, S. 
Pulya, B. Ghosh and O. P. Kulkarni 2022

Estrogenic Activity of Tetrazole 
Derivatives Bearing Bisphenol 
Structures: Computational Studies, 
Synthesis, and In Vitro Assessment

The classification of bisphenol A (BPA) as an industrial endocrine disruptor has led to a ban of this ubiquitous critical starting material from food and medical applications. Thus, scientists worldwide are researching to 
develop non-ER binding starting compounds to fulfill unmet market needs. In line with this trending research topic, the current paper highlights the development of tetrazole derivatives bearing a bisphenol structure (TbB) 
as a novel weak binder or potential inactive to the estrogen receptor (ER) and androgen receptor (AR). The structure and ligand-based approach supported by binding affinity analysis, electrostatic complementarity, 
ADMET prediction, and in silico studies identified TbBs as privileged substitutes for BPA. Five TbB ligands were successfully synthesized and subjected to biological testing comprising radioligand competitive binding and 
functional cellular assays. The measured IC(50) value for BPA was found to be 0.24 μM, whereas all the inhibitions were less than 15% for the two TbB ligands, 223-2 and 223-3. As these TbB ligands did not meet the 
established acceptance criteria of 50% inhibition, they are considered as extremely weak binders to ERα. Steric clashes, the desolvation effect, and the increased total polar surface area (TPSA) of TbB ligands in the 
hydrophobic binding site are hypothesized to be possible reasons for low binding. Modeling studies complemented by bioassays highlight TbB compounds as privileged prospective BPA replacements. However, more 
research on TbB ligand toxicity is needed to understand and substantiate that the adverse effects on the hormonal system, for example, via metabolic activation, are not elicited.

J Chem Inf Model. 2022 
Feb 28;62(4):854-873.

10.1021/acs.jcim.1c01077 35143200 in vitro - - - - - - - - - - 1 0 不明 1 - - - - - - - - - - - - - -

統合_1974 J. Fujiki, M. Uchida, S. Tsunoda, N. Maeda, H. 
Inoue, H. Yokota and H. Iwano 2022

Bisphenol A-sulfate conjugate 
disrupts AURKA transcription and 
cell cycle in BeWo cytotrophoblasts

Bisphenol A (BPA) has been shown to exhibit various toxic effects, including the induction of reproductive disorders. Generally, BPA is converted to conjugated metabolites, leading to bio-inactivation. On the other hand, 
the toxicity of conjugated metabolites is not fully understood. Notably, the placenta develops the sulfate-sulfatase pathway, which transports and reactivates sulfated steroids. Therefore, we investigated the potential 
adverse effects of the BPA-sulfate conjugate (BPA-S) on human placenta-derived BeWo cytotrophoblasts. In the present study, high-concentration BPA-S (100 μM) induced significant inhibition of BeWo growth, with 
effects similar to those seen with unconjugated BPA (100 μM and 100 nM). This growth inhibition was restored by treatment of the cells with an inhibitor of the organic anion-transporting peptides (OATPs) 
(bromosulphophthalein) or with a sulfatase (STS) inhibitor (STX64). BeWo exhibits expression of the genes encoding OATP1A2 and OATP4A1 as known sulfated steroid transporters and STS, suggesting that BPA-S 
suppresses cell growth activity via the sulfate-sulfatase pathway. In addition, cell cycle analysis revealed that BPA-S (100 μM) increased the fraction of cytotrophoblasts in the G2/M phases and significantly decreased 
the accumulation of the transcript encoding Aurora kinase A (AURKA), which is a critical regulator of cellular division. These results suggested that BPA-S triggers cell cycle arrest and inhibits proliferation of BeWo 
cytotrophoblasts by decreased AURKA, an effect that is mediated by the sulfate-sulfatase pathway. Overall, these findings provide insights into the reactivation of sulfated endocrine-disrupting chemicals and subsequent 
adverse effects.

J Chem Inf Model. 2022 
Feb 28;62(4):854-873.

10.1016/j.mce.2022.111561 35041905 in vitro - - - - - - - - - - 1 0 100 µMおよび100 nM 1 - - - - - - - - - - - - - -

統合_1975 N. Franko and M. Sollner Dolenc 2024

Evaluation of THP-1 and Jurkat Cell 
Lines Coculture for the In Vitro 
Assessment of the Effects of 
Immunosuppressive Substances

The strong appeal to reduce animal testing calls for the development and validation of in vitro, in chemico and in silico models that would replace the need for in vivo testing and ex vivo materials. A category that requires 
such new approach methods is the assessment of immunosuppression that can be induced by chemicals including environmental pollutants. To assess the immunosuppressive action on monocytes and lymphocytes, we 
mimicked the whole-blood cytokine-release assay by preparing an in vitro coculture of THP-1 and Jurkat cell lines. We optimised its activation and investigated the effects of known immunosuppressive drugs with 
different mechanisms of action on the release of proinflammatory cytokines. Decreased secretion of IL-8 was achieved by several immunosuppressive mechanisms and was therefore selected as an appropriate marker of 
immunosuppression. A set of environmentally occurring bisphenols, BPA, BPAP, BPP, BPZ, BPE, TCBPA and BPS-MAE, were then applied to the model and BPP and BPZ were found to act as potent immunosuppressants 
at micromolar concentrations.

Toxics. 2024 Aug 
19;12(8):607.

10.3390/toxics12080607 39195709 in vitro - - - - - - - - - - 1 0 100 µMおよび100 nM 1 - - - - - - - - - - - - - -

統合_1976 N. Franko, T. Markovič, P. Žižek, A. Kodila, I. 
Mlinarič Raščan and M. Sollner Dolenc 2025

Unravelling immunomodulatory 
effects of bisphenol A substitutes on 
human macrophages, T and B 
lymphocytes using in vitro models

This study investigates the immunomodulatory effects of BPA substitutes using in silico and in vitro approaches. A comprehensive in silico screening with Endocrine Disruptome of BPA and its 25 substitutes revealed that 
BPG, BPS-MAE, BPS-MPE, BPPH and PF201 have the highest potential to bind nuclear receptors. Based on the in silico ranking, 12 compounds were selected and tested in vitro to investigate their effects on THP-1 
derived macrophages, Jurkat T cells and LCLs. The metabolic activity tests showed that BPA has IC(50) values of 99-182 µM, while the values for BPG, BPPH and BPP are 5-10 times lower. Comparison of the IC(50) 
values with the logP of the tested compounds showed that the BPA analogues affect cell viability in proportion to their lipophilicity (R(2) = 0.9185). The results of the cytokine release assays showed that the BPA 
substitutes generally stimulated the proinflammatory response in THP-1 macrophages in a statistically significant manner when exposed to the environmentally relevant concentrations and suppressed it in the micromolar 
range in all cell lines tested. Further analysis using RamosBlue reporter cells indicated that BPAP, BPG, BPP and BPPH alter the NF-κB/AP-1 signalling pathway. Moreover, BPAP, BPG, BPP, BPPH, BPS-MAE, BPS-MPE, 
BTUM and PF201 were predicted in silico to be TLR4-MyD88 inhibitors. The overall results of this study identify BPG, BPP, BPPH, BPZ and TCBPA as BPA analogues with the highest immunomodulatory potential. In 
addition, the immunomodulatory potential of the BPA alternatives Pergafast201 and BTUM was confirmed in vitro for the first time. This study emphasises the need for cautious evaluation of BPA substitutes due to their 
potential immunomodulatory effect, which could significantly affect public health.

Ecotoxicol Environ Saf. 
2025 Jul 15:300:118406.

10.1016/j.ecoenv.2025.118406 40449052 in vitro - - - - - - - - - - 1 0 不明 1 - - - - - - - - - - - - - -

統合_1977 S. Fouyet, E. Olivier, P. Leproux, M. Dutot and P. 
Rat 2021

Bisphenol A, Bisphenol F, and 
Bisphenol S: The Bad and the Ugly. 
Where Is the Good?

BACKGROUND: Bisphenol A (BPA), a reprotoxic and endocrine-disrupting chemical, has been substituted by alternative bisphenols such as bisphenol F (BPF) and bisphenol S (BPS) in the plastic industry. Despite their 
detection in placenta and amniotic fluids, the effects of bisphenols on human placental cells have not been characterized. Our objective was to explore in vitro and to compare the toxicity of BPA to its substitutes BPF and 
BPS to highlight their potential risks for placenta and then pregnancy. METHODS: Human placenta cells (JEG-Tox cells) were incubated with BPA, BPF, and BPS for 72 h. Cell viability, cell death, and degenerative P2X7 
receptor and caspases activation, and chromatin condensation were assessed using microplate cytometry and fluorescence microscopy. RESULTS: Incubation with BPA, BPF, or BPS was associated with P2X7 receptor 
activation and chromatin condensation. BPA and BPF induced more caspase-1, caspase-9, and caspase-3 activation than BPS. Only BPF enhanced caspase-8 activity. CONCLUSIONS: BPA, BPF, and BPS are all toxic to 
human placental cells, with the P2X7 receptor being a common key element. BPA substitution by BPF and BPS does not appear to be a safe alternative for human health, particularly for pregnant women and their fetuses.

Life (Basel) Vol.11 
Issue 4

10.3390/life11040314 33916708 in vitro - - - - - - - - - - 1 0 25, 50, 100µM - - - - - - - - - - - - - - -

統合_1978
A. Flores, P. Moyano, E. Sola, J. M. García, J. 
García, M. J. Anadon, M. T. Frejo, M. V. Naval, 
M. C. Fernadez and J. D. Pino

2022

Single and repeated bisphenol A 
treatment induces ROS, Aβ and 
hyperphosphorylated-tau 
accumulation, and insulin pathways 
disruption, through HDAC2 and 
PTP1B overexpression, leading to 
SN56 cholinergic apoptotic cell 
death

Bisphenol-A (BPA), a polymer component extensively used, produces memory and learning alterations after acute and long-term exposure. However, the mechanisms are not well known. Cortex and hippocampus neuronal 
networks control cognitive functions, which are innervated by basal forebrain cholinergic neurons (BFCN), and their neurodegeneration induces cognitive dysfunctions. Wild type or protein tyrosine phosphatase 1B 
(PTP1B), histone deacetylase 2 (HDAC2), tau or β amyloid precursor protein (βAPP) silenced SN56 cells treated with BPA (0.001 μM-100 μM) with or without N-acetylcysteine (NAC; 1 mM), following 1 and 14 days, 
were used, as a model of BFCN to determine the insulin pathway dysfunction, oxidative stress (OS) generation and amyloid-β (Aβ) and tau proteins accumulation involvement in the BCFN cell death induction, as a 
possible mechanism that could produce the cognitive disorders reported. BPA-induced BFCN cell death, after 24 h and 14 days of treatment, through insulin pathway dysfunction, OS generation, mediated by NRF2 
pathway downregulation, and Aβ and tau proteins accumulation, which were in turn induced by HDAC2 and PTP1B overexpression. This is relevant information to explain the BFCN neurodegeneration mechanisms that 
could trigger the neurodegeneration in the rest of the regions innerved by them, leading to cognitive disorders.

Food Chem Toxicol. 
2022 Dec:170:113500.

10.1016/j.fct.2022.113500 36374790 in vitro - - - - - - - - - - 1 0 0.001 µM-100 µM 1 - - - - - - - - - - - - - -

統合_1979

F. Fischer, A. Pierzchalski, S. Riesbeck, A. S. 
Aldehoff, V. A. Castaneda-Monsalve, S. B. 
Haange, M. von Bergen, U. E. Rolle-Kampczyk, 
N. Jehmlich, A. C. Zenclussen and G. Herberth

2024

An in vitro model system for testing 
chemical effects on microbiome-
immune interactions - examples 
with BPX and PFAS mixtures

INTRODUCTION: More than 350,000 chemicals make up the chemical universe that surrounds us every day. The impact of this vast array of compounds on our health is still poorly understood. Manufacturers are required 
to carry out toxicological studies, for example on the reproductive or nervous systems, before putting a new substance on the market. However, toxicological safety does not exclude effects resulting from chronic 
exposure to low doses or effects on other potentially affected organ systems. This is the case for the microbiome-immune interaction, which is not yet included in any safety studies. METHODS: A high-throughput in vitro 
model was used to elucidate the potential effects of environmental chemicals and chemical mixtures on microbiome-immune interactions. Therefore, a simplified human intestinal microbiota (SIHUMIx) consisting of eight 
bacterial species was cultured in vitro in a bioreactor that partially mimics intestinal conditions. The bacteria were continuously exposed to mixtures of representative and widely distributed environmental chemicals, i.e. 
bisphenols (BPX) and/or per- and polyfluoroalkyl substances (PFAS) at concentrations of 22 µM and 4 µM, respectively. Furthermore, changes in the immunostimulatory potential of exposed microbes were investigated 
using a co-culture system with human peripheral blood mononuclear cells (PBMCs). RESULTS: The exposure to BPX, PFAS or their mixture did not influence the community structure and the riboflavin production of 
SIHUMIx in vitro. However, it altered the potential of the consortium to stimulate human immune cells: in particular, activation of CD8(+) MAIT cells was affected by the exposure to BPX- and PFAS mixtures-treated 
bacteria. DISCUSSION: The present study provides a model to investigate how environmental chemicals can indirectly affect immune cells via exposed microbes. It contributes to the much-needed knowledge on the 
effects of EDCs on an organ system that has been little explored in this context, especially from the perspective of cumulative exposure.

Front Immunol Vol.15 
Pages 1298971

10.3389/fimmu.2024.1298971 38953021 in vitro - - - - - - - - - - 1 0 22µMと4µM - - - - - - - - - - - - - - -

統合_1980
F. Fischer, M. R. Ermer, J. Howanski, Z. Yin, M. 
Bauer, M. Wagner, B. Fink, A. C. Zenclussen 
and A. Schumacher

2024

Single and mixture effects of 
bisphenol A and benzophenone-3 
on in vitro T helper cell 
differentiation

Immune homeostasis is key to guarantee that the immune system can elicit effector functions against pathogens and at the same time raise tolerance towards other antigens. A disturbance of this delicate balance may 
underlie or at least trigger pathologies. Endocrine disrupting chemicals (EDCs) are increasingly recognized as risk factors for immune dysregulation. However, the immunotoxic potential of specific EDCs and their 
mixtures is still poorly understood. Thus, we aimed to investigate the effect of bisphenol A (BPA) and benzophenone-3 (BP-3), alone and in combination, on in vitro differentiation of T helper (TH)17 cells and regulatory T 
(T(reg)) cells. Naïve T cells were isolated from mouse lymphoid tissues and differentiated into the respective TH population in the presence of 0.001-10 μM BP-3 and/or 0.01-100 μM BPA. Cell viability, proliferation and 
the expression of TH lineage specific transcription factors and cytokines was measured by flow cytometry and CBA/ELISA. Moreover, the transcription of hormone receptors as direct targets of EDCs was quantified by 
RT-PCR. We found that the highest BPA concentration adversely affected TH cell viability and proliferation. Moreover, the general differentiation potential of both TH populations was not altered in the presence of both 
EDCs. However, EDC exposure modulated the emergence of TH17 and T(reg) cell intermediate states. While BPA and BP-3 promoted the development of TH1-like TH17 cells under TH17-differentiating conditions, TH2-
like T(reg) cells occurred under T(reg) polarization. Interestingly, differential effects could be observed in mixtures of the two tested compounds compared with the individual compounds. Notably, estrogen receptor β 
expression was decreased under TH17-differentiating conditions in the presence of BPA and BP-3 as mixture. In conclusion, our study provides solid evidence for both, the immune disruptive potential and the existence of 
cumulative effects of real nature EDC mixtures on T cell in vitro differentiation.

Chem Biol Interact. 
2024 May 
25:395:111011.

10.1016/j.cbi.2024.111011 38653352 in vitro - - - - - - - - - - 1 0 0.01〜100 µM 1 - - - - - - - - - - - - - -

統合_1981 S. Ficai, A. Papait, M. Magatti, A. Masserdotti, 
M. Gasik, A. R. Silini and O. Parolini 2025

Bisphenol-A disrupts mitochondrial 
functionality leading to senescence 
and apoptosis in human amniotic 
mesenchymal stromal cells

In today's context, microplastic pollution has become an increasingly pressing issue not only for the environmental fallout but also for the assumed negative effects on human health. It is now well-established that 
microplastics (>1 mm in size) can enter the human body through ingestion, inhalation, dermal contact and also maternal-fetal transmission. Alarming were the recent findings of microplastics within the human term 
placenta. Among the degradation by-products of microplastics, Bisphenol-A (BPA) has emerged as a hazardous chemical, with potential toxicity at multisystemic level, particularly on the earliest stages of human 
development. Based on these findings, our study focuses on assessing the impact of BPA on properties and functions of mesenchymal stromal cells isolated from the amniotic membrane (hAMSC) of the human term 
placenta. The amniotic membrane surrounds the fetus, playing a fundamental protective role toward toxic chemicals and pollutants that the mother may encounter. Our research revealed how exposure to increasing 
concentrations of BPA compromise mitochondrial functionality in hAMSC, resulting in enhanced production of reactive oxygen species at mitochondrial level (mtROS). This, in turn, leads to the stabilization of p53, which 
triggers an increased expression of p21 and p27 encoding genes and an imbalance in the genetic expression of Bax and Bcl-2. Additionally, we observed upregulated expression of cytokines and chemokines associated 
with the senescence-associated secretory phenotype (SASP). The increased oxidative stress, which plays a central role in BPA-mediated toxicity, can trigger the activation of the senescence pathways, or culminate in 
cell death, due to the overwhelming stress conditions. Therefore, our results provide novel insights into the mechanism of action of BPA and elucidates its impact on the functionality of hAMSC. This underscores the 
pressing need to reconsider the use of BPA as a plastic additive, mitigating the potential adverse effects on babies.

Cell Death Discov. 2025 
Jul 16;11(1):327.

10.1038/s41420-025-02620-8 40670380 in vitro - - - - - - - - - - 1 0  0.05, 0.1, 0.2, 0.3, 0.35, 0.4 µM 1 - - - - - - - - - - - - - -

統合_1982
R. Ferreira, C. Amaral, G. Correia-da-Silva, M. 
Almada, M. Borges, S. C. Cunha, J. O. Fernandes 
and N. Teixeira

2022

Bisphenols A, F, S and AF trigger 
apoptosis and/or endoplasmic 
reticulum stress in human 
endometrial stromal cells

Disruption of non-differentiated endometrial stromal cells could have noxious consequences in female reproduction, impairing endometrial remodelling and implantation. Following the classification of bisphenol A (BPA) 
as an endocrine disrupting chemical, it started to be gradually withdrawn from the market, being substituted by structural analogues, whose effects in human health are not fully understood. This work used a telomerase-
immortalized human endometrial stromal cell line (St-T1b) to study the effects of BPA and its three most commercialized structural analogues (ranked: bisphenols S, F and AF) on endometrial stromal cells to understand 
their effects on female reproductive function. Bisphenols showed dissimilar effects. All four compounds generated endoplasmic reticulum (ER) stress. In addition, bisphenols A, F and AF induced apoptosis through 
different mechanisms, with bisphenol AF causing cell cycle arrest at G(2)/M phase. Bisphenol AF decreased mitochondrial transmembrane potential and bisphenols A, F and AF produced oxidative stress.

Toxicology. 2022 
Aug:478:153282.

10.1016/j.tox.2022.153282 35940389 in vitro - - - - - - - - - - 1 0 1 nM ‒ 20 µM 1 - - - - - - - - - - - - - -

統合_1983
L. Ferreira Azevedo, M. M. Masiero, S. 
Cherkaoui, M. F. Hornos Carneiro, F. Barbosa, Jr. 
and N. Zamboni

2022

The alternative analog plasticizer 
BPS displays similar phenotypic and 
metabolomic responses to BPA in 
HepG2 and INS-1E cells

Bisphenols A (BPA) and S (BPS) are endocrine-disrupting chemicals that affect energy metabolism, leading to impairment of glucose and lipid homeostasis. We aimed at identifying metabolic pathways regulated by both 
compounds in human liver cells and rat pancreatic β-cells that could impair energy homeostasis regulation. We assessed the effects on growth, proliferation, and viability of hepatocarcinoma (HepG2) and insulinoma 
(INS-1E) cells exposed to either BPA or BPS in a full range concentration between 0.001 and 100 μM. Both the dose and duration of exposure caused a differential response on growth and viability of both cells. Effects 
were more pronounced on HepG2, as these cells exhibited non-linear dose-responses following exposure to xenobiotics. For INS-1E, effect was observed only at the highest concentration. In addition, we profiled their 
intracellular state by untargeted metabolomics at 24, 48, and 72 h of exposure. This analysis revealed time- and dose-dependently molecular changes for HepG2 and INS-1E that were similar between BPA and BPS. Both 
increased levels of inflammatory mediators, such as metabolites pertaining to linolenic and linoleic acid metabolic pathway. In summary, this study shows that BPS also disrupts molecular functions in cells that regulate 
energy homeostasis, displaying similar but less pronounced responses than BPA.

Food Chem Toxicol. 
2022 Sep:167:113266.

10.1016/j.fct.2022.113266 35779701 in vitro - - - - - - - - - - 1 0 0.001 µMから100 µM 1 - - - - - - - - - - - - - -

統合_1984

M. M. Fay, D. Columbo, C. Cotter, C. Friend, S. 
Henry, M. Hoppe, P. Karabelas, C. Lamy, M. 
Lawell, S. Monteith, C. Noyes, P. Salerno, J. Wu, 
H. M. Zhang, P. J. Anderson, N. Kedersha, P. 
Ivanov and N. G. Farny

2021
Bisphenol A promotes stress granule 
assembly and modulates the 
integrated stress response

Bisphenol-A (BPA) is a ubiquitous precursor of polycarbonate plastics that is found in the blood and serum of >92% of Americans. While BPA has been well documented to act as a weak estrogen receptor (ER) agonist, its 
effects on cellular stress are unclear. Here, we demonstrate that high-dose BPA causes stress granules (SGs) in human cells. A common estrogen derivative, β-estradiol, does not trigger SGs, indicating the mechanism 
of SG induction is not via the ER pathway. We also tested other structurally related environmental contaminants including the common BPA substitutes BPS and BPF, the industrial chemical 4-nonylphenol (4-NP) and 
structurally related compounds 4-EP and 4-VP, as well as the pesticide 2,4-dichlorophenoxyacetic acid (2,4-D). The variable results from these related compounds suggest that structural homology is not a reliable 
predictor of the capacity of a compound to cause SGs. Also, we demonstrate that BPA acts primarily through the PERK pathway to generate canonical SGs. Finally, we show that chronic exposure to a low physiologically 
relevant dose of BPA suppresses SG assembly upon subsequent acute stress. Interestingly, this SG inhibition does not affect phosphorylation of eIF2α or translation inhibition, thus uncoupling the physical assembly of 
SGs from translational control. Our work identifies additional effects of BPA beyond endocrine disruption that may have consequences for human health.

Biol Open. 2021 Jan 
10;10(1):bio057539.

10.1242/bio.057539 33431410 in vitro - - - - - - - - - - 不明 0 不明 1 - - - - - - - - - - - - - -

統合_1985 M. Farahani, M. Rezaei-Tavirani and B. Arjmand 2021
A systematic review of microRNA 
expression studies with exposure to 
bisphenol A

Bisphenol A (BPA), as a common industrial component, is generally consumed in the synthesis of polymeric materials. To gain a deeper understanding of the detrimental effects of BPA, BPA-induced microRNA (miRNA) 
alterations were investigated. A systematic search was performed in the PubMed, SCOPUS and Web of Science databases to evoke relevant published data up to August 10, 2019. We identified altered miRNAs that have 
been repeated in at least three studies. Moreover, miRNA homology analysis between human and nonhuman species was performed to determine the toxicity signatures of BPA in human exposure. In addition, to reflect the 
effects of environmental exposure levels of BPA, the study designs were categorized into two groups, including low and high doses according to the previous definitions. In total, 28 studies encountered our criteria and 17 
miRNAs were identified that were differentially expressed in at least three independent studies. Upregulating miR-146a and downregulating miR-192, miR-134, miR-27b and miR-324 were found in three studies. MiR-122 
and miR-29a were upregulated in four studies after BPA exposure, and miR-21 was upregulated in six studies. The results indicate that BPA at low-level exposures can also alter miRNA expression in response to toxicity. 
Finally, the miRNA-related pathways showed that BPA seriously can affect human health through various cell signaling pathways, which were predictable and consistent with existing studies. Overall, our findings suggest 
that further studies should be conducted to examine the role of miRNA level changes in human BPA exposure.

J Appl Toxicol. 2021 
Jan;41(1):4-19.

10.1002/jat.4025 32662106 in vitro - - - - - - - - - - 1 0 不明 1 - - - - - - - - - - - - - -
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統合_1986 H. Fan, L. Jiang, Y. L. Lee, C. K. C. Wong, E. H. 
Y. Ng, W. S. B. Yeung and K. F. Lee 2020

Bisphenol compounds regulate 
decidualized stromal cells in 
modulating trophoblastic spheroid 
outgrowth and invasion in vitro

Bisphenol A (BPA) is commonly found in epoxy resins used in the manufacture of plastic coatings in food packaging and beverage cans. There is a growing concern about BPA as a weak estrogenic compound that can 
affect human endocrine function. Chemicals structurally similar to BPA, such as bisphenol F (BPF) and bisphenol S (BPS), have been developed as substitutes in the manufacturing industry. Whether these bisphenol 
substitutes have adverse effects on human endocrine and reproductive systems remains largely unknown. This study investigated the effects of BPA, BPF, and BPS on regulating the function of decidualized human 
primary endometrial stromal cells on trophoblast outgrowth and invasion by indirect and direct co-culture models. All three bisphenols did not affect the stromal cell decidualization process. However, BPA- and BPF-
treated decidualized stromal cells stimulated trophoblastic spheroid invasion in the indirect coculture model. The BPA-treated decidualized stromal cells had upregulated expressions of several invasion-related molecules 
including leukemia inhibitory factor (LIF), whereas both BPA- and BPF-treated decidualized stromal cells had downregulated expressions of anti-invasion molecules including plasminogen activator inhibitor type 1 (PAI-1) 
and tumor necrosis factor (TNFα) . Taken together, BPA and BPF altered the expression of invasive and anti-invasive molecules in decidualized stromal cells modulating its function on trophoblast outgrowth and 
invasion, which could affect the implantation process and subsequent pregnancy outcome.

Biol Reprod. 2020 Mar 
13;102(3):693-704.

10.1093/biolre/ioz212 31742322 in vitro - - - - - - - - - - 1 0 不明 1 - - - - - - - - - - - - - -

統合_1987
H. Fan, S. R. Fernando, L. Jiang, Z. Wang, S. P. 
Kodithuwakku, C. K. C. Wong, E. H. Y. Ng, W. S. 
B. Yeung and K. F. Lee

2021

Bisphenol A Analogues Suppress 
Spheroid Attachment on Human 
Endometrial Epithelial Cells through 
Modulation of Steroid Hormone 
Receptors Signaling Pathway

Bisphenol A (BPA) is a well-known endocrine disruptor, widely used in various consumer products and ubiquitously found in air, water, food, dust, and sewage leachates. Recently, several countries have restricted the use 
of BPA and replaced them with bisphenol S (BPS) and bisphenol F (BPF), which have a similar chemical structure to BPA. Compared to BPA, both BPS and BPF have weaker estrogenic effects, but their effects on human 
reproductive function including endometrial receptivity and embryo implantation still remain largely unknown. We used an in vitro spheroid (blastocyst surrogate) co-culture assay to investigate the effects of BPA, BPS, 
and BPF on spheroid attachment on human endometrial epithelial cells, and further delineated their role on steroid hormone receptor expression. We also used transcriptomics to investigate the effects of BPA, BPS, and 
BPF on the transcriptome of human endometrial cells. We found that bisphenol treatment in human endometrial Ishikawa cells altered estrogen receptor alpha (ERα) signaling and upregulated progesterone receptors 
(PR). Bisphenols suppressed spheroid attachment onto Ishikawa cells, which was reversed by the downregulation of PR through PR siRNA. Overall, we found that bisphenol compounds can affect human endometrial 
epithelial cell receptivity through the modulation of steroid hormone receptor function leading to impaired embryo implantation.

Cells. 2021 Oct 
26;10(11):2882.

10.3390/cells10112882 34831106 in vitro - - - - - - - - - - 1 0 0.01‒100 µM 1 - - - - - - - - - - - - - -

統合_1988
E. Engdahl, M. D. M. van Schijndel, D. Voulgaris, 
M. Di Criscio, K. A. Ramsbottom, D. J. Rigden, A. 
Herland and J. Rüegg

2021

Bisphenol A Inhibits the Transporter 
Function of the Blood-Brain Barrier 
by Directly Interacting with the ABC 
Transporter Breast Cancer 
Resistance Protein (BCRP)

The breast cancer resistance protein (BCRP) is an important efflux transporter in the blood-brain barrier (BBB), protecting the brain from a wide range of substances. In this study, we investigated if BCRP function is 
affected by bisphenol A (BPA), a high production volume chemical used in common consumer products, as well as by bisphenol F (BPF) and bisphenol S (BPS), which are used to substitute BPA. We employed a transwell-
based in vitro cell model of iPSC-derived brain microvascular endothelial cells, where BCRP function was assessed by measuring the intracellular accumulation of its substrate Hoechst 33342. Additionally, we used in 
silico modelling to predict if the bisphenols could directly interact with BCRP. Our results showed that BPA significantly inhibits the transport function of BCRP. Additionally, BPA was predicted to bind to the cavity that is 
targeted by known BCRP inhibitors. Taken together, our findings demonstrate that BPA inhibits BCRP function in vitro, probably by direct interaction with the transporter. This effect might contribute to BPA's known 
impact on neurodevelopment.

Int J Mol Sci Vol.22 
Issue 11

10.3390/ijms22115534 34073890 in vitro - - - - - - - - - - 1 0 500 nM - - - - - - - - - - - - - - -

統合_1989 M. A. Elmetwally, A. A. Halawa, W. Tang, G. Wu 
and F. W. Bazer 2020

Effects of Bisphenol A on expression 
of genes related to amino acid 
transporters, insulin- like growth 
factor, aquaporin and amino acid 
release by porcine trophectoderm 
cells

The peri-implantation period of pregnancy is critical for conceptus development, implantation, and signaling for establishment of pregnancy. This study evaluated the effects of bisphenol A (BPA) on proliferation, adhesion, 
and migration of porcine trophectoderm (pTr2) cells, expression of transporters of arginine and synthesis of amino acids. All concentrations of BPA decreased proliferation and adhesion of pTr2 cells after 96 h compared 
to the control group. Lower concentrations of BPA (1 × 10(-9), 1 × 10(-8), 10(-7)M) increased (P < 0.05), but higher concentrations of BPA (1 × 10(-5), 1 × 10(-4) M) decreased migration of pTr2 cells. BPA increased 
expression of SLC7A1 mRNA at lower concentrations (1 × 10(-9) to 1 × 10(-6)M) and SL7A6, another cationic acid transporter, at higher concentrations (1 × 10(-5), 1 × 10(-4) M). BPA also down-regulated the 
expression of IGF1 and IGF1 receptor at concentrations of 1 × 10(-7) to 1 × 10(-4) M compared to the control group. The expression of mRNAs for aquaporins (AQP) 3 and 4 were reduced at all concentrations of BPA, 
but at lower concentrations of BPA, (1 × 10(-9) to 1 × 10(-8)M) expression of AQP9 mRNA increased and the expression of AQP11 was not affected by BPA (P > 0.05). There was an inhibitory effect of BPA on the 
release of synthesis of asparagine, threonine, taurine, tryptophan, and ornithine into the culture medium by pTr2 cells. Collectively, BPA adversely affected the expression of transporters for cationic amino acids like 
arginine, as well as AQPs, IGF1, and IGF1R associated with proliferation, migration, and adhesion of pTr2 cells. Those adverse effects would likely increase pregnancy losses during the peri-implantation period of 
pregnancy.

Reprod Toxicol. 2020 
Sep:96:241-248.

10.1016/j.reprotox.2020.07.008 32710935 in vitro - - - - - - - - - - 1 0 1×10-9、1×10-8、10-7M、1×10-5、1×10-4M 1 - - - - - - - - - - - - - -

統合_1990
R. Eerlings, X. Y. Lee, W. Van Eynde, L. Moris, S. 
El Kharraz, E. Smeets, W. Devlies, F. Claessens, 
K. J. Verstrepen, A. Voet and C. Helsen

2025

Rewiring Estrogen Receptor α into 
Bisphenol Selective Receptors Using 
Darwin Assembly-Based Directed 
Evolution (DADE) in Saccharomyces 
cerevisiae

Bisphenols are widely used in manufacturing plastics and resins, but their environmental persistence raises concerns to human health and ecosystems. Accurate measurements for bisphenols are crucial for effective 
monitoring and regulation. Analytical methods detect only preselected bisphenols, while bioassays assessing estrogen receptor α activation suffer from poor sensitivity and strong background signals due to estrogenic 
contaminations. To develop a bioassay in Saccharomyces cerevisiae with increased sensitivity and specificity for bisphenols, we performed multi-site directed mutagenesis and directed evolution of more than 10(8) stably 
integrated estrogen receptor variants. By mutating the estrogen receptor α towards recognition of bisphenol A in yeast, we determined the preBASE variant (M421G_V422G_V533D_L536G_Y537S) with elevated bisphenol 
A sensitivity (EC50:329 nM) and lost estrogen responsiveness (EC50:0,17 mM). Further engineering yielded an off-target mutant, identified as the Bisphenol-Affinity and Specificity-Enhanced (BASE) variant 
(M421G_V422G_V533D_L536G_Y537S_L544I) that uses bisphenols as its primary agonist (EC50:32 mM) and impaired estrogen sensitivity (EC50:85M). The rewiring into a bisphenol receptor was confirmed in ligand 
binding assays to purified ligand binding domains. Taken together, the identified variants form stepping stones for further protein engineering to generate bisphenol specific high-throughput yeast-based bioassays.

ACS Synth Biol. 2025 
Jun 20;14(6):2254-2269.

10.1021/acssynbio.5c00163 40347189 in vitro - - - - - - - - - - 1 0 不明 1 - - - - - - - - - - - - - -

統合_1991 Y. Ebrahimi-Kia, A. Noori-Zadeh, F. Rajaei, S. 
Darabi, L. Darabi and H. Ghasemi Hamidabadi 2022

The Effect of bisphenol A and 
Photobiomodulation Therapy on 
Autophagy-Related Genes Induction 
in Adipose Tissue-Derived Stem 
Cells

Introduction: As adipose tissue-derived stem cells (ADSCs) can divide rapidly and be prepared non-invasively, they have extensively been used in regenerative medicine. On the other hand, a new method of therapy, known 
as photobiomodulation (PHT), has been used to treat many diseases, such as inflammatory conditions, wound healing and pain. Besides, exposure to chemical substances such as bisphenol A (BPA), at low levels, can 
lead to autophagy. This study investigated the effects of BPA and PHT on the expression of autophagy-related genes, including LC3, NRF2, P62, in rat ADSCs as a model. Methods: ADSCs isolation and purification were 
confirmed by immunocytochemistry (ICC). The cells were then treated with different concentrations of BPA and also subjected to PHT. Reverse transcription polymerase chain reaction (RT-PCR) was used for the 
evaluation of LC3, NRF2 and P62 gene expressions. Oil red O staining was used for adipogenic vacuole formation. Result: ICC showed that the isolated cells were CD 49-positive but CD 31 and CD 34-negative. The 
viability test indicated that the number of live cells after 24 hours in the BPA groups at concentrations of 0, 1, 50, 100 and 200 μM was 100%, 93%, 81%, 72%, and 43% respectively. The difference in cell viability between 
groups 50, 100 and 200 μM was significant as compared with the control groups (P < 0.05). Moreover, in the group with 1 μM concentration of BPA, the expressions of LC3, NRF2 and P62 genes were upregulated. 
However, in the treatment group at the concentration of 200 μM of BPA, the LC3 gene was expressed, but NRF2 and P62 genes were downregulated. Conclusion: BPA and PHT induce autophagy and adiposeness in 
ADSCs in a dose-dependent manner.

J Lasers Med Sci Vol.13 
Pages e15

10.34172/jlms.2022.15 35996481 in vitro - - - - - - - - - - 1 0 0、1、50、100、200 µM - - - - - - - - - - - - - - -

統合_1992 R. Ebrahimi, M. Shokrzadeh and N. Ghassemi 
Barghi 2021

Effects of melatonin on the 
Bisphenol-A- induced cytotoxicity 
and genetic toxicity in colon cancer 
cell lines, normal gingival cell lines, 
and bone marrow stem cell lines

Bisphenol-A (BPA) is a synthetic chemical that has widely been used in the production of polycarbonate plastic and epoxy resins in the manufacture of consumer products. The most common path of human exposure to 
BPA is by oral intake that involves genotoxicity, oxidative stress, endocrine disruption, mutagenicity, and carcinogenicity in both in vitro and in vivo models. Melatonin is known as a free-radical scavenger and a powerful 
antioxidant agent. This study aimed to investigate the effects of melatonin on viability and genetic disorders of normal Human Gingival Fibroblasts (HGF), colon cancer (MKN45), and bone marrow stem cell (MSC) lines 
exposed to BPA. For this purpose, MTT and Comet assays were performed to evaluate the cytotoxicity and genotoxicity properties of BPA and the role of melatonin. The results showed that BPA exposure resulted in 
increased oxidative stress parameters including MDA and ROS, and decreased GSH content. The current study demonstrated the cytotoxicity and genotoxicity effects of BPA and the protective role of melatonin in 
preventing cytotoxicity and DNA damage are induced by BPA.

Cancer Inform. 2021 
Nov 
17:20:117693512110562
95.

10.1177/11769351211056295 34819716 in vitro - - - - - - - - - - 1 1 0.5, 5, 50, and 100 µg/ml 1 - - - - - - - - - - - - - -

統合_1993
I. Ďurovcová, E. Goffa, Z. Šestáková, D. Mánikov
á, K. Gaplovská-Kyselá, M. Chovanec and A. Šev
čovičová

2021

Acute Exposure to Bisphenol A 
Causes Oxidative Stress Induction 
with Mitochondrial Origin in 
Saccharomyces cerevisiae Cells

Bisphenol A (BPA) is a major component of the most commonly used plastic products, such as disposable plastics, Tetra Paks, cans, sport protective equipment, or medical devices. Due to the accumulation of excessive 
amounts of plastic waste and the subsequent release of BPA into the environment, BPA is classified as a pollutant that is undesirable in the environment. To date, the most interesting finding is the ability of BPA to act as 
an endocrine disrupting compound due to its binding to estrogen receptors (ERs), and adverse physiological effects on living organisms may result from this action. Since evidence of the potential pro-oxidizing effects of 
BPA has accumulated over the last years, herein, we focus on the detection of oxidative stress and its origin following BPA exposure using pulsed-field gel electrophoresis, flow cytometry, fluorescent microscopy, and 
Western blot analysis. Saccharomyces cerevisiae cells served as a model system, as these cells lack ERs allowing us to dissect the ER-dependent and -independent effects of BPA. Our data show that high 
concentrations of BPA affect cell survival and cause increased intracellular oxidation in yeast, which is primarily generated in the mitochondrion. However, an acute BPA exposure does not lead to significant oxidative 
damage to DNA or proteins.

J Fungi (Basel) Vol.7 
Issue 7

10.3390/jof7070543 34356922 in vitro - - - - - - - - - - 1 0 500 and 1000 µM - - - - - - - - - - - - - - -

統合_1994 M. Durcik, L. Hiti, T. Tomašič and L. P. Mašič 2022

New bisphenol A and bisphenol S 
analogs: Evaluation of their hERα 
agonistic and antagonistic activities 
using the OECD 455 in-vitro assay 
and molecular modeling

Bisphenol A (BPA) and bisphenol S (BPS) are agonists of hERα receptors and due to BPA regulations in many countries, several substitutes that are close analogs to BPA and BPS were developed. In the presented study, 
we have determined human estrogen receptor (hER)α agonist and antagonist activities with the validated OECD assay with the hERα-Hela9903 cell line for five different chemical classes of BPA and BPS analogs. This 
study also defined clear structure-activity relationships for agonist and antagonist activities of the 12 bisphenols on hERα, which are supported by molecular docking studies. These data show that classical analogs of 
BPA (e.g., bisphenols B, C, AP, E) have comparable or superior estrogenic agonist potencies compared to BPA and BPS. The most potent of these hERα agonists were even more potent than BPA, as bisphenol B and C, 
with IC(50) values of 0.31 μM and 0.48 μM, respectively. Among these selected bisphenols, 4-4'-methylenebis (oxyethylenethio)diphenol was the most potent hERα antagonist, with an IC(50) of 0.39 μM. The 
estrogenic agonist and antagonist potencies of these different chemical classes of BPA and BPS analogs are mutually comparable and can be used as a basis for further structure-activity relationships studies and human 
risk assessment.

Chem Biol Interact. 
2022 Feb 
25:354:109820.

10.1016/j.cbi.2022.109820 35077665 in vitro - - - - - - - - - - 1 0 不明 1 - - - - - - - - - - - - - -

統合_1995 M. Durcik, D. Gramec Skledar, T. Tomašič, J. 
Trontelj and L. Peterlin Mašič 2022

Last piece in the puzzle of 
bisphenols BPA, BPS and BPF 
metabolism: Kinetics of the in vitro 
sulfation reaction

Bisphenols are endocrine-disrupting chemicals ubiquitously present in the environment, with the consequent exposure to humans. In humans, bisphenols are metabolized to glucuronide and sulfate conjugates. Recent 
studies indicate that sulfation represents an important bisphenol metabolic pathway for the most vulnerable humans, such as the growing fetus. Our aim was to evaluate sulfation kinetics of commonly detected 
bisphenols in biological samples: bisphenol A (BPA), bisphenol S (BPS), and bisphenol F (BPF). Furthermore, we evaluated estrogenic agonist potencies and long-term stability of these bisphenol sulfates. BPS and BPF 
sulfates were prepared by chemical synthesis. Sulfation kinetics of the selected bisphenols were tested in pooled human liver cytosol, as a source for soluble phase II enzymes, including liver sulfotransferases, with 
quantification by LC-MS/MS. A validated transactivation assay using the hERα-Hela 9903 cell line was used to determine estrogenic agonist potencies. Moreover, BPA, BPS, and BPF sulfate stabilities were examined 
under various conditions and during storage. In vitro sulfation of BPA and BPS followed Michaelis-Menten kinetics; BPF sulfation followed a substrate inhibition model. Sulfation rates were comparable for these 
bisphenols, although their K(M) values indicated some large differences in affinities. BPA and BPS sulfates are not hERα agonists. The bisphenol sulfates can be considered stable for at least 2 days under these tested 
media conditions. These data indicate that bisphenol sulfation is an important route in their biotransformation. Compared to glucuronidation, these bisphenols show slower sulfation rates but similar K(M) values. BPA and 
BPS metabolic biotransformation by sulfation provides their detoxification as they are without estrogenic activities.

Chemosphere. 2022 
Sep;303(Pt 2):135133.

10.1016/j.chemosphere.2022.1351
33

35636595 in vitro - - - - - - - - - - 1 0 不明 1 - - - - - - - - - - - - - -

統合_1996 R. Dragone, G. Grasso and C. Frazzoli 2020

Amperometric Cytosensor for 
Studying Mitochondrial 
Interferences Induced by Plasticizers 
Bisphenol B and Bisphenol A

The widespread presence of plasticizers Bisphenol B (BPB) and Bisphenol A (BPA) in food contact materials, medical equipment, and common household products is a toxicological risk factor for health due to internal 
exposure after environmental dietary exposure. This work describes the use of an amperometric cytosensor (i.e., a whole cell-based amperometric biosensoristic device) for studying mitochondrial interferences of BPA 
and BPB (5-100 µg/mL) in the yeast Saccharomyces cerevisiae model following long-term (24 h) exposure (acute toxicity). Percentage interference (%ρ) on yeast aerobic mitochondrial catabolism was calculated after 
comparison of aerobic respiration of exposed and control S. cerevisiae cell suspensions. Results suggested the hypothesis of a dose-dependent co-action of two mechanisms, namely uncoupling of oxidative 
phosphorylation and oxidative stress. These mechanisms respectively matched with opposite effects of hyperstimulation and inhibition of cellular respiration. While uncoupling of oxidative phosphorylation and oxidative 
stress have been previously described as separate effects from in vitro BPA exposure using other biochemical endpoints and biological systems, effects of BPB on cellular aerobic respiration are here reported for the first 
time. Results highlighted a similar hyperstimulation effect after exposure to 5 µg/mL BPA and BPB. About a 2-fold higher cellular respiration inhibition potency was observed after exposures to 15, 30, and 100 µg/mL BPB 
compared to BPA. 2,4-Dinitrophenol (2,4-DNP) was used as model uncoupling agent. A time-dependent mechanism of mitochondrial interference was also highlighted.

Molecules Vol.25 Issue 
21

10.3390/molecules25215185 33171786 in vitro - - - - - - - - - - 1 0 5-100 µg/mL - - - - - - - - - - - - - - -

統合_1997 R. S. Dos Santos, R. M. Medina-Gali, I. Babiloni-
Chust, L. Marroqui and A. Nadal 2022

In Vitro Assays to Identify 
Metabolism-Disrupting Chemicals 
with Diabetogenic Activity in a 
Human Pancreatic β-Cell Model

There is a need to develop identification tests for Metabolism Disrupting Chemicals (MDCs) with diabetogenic activity. Here we used the human EndoC-βH1 β-cell line, the rat β-cell line INS-1E and dispersed mouse 
islet cells to assess the effects of endocrine disruptors on cell viability and glucose-stimulated insulin secretion (GSIS). We tested six chemicals at concentrations within human exposure (from 0.1 pM to 1 µM). 
Bisphenol-A (BPA) and tributyltin (TBT) were used as controls while four other chemicals, namely perfluorooctanoic acid (PFOA), triphenylphosphate (TPP), triclosan (TCS) and dichlorodiphenyldichloroethylene (DDE), 
were used as "unknowns". Regarding cell viability, BPA and TBT increased cell death as previously observed. Their mode of action involved the activation of estrogen receptors and PPARγ, respectively. ROS production 
was a consistent key event in BPA-and TBT-treated cells. None of the other MDCs tested modified viability or ROS production. Concerning GSIS, TBT increased insulin secretion while BPA produced no effects. PFOA 
decreased GSIS, suggesting that this chemical could be a "new" diabetogenic agent. Our results indicate that the EndoC-βH1 cell line is a suitable human β-cell model for testing diabetogenic MDCs. Optimization of the 
test methods proposed here could be incorporated into a set of protocols for the identification of MDCs.

Int J Mol Sci. 2022 May 
1;23(9):5040.

10.3390/ijms23095040 35563431 in vitro - - - - - - - - - - 1 0 0.1 pM〜1 µM 1 - - - - - - - - - - - - - -

統合_1998 R. S. Dos Santos, I. Babiloni-Chust, L. Marroqui 
and A. Nadal 2022

Screening of Metabolism-Disrupting 
Chemicals on Pancreatic α-Cells 
Using In Vitro Methods

Metabolism-disrupting chemicals (MDCs) are endocrine disruptors with obesogenic and/or diabetogenic action. There is mounting evidence linking exposure to MDCs to increased susceptibility to diabetes. Despite the 
important role of glucagon in glucose homeostasis, there is little information on the effects of MDCs on α-cells. Furthermore, there are no methods to identify and test MDCs with the potential to alter α-cell viability 
and function. Here, we used the mouse α-cell line αTC1-9 to evaluate the effects of MDCs on cell viability and glucagon secretion. We tested six chemicals at concentrations within human exposure (from 0.1 pM to 1 µ
M): bisphenol-A (BPA), tributyltin (TBT), perfluorooctanoic acid (PFOA), triphenylphosphate (TPP), triclosan (TCS), and dichlorodiphenyldichloroethylene (DDE). Using two different approaches, MTT assay and DNA-
binding dyes, we observed that BPA and TBT decreased α-cell viability via a mechanism that depends on the activation of estrogen receptors and PPARγ, respectively. These two chemicals induced ROS production, but 
barely altered the expression of endoplasmic reticulum (ER) stress markers. Although PFOA, TPP, TCS, and DDE did not alter cell viability nor induced ROS generation or ER stress, all four compounds negatively affected 
glucagon secretion. Our findings suggest that αTC1-9 cells seem to be an appropriate model to test chemicals with metabolism-disrupting activity and that the improvement of the test methods proposed herein could be 
incorporated into protocols for the screening of diabetogenic MDCs.

Int J Mol Sci. 2022 Dec 
23;24(1):231.

10.3390/ijms24010231 36613676 in vitro - - - - - - - - - - 1 0 0.1 pM〜1 µM 1 - - - - - - - - - - - - - -
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統合_1999

C. F. Donini, M. El Helou, A. Wierinckx, B. Győ
rffy, S. Aires, A. Escande, S. Croze, P. Clezardin, 
J. Lachuer, M. Diab-Assaf, S. E. Ghayad, B. 
Fervers, V. Cavaillès, V. Maguer-Satta and P. A. 
Cohen

2020

Long-Term Exposure of Early-
Transformed Human Mammary Cells 
to Low Doses of Benzo[a]pyrene 
and/or Bisphenol A Enhances Their 
Cancerous Phenotype via an 
AhR/GPR30 Interplay

It is of utmost importance to decipher the role of chronic exposure to low doses of environmental carcinogens on breast cancer progression. The early-transformed triple-negative human mammary MCF10AT1 cells were 
chronically (60 days) exposed to low doses (10(-10) M) of Benzo[a]pyrene (B[a]P), a genotoxic agent, and/or Bisphenol A (BPA), an endocrine disruptor. Our study revealed that exposed MCF10AT1 cells developed, in a 
time-dependent manner, an acquired phenotype characterized by an increase in cancerous properties (anchorage independent growth and stem-like phenotype). Co-exposure of MCF10AT1 cells to B[a]P and BPA led to a 
significantly greater aggressive phenotype compared to B[a]P or BPA alone. This study provided new insights into the existence of a functional interplay between the aryl hydrocarbon receptor (AhR) and the G protein-
coupled receptor 30 (GPR30) by which chronic and low-dose exposure of B[a]P and/or BPA fosters the progression of MCF10AT1 cells into a more aggressive substage. Experiments using AhR or GPR30 antagonists, 
siRNA strategies, and RNAseq analysis led us to propose a model in which AhR signaling plays a "driver role" in the AhR/GPR30 cross-talk in mediating long-term and low-dose exposure of B[a]P and/or BPA. 
Retrospective analysis of two independent breast cancer cohorts revealed that the AhR/GPR30 mRNA expression signature resulted in poor breast cancer prognosis, in particular in the ER-negative and the triple-negative 
subtypes. Finally, the study identified targeting AhR and/or GPR30 with specific antagonists as a strategy capable of inhibiting carcinogenesis associated with chronic exposure to low doses of B[a]P and BPA in 
MCF10AT1 cells. Altogether, our results indicate that the engagement of both AhR and GPR30 functions, in particular in an ER-negative/triple-negative context of breast cells, favors tumor progression and leads to poor 
prognosis.

Front Oncol. 2020 May 
29:10:712.

10.3389/fonc.2020.00712 32670863 in vitro - - - - - - - - - - 1 0 10（-10）M 1 - - - - - - - - - - - - - -

統合_2000 P. Dong, G. Ye, X. Tu, Y. Luo, W. Cui, Y. Ma, L. 
Wei, X. Tian and Q. Wang 2022

Roles of ERRα and TGF-β 
signaling in stemness enhancement 
induced by 1 µM bisphenol A 
exposure via human neural stem 
cells

Bisphenol A (BPA) is a common industrial chemical widely used to produce various plastics and is known to impair neural stem cells (NSCs). However, the effects of low-dose BPA exposure on the stemness maintenance 
and differentiation fate of NSCs remain unclear in the infant brain. The present study demonstrated that 1 µM BPA promoted human NSC proliferation and stemness, without significantly increasing apoptosis. The Chip-
seq experiments demonstrated that both the cell cycle and the TGF-β signaling pathway were accelerated after treatment with 1 µM BPA. Subsequently, estrogen-related receptor α (ERRα) gene knockout cell lines 
were constructed using CRISPR/Cas9. Further western blotting and chromatin immunoprecipitation-PCR experiments demonstrated that BPA maintained cell stemness by binding to an EERα receptor and activating the 
TGF-β1 signaling pathway, including the downstream factors Aurora kinases B and Id2. In conclusion, the stemness of NSCs could be maintained by BPA at 1 µM through the activation of the ERRα and TGF-β1 
signaling pathways and could restrain the differentiation of NSCs into neurons. The present research further clarified the mechanism of BPA toxicity on NSCs from the novel perspective of ERRα and TGF-β1 signaling 
pathways regulated by BPA and provided insights into potential novel methods of prevention and therapy for neurogenic diseases.

Exp Ther Med Vol.23 
Issue 2 Pages 164

10.3892/etm.2021.11087 35069845 in vitro - - - - - - - - - - 1 0 1 µM - - - - - - - - - - - - - - -

統合_2001 A. Di Credico, G. Gaggi, I. Bucci, B. Ghinassi and 
A. Di Baldassarre 2023

The Effects of Combined Exposure 
to Bisphenols and Perfluoroalkyls on 
Human Perinatal Stem Cells and the 
Potential Implications for Health 
Outcomes

The present study investigates the impact of two endocrine disruptors, namely Bisphenols (BPs) and Perfluoroalkyls (PFs), on human stem cells. These chemicals leach from plastic, and when ingested through 
contaminated food and water, they interfere with endogenous hormone signaling, causing various diseases. While the ability of BPs and PFs to cross the placental barrier and accumulate in fetal serum has been 
documented, the exact consequences for human development require further elucidation. The present research work explored the effects of combined exposure to BPs (BPA or BPS) and PFs (PFOS and PFOA) on human 
placenta (fetal membrane mesenchymal stromal cells, hFM-MSCs) and amniotic fluid (hAFSCs)-derived stem cells. The effects of the xenobiotics were assessed by analyzing cell proliferation, mitochondrial functionality, 
and the expression of genes involved in pluripotency and epigenetic regulation, which are crucial for early human development. Our findings demonstrate that antenatal exposure to BPs and/or PFs may alter the biological 
characteristics of perinatal stem cells and fetal epigenome, with potential implications for health outcomes at birth and in adulthood. Further research is necessary to comprehend the full extent of these effects and their 
long-term consequences.

Int J Mol Sci. 2023 Oct 
9;24(19):15018.

10.3390/ijms241915018 37834465 in vitro - - - - - - - - - - 1 0 0.1 µM 1 - - - - - - - - - - - - - -

統合_2002

P. Deng, M. Tan, W. Zhou, C. Chen, Y. Xi, P. 
Gao, Q. Ma, Y. Liang, M. Chen, L. Tian, J. Xie, M. 
Liu, Y. Luo, Y. Li, L. Zhang, L. Wang, Y. Zeng, H. 
Pi, Z. Yu and Z. Zhou

2021

Bisphenol A promotes breast cancer 
cell proliferation by driving miR-381-
3p-PTTG1-dependent cell cycle 
progression

Bisphenol A (BPA) is a high-production-volume industrial chemical that facilitates the development of breast cancer. However, the molecular mechanism associated with BPA-induced breast cancer cell proliferation and 
migration remains elusive. In our study, we exposed MCF-7 cells to different concentrations of BPA (0.1, 1 and 10 μM) for 24, 48, or 72 h. We found that BPA exposure significantly promoted MCF-7 cell proliferation and 
migration but not invasion. To elucidate the mechanisms, the differentially expressed genes between the BPA and control groups were investigated with the Gene Expression Omnibus (GEO) database through GEO2R. 
Kyoto Encyclopedia of Genes and Genomes (KEGG) and pathway action network analyses demonstrated the important role of the cell cycle pathway in the effects of BPA exposure on MCF-7 cells. Importantly, analysis 
with the cytoHubba plugin of Cytoscape software coupled with analysis of enriched genes in the cell cycle pathway identified PTTG1 and CDC20 (two hub genes) as key targets associated with BPA-induced MCF-7 cell 
proliferation and migration. Interestingly, BPA significantly increased the protein expression levels of PTTG1 but not CDC20. Knockdown of PTTG1 inhibited the BPA-induced increase in proliferation and maintained cell 
cycle progression. In addition, we confirmed that the increased expression of PTTG1 upon BPA exposure was caused by miR-381-3p inhibition. Moreover, we verified that miR-381-3p expression was low and inversely 
correlated with PTTG1 expression in breast cancer tissues. Together, these findings demonstrate that BPA promotes high PTTG1 expression and alters the cell cycle to enhance MCF-7 cell proliferation by inhibiting miR-
381-3p expression.

Chemosphere. 2021 
Apr:268:129221.

10.1016/j.chemosphere.2020.1292
21

33352510 in vitro - - - - - - - - - - 1 0 0.1、1、10 µM 1 - - - - - - - - - - - - - -

統合_2003
G. Del Favero, J. Bergen, L. Palm, C. Fellinger, 
M. Matlaeva, A. Szabadi, A. S. Fernandes, N. 
Saraiva, C. Schröder and D. Marko

2024

Short-Term Exposure to Foodborne 
Xenoestrogens Affects Breast 
Cancer Cell Morphology and Motility 
Relevant for Metastatic Behavior In 
Vitro

Breast cancer is highly susceptible to metastasis formation. During the time of disease progression, tumor pathophysiology can be impacted by endogenous factors, like hormonal status, as well as by environmental 
exposures, such as those related to diet and lifestyle. New lines of evidence point toward a potential role for foodborne endocrine disruptive chemicals in this respect; however, mechanistic understanding remains limited. 
At the molecular level, crucial steps toward metastasis formation include cell structural changes, alteration of adhesion, and reorganization of cytoskeletal proteins involved in motility. Hence, this study investigates the 
potential of dietary xenoestrogens to impact selected aspects of breast cancer cell mechanotransduction. Taking the onset of the metastatic cascade as a model, experiments focused on cell-matrix adhesion, single-cell 
migration, and adaptation of cell morphology. Dietary mycoestrogens alternariol (AOH, 1 μM) and α-zearalenol (α-ZEL, 10 nM), soy isoflavone genistein (GEN, 1 μM), and food packaging plasticizer bisphenol A (BPA, 
10 nM) were applied as single compounds or in mixtures. Pursuing the hypothesis that endocrine active molecules could affect cell functions beyond the estrogen receptor-dependent cascade, experiments were 
performed comparing the MCF-7 cell line to the triple negative breast cancer cells MDA MB-231. Indeed, the four compounds functionally affected the motility and the adhesion of both cell types. These responses were 
coherent with rearrangements of the actin cytoskeleton and with the modulation of the expression of integrin β1 and cathepsin D. Mechanistically, molecular dynamics simulations confirmed a potential interaction with 
fragments of the α1 and β1 integrin subunits. In sum, dietary xenoestrogens proved effective in modifying the motility and adhesion of breast cancer cells, as predictive end points for metastatic behavior in vitro. These 
effects were measurable after short incubation times (1 or 8 h) and contribute to shed novel light on the activity of compounds with hormonal mimicry potential in breast cancer progression.

Chem Res Toxicol. 2024 
Oct 21;37(10):1634-
1650.

10.1021/acs.chemrestox.4c00061 39262136 in vitro - - - - - - - - - - 1 0 10 nM 1 - - - - - - - - - - - - - -

統合_2004
S. C. de Aguiar Greca, I. Kyrou, R. Pink, H. 
Randeva, D. Grammatopoulos, E. Silva and E. 
Karteris

2020
Involvement of the Endocrine-
Disrupting Chemical Bisphenol A 
(BPA) in Human Placentation

BACKGROUND: Endocrine-disrupting chemicals (EDCs) are environmental chemicals/toxicants that humans are exposed to, interfering with the action of multiple hormones. Bisphenol A (BPA) is classified as an EDC 
with xenoestrogenic activity with potentially adverse effects in reproduction. Currently, a significant knowledge gap remains regarding the complete spectrum of BPA-induced effects on the human placenta. As such, the 
present study examined the effects of physiologically relevant doses of BPA in vitro. METHODS: qRT-PCR, Western blotting, immunofluorescence, ELISA, microarray analyses, and bioinformatics have been employed to 
study the effects of BPA using nonsyncytialised (non-ST) and syncytialised (ST) BeWo cells. RESULTS: Treatment with 3 nM BPA led to an increase in cell number and altered the phosphorylation status of p38, an effect 
mediated primarily via the membrane-bound estrogen receptor (GPR30). Nonbiased microarray analysis identified 1195 and 477 genes that were differentially regulated in non-ST BeWo cells, whereas in ST BeWo cells, 
309 and 158 genes had altered expression when treated with 3 and 10 nM, respectively. Enriched pathway analyses in non-ST BeWo identified a leptin and insulin overlap (3 nM), methylation pathways (10 nM), and 
differentiation of white and brown adipocytes (common). In the ST model, most significantly enriched were the nuclear factor erythroid 2-related factor 2 (NRF2) pathway (3 nM) and mir-124 predicted interactions with 
cell cycle and differentiation (10 nM). CONCLUSION: Collectively, our data offer a new insight regarding BPA effects at the placental level, and provide a potential link with metabolic changes that can have an impact on 
the developing fetus.

J Clin Med. 2020 Feb 
3;9(2):405.

10.3390/jcm9020405 32028606 in vitro - - - - - - - - - - 1 0 3 nM 1 - - - - - - - - - - - - - -

統合_2005
O. S. Davis, O. L. M. Scandlan, E. A. Potestio, C. 
Robinson, K. D. Hickey, M. Ross and L. A. 
Favetta

2025

Impact of BPA and its analogs on 
sperm hyperactivity, acrosome 
reaction, epigenetic profiles and in 
vitro embryo development

Bisphenols, particularly BPA, are ubiquitous environmental contaminants known to affect male reproductive health. However, their specific impacts on sperm function and subsequent embryo development remain 
understudied especially for BPA's commonly used replacements, BPS and BPF. This study investigated the effects of direct sperm exposure to BPA, BPS, and BPF on fertilization capacity and embryo development using a 
bovine model, as translational for humans. Sperm samples were exposed to 0.05 mg/mL of each bisphenol in vitro. Parameters, including hyperactivity and acrosome reaction, as well as fertilization outcomes, such as 
developmental rates and blastocyst quality, were further evaluated following IVF. miRNA profiles were also analyzed in sperm and embryos to detect potential biomarkers of bisphenol exposure. We found that BPF 
significantly increased sperm hyperactivity, and BPA decreased acrosome reaction levels (p < 0.05). Cleavage and blastocyst rates were also notably decreased in embryos derived from BPA-exposed sperm (p < 0.05). 
Furthermore, blastocysts produced from BPA, BPS and BPF treated sperm all had significantly lower cell counts and increased DNA fragmentation (p < 0.05). Although no statistically significant changes in miRNA levels 
were observed, this study highlights some of the detrimental effects of bisphenols on bovine sperm and subsequent embryo development, with potential implications for human reproductive health.

Mol Cell Endocrinol 
Vol.604 Pages 112555

10.1016/j.mce.2025.112555 40252911 in vitro - - - - - - - - - - 1 0 0.05 mg/mL - - - - - - - - - - - - - - -

統合_2006 M. D'Almeida, O. Sire, S. Lardjane and H. Duval 2020

Development of a new approach 
using mathematical modeling to 
predict cocktail effects of 
micropollutants of diverse origins

A wide variety of micropollutants (MP) of diverse origins is present in waste and surface waters without knowing the effect of their combination on ecosystems and human. The impact of chemical mixtures is poorly 
documented and often limited to binary mixtures using MP of the same category. Knowing that it is not realistic to test every possible combination found in mixtures, we aimed to develop a new method helping to predict 
cocktail effects. Six chemicals of agriculture, industry or pharmaceutical origin were selected: cyproconazole, diuron, terbutryn, bisphenol A, diclofenac and tramadol. Individual MP were first used in vitro to determine the 
concentration at which 10% (Effective Concentration EC10) or 25% (EC25) of their maximal effect on human cytotoxicity was observed. Using an Orthogonal Array Composite Design (OACD), relevant complex mixtures 
were then tested. Multiple linear regression was applied for response surface modeling in order to evaluate and visualize the influence of the different MP in mixtures and their potential interactions. The comparison of 
the predicted values obtained using the response surface model with those obtained with the model of independent effects, evidenced that the hypothesis of independence was unjustified. The cocktail effect was further 
investigated by considering micropollutant response surfaces pairwise. It was deduced that there was a neutralizing effect between bisphenol A and tramadol. In conclusion, we propose a new method to predict within a 
complex mixture of MP the combinations likely involved in cocktail effects. The proposed methodology coupling experimental data acquisition and mathematical modeling can be applied to all kind of relevant bioassays 
using lower concentrations of MP. Situations at high ecological risk and potentially hazardous for humans will then be identified, which will allow to improve legislation and policies.

Environ Res. 2020 
Sep:188:109897.

10.1016/j.envres.2020.109897 32846655 in vitro - - - - - - - - - - 1 0 不明 1 - - - - - - - - - - - - - -

統合_2007 D. Crump, T. Sharin, S. Chiu and J. M. O'Brien 2021

In Vitro Screening of 21 Bisphenol A 
Replacement Alternatives: 
Compared with Bisphenol A, the 
Majority of Alternatives Are More 
Cytotoxic and Dysregulate More 
Genes in Avian Hepatocytes

An avian in vitro screening approach was used to determine the effects of 21 bisphenol A (BPA) alternatives. Cytotoxicity and dysregulation of genes associated with estrogen response and other toxicologically relevant 
pathways evoked by these alternatives were compared with BPA. Most of the BPA alternatives (15/21) were equally or more cytotoxic than BPA in chicken embryonic hepatocytes; variability in cell viability was associated 
with chemical structure and the log octanol-water partition coefficient (logP) values. A negative linear relationship (r (2)  = 0.745; p = 0.49(-07) ; n = 18) was observed between logP and the log median lethal concentration 
(logLC50) values. The least cytotoxic BPA alternatives elicited the greatest gene dysregulation and, overall, most of the alternatives altered more genes than BPA (measured with a custom polymerase chain reaction 
array). This overall approach shows promise for use as a screen for hazard-based prioritization of BPA replacement alternatives and to ideally identify those that may be less harmful and/or require additional toxicity 
testing. Environ Toxicol Chem 2021;40:2026-2033. © 2021 Her Majesty the Queen in Right of Canada Environmental Toxicology and Chemistry © 2021 SETAC. Reproduced with the permission of the Minister of 
Environment and Climate Change Canada.

Environ Toxicol Chem. 
2021 Jul;40(7):2026-
2033.

10.1002/etc.5032 33683738 in vitro - - - - - - - - - - 1 0 不明 1 - - - - - - - - - - - - - -

統合_2008 J. Crosthwait, S. Syeddan and E. Atlas 2025

The obesogenic effects of Bisphenol 
A and its analogues are differentially 
regulated via PPARγ transactivation 
in mouse 3T3-L1 cells

Exposure to environmental pollutants with obesogenic activity is being recognised as one of the contributing factors to the obesity epidemic. Bisphenol A (BPA) has been shown to stimulate adipogenesis in both human 
and mouse preadipocytes, to increase body weight and affect lipid metabolism in animal and epidemiological studies. Regulatory action and public concern has prompted industry to replace BPA with other structurally 
similar analogues that may have similar effects. In this study we investigated the effects of fifteen BPA analogues on adipogenesis in the mouse 3 T3-L1 pre-adipocyte cell model in order to determine their adipogenic 
activity relative to BPA. 3 T3-L1 cells were treated with increasing concentrations of BPA and replacements and mRNA expression of the mature adipocyte markers fatty acid binding protein 4 (Fabp4), perilipin (Plin) 
lipoprotein lipase (Lpl)and peroxisome proliferator-activated receptor (Ppar)γ and lipid accumulation were assessed. In addition, a luciferase reporter assay for PPARγ transactivation was employed to investigate 
mechanism of action. Our results show that BPC, BPS-MAE, BPS-MPE and TGSA, were the most adipogenic bisphenols, as shown by a robust increase in lipid accumulation and mRNA expression of adipogenic markers. 
BPS-MPE, BPC, BTUM, TGSA and D8 increased PPARγ transcriptional activity. Despite its ability to activate PPARγ in the transcriptional assay D8 did not affect adipogenesis in this cell model.

Toxicol In Vitro. 2025 
Apr:104:106009.

10.1016/j.tiv.2025.106009 39842701 in vitro - - - - - - - - - - 1 0 0.1‒20 µM 1 - - - - - - - - - - - - - -

統合_2009
J. C. Corton, G. Matteo, B. Chorley, J. Liu, B. 
Vallanat, L. Everett, E. Atlas, M. J. Meier, A. 
Williams and C. L. Yauk

2024

A 50-gene biomarker identifies 
estrogen receptor-modulating 
chemicals in a microarray 
compendium

High throughput transcriptomics (HTTr) profiling has the potential to rapidly and comprehensively identify molecular targets of environmental chemicals that can be linked to adverse outcomes. We describe here the 
construction and characterization of a 50-gene expression biomarker designed to identify estrogen receptor (ER) active chemicals in HTTr datasets. Using microarray comparisons, the genes in the biomarker were 
identified as those that exhibited consistent directional changes when ER was activated (4 ER agonists; 4 ESR1 gene constitutively active mutants) and opposite directional changes when ER was suppressed (4 
antagonist treatments; 4 ESR1 knockdown experiments). The biomarker was evaluated as a predictive tool using the Running Fisher algorithm by comparison to annotated gene expression microarray datasets including 
those evaluating the transcriptional effects of hormones and chemicals in MCF-7 cells. Depending on the reference dataset used, the biomarker had a predictive accuracy for activation of up to 96%. To demonstrate 
applicability for HTTr data analysis, the biomarker was used to identify ER activators in a set of 15 chemicals that are considered potential bisphenol A (BPA) alternatives examined at up to 10 concentrations in MCF-7 
cells and analyzed by full-genome TempO-Seq. Using benchmark dose (BMD) modeling, the biomarker genes stratified the ER potency of BPA alternatives consistent with previous studies. These results demonstrate that 
the ER biomarker can be used to accurately identify ER activators in transcript profile data derived from MCF-7 cells.

Chem Biol Interact. 
2024 May 1:394:110952.

10.1016/j.cbi.2024.110952 38570061 in vitro - - - - - - - - - - 1 0 不明 1 - - - - - - - - - - - - - -

統合_2010

S. A. Cortés-Ramírez, A. M. Salazar, M. Sordo, P. 
Ostrosky-Wegman, M. Morales-Pacheco, M. 
Cruz-Burgos, A. Losada-García, G. Rodríguez-
Martínez, I. González-Ramírez, K. Vazquez-
Santillan, V. González-Covarrubias, V. 
Maldonado-Lagunas and M. Rodríguez-
Dorantes

2023

Transcriptome-Wide Analysis of 
Low-Concentration Exposure to 
Bisphenol A, S, and F in Prostate 
Cancer Cells

Bisphenol A (BPA) is a ubiquitous synthetic compound used as a monomer in the production of polycarbonate plastics and epoxy resins. Even at low doses, BPA has been associated with the molecular progression of 
diseases such as obesity, metabolic syndrome, and hormone-regulated cancers due to its activity as an endocrine-disrupting chemical (EDC). Consequently, the use of BPA has been regulated worldwide by different 
health agencies. BPA structural analogs such as bisphenol S and bisphenol F (BPS and BPF) have emerged as industrial alternatives, but their biological activity in the molecular progression of cancer remains unclear. 
Prostate cancer (PCa) is a hormone-dependent cancer, and the role of BPA structural analogs in PCa progression is still undescribed. In this work, we use an in vitro model to characterize the transcriptomic effect of 
low-concentration exposure to bisphenol A, S, or F in the two main stages of the disease: androgen dependency (LNCaP) and resistance (PC-3). Our findings demonstrated that the low concentration exposure to each 
bisphenol induced a differential effect over PCa cell lines, which marks the relevance of studying the effect of EDC compounds through all the stages of the disease.

Int J Mol Sci. 2023 May 
30;24(11):9462.

10.3390/ijms24119462 37298413 in vitro - - - - - - - - - - 1 0 1, 5, and 10 nM 1 - - - - - - - - - - - - - -

統合_2011 B. L. Cooper, S. Salameh and N. G. Posnack 2024

Comparative cardiotoxicity 
assessment of bisphenol chemicals 
and estradiol using human induced 
pluripotent stem cell-derived 
cardiomyocytes

Bisphenol A (BPA) is commonly used to manufacture consumer and medical-grade plastics. Due to health concerns, BPA substitutes are being incorporated-including bisphenol S (BPS) and bisphenol F (BPF)-without a 
comprehensive understanding of their toxicological profile. Previous studies suggest that bisphenol chemicals perturb cardiac electrophysiology in a manner that is similar to 17β-estradiol (E2). We aimed to compare the 
effects of E2 with BPA, BPF, and BPS using human induced pluripotent stem cell-derived cardiomyocytes (hiPSC-CM). Cardiac parameters were evaluated using microelectrode array (MEA) technology and live-cell 
fluorescent imaging. Cardiac metrics remained relatively stable after exposure to nanomolar concentrations (1-1000 nM) of E2, BPA, BPF, or BPS. At higher micromolar concentrations, chemical exposures decreased the 
depolarization spike amplitude, and shortened the field potential, action potential duration, and calcium transient duration (E2 ≥ BPA ≥ BPF ≫ BPS). Cardiomyocyte physiology was largely undisturbed by BPS. BPA-
induced effects were exaggerated when coadministered with an L-type calcium channel (LTCC) antagonist or E2, and reduced when coadministered with an LTCC agonist or an estrogen receptor alpha antagonist. E2-
induced effects were not exaggerated by coadministration with an LTCC antagonist. Although the observed cardiac effects of E2 and BPA were similar, a few distinct differences suggest that these chemicals may act (in 
part) through different mechanisms. hiPSC-CM are a useful model for screening cardiotoxic chemicals, nevertheless, the described findings should be validated using a more complex ex vivo and/or in vivo model.

Toxicol Sci. 2024 Mar 
26;198(2):273-287.

10.1093/toxsci/kfae015 38310357 in vitro - - - - - - - - - - 1 0 1〜1000 nM 1 - - - - - - - - - - - - - -
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統合_2012 I. C. Cohen, E. R. Cohenour, K. G. Harnett and S. 
M. Schuh 2021

BPA, BPAF and TMBPF Alter 
Adipogenesis and Fat Accumulation 
in Human Mesenchymal Stem Cells, 
with Implications for Obesity

Bisphenol A (BPA) is an endocrine-disrupting chemical used in the production of plastics, and is linked to developmental, reproductive, and metabolic disorders including obesity. Manufacturers have begun using 'BPA-
free' alternatives instead of BPA in many consumer products. However, these alternatives have had much less testing and oversight, yet they are already being mass-produced and used across industries from plastics to 
food-contact coatings. Here, we used human female adipose-derived stem cells (hASCs), a type of adult mesenchymal stem cell, to compare the effects of BPA and BPA alternatives on adipogenesis or fat cell 
development in vitro. We focused on two commonly used BPA replacements, bisphenol AF (BPAF) and tetramethyl bisphenol F (TMBPF; monomer of the new valPure V70 food-contact coating). Human ASCs were 
differentiated into adipocytes using chemically defined media in the presence of control differentiation media with and without 17β-estradiol (E2; 10 μM), or with increasing doses of BPA (0, 0.1 and 1 μM), BPAF (0, 0.1, 
1 and 10 nM), or TMBPF (0, 0.01 and 0.1 μM). After differentiation, the cells were stained and imaged to visualize and quantify the accumulation of lipid vacuoles and number of developing fat cells. Treated cells were 
also examined for cell viability and apoptosis (programmed cell death) using the respective cellular assays. Similar to E2, BPA at 0.1 μM and BPAF at 0.1 nM, significantly increased adipogenesis and lipid production by 
20% compared to control differentiated cells (based on total lipid vacuole number to cell number ratios), whereas higher levels of BPA and BPAF significantly decreased adipogenesis (p < 0.005). All tested doses of 
TMBPF significantly reduced adipogenesis and lipid production by 30-40%, likely at least partially through toxic effects on stem cells, as viable cell numbers decreased and apoptosis levels increased throughout 
differentiation. These findings indicate that low, environmentally-relevant doses of BPA, BPAF, and TMBPF have significant effects on fat cell development and lipid accumulation, with TMBPF having non-estrogenic, 
anti-adipogenic effects. These and other recent results may provide a potential cellular mechanism between exposure to bisphenols and human obesity, and underscore the likely impact of these chemicals on fat 
development in vivo.

Int J Mol Sci. 2021 May 
19;22(10):5363.

10.3390/ijms22105363 34069744 in vitro - - - - - - - - - - 1 0 0、0.1、1 µM 1 - - - - - - - - - - - - - -

統合_2013

A. Citarella, Z. M. Besharat, L. Coppola, C. 
Sabato, T. M. Autilio, E. Vicentini, V. M. 
Bimonte, G. Catanzaro, N. Pediconi, A. Fabi, S. 
Migliaccio, M. Milella, R. Bei, E. Ferretti and A. 
Po

2025

Bisphenol A drives nuclear factor-
kappa B signaling activation and 
enhanced motility in non-
transformed breast cells

Bisphenol A (BPA) is a chemical compound found in a wide range of everyday consumer products, resulting in human exposure. BPA has been described as an endocrine disruptor, affecting different systems of the human 
body. Notably, nanomolar levels of BPA have been detected in human matrices, including plasma and milk. BPA exposure has been associated with the development of breast cancer, and the increase in breast cancer 
incidence prompted us to investigate the effects of BPA in MCF10A, a model of non-transformed mammary epithelium. Cells were treated with 10 nM BPA for 24 h to capture early molecular alterations preceding 
phenotypic transitions. Comprehensive transcriptomic analyses were conducted to identify differentially expressed genes and enriched signaling pathways. Subsequent validations included assessment of cytokine 
release, protein expression, immunofluorescence for subcellular localization of Nuclear Factor-Kappa B (NF-κB), and evaluation of actin cytoskeletal organization. Transcriptome analysis revealed enrichment in 
interleukin signaling and activation of the NF-κB pathway following BPA exposure. Functional assays demonstrated that BPA treatment enhanced cell motility, accompanied by increased phosphorylation of NF-κB. 
Inhibition of NF-κB effectively mitigated BPA-induced effects, including augmented cell motility, nuclear translocation of NF-κB, and cytoskeletal rearrangements. Notably, inhibition of the Mitogen-Activated Protein 
Kinase (MAPK) pathway, and to a lesser extent of the AKT pathway, counteracted BPA-induced NF-κB activation and the associated increase in cell motility. In conclusion, we show that nanomolar concentration of BPA 
induces significant changes in the molecular setting and behaviour of non-tranformed breast cells, activating NF-κB signalling that in turn controls inflammation, cell cycle, proliferation and cell motility. Our findings 
indicate that nanomolar concentrations of BPA can induce significant molecular and behavioral changes in non-transformed breast epithelial cells. These results contribute to a deeper understanding of how environmental 
pollutants like BPA may perturb breast epithelial cell function and potentially contribute to carcinogenesis.

Environ Pollut. 2025 Jul 
1:376:126422.

10.1016/j.envpol.2025.126422 40360080 in vitro - - - - - - - - - - 1 0 10 nM 1 - - - - - - - - - - - - - -

統合_2014 R. Çinar and M. Nazıroğlu 2025

Bisphenol A Induces Neuronal 
Apoptosis and Oxidative Stress 
Through TRPV4 Channel Signaling 
Pathways: Protective Role of Alpha-
Lipoic Acid

Bisphenol A (BPA), an environmental toxin, exerts adverse effects by increasing mitochondrial (mROS) and intracellular (iROS) reactive oxygen species, apoptosis, and Ca(2+) influx in neurological diseases. However, 
antioxidants can mitigate these detrimental effects. This study aimed to investigate the protective role of antioxidant alpha-lipoic acid (ALA) against BPA-induced TRPV4 channel stimulation, oxidant, and apoptotic 
changes in SH-SY5Y neuronal cells. Five experimental groups were established: control, ALA, BPA, BPA + ALA, and BPA + TRPV4 antagonist (ruthenium red, RuR). BPA increased excessive Ca(2+) influx and TRPV4 
current density, while BPA- and TRPV4 agonist (GSK1016790A)-induced TRPV4 stimulations were downregulated following incubation with ALA and RuR. BPA-induced increases in oxidant markers (lipid peroxidation, 
mROS, iROS), apoptotic markers (caspase-3, -8, and -9), Zn(2+), and cell death were reduced by ALA and RuR treatment. Conversely, BPA-induced reductions in cell viability, glutathione, and glutathione peroxidase levels 
were restored following treatment. In summary, ALA attenuated BPA-induced excess Ca(2+) influx, Zn(2+) accumulation, apoptosis, and oxidative neurotoxicity via TRPV4 inhibition. Therefore, ALA may offer protection 
against BPA-induced neuronal cell death associated with oxidative neurotoxicity.

Environ Toxicol. 2025 
Nov;40(11):1261-1276.

10.1002/tox.24541 40396745 in vitro - - - - - - - - - - 1 0 不明 1 - - - - - - - - - - - - - -

統合_2015

I. Cimmino, F. Oriente, V. D'Esposito, D. Liguoro, 
P. Liguoro, M. R. Ambrosio, S. Cabaro, F. 
D'Andrea, F. Beguinot, P. Formisano and R. 
Valentino

2019
Low-dose Bisphenol-A regulates 
inflammatory cytokines through 
GPR30 in mammary adipose cells

The dramatic rise in obesity and metabolic syndrome can be related, at least in part, to environmental chemical factors such as Bisphenol-A (BPA). In this study, we aimed to understand the effects of low-dose Bisphenol-
A on the human mature adipocytes and stromal vascular fraction (SVF) cells, obtained from subcutaneous mammary adipose tissue of overweight female patients, undergoing surgical mammary reduction. 24 and/or 48-h 
exposure to BPA 0.1 nM elicited significant increase of the inflammatory molecules interleukin-6 (IL-6), interleukin-8 (IL-8), monocyte chemo-attractant protein 1α (MCP1α) and induced G protein-coupled estrogen 
receptor 30 (GPR30) levels more than two-fold both in mature adipocytes and SVF cells. These effects were similar to that obtained in the presence of GPR30-specific agonist G1 (100 nM) and were reverted by G15 (1 µ
M), a GPR30-selective antagonist. As a result of BPA-GPR30 signaling activation, fatty acid synthase (FAS) and leptin mRNA levels were significantly higher upon BPA exposure (P < 0.05) in mature adipocytes, with an 
opposite effect on adiponectin (ADIPOQ). In addition, an increase in SVF cell proliferation and ERK1/2 phosphorylation, was observed, compared to untreated cells. G15 reverted all of these effects. Interestingly, the 
action of BPA on SVF cell growth was mimicked by IL-8 treatment and was reverted by incubation with anti-IL8 antibodies. All these data suggest that BPA at 0.1 nM, a ten times lower concentration than environmental 
exposure, increases the expression of pro-inflammatory cytokines via GPR30 both in mature mammary adipocytes and in SVF cells with a possible involvement of IL-8.

J Mol Endocrinol. 2019 
Nov;63(4):273-283.

10.1530/jme-18-0265 31546233 in vitro - - - - - - - - - - 1 0 0.1 nM 1 - - - - - - - - - - - - - -

統合_2016 B. Çiğ and K. Yildizhan 2020

Resveratrol diminishes bisphenol A-
induced oxidative stress through 
TRPM2 channel in the mouse kidney 
cortical collecting duct cells

Bisphenol A (BisPH-A) is a latent danger that threatens our health, which we frequently exposure in our modern life (e.g. the widespread use of drinking water in plastic pet bottles). But the BisPH-A induced transient 
receptor potential melastatin 2 (TRPM2)-mediated oxidative stress and apoptosis in these cells has not been studied yet. Calcium (Ca(2+)) plays an important role in a versatile intracellular signal transduction that works 
over a wide range to regulate oxidative stress processes. TRPM2 is activated by oxidative stress and it has emerged as an important Ca(2+) signaling mechanism in a variety of cells, contributing many cellular functions 
including cell death. Resveratrol (RESV), which belongs to the polyphenol group, acts as an antioxidant, eliminating cellular oxidative stress and increasing the body's resistance to diseases. The current study aimed to 
elucidate the effect of antioxidant resveratrol on TRPM2-mediated oxidative stress induced by BisPH-A exposure in the mouse kidney cortical collecting duct cells (mpkCCD(cl4)). The cells were divided into four groups 
as control, resveratrol (50 µM for 24 h), BisPH-A (100 µM for 24 h) and BisPH-A + RESV. Intracellular free Ca(2+) concentrations and TRPM2 channel currents were high in BisPH-A treated cells, but decreased with 
resveratrol treatment. In addition, BisPH-A induced mitochondrial membrane depolarization, reactive oxygen species (ROS), caspase 3, caspase 9 and apoptosis values were decreased by the resveratrol treatment. In 
conclusion, resveratrol protected cells from BisPH-A induced oxidative damage. In this study, we showed that TRPM2 channel mediates this protective effect of resveratrol.

J Recept Signal 
Transduct Res Vol.40 
Issue 6 Pages 570-583

10.1080/10799893.2020.1769657 32515636 in vitro - - - - - - - - - - 1 0 100 µM - - - - - - - - - - - - - - -

統合_2017
Y. G. Choi, W. S. Choi, J. Y. Song, Y. Lee, S. H. 
Lee, J. S. Lee, S. Lee, S. R. Choi, C. H. Lee and J. 
Y. Lee

2023

Antiinflammatory effect of the 
ethanolic extract of Korean native 
herb Potentilla rugulosa Nakai in 
Bisphenol-a-stimulated A549 cells

Potentilla rugulosa Nakai (P. rugulosa) is a perennial herb in the Rosaceae family and found in the Korean mountains. Previously, our findings demonstrated that P. rugulosa contains numerous polyphenols and flavonoids 
exhibiting important antioxidant and anti-obesity bioactivities. Bisphenol A (BPA) is a xenoestrogen that was shown to produce pulmonary inflammation in humans. However, the mechanisms underlying BPA-induced 
inflammation remain to be determined. The aim of this study was to examine whether ethanolic extract of P. rugulosa exerted an inhibitory effect on BPA-induced inflammation utilizing an adenocarcinoma human alveolar 
basal epithelial cell line A549. The P. rugulosa extract inhibited BPA-mediated cytotoxicity by reducing levels of reactive oxygen species (ROS). Further, P. rugulosa extract suppressed the upregulation of various pro-
inflammatory mediators induced by activation of the nuclear factor kappa-light-chain-enhancer of activated B cell (NF-κB) and mitogen-activated protein kinase (MAPK) signaling pathways. In addition, inhibition of the 
NF-κB and MAPK signaling pathways by P. rugulosa extract was found to occur via decrease in the transcriptional activity of NF-κB. Further, blockade of phosphorylation of extracellular signal-regulated kinase 1/2 
(ERK1/2) and stress-activated protein kinase/Jun N-terminal kinase (SAPK/JNK) was noted. Thus, our findings suggest that the ethanolic extract of P. rugulosa may act as a natural anti-inflammatory therapeutic agent.

J Toxicol Environ Health 
A. 2023 Oct 
18;86(20):758-773.

10.1080/15287394.2023.2240835 37527000 in vitro - - - - - - - - - - 1 0 不明 1 - - - - - - - - - - - - - -

統合_2018 S. I. Choi, J. S. Lee, S. Lee, W. S. Sim, Y. C. Kim 
and O. H. Lee 2020

Potentilla rugulosa Nakai Extract 
Attenuates Bisphenol A-, S- and F-
Induced ROS Production and 
Differentiation of 3T3-L1 
Preadipocytes in the Absence of 
Dexamethasone

Endocrine disrupting chemicals (EDCs) disrupt the physiological metabolism, thus playing an important role in the development of obesity. EDCs, the so-called 'obesogens', might predispose some individuals to gain 
weight. This study investigated the effects of bisphenol A (BPA) and its alternatives (BPS and BPF) on adipocyte differentiation and the effects of the leaves of Potentilla rugulosa Nakai extract (LPE) as a functional food 
ingredient on obesogen-induced lipid production and adipogenesis in 3T3-L1 cells. The results showed that LPE has high total phenolic and flavonoid contents (77.58 ± 0.57 mg gallic acid equivalents (GAE)/g and 57.31 
± 1.72 mg quercetin equivalents (QE)/g, respectively). In addition, LPE exerted significant antioxidant effects in terms of DPPH radical scavenging activity, reducing power, ferric-ion reducing antioxidant power, and 
oxygen radical absorbance capacity. BPA, BPS, and BPF increased lipid accumulation, protein expressions of adipogenic transcription factors (PPAR-γ, C/EBP-α, and aP2), and reactive oxygen species (ROS) production 
in 3T3-L1 cells. However, LPE suppressed the BPA-, BPS-, and BPF-induced effects on adipogenesis. Therefore, LPE has potential as a functional food supplement that can prevent bisphenol-induced lipid metabolism 
disorders.

Antioxidants (Basel). 
2020 Jan 28;9(2):113.

10.3390/antiox9020113 32012803 in vitro - - - - - - - - - - 1 0 0.1〜10 µM 1 - - - - - - - - - - - - - -

統合_2019
S. I. Choi, H. Y. Kwon, X. Han, X. Men, Y. E. 
Choi, G. W. Jang, K. T. Park, J. Han and O. H. 
Lee

2021

Environmental obesogens 
(bisphenols, phthalates and 
parabens) and their impacts on 
adipogenic transcription factors in 
the absence of dexamethasone in 
3T3-L1 cells

Endocrine-disrupting chemicals (EDCs) are exogenous compounds that are capable of blocking or mimicking the action of bioidentical hormones. Obesogenic EDCs, commonly called obesogens, play an important role in 
adipogenesis. This study was carried out to determine the effects of select obesogens and their alternatives on adipogenesis in 3T3-L1 cells under dexamethasone (DEX)-free conditions. Preadipocytes were treated with 
a cocktail of 3-isobutyl-1-methylxanthine (IBMX) and insulin to which an obesogen (viz., bisphenol A (BPA) or its analogs BPS and BPF; dioctyl terephthalate; tris (2-ethylhexyl) trimellitate; or various parabens) had been 
added. A mixture containing IBMX, insulin, and DEX, which constitute the typical hormonal cocktail required for adipocyte differentiation, was used as the control against which the other groups were measured. The 
obesogens and the PBA analogs all had evident adipogenic effects under DEX-free conditions, as was determined by estimating the lipid accumulation levels in the cells using Oil Red O staining. Furthermore, the 
expression of adipogenic transcription factors (CCAAT/enhancer-binding protein-alpha, peroxisome proliferator-activated receptor-gamma, and adipocyte protein 2) was induced by 20 μM of BPA, BPS, or BPF at both the 
mRNA and protein levels, as determined through reverse transcription-polymerase chain reaction and western blot assays. Taken together, the results reveal that adipocyte differentiation can be induced by obesogens and 
their alternatives in the absence of DEX.

J Steroid Biochem Mol 
Biol Vol.214 Pages 
105994

10.1016/j.jsbmb.2021.105994 34481040 in vitro - - - - - - - - - - 1 0 20 µM - - - - - - - - - - - - - - -

統合_2020 N. Cho, D. M. Jung, E. M. Kim and K. K. Kim 2024
Establishment of a stress granule 
reporter system for evaluating in 
vitro colon toxicity

Exposure to toxic molecules from food or oral medications induces toxicity in colon cells that cause various human diseases; however, in vitro monitoring systems for colon cell toxicity are not well established. Stress 
granules are nonmembranous foci that form in cells exposed to cellular stress. When cells sense toxic environments, they acutely and systemically promote stress granule formation, with Ras GTPase-activating protein-
binding protein 1 (G3BP1) acting as a core component to protect their mRNA from abnormal degradation. Here, we knocked in green fluorescent protein (GFP)-coding sequences into the C-terminal region of the G3BP1 
gene in a human colon cell line through CRISPR-Cas9-mediated homologous recombination and confirmed the formation of stress granules with the G3BP1-GFP protein in these cells under cellular stress exposure. We 
demonstrated the formation and dissociation of stress granules in G3BP1-GFP expressing colon cells through real-time monitoring using a fluorescence microscope. Furthermore, we validated the toxicity monitoring 
system in the established colon cell line by observing stress granule formation following exposure to dihydrocapsaicin, bisphenol A, and sorbitol. Taken together, we established a stress granule reporter system in a colon 
cell line, providing a novel assessment for the real-time monitoring of colon toxicity in response to various chemicals.

Anim Cells Syst (Seoul) 
Vol.28 Issue 1 Pages 
315-325

10.1080/19768354.2024.2364673 38895161 in vitro - - - - - - - - - - 1 0 100, 300, 500, 900 µM - - - - - - - - - - - - - - -

統合_2021 C. H. Chiu, S. H. Sun, Y. J. Yao, Y. Chuang, Y. T. 
Lee and Y. J. Lin 2025

Concentrations, composition 
profiles, and in vitro-in silico-based 
mixture risk assessment of 
bisphenol A and its analogs in plant-
based foods

The substitution of bisphenol A (BPA) with structurally similar analogs has raised concerns due to their comparable estrogenic activities. Considering the high consumption of plant-based foods, assessing the risks 
posed by bisphenols (BPs) in such dietary sources is essential. However, limited exposure and animal toxicological data on BP analogs hinder comprehensive risk assessments. This study investigated 16 BPs in 23 plant-
based foods from Taiwan and estimated their dietary exposure across age groups. High-throughput toxicokinetic modeling was used to convert in vitro ToxCast estrogen receptor (ER) bioactive concentrations into 
human-equivalent points of departure (PODs), which were compared to PODs derived from animal studies and applied to assess mixture risks through the margin of exposure based on the common ER pathway. In total, 7 
BPs were detected, and most samples (85.9 %) contained detectable concentrations. Total concentrations of the 7 BPs (∑(7)BP) ranged from 0.06 ± 0.11 ng/g to 26.60 ± 72.18 ng/g, with BPA being the most 
predominant (63 % of the mean ∑(7)BP concentrations), followed by bisphenol S (19 %) and 4,4-bisphenol F (13 %). In vitro-in silico-derived PODs were comparable to or even more protective than in vivo animal-derived 
PODs. For most population groups, combined exposure to multiple BPs from plant-based foods is generally not a risk concern for ER pathway perturbation, although potential concerns in worst-case scenarios cannot be 
excluded. This study advances the understanding of the dietary risks associated with BP mixtures and illustrates the potential of in vitro-in silico approaches for assessing human health risks from environmental 
contaminants.

Environ Int. 2025 
Jan:195:109229.

10.1016/j.envint.2024.109229 39740268 in vitro - - - - - - - - - - 不明 0 不明 1 - - - - - - - - - - - - - -

統合_2022
Y. W. Chiang, C. H. Su, H. Y. Sun, S. P. Chen, C. 
J. Chen, W. Y. Chen, C. C. Chang, C. M. Chen 
and Y. H. Kuan

2022

Bisphenol A induced apoptosis via 
oxidative stress generation involved 
Nrf2/HO-1 pathway and 
mitochondrial dependent pathways 
in human retinal pigment epithelium 
(ARPE-19) cells

Bisphenol A (BPA) is an estrogen-like compound, and an environmental hormone, that is commonly used in daily life. Therefore, it may enter the human body through food or direct contact, causing BPA residues in blood 
and urine. Because most studies focused on the analysis of BPA in reproductive cells or tissues, regarding evidence the effect of BPA on human retinal pigment epithelium (ARPE-19) cells unavailable. Accordingly, the 
present study explored the cytotoxicity of BPA on ARPE-19 cells. After BPA treatment, the expression of Bcl-XL an antiapoptotic protein, in the mitochondria decreased, and the expression of Bax, a proapoptotic protein 
increased. Then the mitochondrial membrane potential was affected. BPA changed in mitochondrial membrane potential led to the release of cytochrome C, which activated caspase-9 to promote downstream caspase-3 
leading to cytotoxicity. The nuclear factor (erythroid-derived 2)-like 2 (Nrf2) and heme oxygenase 1 (HO-1) pathway play a major role in age-related macular degeneration. Our results showed that expression of HO-1 and 
Nrf2 suppressed by BPA. Superoxide dismutase and catalase, which Nrf2 downstream antioxidants, were degraded by BPA. AMP-activated kinase (AMPK), which can regulate the phosphorylation of Nrf2, and the 
phosphorylation of AMPK expression was reduced by BPA. Finally, BPA-induced ROS generation and cytotoxicity were reduced by N-acetyl-l-cysteine. Taken together, these results suggest that BPA induced ARPE-19 
cells via oxidative stress, which was associated with down regulated Nrf2/HO-1 pathway, and the mitochondria dependent apoptotic signaling pathway.

Environ Toxicol. 2022 
Jan;37(1):131-141.

10.1002/tox.23384 34664771 in vitro - - - - - - - - - - 1 0 不明 1 - - - - - - - - - - - - - -

統合_2023 W. Cheng, Y. Zhou, Y. Xie, Y. Li, R. Zhou, H. 
Wang, Y. Feng and Y. Wang 2023

Combined effect of polystyrene 
microplastics and bisphenol A on 
the human embryonic stem cells-
derived liver organoids: The 
hepatotoxicity and lipid 
accumulation

Human are exposed to microplastics (MP) via inhalation or ingestion daily and inevitably. The liver is an important target organ of MP. Bisphenol A (BPA) is one of commonly used plasticizers. It is added in plastics, but 
also generally detected in the biological samples of human beings. However, the combined toxic effect of MP and BPA on human liver is unclear. In this study, a novel 3D in vitro model, the liver organoid (LO) derived from 
human-pluripotent stem cells, has been utilized to explore the 1 μm polystyrene (PS)-induced hepatotoxicity with BPA individually and jointly. Conclusively, all the changes in the cytotoxicity, cellular and molecular makers 
regarding the energy supplement, hepatic injury, oxidative stress, inflammatory response, disruption in the lipid accumulation, as well as epigenetics regulation induced by BPA or PS on the LOs individually were 
comparable to previous study. The BPA levels in the culture medium were declined by the added PS. The combined adverse effect of PS and BPA on the LOs was identified to be synergistic upon deteriorated 
hepatotoxicity and interfered the gene panels related to multiple processes of lipid metabolism, together with the proteins of HNF4A, CD36, ACC1, CPT1A, CYP2E1, ERα and ERβ. Specifically, PS didn't change the ERα 
or ERβ individually, but when the LOs were co-exposed to PS and BPA, the ERα further elevated significantly and synergistically. Our findings highlight the metabolic-related health risk due to co-exposure to MP and 
BPA, even at low-doses equivalent to human internal exposure level. Based on these findings, the potential adverse outcome pathway related to PS and BPA singly and jointly were proposed, predicting two possible 
outcomes to be hepatic steatosis. Moreover, the ERα and HNF4A were proposed to be potential candidate markers to investigate the "vector-like effect" of PS in the present of BPA.

Sci Total Environ. 2023 
Jan 1:854:158585.

10.1016/j.scitotenv.2022.158585 36089014 in vitro - - - - - - - - - - 1 0 不明 1 - - - - - - - - - - - - - -

統合_2024 W. Cheng, S. Yang, X. Li, F. Liang, R. Zhou, H. 
Wang, Y. Feng and Y. Wang 2020

Low doses of BPA induced 
abnormal mitochondrial fission and 
hypertrophy in human embryonic 
stem cell-derived cardiomyocytes via 
the calcineurin-DRP1 signaling 
pathway: A comparison between XX 
and XY cardiomyocytes

Humans are inevitably exposed to bisphenol A (BPA) via multiple exposure ways. Thus, attention should be raised to the possible adverse effects related to low doses of BPA. Epidemiological studies have outlined BPA 
exposure and the increased risk of cardiovascular diseases (such as cardiac hypertrophy), which has been confirmed to be sex-specific in rodent animals and present in few in vitro studies, although the molecular 
mechanism is still unclear. However, whether BPA at low doses equivalent to human internal exposure level could induce cardiac hypertrophy via the calcineurin-DRP1 signaling pathway by disrupting calcium homeostasis 
is unknown. To address this, human embryonic stem cell (H1, XY karyotype and H9, XX karyotype)-derived cardiomyocytes (CM) were purified and applied to study the low-dose effects of BPA on cardiomyocyte 
hypertrophy. In our study, when H1- and H9-CM were exposed to noncytotoxic BPA (8 ng/ml), markedly elevated hypertrophic-related mRNA expression levels (such as NPPA and NPPB), enhanced cellular area and 
reduced ATP supplementation, demonstrated the hypertrophic cardiomyocyte phenotype in vitro. The excessive fission produced by BPA was promoted by CnAβ-mediated dephosphorylation of DRP1. At the molecular 
level, the increase in cytosolic Ca(2+) levels by low doses of BPA could discriminate between H1- and H9-CM, which may suggest a potential sex-specific hypertrophic risk in cardiomyocytes in terms of abnormal 
mitochondrial fission and ATP production by impairing CnAβ-DRP1 signaling. In CnAβ-knockdown cardiomyocytes, these changes were highly presented in XX-karyotyped cells, rather than in XY-karyotyped cells.

Toxicol Appl Pharmacol. 
2020 Feb 1:388:114850.

10.1016/j.taap.2019.114850 31830493 in vitro - - - - - - - - - - 1 0 不明 1 - - - - - - - - - - - - - -

156



別添-2 統合⽂献リスト  

統合No. 著者名 発⾏年 タイトル アブストラクト 書誌情報 doi PMID
ヒト/動物/in vitro/ex 

vivo/in silico
分野

（疫学/動物） 哺乳動物 経⼝投与
BPA

単独ばく露

⼀般的な動物
種及び系統の
無処置動物

対照群と
3⽤量以上の
BPA投与群

10 mg/kg/⽇
以下の

⽤量設定

コホート研究/症例対照研究
/メタアナリシス

全ての
集団

全ての
ばく露経路

BPA
単独ばく露

遺伝毒性
試験

遺伝毒性試験以外
については100nM
以下の濃度設定の

試験

適格性評価基準
通過

（1534報）

信頼性評価対象
⽂献

(1012報)

疫学納品
⽂献(716報)

動物納品
⽂献(299報)

※１報取得不
可を含む

疫学情報
抽出⽂献

（170報）

動物情報
抽出⽂献

（123報）

EFSA
2023

EFSA
2016

EFSA
2015 BfR KEMI ANSES FDA NIFDS

CLARITY
-BPA

 適格性評価（動物）1：該当、0：該当しない  適格性評価（疫学）1：該当、0：該当しない  適格性評価（in vitro）1：該当、0：該当しない

適格性評価はタイトル及び要旨の情報に基づ
き可能な範囲で実施。明らかに適格性基準不
適合と判断されるもの以外を信頼性評価へ進
め、信頼性評価段階で原著に基づき精査。

引⽤評価機関
●：該当

統合_2025 Y. Chen, S. Zhang, Y. Sun, J. Zou, X. Qiu, H. Xi, 
Y. Xu, Y. Li, B. Chen, J. Fan and M. Zhu 2025

Bisphenol A impairs oocyte 
maturation by dysfunction of 
cumulus cells

Bisphenol A (BPA) is a well-known environmental endocrine disruptor that has detrimental effects on reproduction. This study aimed to investigate whether BPA exposure could disrupt the function of cumulus cells and 
influence oocyte maturation and development. Porcine oocytes at the germinal vesicle stage were exposed to BPA for 44 h. The results revealed that BPA exposure led to dysfunction in cumulus cells by inhibiting meiotic 
division, inducing endoplasmic reticulum stress, and disrupting steroid synthesis. Furthermore, BPA exposure significantly increased reactive oxygen species and caused abnormal distribution of mitochondria in the 
oocytes. Notably, matured oocytes in the MII stage from the BPA-exposed groups showed significantly reduced development to the blastocyst stage, along with increased autophagy and apoptosis. These findings suggest 
that cumulus-oocyte complexes are sensitive to BPA exposure during the germinal vesicle stage, and the toxic effects of BPA on cumulus cells can severely inhibit oocyte and parthenogenetic embryos development.

Theriogenology. 2025 
Feb:233:139-146.

10.1016/j.theriogenology.2024.11.
023

39615448 in vitro - - - - - - - - - - 1 0 不明 1 - - - - - - - - - - - - - -

統合_2026 Y. Chen, Z. Hu, M. Tang, F. Huang, Y. Xiong, D. 
Ouyang, J. He, S. He, H. Xian and D. Hu 2023

Lysosome-related exosome 
secretion mediated by miR-26b / 
Rab31 pathway was associated with 
the proliferation and migration of 
MCF-7 cells treated with BPA

Bisphenol A (BPA), one of the typical environmental endocrine disruptors (EEDs), can promote the proliferation and migration of cancer cells, but the mechanism of which remains largely unclear. Exosome secretion plays 
an important role in the stress response of cells to environmental stimuli. This study was designed to explore whether exosome secretion was involved in the toxic effect of BPA on the proliferation and migration of MCF-
7 cells, and the related mechanism. Our data shows that the IC(50) value of MCF-7 exposure to BPA was about 65.82 µM. The exposure of MCF-7 to 10 µM BPA resulted in a decreased miR-26b expression and the 
activation of miR-26b/Rab-31 pathway, consequently, the number and activity of lysosomes decreased, the secretion of exosomes increased, cell proliferation and migration were enhanced obviously. Interestingly, miR-
26b mimic up-regulated the number and activity of lysosomes via miR-26b/miR-31 pathway, exosome secretion was down-regulated, cell proliferation and migration decreased. Further, when GW4869 was used to directly 
inhibit the exosome secretion of MCF-7 treated with BPA, their proliferation and migration were down-regulated. Herein, we concluded that the stimulating effect of BPA on the proliferation and migration of MCF-7 cells 
was associated with the lysosome - related exosome secretion via miR-26b / Rab31 pathway.

Ecotoxicol Environ Saf 
Vol.252 Pages 114563

10.1016/j.ecoenv.2023.114563 36701876 in vitro - - - - - - - - - - 1 0 10 µM - - - - - - - - - - - - - - -

統合_2027 P. Chen, Y. Hu, Z. Dou, X. Feng, N. Zhao, C. Ban 
and Q. Wang 2025

Exploring the toxicity of bisphenol A 
and its analogue bisphenol S-MPE 
to Escherichia coli K12 from 
integrated AutoQSAR and 
transcriptomics analysis

Bisphenol A (BPA) analogues are a group of emerging contaminants as substitutes for BPA. Bacteria are acknowledged as indispensable parts of the ecosystem, whereas the bacterial toxicity data for BPA analogues is 
still lacking. Herein the wild-type and Δacriflavine resistance B (acrB) strains of E. coli K12 were exposed to BPA and bisphenol S-MPE (BPS-MPE), a BPA analogue already detected in environmental compartments but 
less studied yet, respectively. In comparison with the control, the growth of the wild-type strain was significantly promoted by 50 nmol L(-1) BPA and BPS-MPE at stationary phase, while that of the ΔacrB strain 
increased initially but decreased thereafter at 5 and 50 nmol L(-1) BPA and BPS-MPE. Therefore, lack of acrB confers a higher susceptibility to BPA and BPS-MPE. They induced hormetic effects on the expressions of 
acrB and Type II topoisomerases and a concentration-dependent decrease in the ATP levels. The predicted minimum inhibitory concentrations of BPA and BPS-MPE by Kernel Partial Least Squares dendritic model agree 
well with the measured values. Transcriptomics showed that BPA and BPS-MPE not only resulted in significant enrichment of Gene ontology terms relevant to transport, ATPase activity, binding and cell membrane, but 
also inhibited oxidative phosphorylation and ATP binding cassette transporters pathways. Trend analysis revealed the presence of three significant clusters, all of which showed higher changes in gene expression caused 
by 0.5 nmol L(-1) BPS-MPE compared to 0.5 nmol L(-1) BPA consistently. Our results unveiled BPA-like toxicity of BPS-MPE to E. coli K12 at environmentally relevant concentrations.

Environ Pollut. 2025 
Sep 15:381:126589.

10.1016/j.envpol.2025.126589 40467001 in vitro - - - - - - - - - - 1 0 50 nmol/L 1 - - - - - - - - - - - - - -

統合_2028 M. Chen, S. Yang, D. Yang and X. Guo 2024
Bisphenol A and its metabolites 
promote white adipogenesis and 
impair brown adipogenesis in vitro

Bisphenol A (BPA), an obesogen, can disrupt adipogenesis in vitro, but these studies did not distinguish adipocytes as white or brown. BPA can be metabolized into BPA-glucuronide (BPA-G) and BPA-sulfate (BPA-S). 
These metabolites are not completely inactive in the body, but the related studies remain limited. In this study, preadipocytes isolated from mouse white and brown adipose tissues were treated with 0.1, 1, and 10 μM of 
BPA and its metabolites for 6 days, which are equivalent to the exposure level of general and occupational populations, to investigate and compare the effects of BPA and its metabolites on white and brown adipogenesis. 
The results showed that BPA and BPA-G increased lipid accumulation during white adipogenesis, whereas only BPA induced this same effect during brown adipogenesis. Moreover, BPA and its metabolites upregulated 
the expression of pan-adipogenic markers, such as peroxisome proliferator-activated receptor gamma (PPARγ), during white adipogenesis, whereas they downregulated that of PPARγ during brown adipogenesis. 
Additionally, BPA also inhibited the mRNA and protein expression of brown fat-specific markers (e.g., PPARγ coactivator 1-1alpha (PGC1-α) and uncoupling protein 1 (UCP1)), and mitochondrial activity during brown 
adipogenesis, and BPA-G also reduced the mRNA expression levels of Pgc1-α and Ucp1. These findings indicated that BPA induced different effects on white and brown adipogenesis, enhancing the former and hindering 
the latter. Despite less potent than BPA, BPA-G and BPA-S might also affect white and brown adipogenesis. This research provides in-depth insights into the obesogenic effects of BPA and the biological activities of its 
metabolites.

Toxicology. 2024 
Dec:509:153995.

10.1016/j.tox.2024.153995 39537008 in vitro - - - - - - - - - - 1 0 0.1、1、10 µM 1 - - - - - - - - - - - - - -

統合_2029 L. Chen, D. Tao, M. Qi, T. Wang, Z. Jiang and S. 
Xu 2022

Cineole alleviates the BPA-inhibited 
NETs formation by regulating the 
p38 pathway-mediated programmed 
cell death

Bisphenol A (BPA) is an endocrine disruptor, that can cause immune dysfunction. Cineole (CIN) has that effect of regulating immune function and resist oxidation. Neutrophil extracellular traps (NETs) are one of the ways 
to resist pathogen invasion. In order to explore the effects of BPA and CIN on the release of chicken NETs and the antagonistic effect of CIN, take chicken peripheral blood neutrophils as object of study, grouping as NC, 
CIN, BPA + CIN and BPA. SEM, flow cytometry, RT-PCR, Western-blot and other methods were used to detect related indicators. The results showed that BPA inhibited the activities of GPX, SOD and CAT, increased the 
contents of MDA and NO, increased the activity of iNOS. BPA exposure inhibited the expression of myeloperoxidase (MPO), neutrophil elastase (NE) and histone, and inhibited the release of NETs. BPA activated 
downstream apoptosis and necroptosis through the p38 mitogen-activated protein kinase (p38-MAPK) pathway, which increased the expression of cytochrome C (CytC), bcl-2 associated K protein gene (bak), cysteinyl 
aspartate specific proteinase 3 (caspase-3), cysteinyl aspartate specific proteinase 9 (caspase-9), receptor-interacting protein kinase 1 (RIPK1), receptor-interacting protein kinase 1 (RIPK3) and mixed lineage kinase 
domain-like protein (MLKL), decreased the expression of B-cell lymphoma-2 (bcl-2). However, the co-exposure of CIN and BPA partially recovered the release of NETs, alleviated BPA-induced oxidative stress, and 
inhibited the activation of p38-MAPK pathway, necroptosis, and mitochondrial apoptosis pathway. These results indicated that CIN modulated p38 pathway alleviated BPA-induced neutrophil necroptosis and apoptosis, 
and increased NETs formation.

Ecotoxicol Environ Saf. 
2022 Jun 1:237:113558.

10.1016/j.ecoenv.2022.113558 35483150 in vitro - - - - - - - - - - 1 0 不明 1 - - - - - - - - - - - - - -

統合_2030 H. Chen, J. Chen, X. Shi, L. Li and S. Xu 2022

Naringenin protects swine testis 
cells from bisphenol A-induced 
apoptosis via Keap1/Nrf2 signaling 
pathway

Bisphenol A (BPA) has caused serious pathologies in varying organs of humans and animals, especially reproductive organs. Naringenin (NRG) is a flavanone compound that has shown protective effects against several 
environmental chemicals through suppression of oxidative stress and activation of nuclear factor erythroid 2-related factor 2 (Nrf2) pathway. Herein, we described the discovery path of NRG inhibition on apoptosis in BPA 
exposed swine testis (ST) cells through targeting Kelch-like ech-associated protein (Keap1). We found that NRG could specifically bound to the active residues of DGR domain in Keap1, thereby activating Nrf2 signaling 
pathway, and then increasing the levels of SOD, GPx and CAT, and finally inhibiting oxidative stress and mitochondrial apoptosis induced by BPA in ST cells. Altogether, our results showed that NRG inhibits oxidative 
stress and mitochondrial apoptosis induced by BPA in ST cells by targeting Keap1/Nrf2 signaling pathway, indicating that NRG could serve as an antagonistic therapy against BPA.

Biofactors. 2022 
Jan;48(1):190-203.

10.1002/biof.1814 34914851 in vitro - - - - - - - - - - 1 0 不明 1 - - - - - - - - - - - - - -

統合_2031
C. Champmartin, F. Marquet, L. Chedik, M. J. Dé
cret, M. Aubertin, E. Ferrari, M. C. Grandclaude 
and F. Cosnier

2020
Human in vitro percutaneous 
absorption of bisphenol S and 
bisphenol A: A comparative study

Bisphenol A (BPA) is widely used in industrial products. Due to the toxicity of this compound, and to comply with restrictions and regulations, manufacturers have progressively replaced it by substitutes. One of the main 
substitutes used is bisphenol S (BPS). Despite increasing use in many products, the effects of BPS on human health have been little investigated, and studies on percutaneous BPS absorption and particularly toxicokinetic 
data are lacking. However, the endocrine-disrupting activity of BPA and BPS appears comparable. Dermal contact is a significant source of occupational exposure and is the main route during handling of bisphenol-
containing receipts by cashiers. Here, percutaneous BPS absorption was investigated and compared to that of BPA. Experiments were performed according to OECD guidelines. Test compounds dissolved in a vehicle - 
acetone, artificial sebum or water - were applied in vitro to fresh human skin samples in static Franz diffusion cells. Flux, cumulative absorbed dose and distribution of dose recovered were measured. BPA absorption was 
vehicle-dependent ranging from 3% with sebum to 41% with water. BPS absorption was much lower than BPA absorption whatever the vehicle tested (less than 1% of applied dose). However, depending on the vehicle 
20% to 47% of the applied BPS dose remained in the skin, and was consequently potentially absorbable. Both BPA and BPS were mainly absorbed without biotransformation. Taken together, these results indicate that 
workers may be exposed to BPS through skin when handling products containing it. This exposure is of concern as its toxicity is currently incompletely understood.

Chemosphere. 2020 
Aug:252:126525.

10.1016/j.chemosphere.2020.1265
25

32220717 in vitro - - - - - - - - - - 1 0 不明 1 - - - - - - - - - - - - - -

統合_2032 A. Cayir, T. M. Barrow, L. Guo and H. M. Byun 2019

Exposure to environmental toxicants 
reduces global N6-methyladenosine 
RNA methylation and alters 
expression of RNA methylation 
modulator genes

The epitranscriptome comprises more than 100 forms of RNA modifications. Of these, N6-methyladenosine (m(6)A) is the most abundantform of RNA methylation, with roles in modulating mRNA transcript processing and 
regulation. The aims of the study weretoexamine changes inm(6)A RNA methylation in A549 lung epithelial cells in response to environmental toxicants, anddifferential gene expression of m(6)A modulator genes ('readers', 
'writers' and 'erasers') in human subjects exposed toparticulate matter (PM) and in lung cancer tissueusing publicly-available microarray datasets. Global m(6)A methylation levelsweremeasured in total RNA after 
exposuretotwo carcinogens (PM and sodium arsenite) for 24- and 48-h, and totwo endocrine disruptors (bisphenol A and vinclozolin)for 24-h.Global m(6)A methylation level significantly decreased with exposure to >62 μ
g/mlPM, >1 μM sodium arsenite, >1  μM bisphenol A (BPA), and0.1  μM vinclozolin. In an analysis of a published dataset derived from a population study, we observed that m(6)A writers (METTL3 and WTAP), erasers 
(FTO and ALKBH5) and readers (HNRPC) showed significantly higher expression among participants in the high-PM(2.5)exposure group compared to those in the low-exposure control group (all p < 0.05). Further, the 
m(6)A writer METTL3shows reduced expression in lung tumors in comparison to normal lung epithelia (p < 0.0001). Our findings reveal that m(6)A RNA methylation can be modified by exposure to environmental toxicants, 
and exposure to particulate matter is associated with differential expression level of m(6)A RNA methylation modification machinery.

Environ Res Vol.175 
Pages 228-234

10.1016/j.envres.2019.05.011 31146095 in vitro - - - - - - - - - - 1 0 1 µM - - - - - - - - - - - - - - -

統合_2033 Y. Cao, Z. Chen, M. Zhang, L. Shi, S. Qin, D. Lv, 
D. Li, L. Ma and Y. Zhang 2022

Maternal exposure to bisphenol A 
induces fetal growth restriction via 
upregulating the expression of 
estrogen receptors

Bisphenol A (BPA) accumulation in the placenta leads to fetal growth restriction (FGR). Here we aimed to explore the effect and the underlying mechanism of BPA exposure on fetal development. ELISA was performed to 
measure estrogen levels in human placenta and BeWo cells. qRT-PCR and Western blotting were conducted to determine the expression of estrogen receptors (ERs), breast cancer resistance protein (BCRP), the key 
enzymes for ER synthesis, and DNA methyltransferases (DNMTs). Bisulfite-sequencing PCR analysis was performed to measure CpG methylation in ER genes. Flow cytometry was used to examine cell apoptosis. We 
found that human FGR placentae had significantly increased BPA and estrogen levels and decreased BCRP levels compared with healthy placentae. BPA downregulated BCRP expression via ERs, and BCRP silencing 
promoted ER expression in BeWo cells. Compared with vehicle treatment, BPA treatment significantly enhanced the expression of key enzymes for estrogen synthesis and ERs in BeWo cells. BPA treatment inhibited CpG 
methylation in ER genes, along with downregulated DNMT1 expression and upregulated DNMT3a and DNMT3b expression. BPA treatment significantly promoted BeWo cell apoptosis compared with vehicle treatment. 
Importantly, ER inhibitor ICI-182780 significantly reversed all the BPA-induced effects on BeWo cells. In conclusion, BPA promotes estrogen production and cell apoptosis in BeWo cells via upregulating ER expression, 
leading to FGR.

Chemosphere. 2022 
Jan;287(Pt 3):132244.

10.1016/j.chemosphere.2021.1322
44

34537452 in vitro - - - - - - - - - - 1 0 不明 1 - - - - - - - - - - - - - -

統合_2034 M. Cao, Y. Qian, Z. Sun, S. Liu, R. Zheng, L. 
Zhao and G. Chen 2025

Preparation, characterization, and 
stability of selenium nanoparticles 
decorated with Mori Fructus 
polysaccharide and its protective 
effects in bisphenol A-induced 
Sertoli cells

Bisphenol A (BPA) is an endocrine disruptor universally present in food packaging, which may cause oxidative stress and reproductive toxicity through migration to food and ingestion then. Both Mori Fructus and selenium 
have excellent antioxidant ability and good therapeutic effects on reproductive improvement. Hence, in this work, Mori Fructus polysaccharide (MFP) was selected as a stabilizer to synthesize MFP-selenium 
nanoparticles (MFP-SeNPs) by chemical reduction method. The structural properties, stability and antioxidant activity of MFP-SeNPs were subsequently characterized and studied. The results suggested that spherical 
MFP-SeNPs (average size 80.73 nm, zeta potential -31.8 mV) with zero-valent and well dispersion was successfully synthesized with 1 mg/mL MFP as a stabilizer, which could be stabilized at 4 °C for 35 d. Compared 
with MFP and SeNPs, MFP-SeNPs had stronger radical scavenging ability, it could also decrease the levels of MDA and ROS and enhance the GSH-px and SOD activity through PI3K/Akt pathways in BPA-induced TM4 
cells. Taken together, MFP-SeNPs could become a potential antioxidant to improve male reproductive functions in the future food field.

Int J Biol Macromol 
Vol.294 Pages 139463

10.1016/j.ijbiomac.2025.139463 39756730 in vitro - - - - - - - - - - 0 0 不明 - - - - - - - - - - - - - - -

統合_2035 M. Caglayan and S. Ozden 2024

Potential impacts of bisphenols on 
prostate cells: An overview of 
cytotoxicity, proliferation, oxidative 
stress, apoptosis, and ER-stress 
response activation

This study aimed to evaluate the toxic effects of Bisphenol A (BPA), Bisphenol F (BPF) and Bisphenol S (BPS) on PNT1A and PC-3 cells, focusing on their effects on endoplasmic reticulum (ER) stress and related 
pathways. PNT1A and PC-3 were treated with BPA, BPF and BPS at concentrations of 0.1, 1 and 10 μM for 48 h cytotoxicity, BrdU cell proliferation, ROS generation, apoptosis detection, gene expression analysis and 
Western blot analysis were performed. BPA induced proliferation and late apoptosis in PNT1A cells, whereas it induced both late apoptosis and early apoptosis in PC-3 cells. BPF and BPS induced late apoptosis in PC-3 
cells. Increased ROS levels were observed in PNT1A cells exposed to 1-10 μM BPA. BPA, BPF and BPS increased the expression levels of ER stress-related genes in PNT1A cells. Furthermore, exposure to BPA 
increased the expression of ER stress-related CHOP/DDIT3 protein in PNT1A cells. These findings highlight the potential health risks associated with BPA, BPF and BPS exposure and emphasize the importance of 
investigating the underlying mechanisms by which these chemicals may affect human health. Further research is required to comprehensively understand the role of ER stress pathways in cellular responses to these 
substances.

Food Chem Toxicol. 
2024 Feb:184:114416.

10.1016/j.fct.2023.114416 38134982 in vitro - - - - - - - - - - 1 0 0.1、1、10 µM 1 - - - - - - - - - - - - - -

統合_2036
P. Burkhardt, S. A. Palma-Duran, A. R. R. Tuck, 
K. Norgren, X. Li, V. Nikiforova, J. L. Griffin and 
V. Munic Kos

2024
Environmental chemicals change 
extracellular lipidome of mature 
human white adipocytes

Certain environmental chemicals affect the body's energy balance and are known as metabolism disrupting chemicals (MDCs). MDCs have been implicated in the development of metabolic diseases, such as obesity and 
type 2 diabetes. In contrast to their well-known impact on developing adipocytes, MDC effects leading to altered energy balance and development of insulin resistance in mature white adipocytes, constituents of adult 
adipose tissue, are largely unclear. Here, we investigated the effects of six well-established environmental MDCs (bisphenol A (BPA), perfluorooctanoic acid (PFOA), triclosan (TCS), p,p-dichlorodiphenyl-dichloroethylene 
(ppDDE), tributyltin chloride (TBT) and triphenyl phosphate (TPP)) on mature human white adipocytes derived from mesenchymal stem cells in vitro. We aimed to identify biomarkers and sensitive endpoints of their 
metabolism disrupting effects. While most of the tested exposures had no effect on adipocyte glucose consumption, lipid storage and assessed gene expression endpoints, the highest concentration of triclosan affected 
the total lipid storage and adipocyte size, as well as glucose consumption and mRNA expression of the glucose transporter GLUT1, leptin and adiponectin. Additionally, an increased expression of adiponectin was 
observed with TPP and the positive control PPARγ agonist rosiglitazone. In contrast, the lipidomic analysis of the cell culture medium after a 3-day exposure was extremely sensitive and revealed concentration-
dependent changes in the extracellular lipidome of adipocytes exposed to nearly all studied chemicals. While some of the extracellular lipidome changes were specific for the MDC used, some effects were found common 
to several tested chemicals and included increases in lysophosphatidylcholines, glycerophospholipids and ceramides and a decrease in fatty acids, with possible implications in inflammation, lipid and glucose uptake. 
This study points to early signs of metabolic disruption and likely systemic effects of mature adipocyte exposure to environmental chemicals, as well as to the need to include lipidomic endpoints in the assessment of 
adverse effects of MDCs.

Chemosphere Vol.349 
Pages 140852

10.1016/j.chemosphere.2023.1408
52

38048832 in vitro - - - - - - - - - - 1 0 1〜100 µM - - - - - - - - - - - - - - -

統合_2037 F. Burkhardt, S. D. Schulz, E. Hellwig, K. Vach, 
P. Tomakidi and O. Polydorou 2021

Low-dose Bisphenol A and its 
analogues Bisphenol F and S 
activate estrogen receptor ß and 
slightly modulate genes in human 
gingival keratinocytes

OBJECTIVES: This study investigated the putative activation of estrogen receptor β (ERβ) and possible effects related on gene expression in oral mucosal cells in response to the endocrine disruptor Bisphenol A (BPA) 
and its analogues Bisphenol F (BPF) and Bisphenol S (BPS). METHODS: Human gingival keratinocytes (HGK) were exposed to BPA-, BPF-, and BPS-solutions in concentrations of 1.3 μM, 0.16 μM and 11.4 nM as well 
as 200 pM and 100 nM estradiol (E(2)) for 6 h, 24 h and 4 d. Indirect immunofluorescence (IIF) was performed to detect a possible ERβ activation. Additionally, transcription of keratinocyte-relevant biomarkers was 
analyzed by quantitative real-time PCR (qRT-PCR). A linear mixed model and pairwise comparisons were applied for statistical analyses. RESULTS: The tested concentrations of BPA, BPF, BPS and E(2) revealed distinct 
activation of ERβ at all time periods, whereat 100 nM E(2) induced the most pronounced activation. Despite the detected ERβ activation, the concentrations of BPA and its analogues induced only moderate modulation of 
the tested keratinocyte-relevant biomarker genes at all time periods. This also applied to 200 pM E(2), while in case of 100 nM E(2) significant changes (p < 0.05) were detected for almost all analyzed genes. 
SIGNIFICANCE: Though BPA and its analogues induce activation of ERß irrespective from the chosen concentrations and incubation periods, they lack significant modulation of gene expression of keratinocyte-relevant 
biomarkers. Although limited to a selected number of genes, the sparse modulation of gene expression may give a hint that the substances do slightly affect transcription of gingival-keratinocyte-innate genes, since the 
concentrations applied to HGK were of physiological importance.

Dent Mater. 2021 
Apr;37(4):625-635.

10.1016/j.dental.2021.01.008 33558057 in vitro - - - - - - - - - - 1 0 1.3 µM、0.16 µM、11.4 nM 1 - - - - - - - - - - - - - -
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統合_2038 C. F. Burgos, D. Méndez, S. Quintana, S. 
Gonkowski, A. Trostchansky and M. Alarcón 2025

Acrylamide and bisphenol A: two 
plastic additives increase platelet 
activation, via oxidative stress

BACKGROUND: Since the mid-20th century, the widespread use of plastics has led to the buildup of harmful byproducts in the environment-most notably acrylamide (AA) and bisphenol A (BPA). These chemicals are now 
commonly detected in human tissues, raising concerns about their potential health effects. While their presence as environmental pollutants is well known, their specific impact on platelet function and the associated 
cardiovascular risks remains poorly understood. METHODS: To explore how AA and BPA affect platelet physiology, we performed in vitro assays to assess platelet activation and aggregation following exposure to these 
compounds. We also used bioinformatic tools to identify potential protein targets in human platelets and carried out molecular docking simulations to investigate how AA and BPA interact with key enzymes involved in 
platelet regulation. RESULTS: Both AA and BPA exposure led to a significant increase in platelet activation and aggregation, suggesting an elevated risk of thrombosis. Proteomic analysis identified around 1,230 potential 
protein targets, with 191 affected by AA and 429 by BPA. These proteins are primarily involved in oxidative stress, apoptosis, and signaling pathways regulated by protein kinase C (PKC), p38α-MAPK, and superoxide 
dismutase (SOD). Molecular modeling further revealed that AA and BPA form stable complexes with several of these enzymes, indicating direct interference with platelet function. DISCUSSION AND CONCLUSION: Our 
study shows that AA and BPA can enhance platelet reactivity and aggregation, which are key factors in the development of cardiovascular disease (CVD). By identifying specific molecular pathways and targets affected by 
these pollutants, we provide new insights into their potential role in promoting thrombotic conditions. These findings highlight the urgent need for greater public health awareness and stronger regulatory efforts to reduce 
human exposure to AA and BPA.

Front Pharmacol Vol.16 
Pages 1526374

10.3389/fphar.2025.1526374 40371341 in vitro - - - - - - - - - - 1 0 0 to 50 µM - - - - - - - - - - - - - - -

統合_2039 M. Bühler, J. Fahrländer, A. Sauter, M. Becker, E. 
Wistorf, M. Steinfath and A. Stolz 2023

GPER1 links estrogens to 
centrosome amplification and 
chromosomal instability in human 
colon cells

The role of the alternate G protein-coupled estrogen receptor 1 (GPER1) in colorectal cancer (CRC) development and progression is unclear, not least because of conflicting clinical and experimental evidence for pro- and 
anti-tumorigenic activities. Here, we show that low concentrations of the estrogenic GPER1 ligands, 17β-estradiol, bisphenol A, and diethylstilbestrol cause the generation of lagging chromosomes in normal colon and 
CRC cell lines, which manifest in whole chromosomal instability and aneuploidy. Mechanistically, (xeno)estrogens triggered centrosome amplification by inducing centriole overduplication that leads to transient multipolar 
mitotic spindles, chromosome alignment defects, and mitotic laggards. Remarkably, we could demonstrate a significant role of estrogen-activated GPER1 in centrosome amplification and increased karyotype variability. 
Indeed, both gene-specific knockdown and inhibition of GPER1 effectively restored normal centrosome numbers and karyotype stability in cells exposed to 17β-estradiol, bisphenol A, or diethylstilbestrol. Thus, our 
results reveal a novel link between estrogen-activated GPER1 and the induction of key CRC-prone lesions, supporting a pivotal role of the alternate estrogen receptor in colon neoplastic transformation and tumor 
progression.

Life Sci Alliance. 2022 
Nov 
16;6(1):e202201499.

10.26508/lsa.202201499 36384894 in vitro - - - - - - - - - - 1 1 10 nM 1 - - - - - - - - - - - - - -

統合_2040
P. Buacheen, J. Karinchai, N. Kammasit, P. 
Temviriyanukul, C. Butkinaree, S. Watthana, A. 
Wongnoppavich, A. Imsumran and P. Pitchakarn

2023

Protective effect of Anoectochilus 
burmannicus extracts and its active 
compound, kinsenoside on 
adipocyte differentiation induced by 
benzyl butyl phthalate and 
bisphenol A

Benzyl butyl phthalate (BBP) and bisphenol-A (BPA) are obesogens that have been reported to be associated with obesity. Inhibition of their adipogenic activity could decrease the risk of obesity-related metabolic 
disorders. This study hypothesized that Anoectochilus burmannicus ethanolic extract (ABE) which has been previously reported its anti-inflammation property and its known active compound, kinsenoside (Kin) abrogate 
BBP- and BPA-induced adipogenesis. ABE and Kin markedly suppress both BBP- and BPA-stimulated adipogenesis with different modulations on adipogenic-gene expression including C/EBPα, PPARγ, adiponectin, and 
leptin in 3T3-L1. BBP induced C/EBPα, adiponectin, and leptin mRNA expressions and slightly increased PPARγ mRNA level, whereas BPA markedly induced PPARγ and adiponectin mRNA levels. ABE significantly 
decreased the expression of C/EBPα and leptin, but not PPARγ and adiponectin in the BBP-treated cells. In the BPA-treated cells, ABE significantly decreased the mRNA expression of C/EBPα and PPARγ, but not 
adiponectin and leptin. Interestingly, Kin significantly overcame BBP- and BPA-induced C/EBPα, PPARγ, adiponectin, and leptin expressions. This study first provides evidence to support the health benefits of this plant, 
especially for people exposed to obesogens. Besides, this finding would encourage the conservation and culture of this orchid for development as an economic plant and healthy food.

Sci Rep. 2023 Feb 
20;13(1):2939.

10.1038/s41598-023-30227-5 36806746 in vitro - - - - - - - - - - 1 0 不明 1 - - - - - - - - - - - - - -

統合_2041 M. Böckers, N. W. Paul and T. Efferth 2020
Bisphenolic compounds alter gene 
expression in MCF-7 cells through 
interaction with estrogen receptor α

Plasticizers released from microplastic are increasingly viewed with concern. While adverse health effects induced by bisphenol A and its analogues on marine animals are well documented in the literature, the endocrine 
potential of bisphenolic compounds on human health remains elusive. We applied next generation sequencing (NGS) with the estrogen receptor α (ERα) positive human breast cancer cell line MCF-7 treated with 17-β-
estradiol (E2), bisphenol A (BPA), bisphenol B (BPB), bisphenol Z (BPZ) and tetramethyl bisphenol A (4MeBPA). We used molecular docking, microscale thermophoresis, ERα activation assay, and cell cycle experiments 
on MCF-7 and ERα overexpressing HEK293 cells to verify the impact of the compounds on ERα. 14 genes were found upregulated (ADORA1, DDIT4, CELSR2, FOSL2, JUN, HSPA13, IER3, IGF1R, PGR, RUNX2, SLC7A11, 
SLC7A2, SLC7A5, STC2) and 3 genes were downregulated (BCAS3, PHF19, PRKCD) in almost all samples. These genes are associated with cell growth, invasion, migration, apoptosis and cancer development. We 
further confirmed the binding, activation and proliferative effect of BPA, BPB, BPZ, and 4MeBPA on ERα. We provide evidence for the endocrine potential of bisphenolic compounds and give insights into their molecular 
effects in MCF-7 cells.

Toxicol Appl Pharmacol. 
2020 Jul 15:399:115030.

10.1016/j.taap.2020.115030 32387340 in vitro - - - - - - - - - - 1 0 不明 1 - - - - - - - - - - - - - -

統合_2042

K. Bernal, C. Touma, B. Le-Grand, S. Rose, S. 
Degerli, V. Genêt, D. Lagadic-Gossmann, X. 
Coumoul, C. Martin-Chouly, S. Langouët and E. 
B. Blanc

2024

Assessment of endocrine disruptor 
impacts on lipid metabolism in a 
fatty acid-supplemented HepaRG 
human hepatic cell line

The incidence of metabolic dysfunction-associated steatotic liver disease (MASLD) is increasing worldwide. This disease encompasses several stages, from steatosis to steatohepatitis and, eventually, to fibrosis and 
cirrhosis. Exposure to environmental contaminants is one of the risk factors and an increasing amount of evidence points to a role for endocrine disrupting compounds (EDCs). This study assesses the impact of selected 
EDCs on the formation of lipid droplets, the marker for steatosis in a hepatic model. The mechanisms underlying this effect are then explored. Ten compounds were selected according to their obesogenic properties: 
bisphenol A, F and S, butyl-paraben, cadmium chloride, p,p'-DDE, DBP, DEHP, PFOA and PFOS. Using a 2D or 3D model, HepaRG cells were exposed to the compounds with or without fatty acid supplementation. Then, 
the formation of lipid droplets was quantified by an automated fluorescence-based method. The expression of genes and proteins involved in lipid metabolism and the impact on cellular respiration was analyzed. The 
formation of lipid droplets, which is revealed or enhanced by oleic acid supplementation, was most effectively induced by p,p'-DDE and DEHP. Experiments employing either 2D or 3D culture conditions gave similar 
results. Both compounds induced the expression of PLIN2. p,p'-DDE also appears to act by decreasing in fatty acid oxidation. Some EDCs were able to induce the formation of lipid droplets, in HepaRG cells, an effect 
which was increased after supplementation of the cells with oleic acid. A full understanding of the mechanisms of these effects will require further investigation. The novel automated detection method described here 
may also be useful in the future as a regulatory test for EDC risk assessment.

Chemosphere. 2024 
Feb:349:140883.

10.1016/j.chemosphere.2023.1408
83

38092172 in vitro - - - - - - - - - - 1 0 100 nM to 25 µM 1 - - - - - - - - - - - - - -

統合_2043 S. Ben, L. L. Fan, Y. F. Cheng, G. Cheng, S. W. Li 
and M. L. Wang 2023

[Mechanism of piRNA in bisphenol 
A-promoted invasion and migration 
of prostate cancer cells]

Objective: To investigate the regulatory mechanisms of piwi-interacting RNA (piRNA) in bisphenol A (BPA)-induced prostate cancer cell invasion and migration. Methods: The Cancer Genome Atlas (TCGA) data was used 
to analyze and screen for piRNAs with significantly increased expression in prostate cancer tissues. PC-3 cells were treated with different concentrations of BPA for 12, 24, and 48 h, respectively, and the 20% inhibitory 
concentration (IC(20)) was measured using a CCK-8 assay. The expression levels of piRNAs before and after BPA treatment were determined by reverse transcription-quantitative PCR. Target genes regulated by BPA and 
associated with prostate cancer were screened in the Comparative Toxicogenomics Database (CTD). Dual-luciferase reporter gene assay was performed to verify the relationship between piRNA and target genes, and 
the expression change of the piRNA target gene was detected by Western blotting. Cell migration and invasion assays were used to determine the effects of piRNA on the malignant phenotype of prostate cancer cells. 
Results: After treatment of PC-3 cells with 160 μmol/L BPA, the expression of piR-sno48 was most significantly increased (P<0.05). Transfection of piR-sno48 antagomir resulted in decreased expression of endogenous 
piR-sno48 and a significant increase in the expression of its target gene GSTP1 (P<0.05). However, the expression of GSTP1 did not change significantly in BPA-treated PC-3 cells after transfection with piR-sno48 
antagomir (P>0.05). The dual-luciferase reporter gene confirmed that piR-sno48 inhibited the expression of GSTP1 by forming an inversely complementary sequence with the 3'-UTR of GSTP1. The Transwell assay 
results showed that treatment with BPA significantly increased the invasion and migration ability of prostate cancer cells (P<0.01), whereas piR-sno48 antagonists significantly inhibited the effects above (P<0.01). 
Conclusion: BPA promotes the invasion and migration of prostate cancer cells by upregulating the expression of piR-sno48 and suppressing the expression of GSTP1. Interfering with the expression of endogenous piR-
sno48 may inhibit the malignant phenotype of prostate cancer cells caused by BPA.

Zhonghua Yu Fang Yi 
Xue Za Zhi Vol.57 Issue 
9 Pages 1440-1446

10.3760/cma.j.cn112150-
20220930-00948

37743306 in vitro - - - - - - - - - - 1 0 160 µmol/L - - - - - - - - - - - - - - -

統合_2044
M. A. Beal, M. C. Coughlan, A. Nunnikhoven, M. 
Gagné, T. S. Barton-Maclaren, L. M. Bradford, A. 
Rowan-Carroll, A. Williams and M. J. Meier

2024
High-throughput transcriptomics 
toxicity assessment of eleven data-
poor bisphenol A alternatives

Bisphenol A (BPA), a widely used chemical in the production of plastics and epoxy resins, has garnered significant attention due to its association with adverse health effects, particularly its endocrine-disrupting 
properties. Regulatory measures aimed at reducing human exposure to BPA have led to a proliferation of alternative chemicals used in various consumer and industrial products. While these alternatives serve to reduce 
BPA exposure, concerns have arisen regarding their safety and potential toxicity as regrettable substitutes. Previous efforts have demonstrated that in vitro high-throughput transcriptomics (HTTr) studies can be used to 
assess the endocrine-disrupting potential of BPA alternatives, and this strategy produces transcriptomic points-of-departure (tPODs) that are protective of human health when compared to the PODs from traditional 
rodent studies. In this study, we used in vitro HTTr to assess the potential for toxicity of eleven data-poor legacy chemicals sharing structural similarities to BPA. Human breast cancer MCF-7 cells were exposed to BPA 
and 11 alternatives at concentrations ranging from 0.1 to 25 μM to assess toxicity. Analysis of global transcriptomic changes and a previously characterized estrogen receptor alpha (ERα) transcriptomic biomarker 
signature revealed that 9 of 11 chemicals altered gene expression relative to controls. One of the chemicals (2,4'-Bisphenol A) activated the ERα biomarker at the same concentration as BPA (i.e., 4,4'-BPA) but was 
deemed to be more potent as it induced global transcriptomic changes at lower concentrations. These results address data gaps in support of ongoing screening assessments to identify BPA alternatives with hazard 
potential and help to identify potential candidates that may serve as safer alternatives.

Environ Pollut Vol.361 
Pages 124827

10.1016/j.envpol.2024.124827 39197648 in vitro - - - - - - - - - - 1 0 50‒100 µM - - - - - - - - - - - - - - -

統合_2045

K. Barbaro, E. Innocenzi, V. Monteleone, D. 
Marcoccia, A. Altigeri, A. Zepparoni, D. Caciolo, 
C. Alimonti, M. Mollari, P. Ghisellini, C. Rando, 
R. Eggenhöffner and M. T. Scicluna

2025

Evaluation of estrogenic and anti-
estrogenic activity of endocrine 
disruptors using breast cancer 
spheroids: a comparative study of 
T47D and MCF7 cell lines in 2D and 
3D models

INTRODUCTION: The estrogenic and anti-estrogenic effects of endocrine disruptors were examined in vitro using two-dimensional 2D and three-dimensional 3D estrogen receptor-positive T47D and MCF7 human breast 
cancer cells. METHODS: The in vitro model system was used to test the plasticizer Bisphenol A (BPA), a known endocrine disruptor (EDs) with estrogen-like action, aga inst 17β-Estradiol (E2), the endogenous nuclear 
estrogen receptor (nERs) ligand, and the anti-estrogenic drug Fulvestrant (FUL). Spheroid formation and gene expression of estrogen-regulated markers (pS2 and TGFβ3) both in 2D and 3D cultures were used to 
establish the dose-dependent cellular effects of these substances, evaluated cell viability either by separately treating with the individual substances or in co-treatment. RESULTS: BPA exhibited a dose-dependent 
estrogenic activity in both 2D and 3D cultures, significantly influencing cell proliferation and gene expression of estrogen-regulated markers (pS2 and TGFβ3). In contrast, FUL displayed anti-estrogenic properties, 
effectively inhibiting the proliferative effects of E2, thereby highlighting the complex interactions between these compounds and the nERs pathways in human breast cancer cells. DISCUSSION: Our findings indicate that 
E2 and BPA significantly increase pS2 expression while decreasing TGFβ3, and that FUL co-treatment reverses these effects. Therefore, the in vitro model system could serve to observe the cell-mediated effects 
caused by the interaction of EDs with nERs. Through the use of these in vitro model systems - 2D and especially 3D, the latter of which allow better emulation of complex physiological and pathological processes 
occurring in vivo, the effects caused by EDs on nERs pathways can be detected and studied under various conditions. This approach performs as a preliminary screening tool to identify estrogenic substances, offering the 
potential to reduce reliance on in vivo experiments and contributing to improved environmental and health risk assessments.

Front Toxicol. 2025 Feb 
21:7:1547640.

10.3389/ftox.2025.1547640 40061085 in vitro - - - - - - - - - - 1 0 1 pM〜100 µM 1 - - - - - - - - - - - - - -

統合_2046 E. Baralla, M. P. Demontis, M. V. Varoni and V. 
Pasciu 2021

Bisphenol A and Bisphenol S 
Oxidative Effects in Sheep Red 
Blood Cells: An In Vitro Study

Bisphenols (BPs) are plastic components widely used worldwide and occurring in the environment. Exposure to these compounds is known to be harmful for animals and humans at different levels. The aim of this study 
was to evaluate and compare the oxidative effects of bisphenol A (BPA) and bisphenol S (BPS) in sheep. Reactive oxygen species (ROS) production and correlated structural alterations in sheep erythrocytes were 
investigated in vitro. Blood samples from four ewes were collected at fasting from the jugular vein using vacuum collection tubes containing EDTA. For ROS assay in erythrocytes, blood was properly diluted and BPA or 
BPS was added to obtain final bisphenol concentrations in the range between 1 and 300 μM. 2',7'-Dichlorodihydrofluorescein diacetate (H2DCF-DA) 3 μM was added to the samples, and fluorescence was read in four 
replicates using a microplate reader. To evaluate erythrocyte shape, blood smears of blood treated with the different concentrations of BPS and BPA were prepared. A significant increase in ROS production was observed 
when concentrations of BPS and BPA increased from 1 to 100 μM (p < 0.05). At the higher concentrations of the two studied BPs (300 μM of BPS and 200-300 μM of BPA), a ROS decrease was observed when 
compared to the control group (p < 0.01). Erythrocytes' shape alterations were observed in cells treated with BPS and BPA 200-300 μM 4 hours after the beginning of the treatment. This study confirms that BPA and BPS 
exhibit oxidative effects on sheep erythrocytes. At higher concentrations, BPA was able to modify erythrocytes' shape, while BPS altered their membrane as a sign of a protein clustering that could lead to eryptosis. These 
BPs' effects are consequent to intracellular ROS increase.

Biomed Res Int 
Vol.2021 Pages 6621264

10.1155/2021/6621264 33834069 in vitro - - - - - - - - - - 1 0 1〜300 µM - - - - - - - - - - - - - - -

統合_2047
A. Balci-Ozyurt, A. Yirun, D. A. Cakır, İ. Ozcelik, 
M. Bacanli, G. Ozkemahli, S. Sabuncuoglu, N. 
Basaran and P. Erkekoglu

2024

Comparative in silico and in vitro 
evaluation of possible toxic effects 
of bisphenol derivatives in HepG2 
cells

INTRODUCTION: Bisphenols are widely used in the production of polycarbonate plastics and resin coatings. Bisphenol A (BPA) is suggested to cause a wide range of unwanted effects and "low dose toxicity". With the 
search for alternative substances to BPA, the use of other bisphenol derivatives namely bisphenol F (BPF) and bisphenol S (BPS) has increased. METHODS: In the current study, we aimed to evaluate the in silico 
predicted inhibitory concentration 50s (pIC50s) of bisphenol derivatives on immune and apoptotic markers and DNA damage on HepG2 cells. Moreover, apoptotic, genotoxic and immunotoxic effects of BPA, BPF and BPS 
were determined comparatively. Effects of bisphenols on apoptosis were evaluated by detecting different caspase activities. The genotoxic effects of bisphenols were evaluated by measuring the levels of 8-hydroxy-2'-
deoxyguanosine (8-OHdG) and 8-oxoguanine glycosylase (OGG1). To determine the immunotoxic effect of bisphenol derivatives, the levels of interleukin 4 (IL-4) and interleukin 10 (IL-10), transforming growth factor beta 
(TGF-β) and tumor necrosis factor-alpha (TNF-α), which are known to be expressed by HepG2 cells, were measured. Results: In silico data indicate that all of the bisphenols may cause alterations in immune and 
apoptotic markers as well as DNA damage at low doses. İn vitro data revealed that all bisphenol derivatives could affect immune markers at inhibitory concentration 30s (IC(30)s). In addition, BPF and BPS may also have 
apoptotic immunotoxic effects. CONCLUSION: Both in silico and in vivo research are needed further to examine the toxic effects of alternative bisphenol derivatives.

Toxicol Res (Camb) 
Vol.13 Issue 4 Pages 
tfae127

10.1093/toxres/tfae127 39132192 in vitro - - - - - - - - - - 1 0 25‒800 µM - - - - - - - - - - - - - - -

統合_2048 B. Bakan, B. Kaptaner, M. Tokmak, H. Aykut, A. 
S. Mendil and M. Özkaraca 2025

Toxicological investigation of 
bisphenol A and its derivates on 
human breast epithelial (MCF-10A) 
cells

Bisphenols can enter the body, where they have potential adverse effects on human health, via different routes such as inhalation, dermally or orally. They are known as endocrine disrupting chemicals that activate 
signaling pathways by mimicking the estrogen actions. In this study, we aimed to investigate effects of bisphenol A (BPA), and its analogues bisphenol F (BPF) and bisphenol S (BPS) on MCF-10A cells and their impact 
mechanisms on autophagy, apoptosis and reduced glutathion levels. In comparison of the cytotoxic effects, while BPF and BPS showed dose-dependent high toxicity on MCF-10A cells, BPA exerted cytotoxic effects only 
at the highest doses. Caspase 3 and LC3B are strongly and positively correlated with BPF exposures while significant changes were not detected in the BPA and BPS applied groups. It was clearly observed that BPF and 
BPS displayed more toxic effects than BPA on human breast cells that are important targets for the bisphenols. These findings provide data for understanding the mechanisms for BPA, BPF and BPS-induced toxicity on 
human breast cells.

Toxicol In Vitro. 2025 
Apr:104:106004.

10.1016/j.tiv.2024.106004 39736419 in vitro - - - - - - - - - - 1 0 不明 1 - - - - - - - - - - - - - -

統合_2049 F. Aysin 2024

Bisphenol A promotes cell death in 
healthy respiratory system cells 
through inhibition of cell 
proliferation and induction of G2/M 
cell cycle arrest

Bisphenol A (BPA) is a substance that can harm the environment and human health by interfering with the normal functioning of the body's hormonal system. It is commonly found in various plastic-based products such as 
cosmetics, canned foods, beverage containers, and medical equipment and as well as it can also be absorbed by inhalation. There have been limited studies on the effects of BPA on lung fibroblasts, and it is still unclear 
how high levels of BPA can impact respiratory system cells, particularly the lungs and trachea. In this research, we aimed to investigate the cell cycle disruption potential of BPA on respiratory system cells by examining 
healthy trachea and lung cells together for the first time. The findings indicated that BPA exposure can alter the healthy cells' morphology, leading to reduced cellular viability that has been assessed by MTT and SRB 
assays. BPA treatment was able to activate caspase3 as expected, which could cause apoptosis in treated cells. Although the highest dose of BPA did not increase the apoptotic rate of rat trachea cells, it remarkably 
caused them to become necrotic (52.12%). In addition to quantifying the induction of apoptosis and necrosis by BPA, cell cycle profiles were also determined using flow cytometry. Thereby, BPA treatment unexpectedly 
inhibited the cell cycle's progression by causing G2/M cell cycle arrest in both lung and tracheal cells, which hindered cell proliferation. The findings of the study suggested that exposure to BPA could lead to serious 
respiratory problems, even respiratory tract cancers via alterations in the cell cycle.

Environ Toxicol. 2024 
May;39(5):3264-3273.

10.1002/tox.24203 38459623 in vitro - - - - - - - - - - 1 0 不明 1 - - - - - - - - - - - - - -

統合_2050 Z. Awada, R. Nasr, R. Akika, A. Ghantous, L. 
Hou and N. K. Zgheib 2020

Effect of bisphenols on telomerase 
expression and activity in breast 
cancer cell lines

Bisphenol A (BPA), a monomer of polycarbonates and resins, was shown to induce the expression of telomerase enzyme which has been associated with breast cancer development and progression. However, the effects 
of BPA analogues, bisphenol F (BPF) and bisphenol S (BPS) on telomere-linked pathway have not been evaluated. Herein, MCF-7 (estrogen receptor (ER)-positive) and MDA-MB-231 (ER-negative) cells were treated with 
BPA, BPF and BPS ± estrogen receptor inhibitor (ERI), for 24 and/or 48 h. RNA expression and enzymatic activity of telomerase were measured using reverse transcription quantitative polymerase chain reaction (RT-
qPCR) and telomeric repeat amplification protocol (TRAP); respectively. Relative telomere length (RTL) was also measured using quantitative PCR. After 24 h, the three bisphenols resulted in a 2-3 folds increase in 
expression and activity of telomerase in MCF-7 but not in MDA-MB-231 cells, and this increase was prevented upon co-treatment with ERI. The observed increase in the expression and activity of telomerase after 24 h of 
treatment with bisphenols was associated with differential and modest ER-dependent lengthening in RTL at 48 h. Our results show that telomerase potentially mediates the effects of the three bisphenols in ER-positive 
breast carcinoma. Hence, further investigation is warranted to elucidate the telomerase-linked pathways that could underlie bisphenol-related effects.

Environ Toxicol. 2024 
May;39(5):3264-3273.

10.1007/s11033-020-05444-0 32333245 in vitro - - - - - - - - - - 1 0 不明 1 - - - - - - - - - - - - - -
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統合_2051
Z. Awada, R. Nasr, R. Akika, V. Cahais, C. 
Cuenin, M. Zhivagui, Z. Herceg, A. Ghantous 
and N. K. Zgheib

2019

DNA methylome-wide alterations 
associated with estrogen receptor-
dependent effects of bisphenols in 
breast cancer

BACKGROUND: Bisphenol A (BPA), an estrogen-like endocrine disruptor used in plastics, has been associated with development and promotion of breast cancer, so plastic manufacturers shifted towards less-studied 
analogs, BPF and BPS. Studying the associated DNA methylome-wide mechanisms of these derivatives is timely, particularly in comparison with BPA. METHODS: We assessed proliferation, cell cycle, and migration of 
breast cancer cells (estrogen receptor (ER)-positive: MCF-7 and ER-negative: MDA-MB-231) treated with BPF and BPS ± estrogen receptor inhibitor (ERI) in comparison to BPA ± ERI. RNA expression and activity of 
DNA (de)methylation enzymes and LINE-1 methylation were quantified. DNA methylome-wide analysis was evaluated in bisphenol-exposed cells and compared to clinical breast cancer data. RESULTS: The three 
bisphenols caused ER-dependent increased proliferation and migration of MCF-7 but not MDA-MB-231 cells, with BPS being 10 times less potent than BPA and BPF. Although they have similar chemical structures, the 
three bisphenols induced differential DNA methylation alterations at several genomic clusters of or single CpG sites, with the majority of these being ER-dependent. At equipotent doses, BPA had the strongest effect on 
the methylome, followed by BPS then BPF. No pathways were enriched for BPF while BPA- and BPS-induced methylome alterations were enriched in focal adhesion, cGMP-PKG, and cancer pathways, which were also 
dysregulated in methylome-wide alterations comparing ER-positive breast cancer samples to adjacent normal tissues. CONCLUSIONS: The three bisphenols have important epigenetic effects in breast cell lines, with 
those of BPA and BPS overlapping with cancer-related pathways in clinical breast cancer models. Hence, further investigation of their safety is warranted.

Clin Epigenetics. 2019 
Oct 10;11(1):138.

10.1186/s13148-019-0725-y 31601247 in vitro - - - - - - - - - - 1 0 10−8 M 1 - - - - - - - - - - - - - -

統合_2052 E. Atlas and V. Dimitrova 2019
Bisphenol S and Bisphenol A disrupt 
morphogenesis of MCF-12A human 
mammary epithelial cells

Breast cancer is one of the most common cancers diagnosed in women worldwide. Genetic predisposition, such as breast cancer 1 (BRCA1) mutations, account for a minor percentage of the total breast cancer 
incidences. And thus, many life style factors have also been linked to the disease such as smoking, alcohol consumption and obesity. Emerging studies show that environmental pollutants may also play a role. Bisphenol-A 
(BPA) has been suspected to contribute to breast cancer development, and has been shown to affect mammary gland development amongst other effects. This prompted its replacement with other bisphenol analogs such 
as, bisphenol-S (BPS). In this study we used the human mammary epithelial cells, MCF-12A, grown in extracellular matrix to investigate the ability of BPA and BPS to disrupt mammary epithelial cells organization. We 
show that both BPA and BPS were equipotent in disrupting the organization of the acinar structures, despite BPS being less oestrogenic by other assays. Further, treatment with both compounds enabled the cells to 
invade the lumen of the structures. This study shows that BPS and BPA are environmental pollutants that may affect mammary development and may contribute to the development of breast cancer.

Sci Rep. 2019 Nov 
5;9(1):16005.

10.1038/s41598-019-52505-x 31690802 in vitro - - - - - - - - - - 1 0 不明 1 - - - - - - - - - - - - - -

統合_2053 E. Atay, A. Ertekin, E. Bozkurt and E. Aslan 2020
Impact of Bisphenol A on neural 
tube development in 48-hr chicken 
embryos

OBJECTIVES: Bisphenol A (BPA) is one of the most heavily produced chemicals in the world. BPA is involved in the production of many substances such as cosmetics, various foodstuffs, toys, personal care products, 
detergents and plastic bottles all that are frequently used in daily life. Depending on BPA exposure, sexual maturation and reproductive function, and bone and brain development are adversely affected. The aim of this 
study is to investigate the possible effects of BPA on the development of the nervous system and neural tube in 48-hr chicken embryos. METHODS: Thirty specific pathogen-free (SPF) fertilized eggs were used in the 
study. SPF eggs were placed in the incubator and divided into three groups at 28 hr of incubation; control, BPA 1 and BPA 2 (10 eggs in each group). At this stage of incubation, two different doses of BPA were injected 
sub-blastodermically with the Hamilton microinjector. At the end of 48 hr of incubation, all eggs were opened and embryos were dissected and separated from the embryonic membrane. All embryos were evaluated 
morphologically and histopathologically. RESULTS: As the BPA dose increased, delays in the development of the nervous system and midline closure increased in the early period of chicken embryos. Depending on the 
dose, it was found that the embryo's crown-rump length and somite number decreased (p < .05). CONCLUSION: It was determined that BPA application on early chicken embryos adversely affected neural tube 
development. It was also found to delay midline closure.

Birth Defects Res. 2020 
Oct;112(17):1386-1396.

10.1002/bdr2.1791 32864885 in vitro - - - - - - - - - - 1 0 不明 1 - - - - - - - - - - - - - -

統合_2054
A. Arora, M. Becker, C. Marques, M. Oksanen, 
D. Li, F. Mastropasqua, M. E. Watts, M. Arora, A. 
Falk, C. O. Daub, I. Lanekoff and K. Tammimies

2023

Screening autism-associated 
environmental factors in 
differentiating human neural 
progenitors with fractional factorial 
design-based transcriptomics

Research continues to identify genetic variation, environmental exposures, and their mixtures underlying different diseases and conditions. There is a need for screening methods to understand the molecular outcomes of 
such factors. Here, we investigate a highly efficient and multiplexable, fractional factorial experimental design (FFED) to study six environmental factors (lead, valproic acid, bisphenol A, ethanol, fluoxetine hydrochloride 
and zinc deficiency) and four human induced pluripotent stem cell line derived differentiating human neural progenitors. We showcase the FFED coupled with RNA-sequencing to identify the effects of low-grade 
exposures to these environmental factors and analyse the results in the context of autism spectrum disorder (ASD). We performed this after 5-day exposures on differentiating human neural progenitors accompanied by a 
layered analytical approach and detected several convergent and divergent, gene and pathway level responses. We revealed significant upregulation of pathways related to synaptic function and lipid metabolism following 
lead and fluoxetine exposure, respectively. Moreover, fluoxetine exposure elevated several fatty acids when validated using mass spectrometry-based metabolomics. Our study demonstrates that the FFED can be used for 
multiplexed transcriptomic analyses to detect relevant pathway-level changes in human neural development caused by low-grade environmental risk factors. Future studies will require multiple cell lines with different 
genetic backgrounds for characterising the effects of environmental exposures in ASD.

Sci Rep Vol.13 Issue 1 
Pages 10519

10.1038/s41598-023-37488-0 37386098 in vitro - - - - - - - - - - 1 0 0.00‒30.00 µM or 0.00‒200.00 mM - - - - - - - - - - - - - - -

統合_2055 Y. Arita, H. J. Park, A. Cantillon, D. Getahun, R. 
Menon and M. R. Peltier 2019

Effect of bisphenol-A (BPA) on 
placental biomarkers for 
inflammation, neurodevelopment 
and oxidative stress

Background Bisphenol-A (BPA) is a widespread pollutant whose effects on pregnant women are poorly understood. Therefore, we investigated the effects of BPA on basal and bacteria-stimulated production of 
proinflammatory cytokines [interleukin (IL)-1β, tumor necrosis factor-α (TNF-α) and IL-6], anti-inflammatory mediators [soluble glycoprotein 130 (sgp) 130, heme oxidase-1 (HO-1) and IL-10] and biomarkers for 
neurodevelopment [brain-derived neurotrophic factor (BDNF)], and oxidative stress [8-isoprostane (8-IsoP)] by the placenta. Methods Placental explant cultures were treated with BPA (0-10,000 nM) in the presence or 
absence of 107 colony-forming unit (CFU)/mL heat-killed Escherichia coli for 24 h. Biomarker concentrations in conditioned medium were quantified by the enzyme-linked immunosorbent assay (ELISA). Results Under 
basal conditions, IL-1β and IL-6 production was enhanced by BPA in a dose-dependent manner. Sgp130, a soluble receptor that reduces IL-6 bioactivity, was suppressed by BPA at 1000-10,000 nM. BPA also enhanced 
BDNF production at 1000 and 10,000 nM, and 8-IsoP expression at 10 and 100 nM. For bacteria-treated cultures, BPA increased IL-6 production at 100 nM and reduced sgp130 at 1000 nM but had no effect on IL-1β, 
TNF-α, BDNF, HO-1, 8-IsoP or IL-10 production. Conclusion BPA may increase placental inflammation by promoting IL-1β and IL-6 but inhibiting sgp130. It may also disrupt oxidative balance and neurodevelopment by 
increasing 8-IsoP and BDNF production.

J Perinat Med. 2019 Sep 
25;47(7):741-749.

10.1515/jpm-2019-0045 31339859 in vitro - - - - - - - - - - 1 0 0〜10,000 nM 1 - - - - - - - - - - - - - -

統合_2056 M. I. Ansari, N. Bano, K. M. Kainat, V. K. Singh 
and P. K. Sharma 2022

Bisphenol A exposure induces 
metastatic aggression in low 
metastatic MCF-7 cells via PGC-1α 
mediated mitochondrial biogenesis 
and epithelial-mesenchymal 
plasticity

AIMS: The frequency of estrogen receptor alpha (ERα)-positive breast cancers and their metastatic progression is prevalent in females globally. Aberrant interaction of estrogen-like endocrine-disrupting chemicals 
(EDCs) is highly implicated in breast carcinogenesis. Studies have shown that single or acute exposures of weak EDCs such as bisphenol A (BPA) may not have a substantial pro-carcinogenic/metastatic effect. However, 
repeated exposure to EDCs is expected to strongly induce carcinogenic/metastatic progression, which remains to be studied. MAIN METHODS: Low metastatic ERα-positive human breast cancer cells (MCF-7) were 
exposed to nanomolar doses of BPA every 24 h (up to 200 days) to study the effect of repeated exposure on metastatic potential. Following the designated treatment of BPA, markers of epithelial-mesenchymal transition 
(EMT), migration and invasion, mitochondrial biogenesis, ATP levels, and peroxisome proliferator-activated receptor-gamma coactivator 1-alpha (PGC-1α) knockdown assays were performed. KEY FINDINGS: A repeated 
exposure of low dose BPA induced stable epithelial-mesenchymal plasticity in MCF-7 cells to augment migration and invasion in the ERα-dependent pathway. Repeated exposures of BPA increased the levels of several 
mesenchymal markers such as N-cadherin, vimentin, cluster of differentiation 44 (CD44), slug, and alpha-smooth muscle actin (α-SMA), whereas reduced the level of E-cadherin drastically. BPA-induced mitochondrial 
biogenesis favored metastatic aggression by fulfilling bioenergetics demand via PGC-1α/NRF1/ERRα signaling. Knockdown of PGC-1α resulted in suppressing both mitochondrial biogenesis and EMT in BPA exposed 
MCF-7 cells. SIGNIFICANCE: Repeated exposures of low dose BPA may induce metastatic aggression in ERα-positive breast cancer cells via PGC-1α-mediated mitochondrial biogenesis and epithelial-mesenchymal 
plasticity.

Life Sci. 2022 Aug 
1:302:120649.

10.1016/j.lfs.2022.120649 35597549 in vitro - - - - - - - - - - 1 0 不明 1 - - - - - - - - - - - - - -

統合_2057

I. A. Anastasiou, I. Eleftheriadou, A. Tentolouris, 
P. Sarantis, A. Angelopoulou, A. Katsaouni, I. 
Mourouzis, M. V. Karamouzis, V. Gorgoulis, C. 
Pantos and N. Tentolouris

2022

Low concentrations of bisphenol A 
promote the activation of the 
mitochondrial apoptotic pathway on 
Beta-TC-6 cells via the generation 
of intracellular reactive oxygen 
species and mitochondrial 
superoxide

Τhe natural history of type 2 diabetes mellitus is characterized by a progressive loss of pancreatic beta cell function and insulin resistance. Bisphenol A (BPA) is an endocrine-disrupting chemical that is used widely in 
industry; people are exposed to BPA and its products daily. Studies have delineated that BPA alters the function of pancreatic beta cells. Herein, we examined the effect of low doses of BPA on pancreatic beta cell viability 
and apoptosis and we tried to elucidate the mechanisms involved in these processes. Beta-TC-6 (ATCC® CRL-11506™) cells were cultured with a medium containing the following dilutions of BPA: 0.002, 0.02, 0.1, 0.2, 2 
μΜ up to 72 h. We examined the viability and adenosine triphosphate (ATP) levels of cells. Then, we measured apoptosis, cell cycle, and insulin levels. We quantified the levels of proteins implicated in the mitochondrial 
pathway of apoptosis; and finally, we quantified the intracellular reactive oxygen species and mitochondrial superoxide. We found that the exposure of Beta-TC-6 cells to BPA results in a decrease in cell viability, ATP 
levels, and an increase in insulin levels. We found an increase in apoptosis levels and a decrease in cell cycle levels. In addition, we provide evidence of the levels of apoptotic proteins. Finally, we found an increase in the 
cellular reactive oxygen species and mitochondrial superoxide production. Exposure to low concentrations of BPA triggers the mitochondrial pathway of apoptosis via the generation of intracellular reactive oxygen species 
and mitochondrial superoxide on Beta-TC-6 cells in a dose-dependent way.

J Biochem Mol Toxicol. 
2022 Aug;36(8):e23099.

10.1002/jbt.23099 35593412 in vitro - - - - - - - - - - 1 0 0.002、0.02、0.1、0.2、2 µM 1 - - - - - - - - - - - - - -

統合_2058 S. K. Anand, A. Sharma, N. Singh and P. Kakkar 2020

Activation of autophagic flux via 
LKB1/AMPK/mTOR axis against 
xenoestrogen Bisphenol-A exposure 
in primary rat hepatocytes

Bisphenol-A, an endocrine disruptive chemical widely used to manufacture polycarbonate plastics and epoxy resins, acts via multiple mechanisms that perturb cellular and molecular functions. BPA has the potential to 
induce hepatotoxicity via generation of ROS and oxidative stress. However, the mechanism of BPA induced oxidative stress and autophagy is still ambiguous at molecular and cellular levels. This study aims to elucidate 
the impact of BPA exposure (50 and 100 μM) in primary rat hepatocytes. AMP kinase, an intracellular energy sensor and key regulator in cellular signaling were found to be activated during BPA exposure. The increased 
AMP/ATP ratio and subsequent phosphorylation by its upstream mediator Liver Kinase B1 (LKB1) activates AMPK. BPA down-regulated AMPK downstream molecule i.e. mammalian target of rapamycin (mTOR) by 
inhibiting its phosphorylation, eventually enhances expression of autophagic markers LC3B, Beclin-1 while lowers p62. Results also revealed that BPA induces mitophagy by promoting accumulation of PINK1 and 
translocation of Parkin to damaged mitochondria culminating in decreased mitochondrial mass. Ultra-structural changes also confirmed mitochondrial disintegration, enhanced autophagic induction as evident from 
autophagosome formation. Findings confirm that BPA caused oxidative stress which eventually triggered LKB1/AMPK mediated autophagy and maintains cellular energy balance by mitophagic removal of unhealthy 
mitochondria in primary rat hepatocytes.

Food Chem Toxicol 
Vol.141 Pages 111314

10.1016/j.fct.2020.111314 32305408 in vitro - - - - - - - - - - 1 0 50 µMおよび100 µM - - - - - - - - - - - - - - -

統合_2059 G. Ampem, A. Junginger, H. Yu, L. Balogh, J. 
Thuróczy, M. E. Schneider and T. Röszer 2019

The environmental obesogen 
bisphenol A increases macrophage 
self-renewal

Self-renewal of macrophages is important for the healthy development and replenishment of tissue-resident macrophage pools. How this mechanism is controlled by endocrine signals is still largely unexplored. Here, we 
show that the endocrine disruptor bisphenol A (BPA) increases macrophage self-renewal. This effect was associated with phosphorylation of extracellular signal-regulated kinase (ERK) and a slight increase in the 
expression of liver X receptor alpha (LXRα). We found that LXRα inhibition induced, while LXRα activation impeded, macrophage self-renewal. LXRα signaling hence may protect from excessive macrophage expansion. 
Self-renewing macrophages, however, had negligible LXRα expression when compared with quiescent macrophages. Accordingly, tissue-resident macrophage pools, which are dominated by quiescent macrophages, 
were rich in LXRα-expressing macrophages. Overall, we show that BPA increases macrophage self-renewal and that this effect, at least in part, can be inhibited by increasing LXRα expression. Since BPA is 
accumulated in the adipose tissue, it has the potential to increase self-renewal of adipose tissue macrophages, leading to a condition that might negatively impact adipose tissue health.

Cell Tissue Res. 2019 
Oct;378(1):81-96.

10.1007/s00441-019-03019-5 31011801 in vitro - - - - - - - - - - 1 0 不明 1 - - - - - - - - - - - - - -

統合_2060 R. Al-Abdulla, H. Ferrero, S. Soriano, T. Boronat-
Belda and P. Alonso-Magdalena 2022

Screening of Relevant Metabolism-
Disrupting Chemicals on Pancreatic 
β-Cells: Evaluation of Murine and 
Human In Vitro Models

Endocrine-disrupting chemicals (EDCs) are chemical substances that can interfere with the normal function of the endocrine system. EDCs are ubiquitous and can be found in a variety of consumer products such as food 
packaging materials, personal care and household products, plastic additives, and flame retardants. Over the last decade, the impact of EDCs on human health has been widely acknowledged as they have been associated 
with different endocrine diseases. Among them, a subset called metabolism-disrupting chemicals (MDCs) is able to promote metabolic changes that can lead to the development of metabolic disorders such as diabetes, 
obesity, hepatic steatosis, and metabolic syndrome, among others. Despite this, today, there are still no definitive and standardized in vitro tools to support the metabolic risk assessment of existing and emerging MDCs 
for regulatory purposes. Here, we evaluated the following two different pancreatic cell-based in vitro systems: the murine pancreatic β-cell line MIN6 as well as the human pancreatic β-cell line EndoC-βH1. Both were 
challenged with the following range of relevant concentrations of seven well-known EDCs: (bisphenol-A (BPA), bisphenol-S (BPS), bisphenol-F (BPF), perfluorooctanesulfonic acid (PFOS), di(2-ethylhexyl) phthalate 
(DEHP), cadmium chloride (CdCl(2)), and dichlorodiphenyldichloroethylene (DDE)). The screening revealed that most of the tested chemicals have detectable, deleterious effects on glucose-stimulated insulin release, 
insulin content, electrical activity, gene expression, and/or viability. Our data provide new molecular information on the direct effects of the selected chemicals on key aspects of pancreatic β-cell function, such as the 
stimulus-secretion coupling and ion channel activity. In addition, we found that, in general, the sensitivity and responses were comparable to those from other in vivo studies reported in the literature. Overall, our results 
suggest that both systems can serve as effective tools for the rapid screening of potential MDC effects on pancreatic β-cell physiology as well as for deciphering and better understanding the molecular mechanisms that 
underlie their action.

Int J Mol Sci. 2022 Apr 
10;23(8):4182.

10.3390/ijms23084182 35457000 in vitro - - - - - - - - - - 1 0 100 pM〜10 µM 1 - - - - - - - - - - - - - -

統合_2061 R. Al-Abdulla, H. Ferrero, T. Boronat-Belda, S. 
Soriano, I. Quesada and P. Alonso-Magdalena 2023

Exploring the Effects of Metabolism-
Disrupting Chemicals on Pancreatic 
α-Cell Viability, Gene Expression 
and Function: A Screening Testing 
Approach

Humans are constantly exposed to many environmental pollutants, some of which have been largely acknowledged as key factors in the development of metabolic disorders such as diabetes and obesity. These chemicals 
have been classified as endocrine-disrupting chemicals (EDCs) and, more recently, since they can interfere with metabolic functions, they have been renamed as metabolism-disrupting chemicals (MDCs). MDCs are 
present in many consumer products, including food packaging, personal care products, plastic bottles and containers, and detergents. The scientific literature has ever-increasingly focused on insulin-releasing pancreatic 
β-cells as one of the main targets for MDCs. Evidence highlights that these substances may disrupt glucose homeostasis by altering pancreatic β-cell physiology. However, their potential impact on glucagon-secreting 
pancreatic α-cells remains poorly known despite the essential role that this cellular type plays in controlling glucose metabolism. In the present study, we have selected seven paradigmatic MDCs representing major 
toxic classes, including bisphenols, phthalates, perfluorinated compounds, metals, and pesticides. By using an in vitro cell-based model, the pancreatic α-cell line αTC1-9, we have explored the effects of these 
compounds on pancreatic α-cell viability, gene expression, and secretion. We found that cell viability was moderately affected after bisphenol-A (BPA), bisphenol-F (BPF), and perfluorooctanesulfonic acid (PFOS) 
exposure, although cytotoxicity was relatively low. In addition, all bisphenols, as well as di(2-ethylhexyl) phthalate (DEHP) and cadmium chloride (CdCl(2)), promoted a marked decreased on glucagon secretion, together 
with changes in the expression of glucagon and/or transcription factors involved in cell function and identity, such as Foxo1 and Arx. Overall, our results indicated that most of the selected chemicals studied caused 
functional alterations in pancreatic α-cells. Moreover, we revealed, for the first time, their direct effects on key molecular aspects of pancreatic α-cell biology.

Int J Mol Sci. 2023 Jan 
5;24(2):1044.

10.3390/ijms24021044 36674557 in vitro - - - - - - - - - - 1 0 10 nM to 10 µM 1 - - - - - - - - - - - - - -

統合_2062 G. Aichinger, F. Pantazi and D. Marko 2020

Combinatory estrogenic effects of 
bisphenol A in mixtures with 
alternariol and zearalenone in 
human endometrial cells

Humans are typically exposed to mixtures of substances, whereby their bioactivity can be significantly altered by co-occurring compounds. Thus, over the last years, research on combinatory effects has gained increasing 
attention. In particular, several xenoestrogens have been recently reported to interact synergistically, among them alternariol (AOH) and zearalenone (ZEN), two toxins produced by molds which contaminate crops or food 
commodities. Bisphenol A (BPA) is a potential food contaminant arising from its use in plastics and represents a well-known xenoestrogen, acting as an endocrine disruptor. However, little research was yet conducted on 
its impact on the bioactivity of other xenoestrogens, and vice versa. Thus, in this study, we focused on combinatory estrogenic effects of BPA with AOH and ZEN in Ishikawa cells, which represent a well-established, 
estrogen-sensitive human cell model. Estrogenic stimuli of the single compounds and binary combinations in constant concentration ratios were measured by assessing the activity of alkaline phosphatase, a natural 
reporter gene for estrogen receptor activation. In parallel, cytotoxicity was monitored by neutral red assay. For statistical analysis of combinatory effects the "combination index" model was applied. In combination with 
ZEN, BPA was found to cause additive estrogenic effects. Mixtures of BPA with AOH expressed moderately antagonistic to nearly additive combinatory effects, depending on the concentration ratio. Although no 
synergistic effects were measured in the applied chemical mixtures, additive estrogenic stimuli were observed, underlining the importance to consider the cumulative impact of endocrine active factors out of different 
sources and structural classes.

Toxicol Lett. 2020 Feb 
1:319:242-249.

10.1016/j.toxlet.2019.10.025 31733320 in vitro - - - - - - - - - - 1 0 不明 1 - - - - - - - - - - - - - -

統合_2063 J. S. Ahn, J. H. Won, D. Y. Kim, S. E. Jung, B. J. 
Kim, J. M. Kim and B. Y. Ryu 2022

Transcriptome alterations in 
spermatogonial stem cells exposed 
to bisphenol A

Owing to their self-renewal and differentiation abilities, spermatogonial stem cells (SSCs) are essential for maintaining male fertility and species preservation through spermatogenesis. With an increase in exposure to 
plasticizers, the risk of endocrine-disrupting chemicals exerting mimetic effects on estrogen receptors, such as bisphenol A (BPA), has also increased. This has led to concerns regarding the preservation of male fertility. 
BPA impairs spermatogenesis and the maintenance of SSCs; however, the transcriptome differences caused by BPA in SSCs are poorly understood. Thus, this study aimed to investigate the transcriptome differences in 
SSCs exposed to BPA, using RNA sequencing (RNA-Seq) analysis. We found that cell proliferation and survival were suppressed by SSC exposure to BPA. Therefore, we investigated transcriptome differences through 
RNA-Seq, functional annotation, and gene set enrichment analysis. Our results showed repetitive and abundant terms related to two genes of lysosomal acidification and five genes of glycosaminoglycan degradation. 
Furthermore, we validated the transcriptome analyses by detecting mRNA and protein expression levels. The findings confirmed the discovery of differentially expressed genes (DEGs) and the mechanism of SSCs 
following exposure to BPA. Taken together, we expect that the identified DEGs and lysosomal mechanisms could provide new insights into the preservation of male fertility and related research.

Anim Cells Syst (Seoul) 
Vol.26 Issue 2 Pages 
70-83

10.1080/19768354.2022.2061592 35479511 in vitro - - - - - - - - - - 1 0 0, 10,  100 µM - - - - - - - - - - - - - - -
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統合_2064 F. Ahmed, A. Sarsenbayeva, P. Katsogiannos, C. 
Aguer and M. J. Pereira 2020

The effects of bisphenol A and 
bisphenol S on adipokine expression 
and glucose metabolism in human 
adipose tissue

PURPOSE: The environmental endocrine disruptors, bisphenol A (BPA) and bisphenol S (BPS) are associated with the development of type 2 diabetes. We aim to study the effects of BPA or BPS exposure on adipokine 
expression in human adipose tissue and on adipocyte glucose uptake. METHODS: Human subcutaneous adipose tissue was treated for 24 or 72 h with environmentally-relevant and supraphysiological concentrations of 
BPA or BPS (1-10(4) nM). Following exposure, gene expression of proinflammatory cytokines, adipokines, and estrogen receptors was measured in adipose tissue. Glucose uptake and the insulin signalling pathway were 
analyzed in isolated adipocytes following adipose tissue culture with BPA for 24 h. RESULTS: Adipose tissue treated with BPA for 24 h had reduced expression of the proinflammatory genes (IL6, IL1B, TNFA) and 
adipokines (ADIPOQ, FABP4). BPA and BPS had no effect on the expression of other proinflammatory genes (IL33), adipokines (LEP), or receptors (ESR1, ESR2) after 72-h exposure. Adipose tissue treated with 
environmentally-relevant concentrations of BPA for 24 h had reduced insulin-stimulated glucose uptake, without altered gene and protein levels of key insulin signalling pathway markers. CONCLUSIONS: We found that 
human adipose tissue treated with environmentally-relevant concentrations of BPA for 24 h, but not BPS, reduced expression of proinflammatory genes and adipokines. Furthermore, BPA reduced glucose uptake in 
adipocytes independently of insulin signalling. Such mechanisms can contribute to the development of insulin resistance associated with BPA exposure.

Toxicology. 2020 Dec 
1:445:152600.

10.1016/j.tox.2020.152600 32976960 in vitro - - - - - - - - - - 1 0 1〜10 nM 1 - - - - - - - - - - - - - -

統合_2065 F. Ahmed, L. Chehadé, L. Garneau, A. Caron and 
C. Aguer 2020

The effects of acute BPA exposure 
on skeletal muscle mitochondrial 
function and glucose metabolism

Bisphenol A (BPA) is an environmental pollutant that has been associated with adverse health effects including skeletal muscle insulin resistance, a major contributor to the pathogenesis of type 2 diabetes (T2D). Early 
mitochondrial dysfunction and oxidative stress are linked to impaired glucose metabolism in skeletal muscle. In this study, we investigated the effects of BPA on skeletal muscle mitochondrial function and insulin 
sensitivity. L6 myotubes were treated with BPA (1 nM-10(5) nM) during the last 24 h of differentiation. Following exposure to 10(5) nM of BPA, resting and maximal oxygen consumption rates were decreased, whereas 
mitochondrial proton leak was increased. Overall metabolic activity, measured by redox ability, was decreased in L6 myotubes exposed to 10(5) nM of BPA. At this concentration, insulin-stimulated glucose uptake was 
increased, which corresponded to an increased phosphorylation of the insulin signaling protein Akt, and increased glycolysis measured by extracellular acidification rate (ECAR). Acute BPA exposure did not alter levels of 
oxidative stress markers in muscle cells, but significantly increased mitochondrial proton leak, which is known to be involved in decreased ROS production. The effects of BPA on glucose uptake, but not mitochondrial 
function, were reversed by the use of an estrogen receptor antagonist. These results suggest that acute exposure of L6 myotubes at only high concentrations of BPA alters glucose metabolism, which is likely a 
compensatory response to reduced mitochondrial energy production capacity.

Mol Cell Endocrinol. 
2020 Jan 1:499:110580.

10.1016/j.mce.2019.110580 31536778 in vitro - - - - - - - - - - 1 0 1 nM〜10（5） nM 1 - - - - - - - - - - - - - -

統合_2066 S. M. Abdullah and H. Rashid 2020
Melatonin Ameliorates BPA Induced 
Oxidative Stress in Human Red 
Blood Cells: An In vitro Study

BACKGROUND: Bisphenol A (BPA) is a xenobiotic that causes oxidative stress in various organs in living organisms. Blood cells are also an endpoint where BPA is known to cause oxidative stress. Blood cells, especially 
red blood cells (RBCs), are crucial for maintaining homeostasis and overall wellbeing of the organism. They are highly susceptible to oxidative stress induced by xenobiotics. However, there is limited data about the 
oxidative stress induced by BPA in blood, especially in red blood cells. This study was carried out to evaluate BPA induced oxidative stress in human RBCs in vitro and its amelioration by melatonin. OBJECTIVE: To find if 
melatonin exerts a protective effect on the oxidative stress induced by the BPA in human red blood cells in vitro. METHODS: The erythrocyte suspensions (2 ml) were divided into six groups and treated with 0, 50, 100, 
150, 200, and 250 μg/ml of BPA. Another set of erythrocyte suspension with similar BPA treatment and 50 μM Melatonin per group was also set. Incubations lasted for 12 hrs in the dark. Lipid peroxidation, glutathione, 
glutathione reductase, catalase, and superoxide dismutase were measured as indicators of oxidative stress. RESULTS: BPA caused a significant increase in lipid peroxidation. A decrease in GSH levels was also observed. 
The activities of all the studied antioxidants also decreased with BPA treatment. Melatonin was seen to mitigate the oxidative stress induced by BPA. CONCLUSION: Treatment of red blood cells with BPA caused an 
increase in oxidative stress, while melatonin decreased the induced oxidative stress.

Endocr Metab Immune 
Disord Drug Targets 
Vol.20 Issue 8 Pages 
1321-1327

10.2174/187153032066620050511
2023

32368984 in vitro - - - - - - - - - - 1 0 0、50、100、150、200、250 µg/ml - - - - - - - - - - - - - - -

統合_2067
M. M. Abady, I. M. Saadeldin, A. Han, S. Bang, 
H. Kang, D. W. Seok, H. J. Kwon, J. Cho and J. S. 
Jeong

2024

Melatonin and resveratrol alleviate 
molecular and metabolic toxicity 
induced by Bisphenol A in 
endometrial organoids

Bisphenol A (BPA), a widespread environmental contaminant, poses concerns due to its disruptive effects on physiological functions of the uterine endometrium. In contrast, melatonin (MT) and Resveratrol (RSV) are 
under scrutiny for their potential protective roles against BPA-induced damage. For the efficacy and ethical concerns in the animal test, endometrial organoids, three-dimensional models mimicking endometrium, serve as 
crucial tools for unraveling the impact of environmental factors on reproductive health. This study aimed to comprehensively characterize the morphological, molecular and metabolic responses of porcine endometrial 
organoids to BPA and assess the potential protective effects of MT and RSV. Porcine uteri were prepared, digested with collagenase, mixed with Matrigel, and incubated at 38°C with 5 % CO(2). Passaging involved 
dissociation through trypsin-EDTA treatment and subculturing. The culture medium was refreshed every 2-3 days. To investigate the environmental impact on reproductive health, endometrial organoids were treated with 
BPA (0.5 µM), MT (with/without BPA at 0.1 µM), and/or RSV (10 µM). Various molecular screening using gene expression, western blotting, immunofluorescence staining, and metabolites profiling were assessed the 
effects of BPA, MT, and RSV in terms of cell viability, morphology, reproductivity, and metabolism alteration in the endometrial organoids. As expected, BPA induced structural and molecular disruptions in organoids, 
affecting cytoskeletal proteins, Wnt/β-catenin signaling, and epithelial/mesenchymal markers. It triggered oxidative stress and apoptotic pathways, altered miRNA expression, and disrupted the endocannabinoid system. 
The level of glucose, galactose, and essential amino acids were increased or decreased by approximately 1.5-3 times in BPA-treated groups compared to the control groups (p-value < 0.05), indicating metabolic changes. 
Moreover, MT and RSV treated groups exhibited protective effects, mitigating BPA-induced disruptions across multiple pathways. For the first time, our study models endometrial organoids, advancing understanding of 
environmental impacts on reproductive health.

Reprod Toxicol. 2024 
Sep:128:108628.

10.1016/j.reprotox.2024.108628 38848930 in vitro - - - - - - - - - - 1 0 0.1 µM 1 - - - - - - - - - - - - - -

統合_2068 L. Zhao, X. Wu, Q. Li, Y. Shen, S. Zeng, J. Wang 
and Q. Liu 2025

Inhibition of CCN5 Protects Against 
Apoptosis and Endoplasmic 
Reticulum Stress in Bisphenol A-
Induced Sertoli Cells via p38/JNK 
MAPK Signaling Pathway

Bisphenol A (BPA) is the most common endocrine disruptor that has toxicity to the reproductive system and male infertility. However, the underlying mechanisms of BPA's toxicity to Sertoli cells remain poorly understood. 
Cellular communication network factor 5 (CCN5) is reported to regulate cell proliferation, apoptosis, and differentiation. Our study demonstrated a significant elevation of CCN5 expression in the testis of nonobstructive 
azoospermia patients and TM4 Sertoli cells exposed to BPA. Knockdown of CCN5 reduced apoptotic cells after BPA treatment, as determined by flow cytometry and terminal deoxynucleotidyl transferase dUTP nick end 
labeling assays. Cells exposed to BPA showed increased expressions of Bax and cleaved poly(ADP-ribose) polymerase, decreased expression of Bcl-2, as well as elevated activities of caspase-3 and caspase-9 in BPA-
induced TM4 cells, which were reversed by CCN5 inhibition. Loss of CCN5 declined phosphorylation of protein kinase R-like endoplasmic reticulum kinase and eukaryotic translation initiation factor 2A and decreased 
activating transcription factor 4 and C/EBP-homologous protein in BPA-treated cells. Furthermore, silencing CCN5 blocked BPA-induced phosphorylation of p38 and c-Jun N-terminal kinase (JNK). Administration of 
anisomycin, a mitogen-activated protein kinase (MAPK) activator, reversed the effects of CCN5 knockdown on BPA-induced endoplasmic reticulum (ER) stress and apoptosis. Taken together, CCN5 promotes apoptosis 
and ER stress in Sertoli cells exposed to BPA by activating the p38/JNK MAPK signaling pathway.

DNA Cell Biol. 2025 
Apr;44(4):174-185.

10.1089/dna.2024.0247 40184555 ex vivo - - - - - - - - - - 1 0 不明 1 - - - - - - - - - - - - - -

統合_2069 S. Tardif, A. Rwigemera, N. Letourneau, B. 
Robaire and G. Delbes 2023

Reproductive toxicity of emerging 
plasticizers, flame retardants, and 
bisphenols, using culture of the rat 
fetal testis†

The use of bis (2-ethylhexyl) phthalate (DEHP), 2,2'4,4'-tetrabromodiphenyl ether (BDE47), and bisphenol A (BPA), as plasticizers, flame retardants, and epoxy resins, respectively, has been regulated due to their endocrine 
disrupting activities. Replacements for these chemicals are found in human matrices, yet the endocrine disrupting potential of these emerging contaminants is poorly characterized. We compared the effects of legacy 
chemicals with those of their replacements using fetal rat testis organ culture. Fetal testes sampled at gestation day 15 were grown ex vivo, and the impact was evaluated after a 3-day exposure to 10 μM of each legacy 
chemical; two BPA analogs (bisphenol M and bisphenol TMC); three replacements for DEHP/MEHP (2,2,4-trimethyl-1,3-pentanediol diisobutyrate, diisononyl-phthalate, and diisodecyl adipate); or two replacements for 
BDE47 (tributoxyethyl phosphate and isopropylated triphenyl phosphate). We showed that only BPA and MEHP significantly decrease testosterone secretions after 24 h, while BPM and BPTMC have the opposite effect. 
Luteinizing hormone-stimulated testosterone was reduced by BPA and MEHP but was increased by BPTMC. After exposure, testes were used for immunofluorescent staining of germ cells, Sertoli cells, and Leydig cells. 
Interestingly, exposures to BPM or BPTMC induced a significant increase in the Leydig cell density and surface area. A decrease in germ cell density was observed only after treatment with MEHP or BDE47. MEHP also 
significantly decreased Sertoli cell proliferation. These studies show that some replacement chemicals can affect testicular function, while others appear to show little toxicity in this model. These findings provide 
essential information regarding the need for their regulation.

Biol Reprod Vol.108 
Issue 5 Pages 837-848

10.1093/biolre/ioad018 36780129 ex vivo - - - - - - - - - - 1 0 10 µM - - - - - - - - - - - - - - -

統合_2070 S. Sheller-Miller, E. Radnaa, Y. Arita, D. 
Getahun, R. J. Jones, M. R. Peltier and R. Menon 2020

Environmental pollutant induced 
cellular injury is reflected in 
exosomes from placental explants

INTRODUCTION: Exosomes are intercellular signaling vesicles whose cargo reflects the physiological status of the cell of their origin and can regulate gene expression in other tissues. Polybrominated diphenyl ethers 
(PBDEs) and bisphenols (A [BPA], Tetrabromobisphenol A [TBBPA], and 2,4,6-Tribromophenol [TBP]) are common environmental pollutants known to increase the risk for spontaneous preterm birth (PTB). We 
hypothesized that placental exposure to these environmental pollutants causes exosome cargo changes that reflect exposure associated placental response. METHODS: Full-term, C-section placenta explants were 
treated with PBDE congeners (47, 100, 153, 209), TBBPA, TBP or BPA for 24 h. Exosomes were isolated from media by sequential ultracentrifugation and purified by size exclusion chromatography. Exosomes were 
characterized by electron microscopy, nanoparticle tracking analysis and Western blot. Proteomics identified differentially expressed exosomal proteins and Ingenuity pathway analysis (IPA) determined biological 
functions and pathways represented by identified proteins. RESULTS: Regardless of treatment, placental expressed exosomes markers (PLAP, CD9, CD63, 81 and ALIX), had a size distribution between 50 and 175 nm and 
were present in the conditioned medium at 5-8 x 10(11) exosomes/mL. Proteomic analysis identified 2598 proteins which demonstrated that specific pollutants caused differential expression of specific proteins, including 
alarmin, High Mobility Group Box 1 (HMGB1), MAPK14 (p38 MAPK) and GSK3β. IPA revealed an inhibition of pathways associated with cell survival, tissue repair and proliferation, as well as activation of cell death 
pathways (e.g. necrosis). CONCLUSION: Environmental exposure of placental explants did not change the quantity of exosomes or their characteristics. However, exosome cargo composition exposed to some 
environment pollutants may be involved in placental nuclear and cellular injury and inflammation.

Placenta. 2020 Jan 
1:89:42-49.

10.1016/j.placenta.2019.10.008 31675489 ex vivo - - - - - - - - - - 1 0 不明 1 - - - - - - - - - - - - - -

統合_2071 E. Reale, D. Vernez and N. B. Hopf 2021
Skin Absorption of Bisphenol A and 
Its Alternatives in Thermal Paper

OBJECTIVES: Bisphenol A (BPA) is the most used colour developer in thermal paper for cashiers receipts, labels, and tickets. BPA can migrate onto the skin and be absorbed when handling these papers. BPA is a known 
endocrine disruptor and is therefore being replaced in thermal paper by some alternatives such as Bisphenol S (BPS), D-8, and Pergafast 201® (PF201). To our knowledge, no studies have characterized skin permeation of 
these BPA alternatives. METHODS: We measured/characterized skin absorption for BPA, BPS, D-8, and PF201 through ex vivo human skin using flow-through diffusion cells according to OECD guideline 428. Skin 
samples were 7-12 per test substance from three different skin donors. Skin metabolism was studied for BPA. Dermal absorption was expressed as the amount of the BPA alternatives in the receptor fluid over applied 
dose in percent (%). RESULTS: The absorbed dose after 24 h of exposure was 25% for BPA, 17% for D-8, 0.4% for BPS, and <LLOQ for PF201. The amount of BPA-glucuronide in the receptor fluid after 24 h was under the 
limit of quantification (LLOQ = 0.2 µg l-1). Despite the 10-fold lower concentration of the aq solution applied on the skin, D-8's permeation rate JMAX was 5-fold higher than the one for BPS (0.032 versus 0.006 µg cm-2 
h-1). Neither D-8 nor BPS permeated readily through the skin (tlag = 3.9 h for D-8, 6.4 h for BPS). None of PF201's skin permeation kinetic parameters could be determined because this BPA analogue was not quantifiable 
in the receptor fluid in our test conditions. CONCLUSIONS: Skin absorption was in decreasing order: BPA > D-8 >> BPS > PF201. These results are in agreement with their log Kow and molecular weights. We provided 
here the necessary data to estimate the extent of skin absorption of BPA analogues, which is a necessary step in risk assessment, and ultimately evaluate public health risks posed by D-8, BPS, and PF201.

Ann Work Expo Health. 
2021 Mar 3;65(2):206-
218.

10.1093/annweh/wxaa095 33313651 ex vivo - - - - - - - - - - 1 0 不明 1 - - - - - - - - - - - - - -

統合_2072 E. Reale, S. Fustinoni, R. Mercadante, E. Polledri 
and N. B. Hopf 2020

Simultaneous Quantification of 
Bisphenol A, Its Glucuronide 
Metabolite, and Commercial 
Alternatives by LC-MS/MS for In 
Vitro Skin Absorption Evaluation

Bisphenol A (BPA) is the most used color developer in thermal paper products such as cashiers' receipts, followed by Bisphenol S (BPS), Wincon 8 (D-8), and Pergafast 201 (PF201). These chemicals can migrate from the 
paper onto the skin and possibly be absorbed and metabolized. Until now, D-8 and PF201 have not been analyzed in biological matrices, nor has a method been developed to simultaneously quantify them, even though they 
are often found as mixtures. Our aim was to develop and validate a method to quantify BPA, its glucuronide metabolite (BPA-G), BPS, D-8, and PF201 in in vitro skin absorption samples. After solid-phase extraction and 
reversed-phase chromatography, we quantified the substances in saline that had been in contact with human dermis for 24 h using a triple-quadrupole mass detector equipped with an electrospray ionization source. We 
assessed the method in three in vitro skin absorption assays using ex vivo human skin from one skin donor per test substance. The quantification ranges of our method were 0.2-200 μg/L for BPA and 0.2-20 μg/L for 
BPA-G, BPS, D-8, and PF201. Accuracies were within ±8% of nominal concentrations. Intra-day and total precisions (%RSD) were <10% for all analytes, except for BPA in low-concentration quality control solutions (low 
QCs) (12.2% and 15.5%, respectively). Overall, the process efficiency was 100-113% for all analytes, except BPS low and high QCs (80% and 71%, respectively) and BPA low QCs (134%). The absorbed dose ranged from 
0.02% to 49% depending on the test substance, and was not determinable for PF201. This is the first analytical method to quantify simultaneously BPA, BPA-G, and BPA alternatives in saline from in vitro skin absorption 
samples.

Chem Res Toxicol. 2020 
Sep 21;33(9):2390-
2400.

10.1021/acs.chemrestox.0c00148 32840112 ex vivo - - - - - - - - - - 1 0 0.2〜200 µg/L 1 - - - - - - - - - - - - - -

統合_2073 E. Reale, A. Berthet, P. Wild, D. Vernez and N. B. 
Hopf 2021

Influence of experimental 
parameters on in vitro human skin 
permeation of Bisphenol A

Bisphenol A (BPA) in vitro skin permeation studies have shown inconsistent results, which could be due to experimental conditions. We studied the impact of in vitro parameters on BPA skin permeation using flow-through 
diffusion cells with ex-vivo human skin (12 donors, 3-12 replicates). We varied skin status (viable or frozen skin) and thickness (200, 400, 800 μm), BPA concentrations (18, 250 mg/l) and vehicle volumes (10, 100 and 
1000 μl/cm(2)). These conditions led to a wide range of BPA absorption (2%-24% after 24 h exposure), peak permeation rates (J = 0.02-1.31 μg/cm(2)/h), and permeability coefficients (K(p) = 1.6-5.2 × 10(-3) cm/h). 
This is the first time steady state conditions were reached for BPA aqueous solutions in vitro (1000 μl/cm(2) applied at concentration 250 mg/l). A reduction of the skin thickness from 800 and 400 μm to 200 μm led to 
a 3-fold increase of J (P < 0.05). A reduction of the vehicle volume from 1000 to 100 led to a 2-fold decrease in J (P > 0.05). Previously frozen skin led to a 3-fold increase in J compared to viable skin (P < 0.001). We found 
that results from published studies were consistent when adjusting J according to experimental parameters. We propose appropriate J values for different exposure scenarios to calculate BPA internal exposures for use in 
risk assessment.

Toxicol In Vitro. 2021 
Jun:73:105129.

10.1016/j.tiv.2021.105129 33662515 ex vivo - - - - - - - - - - 1 0 不明 1 - - - - - - - - - - - - - -

統合_2074 Z. Rafiee, F. Rezaee-Tazangi, L. Zeidooni, H. 
Alidadi and L. Khorsandi 2021

Protective effects of selenium on 
Bisphenol A-induced oxidative 
stress in mouse testicular 
mitochondria and sperm motility

OBJECTIVE: This study aimed to explore the impact of selenium (SE) on Bisphenol-A (BPA)-exposed sperm and isolated testicular mitochondria of mice. METHODS: Mouse sperm and isolated mitochondria were exposed 
to BPA (0.8 mM) and different concentrations of SE (50, 100, and 200 μM) for four hours. The viability of sperm and isolated mitochondria as well as the mitochondrial membrane potential (MMP) were evaluated. SOD 
(superoxide dismutase), GSH (glutathione), MDA (malondialdehyde), and ROS (reactive oxygen species) levels in testicular mitochondria were also examined. RESULTS: BPA concentration-dependently enhanced ROS and 
MDA levels in isolated mitochondria, while MMP and acclivity of GSH and SOD significantly reduced. BPA also considerably impaired spermatozoa survival and motility. SE concentration-dependently reduced 
mitochondrial oxidative stress, MMP, sperm survival, and total sperm motility. CONCLUSIONS: Our findings collectively suggested that SE concentration-dependently reversed BPA-caused mitochondrial toxicity and 
reduced sperm motility by suppressing oxidative stress.

JBRA Assist Reprod 
Vol.25 Issue 3 Pages 
459-465

10.5935/1518-0557.20210010 33899458 ex vivo - - - - - - - - - - 1 0 0.8 mM - - - - - - - - - - - - - - -

統合_2075

P. Pawlicki, M. Duliban, R. Tuz, A. Ptak, A. 
Milon, E. Gorowska-Wojtowicz, W. Tworzydlo, B. 
J. Płachno, B. Bilinska, K. Knapczyk-Stwora and 
M. Kotula-Balak

2019

Do G-protein coupled estrogen 
receptor and bisphenol A analogs 
influence on Leydig cell epigenetic 
regulation in immature boar testis ex 
vivo?

Organotypic culture of testicular fragments from 7-day-old male pigs (Polish White Large) was used. Tissues were treated with an antagonist of G-protein coupled estrogen receptor (GPER) (G-15; 10 nM), and bisphenol 
A (BPA), and its analogs (TBBPA, TCBPA; 10 nM) alone or in combination and analyzed using electron and light (stainings for collagen fibers, lipid droplet and autophagy markers) microscopes. In addition, mRNA and 
protein abundances and localization of molecules required for miRNA biogenesis and function (Drosha, Exportin 5; EXPO5, Dicer, and Argonaute 2; AGO2) were assessed together with calcium ion (Ca(2+)) and estradiol 
concentrations. Regardless of GPER blockade and/or treatment with BPA, TBBPA and TCBPA, there were no changes in Leydig cell morphology. Also, there were no changes in lipid droplet content and distribution but 
there were changes in lipid and autophagy protein abundance. In the interstitial tissue, there was an increase of collagen content, especially after treatment with BPA analogs and G-15 + BPA. Independent of the 
treatment, there was downregulation of EXPO5 and Dicer genes but the Drosha and AGO2 genes were markedly upregulated as a result of treatment with G-15 + BPA and TCBPA, respectively. There was always a lesser 
abundance of EXPO5 and AGO2 proteins regardless of treatment. There was markedly greater abundances of Drosha after G-15 + BPA treatment, and this also occurred for Dicer after treatment with G-15 + TCBPA. 
Immunolocalization of miRNA proteins indicated there was a cytoplasmic-nuclear pattern in control and treated cells. There was an increase of Ca(2+) concentrations after treatment with G-15 and BPA analogs. 
Estradiol secretion decreased after antagonist and chemical treatments when these were administered alone, however, there was an increase in estradiol secretion after treatment with combinations of these 
compounds.

Anim Reprod Sci. 2019 
Aug:207:21-35.

10.1016/j.anireprosci.2019.06.006 31266599 ex vivo - - - - - - - - - - 1 0 不明 1 - - - - - - - - - - - - - -

統合_2076

J. Martinez-Pinna, L. Marroqui, A. Hmadcha, J. 
Lopez-Beas, S. Soriano, S. Villar-Pazos, P. 
Alonso-Magdalena, R. S. Dos Santos, I. 
Quesada, F. Martin, B. Soria, J. Gustafsson and 
A. Nadal

2019

Oestrogen receptor β mediates the 
actions of bisphenol-A on ion 
channel expression in mouse 
pancreatic beta cells

AIMS/HYPOTHESIS: Bisphenol-A (BPA) is a widespread endocrine-disrupting chemical that has been associated with type 2 diabetes development. Low doses of BPA modify pancreatic beta cell function and induce 
insulin resistance; some of these effects are mediated via activation of oestrogen receptors α (ERα) and β (ERβ). Here we investigated whether low doses of BPA regulate the expression and function of ion channel 
subunits involved in beta cell function. METHODS: Microarray gene profiling of isolated islets from vehicle- and BPA-treated (100 μg/kg per day for 4 days) mice was performed using Affymetrix GeneChip Mouse Genome 
430.2 Array. Expression level analysis was performed using the normalisation method based on the processing algorithm 'robust multi-array average'. Whole islets or dispersed islets from C57BL/6J or oestrogen receptor 
β (ERβ) knockout (Erβ(-/-)) mice were treated with vehicle or BPA (1 nmol/l) for 48 h. Whole-cell patch-clamp recordings were used to measure Na(+) and K(+) currents. mRNA expression was evaluated by 
quantitative real-time PCR. RESULTS: Microarray analysis showed that BPA modulated the expression of 1440 probe sets (1192 upregulated and 248 downregulated genes). Of these, more than 50 genes, including Scn9a, 
Kcnb2, Kcnma1 and Kcnip1, encoded important Na(+) and K(+) channel subunits. These findings were confirmed by quantitative RT-PCR in islets from C57BL/6J BPA-treated mice or whole islets treated ex vivo. 
Electrophysiological measurements showed a decrease in both Na(+) and K(+) currents in BPA-treated islets. The pharmacological profile indicated that BPA reduced currents mediated by voltage-activated K(+) 
channels (K(v)2.1/2.2 channels) and large-conductance Ca(2+)-activated K(+) channels (K(Ca)1.1 channels), which agrees with BPA's effects on gene expression. Beta cells from ERβ(-/-) mice did not present BPA-
induced changes, suggesting that ERβ mediates BPA's effects in pancreatic islets. Finally, BPA increased burst duration, reduced the amplitude of the action potential and enlarged the action potential half-width, leading 
to alteration in beta cell electrical activity. CONCLUSIONS/INTERPRETATION: Our data suggest that BPA modulates the expression and function of Na(+) and K(+) channels via ERβ in mouse pancreatic islets. 
Furthermore, BPA alters beta cell electrical activity. Altogether, these BPA-induced changes in beta cells might play a role in the diabetogenic action of BPA described in animal models.

Diabetologia. 2019 
Sep;62(9):1667-1680.

10.1007/s00125-019-4925-y 31250031 ex vivo - - - - - - - - - - 1 0 1 nmol/l 1 - - - - - - - - - - - - - -
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統合_2077 G. Luque, P. Ortiz, A. Torres-Sánchez, A. Ruiz-
Rodríguez, A. López-Moreno and M. Aguilera 2025

Impact of Ex Vivo Bisphenol A 
Exposure on Gut Microbiota 
Dysbiosis and Its Association with 
Childhood Obesity

Dietary exposure to the plasticiser bisphenol A (BPA), an obesogenic and endocrine disruptor from plastic and epoxy resin industries, remains prevalent despite regulatory restriction and food safety efforts. BPA can be 
accumulated in humans and animals, potentially exerting differential health effects based on individual metabolic capacity. This pilot study examines the impact of direct ex vivo BPA exposure on the gut microbiota of 
obese and normal-weight children, using 16S rRNA amplicon sequencing and anaerobic culturing combined methods. Results showed that direct xenobiotic exposure induced modifications in microbial taxa relative 
abundance, community structure, and diversity. Specifically, BPA reduced the abundance of bacteria belonging to the phylum Bacteroidota, while taxa from the phylum Actinomycetota were promoted. Consistently, 
Bacteroides species were classified as sensitive to BPA, whereas bacteria belonging to the class Clostridia were identified as resistant to BPA in our culturomics analysis. Some of the altered bacterial abundance 
patterns were common for both the BPA-exposed groups and the obese non-exposed group in our pilot study. These findings were also corroborated in a larger cohort of children. Future research will be essential to 
evaluate these microbial taxa as potential biomarkers for biomonitoring the effect of BPA and its role as an obesogenic substance in children.

J Xenobiot. 2025 Jan 
17;15(1):14.

10.3390/jox15010014 39846546 ex vivo - - - - - - - - - - 1 0 不明 1 - - - - - - - - - - - - - -

統合_2078 T. C. Lin, K. H. Wang, K. H. Chuang, A. P. Kao 
and T. C. Kuo 2025

Melatonin reverses bisphenol A-
induced toxicity in granulosa cells: 
Restoration of FSHR and connexin 
43 expression

OBJECTIVE: Bisphenol A (BPA) is an estrogen-like endocrine-disrupting chemical commonly found in various daily consumer products. It causes female reproductive disorders by interfering with endocrine signaling. 
Normal folliculogenesis, oocyte maturation, ovulation, and luteal growth/involution rely on the gap junctional intercellular communication between granulosa cells (GCs) and oocytes. Connexin 43 (Cx43) is a key gap 
junction protein in GCs. The expression of Cx43 in GCs is regulated by follicle-stimulating hormone (FSH) at every stage of folliculogenesis. Melatonin, which exerts anti-inflammatory and antioxidative effects, is primarily 
released by the pineal gland and reproductive cells, including GCs. In this study. We investigated the protective role of melatonin against BPA-induced toxicity in GCs. MATERIALS AND METHODS: After controlled ovarian 
stimulation, GCs were collected from patients undergoing in vitro fertilization. To investigate the effect of melatonin on BPA-induced toxicity in GCs, we evaluated biological activity, gene expression, and protein 
expression in GCs treated with melatonin and BPA. RESULTS: BPA downregulated the expression of FSH receptor (FSHR) and inhibited the FSH-induced expression of Cx43 in GCs. It also reduced the proportion of 
FSHR(+)Cx43(+) cells population in GCs (10.2 %-6.3 %). Melatonin treatment in BPA-treated GCs reversed the BPA-induced downregulation of FSHR expression, restored the FSH-induced expression of Cx43, and the 
proportion of FSH-increased FSHR(+)Cx43(+) cells population in GCs (8.6 %-21.3 %). CONCLUSION: Clinical trials in recent years have shown that melatonin could effectively prevent cell damage, and could also affect 
reproductive diseases and pregnancy outcomes. Our results elucidated the mechanisms underlying BPA-induced toxicity in GCs. Melatonin may mitigate the adverse effects of BPA on female reproductive function, which 
are interesting for exploring new targets in the prevention and treatment of reproductive diseases.

Taiwan J Obstet 
Gynecol. 2025 
May;64(3):469-476.

10.1016/j.tjog.2025.02.003 40368516 ex vivo - - - - - - - - - - 1 0 不明 1 - - - - - - - - - - - - - -

統合_2079 N. Li, H. Kang, Z. Peng, H. F. Wang, S. Q. Weng 
and X. H. Zeng 2021

Physiologically detectable bisphenol 
A impairs human sperm functions by 
reducing protein-tyrosine 
phosphorylation

BACKGROUND: Bisphenol A (BPA), a widely used plastic monomer and plasticizer, is detectable in blood, urine and semen of a healthy people, with concentrations ranging from 0.1 nM to 10 nM. It has been shown that in 
vitro exposure of BPA as low as 0.001 nM could significantly inhibited mouse sperm motility and acrosome reaction. However, it is still unclear whether BPA at those physiologically detectable concentration affects 
human sperm. METHODS: The effects of different concentrations of BPA (0, 10(-3), 10(-2), 10(-1), 10, 10(3) nM) on sperm functions were examined, including human sperm viability, kinematic parameters, hyperactivation 
and capacitation. RESULTS: BPA caused a remarkable decline in human sperm viability, motility and progressive motility, hyperactivation, capacitation and progesterone-induced acrosome reaction. Mechanism studies 
showed that BPA could suppress the protein tyrosine phosphorylation level of human sperm, but had no effect on sperm calcium signaling. CONCLUSIONS: Physiologically detectable concentrations of BPA may impair 
human sperm functions via suppressing protein tyrosine phosphorylation of human sperm, implying that environmental pollution of BPA might be a factor contributing to male infertility.

Ecotoxicol Environ Saf. 
2021 Sep 
15:221:112418.

10.1016/j.ecoenv.2021.112418 34146982 ex vivo - - - - - - - - - - 1 0 0、10(-3)、10(-2)、10(-1)、10、10(3) nM 1 - - - - - - - - - - - - - -

統合_2080

M. E. Lebachelier de la Riviere, L. Wu, M. Gayet, 
M. Bousquet, C. Buron, C. Vignault, O. Téteau, 
A. Desmarchais, V. Maillard, S. Uzbekova, F. Gu
érif, M. Lacroix, P. Papillier, P. Jarrier-Gaillard, 
A. Binet and S. Elis

2023
Cumulative and potential synergistic 
effects of seven different bisphenols 
on human granulosa cells in vitro?

Bisphenol (BP) structural analogues of BPA are widely used. Previous studies showed similar effects of BPA and BPS on reproduction in several species including human. We hypothesised that the similar effects of 
several bisphenols (BPs) could accumulate in granulosa cells (GCs) and affects steroidogenesis. This study investigated the effects of seven BP analogues and their equimolar cocktail on human granulosa cells (hGC) 
and assessed BPA, BPS, BPF and BPAF level exposures in the follicular fluid of 277 women undergoing Assisted Reproductive Technology. The hGCs were recovered after women oocyte punctures and treated with the 
seven BP analogues (BPS, BPA, BPAF, BPF, BPAP, BPE and BPB) or their equimolar cocktail of 7 × 1.43 or 7 × 7.14 μM for each of the seven BPs, the sum of BPs reaching 10 ("∑BPs 10 μM"), or 50 μM ("∑BPs 50 μ
M"), respectively. Oestradiol and progesterone secretion, cell proliferation, viability and expression of steroidogenic enzymes were investigated. Progesterone secretion was decreased by 6 BPs 10 μM and the cocktail "
∑BPs 10 μM", (-17.8 to -41.3%) and by all seven BPs 50 μM and "∑BPs 50 μM" (-21.8 to -84.2%). Oestradiol secretion was decreased only by 50 μM BPAF and BPAP (-37.8% and -44%, respectively), with 
corresponding decreases in CYP17A1 and CYP19A1 gene expression. Cellular proliferation was decreased after treatment with 50 μM BPAF (-32.2%), BPAP (-29%), BPB (-24%) and the equimolar cocktail "∑BPs 50 μ
M" (-33.1%). BPB (50 μM) and the cocktail "∑BPs 50 μM" increased HSD3B2 mRNA expression. At least one BP was detected in 64 of 277 (23.1%) women follicular fluids. Similar effects of the seven BPs or their 
cocktail were observed on progesterone secretion and/or on cell proliferation, suggesting cumulative effects of BPs. Our results highlight the urge to consider all BPs simultaneously and to further investigate the potential 
additive or synergistic effects of several BPs.

Environ Pollut Vol.330 
Pages 121818

10.1016/j.envpol.2023.121818 37182577 ex vivo - - - - - - - - - - 1 0 7×1.43 µM - - - - - - - - - - - - - - -

統合_2081 A. J. Khaghani, P. Farrokh and S. Zavareh 2021

Epigenetic effects of Bisphenol A on 
granulosa cells of mouse follicles 
during in vitro culture: An 
experimental study

BACKGROUND: Bisphenol A (BPA), a synthetic endocrine-disrupting chemical, is a reproductive toxicant. Granulosa cells have significant roles in follicle development, and KIT ligand (KITL) and Anti-Müllerian hormone 
(AMH) are essential biomolecules produced by them during folliculogenesis. OBJECTIVE: Due to the widespread use of BPA and its potential epigenetic effects, this study examined the impact of BPA on promoter 
methylation of amh and kitl genes in mouse granulosa cells. MATERIALS AND METHODS: Preantral follicles were isolated from ovaries of immature mice and cultured for eight days. Then, follicles were treated with 50 
and 100 μM of BPA, and 0.01% (v/v) ethanol for 24 and 72 hr. Growth and degeneration of follicles and antrum formation were analyzed. The granulosa cells were isolated mechanically, and their extracted DNA was 
treated with sodium bisulfite. The promoter regions of the amh and kitl were analyzed with PCR and sequencing. RESULTS: BPA did not change follicle survival and antrum formation significantly (p = 0.41). However, the 
culture in the presence of 100 μM BPA had an inhibitory effect on growth. Before BPA treatment, the CpG of the kitl and amh promoters were unmethylated and partially methylated, respectively. While the percent of 5mC 
in the amh promoter reduced at 100 μM of BPA, it did not alter the kitl promoter methylation. CONCLUSION: BPA at higher concentrations has an inhibitory effect on follicle growth. Moreover, it seems that the epigenetic 
impact of BPA restricts to the demethylation of CpG sites.

Int J Reprod Biomed 
Vol.19 Issue 2 Pages 
129-136

10.18502/ijrm.v19i2.8471 33718757 ex vivo - - - - - - - - - - 1 0 50 µMおよび100 µM - - - - - - - - - - - - - - -

統合_2082 Q. Hu 2023
Effects of Astragalus polysaccharide 
to boar sperm on bisphenol A 
exposure

Bisphenol A (BPA) is reported to impair male fertility. The alleviating effect of Astragalus polysaccharide (APS) on sperm oxidative damage caused by BPA exposure was analysed for the first time. In this study, the effect 
of APS (0.25, 0.5, 0.75, 1 mg/mL) on motility of BPA-exposed sperm, energy metabolism indexes, and antioxidant parameters was evaluated. In addition, the effects of APS supplementation on protein tyrosine 
phosphorylation of BPA-exposed sperm were assessed. The results showed that the addition of APS (0.5 and 0.75 mg/mL) significantly increased motility of BPA-exposed sperm by decreasing the content of 
malondialdehyde and improving activities of superoxide dismutase and catalase (p < .05). Administration of different doses of APS to BPA-exposed sperm improved mitochondrial membrane potential and energy production 
(p < .05). Moreover, APS protected and alleviated tyrosine phosphorylation protein on the principal-pieces of BPA-exposed sperm flagella. In conclusion, supplementation with APS enhanced the antioxidant capacity of 
BPA-exposed sperm and improved in vitro capacitation, thereby improving the reproductive capacity of sperm exposed to environmental hormones.

Reprod Domest Anim. 
2023 May;58(5):662-
669.

10.1111/rda.14335 36862053 ex vivo - - - - - - - - - - 1 0 不明 1 - - - - - - - - - - - - - -

統合_2083
T. M. Goncalves, O. L. M. Scandlan, C. B. 
Watson, O. S. Davis, F. K. McIlhargey, R. Sabry 
and L. A. Favetta

2025

Are BPA effects on Connexins and 
key downstream microRNAs in 
bovine COCs correlated to miR-21 
expression?

Endocrine disrupting compounds such as bisphenol A (BPA) negatively affect oocyte maturation and embryo development, while promoting epigenetic changes in miRNAs (miRs), including that of miR-21. miR-21 is an 
integral miR involved in various developmental processes, such as oocyte maturation, granulosa cells function and embryo development. Connexin (Cx) gap junction proteins play an important role in the communication 
among granulosa cells and cumulus cells and are impacted by bisphenols and linked to specific miRs. We hypothesize that miR-21 downregulation and BPA exposure affect Cxs mRNA and downstream miRNAs expression. 
Oocyte maturation was unaffected by miR-21 downregulation, but was significantly decreased (p = 0.0059) following BPA exposure. Also, BPA significantly increased Cx 43 mRNA levels when miR-21 is knocked-down in 
cumulus cells (p = 0.0476). miR-378a, a target of Cx 43 and 37, increased due to BPA and combination treatment in denuded oocytes (p = 0.0349) and cumulus cells (p = 0.0177). miR-96, a Cx 26 target, displayed a 
significant decrease in all samples following BPA exposure, in a miR-21 independent manner (p < 0.05). These data strengthen previous evidence of a strict relationship among BPA, miR-21 and especially Cx 43 and miR-
378a. Further investigations are worthy in elucidating these interactions and their response to BPA exposure during early development.

Reprod Biol. 2025 
Jun;25(2):101026.

10.1016/j.repbio.2025.101026 40398114 ex vivo - - - - - - - - - - 1 0 不明 1 - - - - - - - - - - - - - -

統合_2084 C. A. Gély, M. Z. Lacroix, M. Morin, C. Vayssière, 
V. Gayrard and N. Picard-Hagen 2021

Comparison of the materno-fetal 
transfer of fifteen structurally 
related bisphenol analogues using 
an ex vivo human placental 
perfusion model

Regulatory measures and public concerns regarding bisphenol A (BPA) have led to its replacement by a variety of alternatives in consumer products. Due to their structural similarity to BPA, these alternatives are under 
surveillance, however, for potential endocrine disruption. Understanding the materno-fetal transfer of these BPA-related alternatives across the placenta is therefore crucial to assess prenatal exposure risks. The 
objective of the study was to assess and compare the placental transfer of a set of 15 selected bisphenols (BPs) (BP 4-4, BPA, BPAF, BPAP, 3-3 BPA, BPB, BPBP, BPC, BPE, BPF, BPFL, BPM, BPP, BPS and BPZ) using 
the ex vivo human placental perfusion model. The UHPLC-MS/MS method for simultaneous quantification of these BPs in perfusion media, within a concentration range of 0.003-5 μM, was able to measure placenta 
transfer rates as low as 0.6%-4%. Despite their structural similarities, these BPs differed greatly in placental transport efficiency. The placental transfer rates of BP4-4, BPAP, BPE, BPF, 3-3BPA, BPB, BPA were similar 
to that of antipyrine, indicating that their main transport mechanism was passive diffusion. By contrast, the placental transfer rates of BPFL and BPS were very limited, and intermediate for BPBP, BPZ, BPC, BPM, BPP 
and BPAF, suggesting weak diffusional permeability and/or that their passage might involve efflux transport. These placental transfer data will be particularly useful for predicting the fetal exposure of this important class 
of emerging contaminants.

Chemosphere Vol.276 
Pages 130213

10.1016/j.chemosphere.2021.1302
13

34088095 ex vivo - - - - - - - - - - 0 0 0.003〜5 µM - - - - - - - - - - - - - - -

統合_2085
V. Gayrard, C. Viguie, N. Cabaton, E. Person, D. 
Zalko, F. Grandin, A. Berrebi, D. Metsu, P. L. 
Toutain and N. Picard-Hagen

2023

Importance of relative binding of 
bisphenol A and bisphenol S to 
plasma proteins for predicting their 
in vivo potencies

Many studies suggest that the potential impact of bisphenol S (BPS) as an endocrine disruptor is comparable to that of bisphenol A (BPA). However, in vitro-to-in vivo and from animal to human extrapolations require 
knowledge of the plasma free fraction of the active endocrine compounds. The present study aimed to characterise BPA and BPS binding to plasma proteins both in humans and different animal species. The plasma 
protein binding of BPA and BPS was assessed by equilibrium dialysis in plasma from adult female mice, rats, monkeys, early and late pregnant women as well as paired cord blood, early and late pregnant sheep and foetal 
sheep. The fraction of free BPA was independent of plasma concentrations and ranged between 4% and 7% in adults. This fraction was 2 to 3.5 times lower than that of BPS in all species except sheep, ranging from 3% to 
20%. Plasma binding of BPA and BPS was not affected by the stage of pregnancy, BPA and BPS free fractions representing about 4% and 9% during early and late human pregnancy, respectively. These fractions were 
lower than the free fractions of BPA (7%) and BPS (12%) in cord blood. Our results suggest that similarly to BPA, BPS is extensively bound to proteins, mainly albumin. The higher fraction of free BPS compared to BPA may 
have implications for human exposure assessment since BPS free plasma concentrations are expected to be 2 to 3.5 times higher than that of BPA for similar plasma concentration.

Toxicol Appl Pharmacol. 
2023 May 1:466:116477.

10.1016/j.taap.2023.116477 36940861 ex vivo - - - - - - - - - - 1 0 不明 1 - - - - - - - - - - - - - -

統合_2086 M. Dutta and G. Paul 2019

Gallic acid protects rat liver 
mitochondria ex vivo from bisphenol 
A induced oxidative stress mediated 
damages

Humans are often exposed to bisphenol A (BPA), the monomer of polycarbonate plastics and epoxy resins, through BPA contaminated drinking water, beverages and foods, packaged in polycarbonate plastic bottles and 
cans coated with epoxy resins due to leaching. Several research groups have reported that BPA may cause damage of mitochondria in liver, kidney, heart and brain cells by inducing oxidative stress. The antioxidant 
efficacy of gallic acid (GA), a polyphenol compound obtained from plants, against different toxicants induced oxidative stress has been well established. The aim of the present study was to examine the protective efficacy 
of GA against BPA induced oxidative damages of the rat liver mitochondria ex vivo. In our study, we have found a significant decrease in the intactness of mitochondria; a significant increase (P ≤ 0.001) in the levels of lipid 
peroxidation end product (i.e. malondialdehyde) and protein carbonylation product; and also a significant decrease (P ≤ 0.001) in the reduced glutathione content; when mitochondria were incubated with BPA (160 μM/ml) 
only. These results indicate that BPA probably causes damage to the cellular macromolecules through oxidative stress. We have observed significant counteractions (P ≤ 0.001) against BPA induced alterations in 
mitochondrial intactness, lipid peroxidation and protein carbonylation products formation and reduced glutathione content when mitochondria were incubated with BPA and GA (20 μg/ml/ 40 μg/ml/ 80 μg/ml) in 
combination in a dose-dependent manner. Gallic acid also showed significant restorations (P ≤ 0.001) of the activities of antioxidant enzymes, Krebs cycle enzymes, respiratory chain enzymes and thiolase when 
mitochondria were incubated with BPA and dosage of GA (20 μg/ml/ 40 μg/ml/ 80 μg/ml) in combination compared to BPA incubated mitochondria. Furthermore, GA significantly (P ≤ 0.001) counteracted the BPA 
induced decrease in tryptophan and NADH auto-fluroscence levels in mitochondria. This result suggests that GA protects the mitochondria probably by reducing the oxidative stress. Besides, GA protects the 
mitochondrial surface from BPA induced oxidative damages as viewed under the scanning electron microscope. Considering all the results, it can be concluded that GA shows potent efficacy in protecting the rat liver 
mitochondria ex vivo from BPA induced oxidative stress mediated damages.

Toxicol Rep Vol.6 Pages 
578-589

10.1016/j.toxrep.2019.06.011 31293903 ex vivo - - - - - - - - - - 1 0 160 µM/ml - - - - - - - - - - - - - - -

統合_2087 M. Drouault, M. Rouge, V. Hanoux, V. Séguin, D. 
Garon, H. Bouraïma-Lelong and C. Delalande 2023

Ex vivo effects of bisphenol A or 
zearalenone on the prepubertal rat 
testis

Bisphenol A (BPA) and zearalenone (ZEA) are two widespread xenoestrogens involved in male reproductive disorders. Few studies investigated the effects of these compounds on the prepubertal testis, which is highly 
sensitive to endocrine disruptors such as xenoestrogens. An ex vivo approach was performed to evaluate the effects of BPA or ZEA (10(-11), 10(-9), 10(-6) M) on the testes of 20 and 25 dpp rats. To investigate the 
involvement of classical nuclear ER-mediated estrogen signaling in these effects, pre-incubation with an antagonist (ICI 182.780 10(-6) M) was performed. BPA and ZEA have similar effects on spermatogenesis- and 
steroidogenesis-related endpoints in the immature testis, but our study highlights different age-dependent patterns of sensitivity to each compound during the prepubertal period. Moreover, our results indicate that the 
effects of BPA are likely to be induced by nuclear ER, whereas those of ZEA appear to involve other mechanisms.

Environ Toxicol 
Pharmacol. 2023 
Aug:101:104203.

10.1016/j.etap.2023.104203 37394082 ex vivo - - - - - - - - - - 1 0 10（-11）、10（-9）、10（-6）M 1 - - - - - - - - - - - - - -

統合_2088 L. M. Daian, G. Tanko, A. M. Vacaru, L. Ghila, S. 
Chera and A. M. Vacaru 2023

Modulation of Unfolded Protein 
Response Restores Survival and 
Function of β-Cells Exposed to the 
Endocrine Disruptor Bisphenol A

Diabetes is a metabolic disease that currently affects nearly half a billion people worldwide. β-cells dysfunction is one of the main causes of diabetes. Exposure to endocrine-disrupting chemicals is correlated with 
increased diabetes incidence. We hypothesized that treatment with bisphenol A (BPA) induces endoplasmic reticulum (ER) stress that activates the unfolded protein response (UPR), leading to impaired function of the β-
cells, which over time, can cause diabetes. In this study, we aimed to evaluate UPR pathways activation under BPA treatment in β-cells and possible recovery of ER homeostasis. MIN6 cells (mouse insulinoma cell line) 
and isolated pancreatic islets from NOR (non-obese diabetes resistant) mice were treated with BPA. We analyzed the impact of BPA on β-cell viability, the architecture of the early secretory pathway, the synthesis and 
processing of insulin and the activation of UPR sensors and effectors. We found that the addition of the chemical chaperone TUDCA rescues the deleterious effects of BPA, resulting in improved viability, morphology and 
function of the β-cells. In conclusion, we propose that modulators of UPR can be used as therapeutic interventions targeted towards regaining β-cells homeostasis.

Int J Mol Sci. 2023 Jan 
19;24(3):2023.

10.3390/ijms24032023 36768343 ex vivo - - - - - - - - - - 1 0 不明 1 - - - - - - - - - - - - - -

統合_2089 H. E. Costa, M. Lorigo and E. Cairrao 2025
Bisphenol A Exposure Modifies the 
Vasoactive Response of the Middle 
Cerebral Artery

Bisphenol A (BPA) is the most used widely synthetic compound for the manufacture of polycarbonate plastics and epoxy resins produced worldwide. Given its androgenic and estrogenic activities, BPA is an endocrine 
disruptor that is linked to neurological and vascular outcomes, including strokes. Therefore, this study aims to investigate the mechanisms by which a 24 h exposure to BPA (0.002-20 μM) modifies the contractile 
function of rat middle cerebral artery (MCA) smooth muscle cells (SMCs). Thus, MCA explants were isolated from Wistar rats, and the SMC-MCA vasoactive response was assessed using planar cell surface area, while 
the gene expression of proteins and ion channel subunits involved in the MCA vasoactive response was evaluated by real-time quantitative PCR. The exposure to BPA (0.02 and 2 μM) decreased the noradrenaline (NA) 
vasocontractile response and sodium nitroprusside (SNP) vasorelaxant response. Moreover, exposure to BPA (0.02 and 2 μM) increased the gene expression of the soluble guanyl cyclase protein and the large 
conductance Ca(2+)-activated K(+) channels (1.1 α-subunit). These results suggest an impairment of the SMC-MCA vasoactive response induced by intermediate BPA concentrations, an effect not attained for the 
lowest or highest exposure concentrations (non-monotonic inverted U-shaped response). In summary, these findings suggest that BPA exposure modifies MCA vascular homeostasis by interfering with the nitric oxide 
(NO) pathway and may, thus, be involved in ischemic stroke development.

Int J Mol Sci Vol.26 
Issue 8

10.3390/ijms26083896 40332806 ex vivo - - - - - - - - - - 1 0 0.02 µMおよび2 µM - - - - - - - - - - - - - - -
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め、信頼性評価段階で原著に基づき精査。

引⽤評価機関
●：該当

統合_2090 D. Celar Šturm, T. Režen, N. Jančar and I. Virant-
Klun 2025

Bisphenol a Disrupts 
Steroidogenesis and Induces 
Apoptosis in Human Granulosa Cells 
Cultured In Vitro

Bisphenol A (BPA) is a common synthetic chemical compound classified as an endocrine disruptor. It affects multiple physiological systems in the body, including the female reproductive system, particularly granulosa 
cells (GCs) in the ovaries, where steroidogenesis occurs. This study investigated the impact of various BPA concentrations (environmentally relevant concentrations of 0.001 µM and 0.1 µM and toxicological concentration 
of 100 µM) and exposure times (24 and 72 h) on cell viability and counts and in vitro production of estradiol and progesterone in human GCs collected from waste follicular fluid of IVF patients. Gene expression analysis of 
182 genes associated with steroidogenesis and apoptosis was performed in GCs using PCR arrays, followed by protein expression analysis by Western blot. Our results demonstrate that after longer BPA exposure (72 h), 
a higher concentration of BPA (100 µM) negatively affects the cellular viability and counts and significantly alters steroid hormone biosynthesis in vitro, leading to reduced concentrations of estradiol and progesterone in 
the culture medium. We found that all BPA concentrations altered the expression of different steroidogenesis- and apoptosis-related genes in GCs. At 0.001 μM, BPA exposure decreased the expression of TRIM25, 
UGT2B15, CASP3, and RPS6KA3 genes and increased the expression of NR6A1 and PPID genes. At 0.1 μM, BPA increased the expression of AR, HSD3B1, BID, IKBKG, and PPID genes while reducing the expression of 
TRIM25 and CASP3 genes. At the highest concentration of 100 μM, BPA upregulated the expression of AR, GPER30, BID, IKBKG, and PPID genes and downregulated the expression of FOXO1 and UGT2B15 genes. These 
results highlight BPA's concentration-specific effects on steroidogenesis and apoptosis and show its potential to compromise GC function, with possible negative implications for female fertility and ovarian health, even 
at environmentally relevant concentrations.

Int J Mol Sci. 2025 Apr 
25;26(9):4081.

10.3390/ijms26094081 40362320 ex vivo - - - - - - - - - - 1 0 0.001 µMおよび0.1 µM、毒性濃度100 µM 1 - - - - - - - - - - - - - -

統合_2091
G. A. Altamirano, A. L. Gomez, G. Schierano-
Marotti, M. Muñoz-de-Toro, H. A. Rodriguez and 
L. Kass

2020

Bisphenol A and benzophenone-3 
exposure alters milk protein 
expression and its transcriptional 
regulation during functional 
differentiation of the mammary 
gland in vitro

The plastic monomer and plasticizer bisphenol A (BPA), and the UV-filter benzophenone-3 (BP3) have been shown to have estrogenic activities that could alter mammary gland development. Our aim was to analyze 
whether BPA or BP3 direct exposure affects the functional differentiation of the mammary gland using an in vitro model. Mammary organoids were obtained and isolated from 8 week-old virgin female C57BL/6 mice and 
were differentiated on Matrigel with medium containing lactogenic hormones and exposed to: a) vehicle (0.01% ethanol); b) 1 × 10(-9) M or 1 × 10(-6) M BPA; or c) 1 × 10(-12) M, 1 × 10(-9) M or 1 × 10(-6) M BP3 for 
72 h. The mRNA and protein expression of estrogen receptor alpha (ESR1) and progesterone receptor (PR) were assessed. In addition, mRNA levels of PR-B isoform, glucocorticoid receptor (GR), prolactin receptor (PRLR) 
and Stat5a, and protein expression of pStat5a/b were evaluated at 72 h. The mRNA and protein expression of milk proteins and their DNA methylation status were also analyzed. Although mRNA level of PRLR and GR was 
similar between treatments, mRNA expression of ESR1, total PR, PR-B and Stat5a was increased in organoids exposed to 1 × 10(-9) M BPA and 1 × 10(-12) M BP3. Total PR expression was also increased with 1 × 10(-
6) M BPA. Nuclear ESR1 and PR expression was observed in all treated organoids; whereas nuclear pStat5a/b alveolar cells was observed only in organoids exposed to 1 × 10(-9) M BPA and 1 × 10(-12) M BP3. The 
beta-casein mRNA level was increased in both BPA concentrations and 1 × 10(-12) M BP3, which was associated with hypomethylation of its promoter. The beta-casein protein expression was only increased with 1 × 
10(-9) M BPA or 1 × 10(-12) M BP3. In contrast, BPA exposure decreased alpha-lactalbumin mRNA expression and increased DNA methylation level in different methylation-sensitive sites of the gene. Also, 1 × 10(-9) M 
BPA decreased alpha-lactalbumin protein expression. Our results demonstrate that BPA or BP3 exposure alters milk protein synthesis and its transcriptional regulation during mammary gland differentiation in vitro.

Environ Res. 2020 
Dec:191:110185.

10.1016/j.envres.2020.110185 32946892 ex vivo - - - - - - - - - - 1 0  1×10（-9）Mまたは1×10（-6）M 1 - - - - - - - - - - - - - -

統合_2092 Y. Zheng, J. Fan and X. Jiang 2023
The role of ferroptosis-related genes 
in airway epithelial cells of asthmatic 
patients based on bioinformatics

It has been reported that airway epithelial cells and ferroptosis have certain effect on asthma. However, the action mechanism of ferroptosis-related genes in airway epithelial cells of asthmatic patients is still unclear. 
Firstly, the study downloaded the GSE43696 training set, GSE63142 validation set and GSE164119 (miRNA) dataset from the gene expression omnibus database. 342 ferroptosis-related genes were downloaded from the 
ferroptosis database. Moreover, differentially expressed genes (DEGs) between asthma and control samples in the GSE43696 dataset were screened by differential analysis. Consensus clustering analysis was performed 
on asthma patients to classify clusters, and differential analysis was performed on clusters to obtain inter-cluster DEGs. Asthma-related module was screened by weighted gene co-expression network analysis. Then, 
DEGs between asthma and control samples, inter-cluster DEGs and asthma-related module were subjected to venn analysis for obtaining candidate genes. The last absolute shrinkage and selection operator and support 
vector machines were respectively applied to the candidate genes to screen for feature genes, and functional enrichment analysis was performed. Finally, a competition endogenetic RNA network was constructed and 
drug sensitivity analysis was conducted. There were 438 DEGs (183 up-regulated and 255 down-regulated) between asthma and control samples. 359 inter-cluster DEGs (158 up-regulated and 201 down-regulated) were 
obtained by screening. Then, the black module was significantly and strongly correlated with asthma. The venn analysis yielded 88 candidate genes. 9 feature genes (NAV3, ITGA10, SYT4, NOX1, SNTG2, RNF182, UPK1B, 
POSTN, SHISA2) were screened and they were involved in proteasome, dopaminergic synapse etc. Besides, 4 mRNAs, 5 miRNAs, and 2 lncRNAs collectively formed competition endogenetic RNA regulatory network, which 
included RNF182-hsa-miR-455-3p-LINC00319 and so on. The predicted therapeutic drug network map contained NAV3-bisphenol A and other relationship pairs. The study investigated the potential molecular mechanisms 
of NAV3, ITGA10, SYT4, NOX1, SNTG2, RNF182, UPK1B, POSTN, SHISA2 in airway epithelial cells of asthmatic patients through bioinformatics analysis, providing a reference for the research of asthma and ferroptosis.

Medicine (Baltimore) 
Vol.102 Issue 9 Pages 
e33119

10.1097/md.0000000000033119 36862916 in silico - - - - - - - - - - - - - - - - - - - - - - - - - - - -

統合_2093 Y. Zhao, X. Zhang, Z. Zhang, W. Huang, M. 
Tang, G. Du and Y. Qin 2024

Hepatic toxicity prediction of 
bisphenol analogs by machine 
learning strategy

Toxicological studies have demonstrated the hepatic toxicity of several bisphenol analogs (BPs), a prevalent type of endocrine disruptor. The development of Adverse Outcome Pathway (AOP) has substantially contributed 
to the rapid risk assessment for human health. However, the lack of in vitro and in vivo data for the emerging BPs has limited the hazard assessment of these synthetic chemicals. Here, we aimed to develop a new 
strategy to rapidly predict BPs' hepatotoxicity using network analysis coupled with machine learning models. Considering the structural and functional similarities shared by BPs with Bisphenol A (BPA), we first integrated 
hepatic disease related genes from multiple databases into BPA-Gene-Phenotype-hepatic toxicity network and subjected it to the computational AOP (cAOP). Through cAOP network and conventional machine learning 
approaches, we scored the hepatotoxicity of 20 emerging BPs and provided new insights into how BPs' structure features contributed to biologic functions with limited experimental data. Additionally, we assessed the 
interactions between emerging BPs and ESR1 using molecular docking and proposed an AOP framework wherein ESR1 was a molecular initiating event. Overall, our study provides a computational approach to predict the 
hepatotoxicity of emerging BPs.

Sci Total Environ 
Vol.934 Pages 173420

10.1016/j.scitotenv.2024.173420 38777049 in silico - - - - - - - - - - - - - - - - - - - - - - - - - - - -

統合_2094 Y. Zhang, S. Qazi and K. Raza 2021

Differential expression analysis in 
ovarian cancer: A functional 
genomics and systems biology 
approach

BACKGROUND: Ovarian cancer is one of the rarest lethal oncologic diseases that have hardly any specific biomarkers. The availability of high-throughput genomic data and advancement in bioinformatics tools allow us to 
predict gene biomarkers and apply systems biology approaches to get better diagnosis, and prognosis of the disease with a tentative drug that may be repurposed. OBJECTIVE: To perform genome-wide association 
studies using microarray gene expression of ovarian cancer and identify gene biomarkers, construction and analyze networks, perform survival analysis, and drug interaction studies for better diagnosis, prognosis, and 
treatment of ovarian cancer. METHOD: The gene expression profiles of both healthy and serous ovarian cancer epithelial samples were considered. We applied a series of bioinformatics methods and tools, including fold-
change statistics for differential expression analysis, DisGeNET and NCBI-Gene databases for gene-disease association mapping, DAVID 6.8 for GO enrichment analysis, GeneMANIA for network construction, Cytoscape 
3.8 with its plugins for network visualization, analysis, and module detection, the UALCAN for patient survival analysis, and PubChem, DrugBank and DGIdb for gene-drug interaction. RESULTS: We identified 8 seed genes 
that were subjected for drug-gene interaction studies. Because of over-expression in all the four stages of ovarian cancer, we discern that genes HMGA1 and PSAT1 are potential therapeutic biomarkers for its diagnosis 
at an early stage (stage I). Our analysis suggests that there are 11 drugs common in the seed genes. However, hypermethylated seed genes HMGA1 and PSAT1 showcased a good interaction affinity with drugs cisplatin, 
cyclosporin, bisphenol A, progesterone, and sunitinib, and are crucial in the proliferation of ovarian cancer. CONCLUSION: Our study reveals that HMGA1 and PSAT1 can be deployed for initial screening of ovarian cancer 
and drugs cisplatin, bisphenol A, cyclosporin, progesterone, and sunitinib are effective in curbing the epigenetic alteration.

Saudi J Biol Sci Vol.28 
Issue 7 Pages 4069-
4081

10.1016/j.sjbs.2021.04.022 34220265 in silico - - - - - - - - - - - - - - - - - - - - - - - - - - - -

統合_2095 Y. Zhang, S. Lu, Y. Dong and J. Shang 2025

Unveiling the impact of bisphenol a 
exposure on gene expression and 
immune response in diabetic 
nephropathy through integrative 
toxicogenomics and molecular 
dynamics approaches

BACKGROUND: Bisphenol A (BPA) exposure has been implicated in various health issues, including diabetic nephropathy (DN). Understanding the molecular mechanisms underlying BPA-induced DN is crucial for 
developing effective therapeutic strategies. METHODS: We analyzed the dataset GSE96804 to identify differentially expressed genes (DEGs) associated with DN. We intersected these with BPA-related toxicity targets 
from the Comparative Toxicogenomics Database. Enrichment analyses were performed to elucidate the functional implications of these genes, and machine learning models (LASSO, RF, SVM-RFE) were employed to 
identify key feature genes. Immune cell infiltration and immune-related pathways were analyzed using the ssGSEA algorithm, and molecular docking simulations were conducted to explore interactions between BPA and 
key proteins. RESULTS: Our findings revealed significant enrichment of BPA-related DEGs in critical pathways such as the AGE-RAGE signaling pathway, diabetic cardiomyopathy, and the renin-angiotensin system. 
Machine learning identified four key genes (ALB, CTSD, GAS6, VDAC1) consistently associated with BPA exposure and DN. Immune cell infiltration analysis indicated altered immune microenvironments in DN, with 
significant correlations between feature gene expression and immune cell types. Molecular docking and dynamics simulations demonstrated stable interactions between BPA and ALB, highlighting specific amino acid 
residues critical for binding. CONCLUSION: This study underscores the significant impact of BPA on gene expression and immune responses in DN. The identified key genes and their interactions with BPA provide 
valuable insights into the pathophysiological mechanisms of BPA-induced DN, paving the way for future research and potential therapeutic interventions.

Diabetol Metab Syndr 
Vol.17 Issue 1 Pages 
340

10.1186/s13098-025-01874-7 40826470 in silico - - - - - - - - - - - - - - - - - - - - - - - - - - - -

統合_2096 L. Zhang, L. Tian, B. Liang, L. Wang, S. Huang, 
Y. Zhou, M. Ni, L. Zhang, Y. Li, J. Chen and X. Li 2024

Construction of an adverse outcome 
pathway for the cardiac toxicity of 
bisphenol a by using bioinformatics 
analysis

Bisphenol A (BPA), a common endocrine disruptor, has shown cardiovascular toxicity in several epidemiological studies, as well as in vivo and in vitro experimental studies. However, the related adverse outcome pathway 
(AOP) of BPA toxicity remains unraveled. This study aimed to develop an AOP for the cardiac toxicity of BPA through bioinformatics analysis. The interactions among BPA, genes, phenotypes, and cardiac toxicity were 
retrieved from several databases, including the Comparative Toxicogenomics Database, Computational Toxicology, DisGeNet, and MalaCards. The target genes and part of target phenotypes were obtained by Venn 
analysis and literature screening. Gene Ontology and Kyoto Encyclopedia of Genes and Genomes enrichment analysis were performed for target genes by using the DAVID online analysis tool to obtain other target 
phenotypes. AOP hypotheses from BPA exposure to heart disease were established and evaluated comprehensively by a quantitative weight of evidence (QWOE) method. The target genes included ESR2, MAPK1, TGFB1, 
and ESR1, and the target phenotypes included heart contraction, cardiac muscle contraction, cellular Ca(2+) homeostasis, cellular metabolic process, heart development, etc. Overall, the AOP of BPA cardiac toxicity was 
deduced to be as follows. Initially, BPA bound with ERα/β and then activated the MAPK, AKT, and IL-17 signaling pathways, leading to Ca(2+) homeostasis disorder and increased inflammatory response. Subsequently, 
cardiac function was impaired, causing coronary heart disease, arrhythmia, cardiac dysplasia, and other heart diseases. According to the Bradford-Hill causal considerations, the score of AOP by QWOE was 69, 
demonstrating a moderate confidence and providing clues on cardiotoxicity-assessment procedure and further studies on BPA.

Toxicology Vol.509 
Pages 153955

10.1016/j.tox.2024.153955 39303899 in silico - - - - - - - - - - - - - - - - - - - - - - - - - - - -

統合_2097 J. Zhang, H. Jie, Q. Mai, L. Chen and C. Zhou 2025

Identification and Validation of 
Genes Involved in Energy 
Metabolism in Polycystic Ovary 
Syndrome

BACKGROUND: Metabolic dysregulation plays a critical role in polycystic ovary syndrome (PCOS), yet the involvement of energy metabolism-related genes (ERGs) remains incompletely understood. This study employs 
integrative bioinformatics and experimental validation to identify key ERGs as potential biomarkers and therapeutic targets in PCOS. OBJECTIVES: This study aimed to screen and validate ERGs associated with PCOS by 
integrating gene expression datasets (GSE34526 and GSE193123) and to explore their molecular mechanisms and therapeutic implications. MATERIALS AND METHODS: Differentially expressed genes (DEGs) were 
identified from two GEO datasets and intersected with ERGs from the Reactome database. Functional enrichment, subcellular localization, transcriptional and post-transcriptional regulatory networks, and drug prediction 
analyses were performed. Clinical validation of candidate biomarkers was conducted using RT-qPCR on granulosa cells from PCOS patients and controls. RESULTS: A total of 159 common DEGs were identified, including 
three key biomarkers: CD44 (upregulated), HS2ST1, and GPC4 (downregulated). CD44 was localized primarily to the plasma membrane, while HS2ST1 and GPC4 were localized to the Golgi apparatus and nucleus/plasma 
membrane, respectively. Regulatory network analyses revealed multiple transcription factors, kinases, and miRNAs associated with these biomarkers. Drug prediction identified bisphenol A as a compound linked to all 
three genes. RT-qPCR confirmed significant upregulation of CD44 in clinical PCOS samples (P<0.05). CONCLUSION: This study identifies and validates three ERG-associated biomarkers with potential diagnostic and 
therapeutic utility in PCOS. The integration of bioinformatics and clinical validation underscores the translational relevance of these findings for advancing biotechnological applications in PCOS management.

Iran J Biotechnol Vol.23 
Issue 2 Pages e4102

10.30498/ijb.2025.514574.4102 40860051 in silico - - - - - - - - - - - - - - - - - - - - - - - - - - - -

統合_2098 A. Zahra, M. Hall, J. Chatterjee, C. Sisu and E. 
Karteris 2022

In Silico Study to Predict the 
Structural and Functional 
Consequences of SNPs on 
Biomarkers of Ovarian Cancer (OC) 
and BPA Exposure-Associated OC

BACKGROUND: Recently, we have shown that seven genes, namely GBP5, IRS2, KRT4, LINCOO707, MRPL55, RRS1 and SLC4A11, have prognostic power for the overall survival in ovarian cancer (OC). METHODS: We 
present an analysis on the association of these genes with any phenotypes and mutations indicative of involvement in female cancers and predict the structural and functional consequences of those SNPS using in silico 
tools. RESULTS: These seven genes present with 976 SNPs/mutations that are associated with human cancers, out of which 284 related to female cancers. We have then analysed the mutation impact on amino acid 
polarity, charge and water affinity, leading to the identification of 30 mutations in gynaecological cancers where amino acid (aa) changes lead to opposite polarity, charges and water affinity. Out of these 30 mutations 
identified, only a missense mutation (i.e., R831C/R804C in uterine corpus endometrial carcinomas, UCEC) was suggestive of structural damage on the SLC4A11 protein. CONCLUSIONS: We demonstrate that the 
R831C/R804C mutation is deleterious and the predicted ΔΔG values suggest that the mutation reduces the stability of the protein. Future in vitro studies should provide further insight into the role of this transporter 
protein in UCEC.

Int J Mol Sci Vol.23 
Issue 3

10.3390/ijms23031725 35163645 in silico - - - - - - - - - - - - - - - - - - - - - - - - - - - -

統合_2099 A. Zahra, Q. Dong, M. Hall, J. Jeyaneethi, E. 
Silva, E. Karteris and C. Sisu 2021

Identification of Potential Bisphenol 
A (BPA) Exposure Biomarkers in 
Ovarian Cancer

Endocrine-disrupting chemicals (EDCs) can exert multiple deleterious effects and have been implicated in carcinogenesis. The xenoestrogen Bisphenol A (BPA) that is found in various consumer products has been 
involved in the dysregulation of numerous signalling pathways. In this paper, we present the analysis of a set of 94 genes that have been shown to be dysregulated in presence of BPA in ovarian cancer cell lines since we 
hypothesised that these genes might be of biomarker potential. This study sought to identify biomarkers of disease and biomarkers of disease-associated exposure. In silico analyses took place using gene expression 
data extracted from The Cancer Genome Atlas (TCGA) and the Genotype-Tissue Expression (GTEx) databases. Differential expression was further validated at protein level using immunohistochemistry on an ovarian 
cancer tissue microarray. We found that 14 out of 94 genes are solely dysregulated in the presence of BPA, while the remaining 80 genes are already dysregulated (p-value < 0.05) in their expression pattern as a 
consequence of the disease. We also found that seven genes have prognostic power for the overall survival in OC in relation to their expression levels. Out of these seven genes, Keratin 4 (KRT4) appears to be a 
biomarker of exposure-associated ovarian cancer, whereas Guanylate Binding Protein 5 (GBP5), long intergenic non-protein coding RNA 707 (LINC00707) and Solute Carrier Family 4 Member 11 (SLC4A11) are biomarkers 
of disease. BPA can exert a plethora of effects that can be tissue- or cancer-specific. Our in silico findings generate a hypothesis around biomarkers of disease and exposure that could potentially inform regulation and 
policy making.

J Clin Med Vol.10 Issue 
9

10.3390/jcm10091979 34062972 in silico - - - - - - - - - - - - - - - - - - - - - - - - - - - -

統合_2100 H. Yu, M. Yu, Z. Li, E. Zhang and H. Ma 2022
Identification and analysis of 
mitochondria-related key genes of 
heart failure

Mitochondria-induced cell death is a vital mechanism of heart failure (HF). Thus, identification of mitochondria-related genes (Mito-RGs) based on transcriptome sequencing data of HF might provide novel diagnostic 
markers and therapeutic targets for HF. First, bioinformatics analysis was conducted on the GSE57338, GSE76701, GSE136547, and GSE77399 datasets in the Gene Expression Omnibus. Next, we analyzed HF-Mito 
differentially expressed genes (DEGs) using the protein-protein interaction (PPI) network for obtaining critical genes and exploring their functions. Subsequently, immune cell scores of the HF and normal groups were 
compared. The potential alteration mechanisms of the key genes were investigated by constructing a competing endogenous RNA network. Finally, we predicted potential therapeutic agents and validated the expression 
levels of the key genes. Twenty-three HF-Mito DEGs were acquired in the GSE57338 dataset, and the PPI network obtained four key genes, including IFIT3, XAF1, RSAD2, and MX1. According to gene set enrichment 
analysis, the key genes showed high enrichment in myogenesis and hypoxia. Immune cell analysis demonstrated that aDCs, B cells, and 20 other immune cell types varied between the HF and normal groups. Moreover, we 
observed that H19 might affect the expression of IFIT3, AXF1, and RSAD2. PCGEM1 might regulate RSAD2 expression. A total of 515 potential therapeutic drugs targeting the key genes, such as tretinoin, silicon dioxide, 
and bisphenol A, were acquired. Finally, IFIT3, RSAD2, and MX1 expression increased in HF samples compared with normal samples in the GSE76701 dataset, conforming to the GSE57338 dataset analysis. This work 
screened four key genes, namely, IFIT3, XAF1, RSAD2, and MX1, which can be further explored in subsequent studies for their specific molecular mechanisms in HF.

J Transl Med Vol.20 
Issue 1 Pages 410

10.1186/s12967-022-03605-2 36071497 in silico - - - - - - - - - - - - - - - - - - - - - - - - - - - -

統合_2101 T. Yao, J. Luo, X. Han, H. Yi, H. Zhang, W. Pan, 
Q. Xue, X. Liu, J. Fu and A. Zhang 2025

From Nuclear Receptors to GPCRs: a 
Deep Transfer Learning Approach 
for Enhanced Environmental 
Estrogen Recognition

Environmental estrogens (EEs), as typical endocrine-disrupting chemicals (EDCs), can bind to classic estrogen receptors (ERs) to induce genomic effects, as well as to G protein-coupled estrogen receptor (GPER) 
located on the membrane, thereby inducing downstream nongenomic effects rapidly. However, due to the relatively scarce ligand data, receptor-based or ligand-based screening models for GPER are challenging. Inspired 
by functional similarity between GPER and ER, this study constructs a deep transfer learning model named GPNET to predict potential GPER-binding ligands by using three-dimensional (3D) molecular surface 
electrostatic potential point clouds (SepPC) as input. The model retains a part of molecular structural knowledge learned from the ER ligands and then trains the remaining parameters of the model using the GPER 
ligands, ultimately obtaining the GPNET model, which effectively predicts the binding activity of compounds with GPER. GPNET outperforms From Scratch (nontransfer) model on the small data set, achieving the area 
under the receiver operating characteristic (ROC) curve (AUC(ROC)) of 0.898 on the validation set and 0.863 on the test set, respectively. Furthermore, by visualizing the critical points and extracting the features from 
activation points of active ligands, the study provides a more in-depth interpretation of the molecular mechanism of two bisphenol A (BPA) alternatives binding to GPER.

Environ Sci Technol 
Vol.59 Issue 21 Pages 
10323-10333

10.1021/acs.est.5c02014 40306980 in silico - - - - - - - - - - - - - - - - - - - - - - - - - - - -

統合_2102 Z. Yang, L. Wang, Y. Yang, X. Pang, Y. Sun, Y. 
Liang and H. Cao 2024

Screening of the Antagonistic 
Activity of Potential Bisphenol A 
Alternatives toward the Androgen 
Receptor Using Machine Learning 
and Molecular Dynamics Simulation

Over the past few decades, extensive research has indicated that exposure to bisphenol A (BPA) increases the health risks in humans. Toxicological studies have demonstrated that BPA can bind to the androgen receptor 
(AR), resulting in endocrine-disrupting effects. In recent investigations, many alternatives to BPA have been detected in various environmental media as major pollutants. However, related experimental evaluations of BPA 
alternatives have not been systematically implemented for the assessment of chemical safety and the effects of structural characteristics on the antagonistic activity of the AR. To promote the green development of BPA 
alternatives, high-throughput toxicological screening is fundamental for prioritizing chemical tests. Therefore, we proposed a hybrid deep learning architecture that combines molecular descriptors and molecular graphs to 
predict AR antagonistic activity. Compared to previous models, this hybrid architecture can extract substantial chemical information from various molecular representations to improve the model's generalization ability for 
BPA alternatives. Our predictions suggest that lignin-derivable bisguaiacols, as alternatives to BPA, are likely to be nonantagonist for AR compared to bisphenol analogues. Additionally, molecular dynamics (MD) 
simulations identified the dihydrotestosterone-bound pocket, rather than the surface, as the major binding site of bisphenol analogues. The conformational changes of key helix H12 from an agonistic to an antagonistic 
conformation can be evaluated qualitatively by accelerated MD simulations to explain the underlying mechanism. Overall, our computational study is helpful for toxicological screening of BPA alternatives and the design of 
environmentally friendly BPA alternatives.

Environ Sci Technol 
Vol.58 Issue 6 Pages 
2817-2829

10.1021/acs.est.3c09779 38291630 in silico - - - - - - - - - - - - - - - - - - - - - - - - - - - -
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統合_2103 L. Xie, B. Huang, X. Zhao and N. Zhu 2024

Exploring the mechanisms 
underlying effects of bisphenol a on 
cardiovascular disease by network 
toxicology and molecular docking

BACKGROUND: Globally, cardiovascular disease (CVD) has emerged as a leading cause of mortality. Bisphenol A (BPA), recognized as one of the most prevalent and widely distributed endocrine-disrupting chemicals 
(EDCs), has been consistently linked to the progression of CVD. This research centers on unraveling the molecular mechanisms responsible for the toxic effects of BPA exposure on CVD. Key targets and pathways 
involved in action of BPA on CVD were investigated by network toxicology. Binding abilities of BPA to core targets were evaluated by molecular docking. METHODS AND RESULTS: Based on information retrieved from 
ChEMBL, DrugBank, and OMIM databases, a total of 27 potential targets were found to be associated with the influence of BPA on CVD. Furthermore, the STRING and Cytoscape software were employed to identify three 
central genes-ESR1, PPARG, and PTGS2-and to construct both the protein-protein interaction network and an interaction diagram of potential targets. Gene ontology (GO) and KEGG (Kyoto Encyclopedia of Genes and 
Genomes, KEGG) pathway enrichment analyses via WebGestalt revealed key biological processes (BP), cellular components (CC), molecular functions (MF), and pathways, such as the calcium signaling pathway, 
inflammatory mediator regulation of TRP channels, gap junction, adrenergic signaling in cardiomyocytes, cGMP-PKG signaling pathway, and cAMP signaling pathway, predominantly involved in BPA-induced CVD toxicity. 
By using molecular docking investigations, it proved that BPA binds to ESR1, PPARG, and PTGS2 steadily and strongly. CONCLUSION: This study not only establishes a theoretical framework for understanding the 
molecular toxicity mechanism of BPA in cardiovascular disease (CVD) but also introduces an innovative network toxicology approach to methodically investigate the influence of environmental contaminants on CVD. This 
methodology sets the stage for drug discovery efforts targeting CVD linked to exposure to endocrine-disrupting chemicals (EDCs).

Heliyon Vol.10 Issue 10 
Pages e31473

10.1016/j.heliyon.2024.e31473 38813174 in silico - - - - - - - - - - - - - - - - - - - - - - - - - - - -

統合_2104 X. Wu, X. Yang, X. Geng, X. Ji, X. Zhang, H. Yue, 
G. Li and N. Sang 2022

Bisphenol A Analogs Induce Cellular 
Dysfunction in Human Trophoblast 
Cells in a Thyroid Hormone 
Receptor-Dependent Manner: In 
Silico and In Vitro Analyses

Bisphenol A (BPA) and its analogs are frequently detected in human daily necessities and environmental media. Placental thyroid hormone plays an important role in fetal development. Herein, we followed the adverse 
outcome pathway (AOP) to explore the toxic mechanisms of BPA and its analogs toward placental thyroid hormone receptor (TR). First, the TOX21 database was used, and the interactions between BPA analogs and the 
ligand-binding domains (LBDs) of two subtypes of TR (TRα and TRβ) were subjected to in silico screening using molecular docking (MD) and molecular dynamics simulation (MDS). Fluorescence spectra and circular 
dichroism (CD) showed that BPA and its analogs interfere with TRs as a molecular initiation event (MIE), including static fluorescence quenching and secondary structural content changes in TR-LBDs. Key events (KEs) 
of the AOP, including the toxicity induced in placental chorionic trophoblast cells (HTR-8/SVneo) by an inverted U-shaped dose effect and changes in ROS levels, were tested in vitro. BPA, BPB, and BPAF significantly 
changed the expression level of TRβ, and only BPAF significantly downregulated the expression level of TRα. In conclusion, our study contributes to the health risk assessment of BPA and its analogs regarding placental 
adverse outcomes (AOs).

Environ Sci Technol 
Vol.56 Issue 12 Pages 
8384-8394

10.1021/acs.est.1c08161 35666658 in silico - - - - - - - - - - - - - - - - - - - - - - - - - - - -

統合_2105 B. Wiśniowska, S. Linke, S. Polak, Z. Bielecka, 
A. Luch and R. Pirow 2023

Physiologically based modelling of 
dermal absorption and kinetics of 
consumer-relevant chemicals: A 
case study with exposure to 
bisphenol A from thermal paper

Bisphenol A (BPA) is one of the best studied industrial chemicals in terms of exposure, toxicity, and toxicokinetics. This renders it an ideal candidate to exploit the recent advancements in physiologically based 
pharmacokinetic (PBPK) modelling to support risk assessment of BPA specifically, and of other consumer-relevant hazardous chemicals in general. Using the exposure from thermal paper as a case scenario, this study 
employed the multi-phase multi-layer mechanistic dermal absorption (MPML MechDermA) model available in the Simcyp® Simulator to simulate the dermal toxicokinetics of BPA at local and systemic levels. Sensitivity 
analysis helped to identify physicochemical and physiological factors influencing the systemic exposure to BPA. The iterative modelling process was as follows: (i) development of compound files for BPA and its 
conjugates, (ii) setting-up of a PBPK model for intravenous administration, (iii) extension for oral administration, and (iv) extension for exposure via skin (i.e., hand) contact. A toxicokinetic study involving hand contact to 
BPA-containing paper was used for model refinement. Cumulative urinary excretion of total BPA had to be employed for dose reconstruction. PBPK model performance was verified using the observed serum BPA 
concentrations. The predicted distribution across the skin compartments revealed a depot of BPA in the stratum corneum (SC). These findings shed light on the role of the SC to act as temporary reservoir for lipophilic 
chemicals prior to systemic absorption, which inter alia is relevant for the interpretation of human biomonitoring data and for establishing the relationship between external and internal measures of exposure.

Toxicol Appl Pharmacol 
Vol.459 Pages 116357

10.1016/j.taap.2022.116357 36572228 in silico - - - - - - - - - - - - - - - - - - - - - - - - - - - -

統合_2106 B. Wiśniowska, S. Linke, S. Polak, Z. Bielecka, 
A. Luch and R. Pirow 2023

Data on ADME parameters of 
bisphenol A and its metabolites for 
use in physiologically based 
pharmacokinetic modelling

The paper presents the collection of physicochemical parameters of bisphenol A (BPA) and its sulfate (BPAS) and glucuronide (BPAG) conjugates, accompanied by data characterizing their absorption, distribution, 
metabolism and excretion (ADME) behavior following oral administration of BPA. The data were collected from open literature sources and publicly available databases. Additionally, data calculated by using the 
MarvinSketch 18.30.0 software or predicted by relevant QSAR models built in Simcyp® Simulator were also used. All data were analysed and are fit for purpose if necessary to ensure a reliable prediction of 
pharmacokinetics of BPA and its conjugates. The data selection process and reasoning for fitting is provided to allow critical assessment and to ensure data transparency. Finally, the sensitivity analysis was performed 
to assess the influence of the selected parameters on the PBPK model predictions.

Data Brief Vol.48 Pages 
109101

10.1016/j.dib.2023.109101 37089201 in silico - - - - - - - - - - - - - - - - - - - - - - - - - - - -

統合_2107 A. Useini, I. K. Schwerin, G. Künze and N. Strä
ter 2024

Structural Studies on the Binding 
Mode of Bisphenols to PPARγ

Bisphenol A (BPA) and bisphenol B (BPB) are widely used in the production of plastics, and their potential adverse health effects, particularly on endocrine disruption and metabolic health, have raised concern. Peroxisome 
proliferator-activated receptor gamma (PPARγ) plays a pivotal role in metabolic regulation and adipogenesis, making it a target of interest in understanding the development of obesity and associated health impacts. In 
this study, we employ X-ray crystallography and molecular dynamics (MD) simulations to study the interaction of PPARγ with BPA and BPB. Crystallographic structures reveal the binding of BPA and BPB to the ligand 
binding domain of PPARγ, next to C285, where binding of partial agonists as well as antagonists and inverse agonists of PPARγ signaling has been previously observed. However, no interaction of BPA and BPB with 
Y437 in the activation function 2 site is observed, showing that these ligands cannot stabilize the active conformation of helix 12 directly. Furthermore, free energy analyses of the MD simulations revealed that I341 has a 
large energetic contribution to the BPA and BPB binding modes characterized in this study.

Biomolecules Vol.14 
Issue 6

10.3390/biom14060640 38927044 in silico - - - - - - - - - - - - - - - - - - - - - - - - - - - -

統合_2108 Z. Tang, M. Li, L. Cheng, J. Chen and C. Huang 2025

Unraveling the mechanisms of 
bisphenol A-Induced lupus nephritis 
through network toxicology and 
machine learning approaches

This study aimed to identify the potential toxic targets and molecular mechanisms underlying bisphenol A (BPA) exposure-induced lupus nephritis (LN) using network toxicology and machine learning. By leveraging the 
online databases SwissTargetPrediction, ChEMBL, STITCH, GeneCards, and OMIM, we identified 94 potential targets associated with BPA and LN. Further Gene Ontology (GO) and Kyoto Encyclopedia of Genes and 
Genomes (KEGG) pathway analyses, conducted using the Metascape database, revealed that the core targets associated with BPA's effects on lupus nephritis were significantly enriched in several key pathways, 
including apoptosis, MAPK signaling, toll-like receptor signaling, estrogen signaling, and NF-κB signaling. In addition, three machine learning algorithms, LASSO regression, SVM-RFE, and random forest (RF), were used 
for cross-validation and screening of core genes, and five key target genes were identified, including JUN, CYP3A4, PLAU, PTGS2, and NOTCH1. Molecular docking experiments using AutoDock confirmed the potential 
interactions between BPA and these core targets. In conclusion, these findings suggest that BPA may induce lupus nephritis by modulating key pathways, including apoptosis, MAPK signaling, Toll-like receptor signaling, 
estrogen signaling, and NF-κB signaling. This study demonstrates that BPA exposure can act as an environmental trigger in the development of LN.

Int J Environ Health Res 
Pages 1-13

10.1080/09603123.2025.2547853 40838869 in silico - - - - - - - - - - - - - - - - - - - - - - - - - - - -

統合_2109 Y. Shi, W. Chen, Y. Du, L. Zhao and Q. Li 2023
Damage effects of bisphenol A 
against sepsis induced acute lung 
injury

In addition to oxidative damage, sepsis can cause multiple organ dysfunction and poses a life-threatening threat. In addition to severe tissue damage, hypotension, and multiple organ failure, sepsis can cause high 
morbidity and mortality. It is the lungs that are most vulnerable in abdominal sepsis, with impaired oxygen and nutrient exchange occurring in the pulmonary microcirculation. However, the etiology of sepsis and the link 
between sepsis and lung injury has not been elucidated. In this work, by exploring the data from the GEO and CTD database, a gene association study was conducted to determine whether sepsis-induced lung injury is 
caused by BPA. Further analysis demonstrated that MMP9, CEBPA, CYP1B1, CTSD, FKBP5, DGAT2, HP, TIMP2, ARG1 and MGST1 may play an important role in sepsis-induced lung injury. Finally, the single-cell RNA 
sequence demonstrated that CEBPA is mainly enriched in lung epithelial cells and epithelial cells, whereas CYP1B1 is closely related to basal cells, macrophages, and interstitial cells. In order to maintain lung function, 
epithelial and alveolar macrophages as well as other lung cells are important. When the lung epithelium is activated for a prolonged period of time, barrier function may be compromised and tissue damage may result, 
aggravating the lung injury. By using the animal model, we successfully simulated the model of sepsis lung injury. The HE staining demonstrated the rats with BPA-treated septic lung injury showed more alveolar structure 
to be disordered, pulmonary interstitial edema to be evident, and red blood cells as well as inflammatory cells. For PCR assay, the results demonstrated that the expression level of CEBPA is higher in the lung samples 
with sepsis compared with the normal samples of the lung. In order to evaluate the expression level of CEBPA and CYP1B1 in lung tissue, we then performed the PCR assay. For CYP1B1, the results demonstrated that the 
expression level of CYP1B1 in lung samples with sepsis is lower than in normal lung samples. In total, BPA may be a potential contributing factor to sepsis-induced lung injury.

Gene Vol.878 Pages 
147575

10.1016/j.gene.2023.147575 37343733 in silico - - - - - - - - - - - - - - - - - - - - - - - - - - - -

統合_2110
J. X. Santos, C. Rasga, A. R. Marques, H. 
Martiniano, M. Asif, J. Vilela, G. Oliveira, L. 
Sousa, A. Nunes and A. M. Vicente

2022

A Role for Gene-Environment 
Interactions in Autism Spectrum 
Disorder Is Supported by Variants in 
Genes Regulating the Effects of 
Exposure to Xenobiotics

Heritability estimates support the contribution of genetics and the environment to the etiology of Autism Spectrum Disorder (ASD), but a role for gene-environment interactions is insufficiently explored. Genes involved in 
detoxification pathways and physiological permeability barriers (e.g., blood-brain barrier, placenta and respiratory airways), which regulate the effects of exposure to xenobiotics during early stages of neurodevelopment 
when the immature brain is extremely vulnerable, may be particularly relevant in this context. Our objective was to identify genes involved in the regulation of xenobiotic detoxification or the function of physiological 
barriers (the XenoReg genes) presenting predicted damaging variants in subjects with ASD, and to understand their interaction patterns with ubiquitous xenobiotics previously implicated in this disorder. We defined a 
panel of 519 XenoReg genes through literature review and database queries. Large ASD datasets were inspected for in silico predicted damaging Single Nucleotide Variants (SNVs) (N = 2,674 subjects) or Copy Number 
Variants (CNVs) (N = 3,570 subjects) in XenoReg genes. We queried the Comparative Toxicogenomics Database (CTD) to identify interaction pairs between XenoReg genes and xenobiotics. The interrogation of ASD 
datasets for variants in the XenoReg gene panel identified 77 genes with high evidence for a role in ASD, according to pre-specified prioritization criteria. These include 47 genes encoding detoxification enzymes and 30 
genes encoding proteins involved in physiological barrier function, among which 15 are previous reported candidates for ASD. The CTD query revealed 397 gene-environment interaction pairs between these XenoReg 
genes and 80% (48/60) of the analyzed xenobiotics. The top interacting genes and xenobiotics were, respectively, CYP1A2, ABCB1, ABCG2, GSTM1, and CYP2D6 and benzo-(a)-pyrene, valproic acid, bisphenol A, 
particulate matter, methylmercury, and perfluorinated compounds. Individuals carrying predicted damaging variants in high evidence XenoReg genes are likely to have less efficient detoxification systems or impaired 
physiological barriers. They can therefore be particularly susceptible to early life exposure to ubiquitous xenobiotics, which elicit neuropathological mechanisms in the immature brain, such as epigenetic changes, 
oxidative stress, neuroinflammation, hypoxic damage, and endocrine disruption. As exposure to environmental factors may be mitigated for individuals with risk variants, this work provides new perspectives to 
personalized prevention and health management policies for ASD.

Front Neurosci Vol.16 
Pages 862315

10.3389/fnins.2022.862315 35663546 in silico - - - - - - - - - - - - - - - - - - - - - - - - - - - -

統合_2111 M. Pruvost-Couvreur, N. Picard-Hagen, B. Le 
Bizec and G. Rivière 2021

Lifetime dietary exposure to 
bisphenol A in the general 
population and during pregnancy: 
Foetal exposure and health risk 
assessment

Bisphenol A is a well-known chemical substance triggering reprotoxic and endocrine disruptor effects. Pregnancy is considered as a critical period of exposure to BPA because of the foetal sensitivity to endocrine 
disruption. Because of its wide use in food packaging, BPA is found in common foods and in infant formulae. We used a lifetime approach to simulate dietary exposure trajectories of a French population and to assess the 
associated health risk. Moreover, a semi-physiological based toxicokinetic model was used to simulate the maternal-foetal exchanges of BPA during pregnancy. Metabolism was taken into account by considering the 
glucuronidation of BPA by the foetal-placental unit, as well as the reactivation of BPA-glucuronide into BPA in the foetal compartment. From maternal critical daily exposures defined by ANSES based on effects for 
different endpoints of BPA in the unborn child (i.e. 0.083, 0.17, 0.29 and 0.33 μg/kg bw/d, respectively based on effects on mammary gland, brain and behaviour, metabolism and obesity and female reproductive system), 
resulting concentrations of BPA in the foetal compartment were estimated and health risk was assessed for the sub-population of unborn children. This work leads to the conclusion that while a health risk due to dietary 
exposures of the general population can be excluded, this is not the case for the sub-population of pregnant women, in view of the levels of foetal exposure to BPA.

Int J Hyg Environ Health 
Vol.234 Pages 113733

10.1016/j.ijheh.2021.113733 33740565 in silico - - - - - - - - - - - - - - - - - - - - - - - - - - - -

統合_2112 R. K. Pathak and J. M. Kim 2024

Structural insight into the 
mechanisms and interacting 
features of endocrine disruptor 
Bisphenol A and its analogs with 
human estrogen-related receptor 
gamma

Bisphenol A (BPA) is a very important chemical from the commercial perspective. Many useful products are made from it, so its production is increasing day by day. It is widely known that Bisphenol A (BPA) and its 
analogs are present in the environment and that they enter our body through various routes on a daily basis as we use things made of this chemical in our daily lives. BPA has already been reported to be an endocrine 
disruptor. Studies have shown that BPA binds strongly to the human estrogen-related receptor gamma (ERRγ) and is an important target of it. This study seeks to understand how it interacts with ERRγ. Molecular 
docking of BPA and its analogs with ERRγ was performed, and estradiol was taken as a reference. Then, physico-chemical and toxicological analysis of BPA compounds was performed. Subsequently, the dynamic 
behavior of ERRγ and ERRγ-BPA compound complexes was studied by molecular dynamics simulations over 500 ns, and using this simulated data, their binding energies were again calculated using the MM-PBSA 
method. We observed that the binding affinity of BPA and its analogs was much higher than that of estradiol, and apart from being toxic, they can be easily absorbed in our body as their physicochemical properties are 
similar to those of oral medicines. Therefore, this study facilitates the understanding of the structure-activity relationship of ERRγ and BPA compounds and provides information about the key amino acid residues of ERR
γ that interact with BPA compounds, which can be helpful to design competitive inhibitors so that we can interrupt the interaction of BPA with ERRγ. In addition, it provides information on BPA and its analogs and will 
also be helpful in developing new therapeutics.

Environ Pollut Vol.345 
Pages 123549

10.1016/j.envpol.2024.123549 38350536 in silico - - - - - - - - - - - - - - - - - - - - - - - - - - - -

統合_2113 R. K. Pathak and J. M. Kim 2024

A computational assay for 
identifying millet-derived 
compounds that antagonize the 
interaction between bisphenols and 
estrogen-related receptor gamma

The use of Bisphenol A (BPA) and its analogs in industries, as well as the products made from them, is becoming a significant concern for human health. Scientific studies have revealed that BPA functions as an 
endocrine disruptor. While some analogs of BPA (bisphenols) have been used for a longer time, it was later discovered that they are toxic, similar to BPA. Their widespread use ensures their presence in the environment, 
and thus, everyone is exposed to them. Scientific research has shown that BPA interacts with estrogen-related receptor gamma (ERRγ), affecting its normal function. ERRγ is involved in biological processes including 
energy metabolism and mitochondrial function. Therefore, continuous exposure to bisphenols increases the risk of various diseases. In our previous study, we observed that some analogs of BPA had a higher binding 
affinity to ERRγ compared to BPA itself and analyzed the amino acid residues involved in this interaction. We hypothesized that by antagonizing the interaction between bisphenols and ERRγ, we could neutralize their 
toxic effects. Taking into account the health benefits of millets and their toxin removal properties, virtual screening of millet-derived compounds was conducted along with prediction of their ADMET profiles. Top five 
candidates were prioritized for Density Functional Theory (DFT) calculations and further analyses. Long-term molecular dynamics simulation (1 µs) were utilized to evaluate their binding, stability, and antagonizing 
abilities. Furthermore, reevaluation of their binding energy was conducted using the MM-PBSA method. This study reports millet-derived compounds, namely, Tricin 7-rutinoside, Tricin 7-glucoside, Glucotricin, 
Kaempferol, and Setarin. These compounds are predicted to be potent competitive inhibitors that can antagonize the interactions between bisphenols and ERRγ. These compounds could potentially assist in the 
development of future therapeutics. They may also be considered for use as food supplements, although further investigations, including wet-lab experiments and clinical studies, are needed.

Front Pharmacol Vol.15 
Pages 1435254

10.3389/fphar.2024.1435254 39545070 in silico - - - - - - - - - - - - - - - - - - - - - - - - - - - -

統合_2114 R. K. Pathak, D. W. Jung, S. H. Shin, B. Y. Ryu, 
H. S. Lee and J. M. Kim 2024

Deciphering the mechanisms and 
interactions of the endocrine 
disruptor bisphenol A and its 
analogs with the androgen receptor

Bisphenol A (BPA) and its various forms used as BPA alternatives in industries are recognized toxic compounds and antiandrogenic endocrine disruptors. These chemicals are widespread in the environment and frequently 
detected in biological samples. Concerns exist about their impact on hormones, disrupting natural biological processes in humans, together with their negative impacts on the environment and biotic life. This study aims 
to characterize the interaction between BPA analogs and the androgen receptor (AR) and the effect on the receptor's normal activity. To achieve this goal, molecular docking was conducted with BPA and its analogs and 
dihydrotestosterone (DHT) as a reference ligand. Four BPA analogs exhibited higher affinity (-10.2 to -8.7 kcal/mol) for AR compared to BPA (-8.6 kcal/mol), displaying distinct interaction patterns. Interestingly, DHT (-
11.0 kcal/mol) shared a binding pattern with BPA. ADMET analysis of the top 10 compounds, followed by molecular dynamics simulations, revealed toxicity and dynamic behavior. Experimental studies demonstrated that 
only BPA disrupts DHT-induced AR dimerization, thereby affecting AR's function due to its binding nature. This similarity to DHT was observed during computational analysis. These findings emphasize the importance of 
targeted strategies to mitigate BPA toxicity, offering crucial insights for interventions in human health and environmental well-being.

J Hazard Mater Vol.469 
Pages 133935

10.1016/j.jhazmat.2024.133935 38442602 in silico - - - - - - - - - - - - - - - - - - - - - - - - - - - -

統合_2115 K. Nowak and Ž. Jakopin 2023

In silico profiling of endocrine-
disrupting potential of bisphenol 
analogues and their halogenated 
transformation products

Due to its endocrine-disrupting properties, bisphenol A (BPA) is being phased out from plastics, thermal paper and epoxy resins, and its replacements are being introduced into the market. Bisphenols are released into the 
environment, where they can undergo halogenation. Unlike BPA, the endocrine-disrupting potential of BPA analogues and their halogenated transformation products has not been extensively studied. The aim of this study 
was to evaluate the endocrine-disrupting potential of 18 BPA analogues and their halogenated derivatives by calculating affinities for 14 human nuclear receptors utilizing the Endocrine Disruptome and VirtualToxLab™ in 
silico tools. Our simulations identified AR, ERs, and GR as the most favorable targets of bisphenols and their derivatives. Several BPA analogues displayed a higher predicted potential for endocrine disruption than BPA. 
Our models highlighted BPZ and BPPH as the most hazardous in terms of predicted endocrine activities. Halogenation, in general, was predicted to increase the binding affinity of bisphenols for AR, ERβ, MR, GR, PPAR
γ, and TRβ. Notably, mono- or 2,2'-di-halogenated bisphenols exhibited the highest potential for endocrine disruption. In vitro corroboration of the obtained results should be the next milestone in evaluating the safety of 
BPA substitutes and their halogenated transformation products.

Food Chem Toxicol 
Vol.173 Pages 113623

10.1016/j.fct.2023.113623 36657698 in silico - - - - - - - - - - - - - - - - - - - - - - - - - - - -
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統合_2116 H. D. Nguyen 2023

Resveratrol, Endocrine Disrupting 
Chemicals, Neurodegenerative 
Diseases and Depression: Genes, 
Transcription Factors, microRNAs, 
and Sponges Involved

We aimed to examine the molecular basis of the positive effect of resveratrol against amyotrophic lateral sclerosis (ALS), Parkinson's disease (PD), cognitive impairment (CI), and depression induced by a mixture of 
bisphenol A (BPA), BPS, and BPF. The CTD, GeneMania, Metascape, SwissADME, Cytoscape, MIENTURNET, miRNAsong, and Autodock Vina were the fundamental tools for analysis. Resveratrol exerts its protective 
effects on selected diseases induced by a mixture of BPA, BPS, and BPF through the following genes: PTGS2 and GSR for ALS; INS, IL6, BDNF, and SOD1 for PD; BDNF, CASP3, TNF, INS, IGF1, IL1B for CI; and BDNF, 
PTGS2, and IL6 for depression. Detoxification was noted as the most important for ALS, dopamine metabolism for PD, apoptosis for CI, and the selenium micronutrient network for depression. hsa-miR-377-3p, hsa-miR-
1-3p, hsa-miR-128-3p, and hsa-miR-204-5p were highlighted. We created and tested in silico sponges that inhibited these miRNAs. NFE2L2, BACH1, PPARG, and NR4A3 were listed as the key transcription factors 
implicated in resveratrol's protective effect against harmful studied chemicals. Furthermore, resveratrol's physicochemical properties and pharmacokinetics are consistent with its therapeutic benefits in ALS, PD, CI, and 
depression, owing to its high gastrointestinal absorption, drug-likeness, non-P-glycoprotein substrate, and capacity to penetrate the blood-brain barrier.

Neurochem Res Vol.48 
Issue 2 Pages 604-624

10.1007/s11064-022-03787-7 36245065 in silico - - - - - - - - - - - - - - - - - - - - - - - - - - - -

統合_2117 D. Montes-Grajales, X. Morelos-Cortes and J. 
Olivero-Verbel 2021

Discovery of New Protein Targets of 
BPA Analogs and Derivatives 
Associated with Noncommunicable 
Diseases: A Virtual High-
Throughput Screening

BACKGROUND: Bisphenol A analogs and derivatives (BPs) have emerged as new contaminants with little or no information about their toxicity. These have been found in numerous everyday products, from thermal paper 
receipts to plastic containers, and measured in human samples. OBJECTIVES: The objectives of this research were to identify in silico new protein targets of BPs associated with seven noncommunicable diseases 
(NCDs), and to study their protein-ligand interactions using computer-aided tools. METHODS: Fifty BPs were identified by a literature search and submitted to a virtual high-throughput screening (vHTS) with 328 proteins 
associated with NCDs. Protein-protein interactions between predicted targets were examined using STRING, and the protocol was validated in terms of binding site recognition and correlation between in silico affinities 
and in vitro data. RESULTS: According to the vHTS, several BPs may target proteins associated with NCDs, some of them with stronger affinities than bisphenol A (BPA). The best affinity score (the highest in silico 
affinity absolute value) was obtained after docking 4,4'-bis(N-carbamoyl-4-methylbenzensulfonamide)diphenylmethane (BTUM) on estradiol 17-beta-dehydrogenase 1 ( - 13.7 kcal/mol). However, other molecules, such as 
bisphenol A bis(diphenyl phosphate) (BDP), bisphenol PH (BPPH), and Pergafast 201 also exhibited great affinities (top 10 affinity scores for each disease) with proteins related to NCDs. DISCUSSION: Molecules such as 
BTUM, BDP, BPPH, and Pergafast 201 could be targeting key signaling pathways related to NCDs. These BPs should be prioritized for in vitro and in vivo toxicity testing and to further assess their possible role in the 
development of these diseases. https://doi.org/10.1289/EHP7466.

Environ Health Perspect 
Vol.129 Issue 3 Pages 
37009

10.1289/ehp7466 33769846 in silico - - - - - - - - - - - - - - - - - - - - - - - - - - - -

統合_2118 L. Mei, Z. Zhang, R. Chen, Z. Liu, X. Ren and Z. 
Li 2023

Identification of candidate genes 
and chemicals associated with 
osteoarthritis by transcriptome-wide 
association study and chemical-
gene interaction analysis

BACKGROUND: Osteoarthritis (OA) is a common degenerative joint disease and causes chronic pain and disability to the elderly. Several risk factors are involved, such as aging, obesity, genetic susceptibility, and 
environmental factors. We conducted a transcriptome-wide association study (TWAS) and chemical-related gene set enrichment analysis (CGSEA) to investigate the susceptibility genes and environmental factors. 
METHODS: TWAS analysis was conducted to identify the susceptibility genes by integrating the summary-level genome-wide association study data of knee OA (KOA) and hip OA (HOA) with the precomputed expression 
weights from the Genotype-Tissue Expression Project (Version 8). The FUSION software was used for both single-tissue and cross-tissue TWAS, which were combined using an aggregate Cauchy association test. The 
biological function and pathways of the TWAS genes were explored using the Kyoto Encyclopedia of Genes and Genomes (KEGG) and Gene Ontology (GO) databases, and the human cartilage mRNA expression profiles 
were utilized to validate the TWAS genes. CGSEA analysis was performed to scan the OA-associated chemicals by integrating the TWAS results with the chemical-related gene sets. RESULTS: There were 44 and 93 
unique TWAS genes identified in 7 and 11 chromosomes for KOA and HOA, respectively, fourteen and four of which showed significantly differential expression in the mRNA profiles, such as CRHR1, LTBP1, WWP2, 
LMX1B, and PTHLH. OA-related pathways were found in the KEGG and GO analysis, such as TGF-beta signaling pathway, MAPK signaling pathway, hyaluronan metabolic process, and chondrocyte differentiation. Forty-
five OA-associated chemicals were identified, including quercetin, bisphenol A, and cadmium chloride. CONCLUSIONS: Several candidate OA-associated genes and chemicals were identified through TWAS and CGSEA 
analysis, which expanded our understanding of the relationship between genes, chemicals, and their impact on OA.

Arthritis Res Ther Vol.25 
Issue 1 Pages 179

10.1186/s13075-023-03164-x 37749624 in silico - - - - - - - - - - - - - - - - - - - - - - - - - - - -

統合_2119 A. Matsushima, T. Teramoto and Y. Kakuta 2022
Crystal structure of endocrine-
disrupting chemical bisphenol A and 
estrogen-related receptor γ

The human estrogen-related receptor γ (ERRγ) is an orphan nuclear receptor. The ERRγ behaves as a constitutive activator of transcription and plays a key role in controlling mitochondrial energy production and energy 
metabolism. Bisphenol A (BPA) is used mainly in producing polycarbonate plastics and epoxy resins, but it is known as an endocrine disruptor and strongly binds to ERRγ. We determined the crystal structure of ERRγ in 
complex with BPA. Our structure revealed the molecular mechanism of BPA recognition by ERRγ, in which BPA is well anchored to its ligand-binding pocket. Our structure is the first report of the complex between a 
nuclear receptor and endocrine disruptor BPA. This structural analysis had a profound impact on subsequent studies of endocrine disruptors.

J Biochem Vol.171 Issue 
1 Pages 23-25

10.1093/jb/mvab145 34918738 in silico - - - - - - - - - - - - - - - - - - - - - - - - - - - -

統合_2120 T. Masuya, M. Iwamoto, X. Liu and A. 
Matsushima 2019

Discovery of novel oestrogen 
receptor α agonists and antagonists 
by screening a revisited privileged 
structure moiety for nuclear 
receptors

Bisphenol A (BPA) is used as an industrial raw material for polycarbonate plastics and epoxy resins; however, various concerns have been reported regarding its status as an endocrine-disrupting chemical. BPA interacts 
not only with oestrogen receptors (ERs) but constitutive androstane receptor, pregnane X receptor, and oestrogen-related receptor γ (ERRγ); therefore, the bisphenol structure represents a privileged structure for the 
nuclear-receptor superfamily. Here, we screen 127 BPA-related compounds by competitive-binding assay using [(3)H]oestradiol and find that 20 compounds bind to ERα with high affinity. We confirm most of these as ER
α agonists; however, four compounds, including bisphenol M and bisphenol P act as novel antagonists. These structures harbour three benzene rings in tandem with terminal hydroxy groups at para-positions, with this 
tandem tri-ring bisphenol structure representing a novel privileged structure for an ERα antagonist. Additionally, we perform an ab initio calculation and develop a new clipping method for halogen bonding or non-covalent 
interaction using DV-Xα evaluation for biomolecules.

Sci Rep Vol.9 Issue 1 
Pages 9954

10.1038/s41598-019-46272-y 31289329 in silico - - - - - - - - - - - - - - - - - - - - - - - - - - - -

統合_2121
N. Lukashina, M. J. Williams, E. Kartysheva, E. 
Virko, B. Kudłak, R. Fredriksson, O. Spjuth and 
H. B. Schiöth

2021

Integrating Statistical and Machine-
Learning Approach for Meta-
Analysis of Bisphenol A-Exposure 
Datasets Reveals Effects on Mouse 
Gene Expression within Pathways of 
Apoptosis and Cell Survival

Bisphenols are important environmental pollutants that are extensively studied due to different detrimental effects, while the molecular mechanisms behind these effects are less well understood. Like other 
environmental pollutants, bisphenols are being tested in various experimental models, creating large expression datasets found in open access storage. The meta-analysis of such datasets is, however, very complicated 
for various reasons. Here, we developed an integrating statistical and machine-learning model approach for the meta-analysis of bisphenol A (BPA) exposure datasets from different mouse tissues. We constructed three 
joint datasets following three different strategies for dataset integration: in particular, using all common genes from the datasets, uncorrelated, and not co-expressed genes, respectively. By applying machine learning 
methods to these datasets, we identified genes whose expression was significantly affected in all of the BPA microanalysis data tested; those involved in the regulation of cell survival include: Tnfr2, Hgf-Met, Agtr1a, 
Bdkrb2; signaling through Mapk8 (Jnk1)); DNA repair (Hgf-Met, Mgmt); apoptosis (Tmbim6, Bcl2, Apaf1); and cellular junctions (F11r, Cldnd1, Ctnd1 and Yes1). Our results highlight the benefit of combining existing 
datasets for the integrated analysis of a specific topic when individual datasets are limited in size.

Int J Mol Sci Vol.22 
Issue 19

10.3390/ijms221910785 34639124 in silico - - - - - - - - - - - - - - - - - - - - - - - - - - - -

統合_2122 H. Lu, S. Wang, J. Zheng, Y. Zhu, Y. Wang, H. Li 
and R. S. Ge 2023

Distinct inhibitory strength of 
bisphenol A analogues on human 
and rat 11β-hydroxysteroid 
dehydrogenase 1: 3D quantitative 
structure-activity relationship and in 
silico molecular docking analysis

Bisphenol A (BPA) analogues are developed to replace BPA usage. However, their effects on 11β-hydroxysteroid dehydrogenase 1 (11β-HSD1) are largely unknown. The inhibitory effects of BPA and 10 BPA analogues 
with the substituents on the bridge moiety on human and rat 11β-HSD1 were explored in human and rat liver microsomes. The strength of inhibiting human 11β-HSD1 was bisphenol FL (IC(50), 3.87 μM) > bisphenol Z 
(6.86 μM) > bisphenol AF (9.42 μM) > bisphenol C (16.14 μM) > bisphenol AP (32.14 μM) = bisphenol B (32.34 μM) > 4,4'-thiodiphenol (67.35 μM) > BPA (297.35 μM) > other BPA analogues (ineffective at 100 μ
M). The strength of inhibiting rat 11β-HSD1 was bisphenol Z (IC(50), 14.44 μM) > 4,4'-thiodiphenol (19.01 μM) > bisphenol B (20.13 μM) > bisphenol F (22.10 μM) > bisphenol E (33.04 μM) > bisphenol AF (49.67 μ
M) > bisphenol C > (56.97 μM) > bisphenol AP (62.71 μM) >bisphenol FL (96.31 μM) > other BPA analogues (ineffective at 100 μM). Bisphenol A, AF, AP, B, C, F, FL, Z, and 4,4'-thiodiphenol bind to the active sites of 
human and rat 11β-HSD1. Regression of LogP and molecular weight with IC(50) values revealed distinct inhibitory pattern (negative correlation for human 11β-HSD1 vs. positive correlation for rat enzyme). Regression of 
the lowest binding energy with IC(50) values revealed a significant positive regression. 3D QSAR pharmacophore analysis showed one hydrogen bond acceptor and two hydrogen bond donors for human 11β-HSD1. In 
conclusion, most BPA analogues are more potent inhibitors of human and rat 11β-HSD1 enzymes and there is structure-dependent and species-dependent inhibition.

Ecotoxicol Environ Saf 
Vol.267 Pages 115638

10.1016/j.ecoenv.2023.115638 37918333 in silico - - - - - - - - - - - - - - - - - - - - - - - - - - - -

統合_2123 G. Loizou, K. McNally, A. Paini and A. Hogg 2021

Derivation of a Human In Vivo 
Benchmark Dose for Bisphenol A 
from ToxCast In Vitro Concentration 
Response Data Using a 
Computational Workflow for 
Probabilistic Quantitative In Vitro to 
In Vivo Extrapolation

A computational workflow which integrates physiologically based kinetic (PBK) modelling; global sensitivity analysis (GSA), Approximate Bayesian Computation (ABC), Markov Chain Monte Carlo (MCMC) simulation and 
the Virtual Cell Based Assay (VCBA) for the estimation of the active, free in vitro concentration of chemical in the reaction medium was developed to facilitate quantitative in vitro to in vivo extrapolation (QIVIVE). The 
workflow was designed to estimate parameter and model uncertainty within a computationally efficient framework. The workflow was tested using a human PBK model for bisphenol A (BPA) and high throughput 
screening (HTS) in vitro concentration-response data, for estrogen and pregnane X receptor activation determined in human liver and kidney cell lines, from the ToxCast/Tox21 database. In vivo benchmark dose 10% lower 
confidence limits (BMDL(10)) for oral uptake of BPA (ng/kg BW/day) were calculated from the in vivo dose-responses and compared to the human equivalent dose (HED) BMDL(10) for relative kidney weight change in the 
mouse derived by European Food Safety Authority (EFSA). Three from four in vivo BMDL(10) values calculated in this study were similar to the EFSA values whereas the fourth was much smaller. The derivation of an 
uncertainty factor (UF) to accommodate the uncertainties associated with measurements using human cell lines in vitro, extrapolated to in vivo, could be useful for the derivation of Health Based Guidance Values (HBGV).

Front Pharmacol Vol.12 
Pages 754408

10.3389/fphar.2021.754408 35222005 in silico - - - - - - - - - - - - - - - - - - - - - - - - - - - -

統合_2124 E. Lo Piparo, L. Siragusa, F. Raymond, G. I. 
Passeri, G. Cruciani and B. Schilter 2020

Bisphenol A binding promiscuity: A 
virtual journey through the universe 
of proteins

Significant efforts are currently being made to move toxicity testing from animal experimentation to human relevant, mechanism-based approaches. In this context, the identification of molecular target(s) responsible for 
mechanisms of action is an essential step. Inspired by the recent concept of polypharmacology (the ability of drugs to interact with multiple targets) we argue that whole proteome virtual screening might become a 
breakthrough tool in toxicology reflecting the real complexity of chemical-biological interactions. Therefore, we investigated the value of performing ligand-protein binding prediction screening across the full proteome to 
identify new mechanisms of action for food chemicals. We applied the new approach to make a broader comparison between bisphenol A (BPA) (food-packaging chemical) and the endogenous estrogen, 17β-estradiol 
(EST). Applying a novel high-throughput ligand-protein binding prediction tool (BioGPS) by the Amazon Web Services (AWS) cloud (to speed-up the calculation), we investigated the value of performing in silico screening 
across the full proteome (all human and rodent x-ray protein structures available in the Protein Data Bank). The strong correlation between in silico predictions and available in vitro data demonstrates the high predictive 
power of the method used. The most striking results obtained was that BPA was predicted to bind to many more proteins than the ones already known, most of which were common to EST. Our findings provide a new and 
unprecedented insight on the complexity of chemical-protein interactions, highlighting the binding promiscuity of BPA and its broader similarity compared to the female sex hormone, EST.

Altex Vol.37 Issue 1 
Pages 85-94

10.14573/altex.1906141 31707420 in silico - - - - - - - - - - - - - - - - - - - - - - - - - - - -

統合_2125 X. Liu, Q. Xue, H. Zhang, J. Fu and A. Zhang 2021

Structural basis for molecular 
recognition of G protein-coupled 
estrogen receptor by selected 
bisphenols

Complicated ligand-dependent signaling pathways of bisphenol A (BPA) and its analogues involve not only intranuclear estrogen receptor but also membrane receptor G protein-coupled estrogen receptor (GPER). 
However, the structural basis for molecular recognition of GPER by the environmental chemicals remains unknown. To reveal the structural dependence of GPER recognition by bisphenols, a systematic molecular 
dynamics simulation study was performed for selected bisphenols with different electron hybrid orbitals and substituents on their C atoms connecting two phenol rings. BPA was used as a control, bisphenol C(BPC) as an 
example for a connecting C with sp(2) hybrid orbitals to provide more ligand rigidity, bisphenol E(BPE) and bisphenol F(BPF) for decreased steric hindrance and hydrophobicity around the connecting C, and bisphenol 
B(BPB) and bisphenol AF(BPAF) for increased hydrophobicity and steric hindrance. All the tested bisphenols can bind with GPER at its classic orthosteric site to obtain GPER-ligand complexes, while van der Waals 
interactions and direct inter-molecular electrostatic energies provide the driving forces for ligand binding. Bulky substituents and structural rigidity of the connecting C dramatically impair hydrogen bonding between GPER 
and the bisphenols, which results in decreased contribution of both favorable intermolecular hydrogen bonds and unfavorable polar solvation effect to complex stability of BPB and BPC since decreased number of key 
residues is expected. Increase in substituent lipophilicity enhances the van der Waals interactions and favorable non-polar solvation effect. The six bisphenols of high structural similarity shared two key recognition 
residues, Leu137(TM3) and Trp272(TM6), the latter of which was in the highly conserved CWxP motif of TM6 and has been reported as key residue for G protein-coupled receptor activation. Based on the obtained 
knowledge, GPER affinity and relevant toxicity of BPA alternatives can be easily predicted, and the calculated binding free energies are consistent with the available experimental observations.

Sci Total Environ 
Vol.793 Pages 148558

10.1016/j.scitotenv.2021.148558 34328988 in silico - - - - - - - - - - - - - - - - - - - - - - - - - - - -

統合_2126 Q. Liu, R. Niu, Y. Ye and J. Li 2024

Exploring the interplay between 
bisphenol A exposure, the immune 
microenvironment and 
hepatocellular carcinoma 
progression

BACKGROUND: Hepatocellular carcinoma (HCC) remains a formidable challenge in oncology, with its pathogenesis and progression influenced by myriad factors. Among them, the pervasive organic synthetic compound, 
bisphenol A (BPA), previously linked with various adverse health effects, has been speculated to play a role. This study endeavors to elucidate the complex interplay between BPA, the immune microenvironment of HCC, 
and the broader molecular landscape of this malignancy. METHODS: A comprehensive analysis was undertaken using data procured from both The Cancer Genome Atlas and the Comparative Toxicogenomics Database. 
Rigorous differential expression analyses were executed, supplemented by Gene Ontology and Kyoto Encyclopedia of Genes and Genomes enrichment analyses. In addition, single-sample gene set enrichment analysis, 
gene set enrichment analysis and gene set variation analysis were employed to reveal potential molecular links and insights. Immune infiltration patterns were delineated, and a series of in vitro experiments on HCC cells 
were conducted to directly assess the impact of BPA exposure. RESULTS: Our findings unveiled a diverse array of active immune cells and functions within HCC. Distinct correlations emerged between high-immune-
related scores, established markers of the tumor microenvironment and the expression of immune checkpoint genes. A significant discovery was the identification of key genes simultaneously associated with immune-
related pathways and BPA exposure. Leveraging these genes, a prognostic model was crafted, offering predictive insights into HCC patient outcomes. Intriguingly, in vitro studies suggested that BPA exposure could 
promote proliferation in HCC cells. CONCLUSION: This research underscores the multifaceted nature of HCC's immune microenvironment and sheds light on BPA's potential modulatory effects therein. The constructed 
prognostic model, if validated further, could serve as a robust tool for risk stratification in HCC, potentially guiding therapeutic strategies. Furthermore, the implications of the findings for immunotherapy are profound, 
suggesting new avenues for enhancing treatment efficacy. As the battle against HCC continues, understanding of environmental modulators like BPA becomes increasingly pivotal.

J Gene Med Vol.26 
Issue 9 Pages e3723

10.1002/jgm.3723 39228142 in silico - - - - - - - - - - - - - - - - - - - - - - - - - - - -

統合_2127 L. Liu, H. Zhou, X. Wang, F. Wen, G. Zhang, J. 
Yu, H. Shen and R. Huang 2024

Effects of environmental phenols on 
eGFR: machine learning modeling 
methods applied to cross-sectional 
studies

PURPOSE: Limited investigation is available on the correlation between environmental phenols' exposure and estimated glomerular filtration rate (eGFR). Our target is established a robust and explainable machine 
learning (ML) model that associates environmental phenols' exposure with eGFR. METHODS: Our datasets for constructing the associations between environmental phenols' and eGFR were collected from the National 
Health and Nutrition Examination Survey (NHANES, 2013-2016). Five ML models were contained and fine-tuned to eGFR regression by phenols' exposure. Regression evaluation metrics were used to extract the limitation 
of the models. The most effective model was then utilized for regression, with interpretation of its features carried out using shapley additive explanations (SHAP) and the game theory python package to represent the 
model's regression capacity. RESULTS: The study identified the top-performing random forest (RF) regressor with a mean absolute error of 0.621 and a coefficient of determination of 0.998 among 3,371 participants. Six 
environmental phenols with eGFR in linear regression models revealed that the concentrations of triclosan (TCS) and bisphenol S (BPS) in urine were positively correlated with eGFR, and the correlation coefficients were 
β = 0.010 (p = 0.026) and β = 0.007 (p = 0.004) respectively. SHAP values indicate that BPS (1.38), bisphenol F (BPF) (0.97), 2,5-dichlorophenol (0.87), TCS (0.78), BP3 (0.60), bisphenol A (BPA) (0.59) and 2,4-
dichlorophenol (0.47) in urinary contributed to the model. CONCLUSION: The RF model was efficient in identifying a correlation between phenols' exposure and eGFR among United States NHANES 2013-2016 
participants. The findings indicate that BPA, BPF, and BPS are inversely associated with eGFR.

Front Public Health 
Vol.12 Pages 1405533

10.3389/fpubh.2024.1405533 39148651 in silico - - - - - - - - - - - - - - - - - - - - - - - - - - - -

統合_2128 Y. Lingjuan, H. Yu and Z. Lei 2025

Network toxicology and molecular 
docking techniques to explore the 
mechanism of bisphenol A on 
obesity

The study investigates how bisphenol A (BPA) exposure may lead to obesity (OB) by identifying molecular mechanisms and suggests a new research approach for examining the health effects of chemical toxins. 
Researchers identified 237 potential targets associated with BPA exposure and OB using CTD, STITCH, DrugBank, GeneCards, and OMIM databases. Analysis with STRING and Cytoscape revealed 10 key targets, 
including INS, IL-6, AKT1, and PPARG. Enrichment analysis via the DAVID database indicated that these targets are primarily involved in PI3K-Akt and Insulin signaling pathways. These findings indicate that BPA may 
contribute to the occurrence and development of OB by influencing apoptosis, proliferation, inflammatory signaling, and insulin resistance. Molecular docking showed strong binding of BPA to INS, IL-6, AKT1, and PPARG, 
with molecular dynamics simulations revealing a stable complex of BPA and PPARG. This study offers insights into BPA's role in OB and supports efforts to prevent and treat OB diseases linked to exposure to BPA-
containing plastic products and certain BPA-inundated environments.

Int J Environ Health Res 
Pages 1-13

10.1080/09603123.2025.2494735 40252053 in silico - - - - - - - - - - - - - - - - - - - - - - - - - - - -
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統合_2129 Y. J. Lin and Z. Lin 2020

In vitro-in silico-based probabilistic 
risk assessment of combined 
exposure to bisphenol A and its 
analogues by integrating ToxCast 
high-throughput in vitro assays with 
in vitro to in vivo extrapolation 
(IVIVE) via physiologically based 
pharmacokinetic (PBPK) modeling

Combined risk assessment of endocrine effects of bisphenol A (BPA) and its analogues, such as bisphenols S, F, and AF (BPS, BPF, and BPAF), is challenging due to lack of related common toxicity metrics. This study 
conducted a population-based in vitro-to-in vivo extrapolation using physiologically based pharmacokinetic (PBPK) models coupled with Monte Carlo simulations to convert ToxCast in vitro estrogen receptor (ER) assays 
to human equivalent doses (HEDs). The ER pathway-based HEDs were compared with HEDs from animal studies and used to assess the combined risks for different populations across different countries/regions in a 
probabilistic manner. The estimated ER pathway-based HEDs for the four bisphenols (BPs) matched the animal-derived HEDs. The HEDs for the ER gene transcription (the common biological process target among BPs) 
were 0.40 (2.5th-97.5th percentiles: 0.06-5.42), 4.43 (0.69-53.84), 3.30 (0.51-626.57), and 1.12 (0.16-9.73) mg/kg/day for BPA, BPS, BPF, and BPAF, respectively. Results suggest a potentially moderate concern for 
combined risks of activating the ER pathway for toddlers and adults with high dietary exposures. This study presents in vitro-based credible HEDs for the four BPs and represents an advancement in the application of in 
vitro-in silico-based alternative approaches in human health risk assessment.

J Hazard Mater Vol.399 
Pages 122856

10.1016/j.jhazmat.2020.122856 32937695 in silico - - - - - - - - - - - - - - - - - - - - - - - - - - - -

統合_2130 X. Li, M. Ni, Z. Yang, X. Chen, L. Zhang and J. 
Chen 2021

Bioinformatics analysis and 
quantitative weight of evidence 
assessment to map the potential 
mode of actions of bisphenol A

Bisphenol A (BPA) is a classical chemical contaminant in food, and the mode of action (MOA) of BPA remains unclear, constraining the progress of risk assessment. This study aims to assess the potential MOAs of BPA 
regarding reproductive/developmental toxicity, neurological toxicity, and proliferative effects on the mammary gland and the prostate potentially related to carcinogenesis by using the Comparative Toxicogenomics 
Database (CTD)-based bioinformatics analysis and the quantitative weight of evidence (QWOE) approach on the basis of the principles of Toxicity Testing in the 21st Century. The CTD-based bioinformatics analysis 
results showed that estrogen receptor 1, estrogen receptor 2, mitogen-activated protein kinase (MAPK) 1, MAPK3, BCL2 apoptosis regulator, caspase 3, BAX, androgen receptor, and AKT serine/threonine kinase 1 could 
be the common target genes, and the apoptotic process, cell proliferation, testosterone biosynthetic process, and estrogen biosynthetic process might be the shared phenotypes for different target organs. In addition, the 
KEGG pathways of the BPA-induced action might involve the estrogen signaling pathway and pathways in cancer. After the QWOE evaluation, two potential estrogen receptor-related MOAs of BPA-induced testis 
dysfunction and learning-memory deficit were proposed. However, the confidence and the human relevance of the two MOAs were moderate, prompting studies to improve the MOA-based risk assessment of BPA.

Environ Pollut Vol.273 
Pages 116469

10.1016/j.envpol.2021.116469 33460868 in silico - - - - - - - - - - - - - - - - - - - - - - - - - - - -

統合_2131 X. Li, H. Li, K. Lai and J. Miao 2023

The Effect of Glucose on the 
Interaction of Bisphenol A and 
Bovine Hemoglobin Characterized by 
Spectroscopic and Molecular 
Docking Techniques

The interaction mechanism of hemoglobin (Hb) with bisphenol A (BPA) in diabetic patients and the difference with healthy people have been studied using spectroscopic and molecular docking techniques at several 
glucose (Glc) concentration, with bovine hemoglobin (BHb) instead of Hb. It is found that Glc can interact with BHb-BPA and affect its molecular structure, resulting in an altered microenvironment for tyrosine (Tyr) and 
tryptophan (Trp) in BHb-BPA. It is also found that Glc can bind to BHb alone, and its effect on the molecular structure of BHb is weaker than that on the structure of BHb in BHb-BPA complex. The results of circular 
dichroism (CD) and Fourier transform infrared spectroscopy (FTIR) indicate that Glc causes an increase in the content of the α-helix and a decrease in that of the β-sheet of BHb-BPA by 1.5-1.9% and 3.1%, respectively. 
The results of molecular docking show that Glc binds to BHb-BPA through hydrogen and hydrophobic bonds, and the position of binding differs from that of Glc binding to BHb alone, which may be attributed to the fact 
that BPA affects the protein molecular structure of BHb and has an effect on the binding of BHb to Glc. This study provides some theoretical basis for the mechanism of BPA toxicity in vivo for people with different blood 
glucose levels.

Int J Mol Sci Vol.24 
Issue 19

10.3390/ijms241914708 37834156 in silico - - - - - - - - - - - - - - - - - - - - - - - - - - - -

統合_2132 B. Li, X. Zhao, Y. Ding and Y. Zhang 2025

Network toxicology and molecular 
docking to investigate the 
mechanism of bisphenol A toxicity in 
human diabetic cardiomyopathy

Bisphenol A (BPA), a ubiquitous endocrine-disrupting chemical, is widely used in polymers, plasticizers, and food packaging, raising significant concerns for human health. Growing evidence links BPA exposure to 
cardiovascular diseases, including diabetic cardiomyopathy (DCM), a severe complication of diabetes characterized by myocardial dysfunction. This study employs an integrative approach combining network toxicology 
and molecular docking to elucidate the molecular mechanisms underlying BPA-induced DCM. Using computational tools such as ADMETlab2.0, ProTox3.0, GeneCards, OMIM, Swiss Target Prediction, and ChEMBL 
databases, we systematically predicted BPA's potential to induce DCM and constructed comprehensive disease and BPA target libraries. Venn diagram analysis identified 93 potential targets associated with BPA-induced 
DCM, and a robust BPA regulatory network was established using Cytoscape. Functional enrichment analyses revealed significant involvement of oxidative stress, insulin signaling, and metabolic pathways in BPA toxicity. 
Molecular docking simulations demonstrated stable binding interactions between BPA and core targets (INS, AKT1, PPARG, STAT3, PPARA, MMP9), with binding energies ranging from -5.3 to -7.5 kcal/mol. Our findings 
indicate that BPA may induce DCM through key genes and pathways, including cGMP-PKG signaling pathway, insulin signaling pathway, AMPK signaling pathway, and HIF-1 signaling pathway. This study provides a novel 
theoretical framework for understanding the molecular pathogenesis of BPA-induced DCM and highlights the potential of network toxicology in identifying toxic pathways for uncharacterized environmental compounds. 
These insights offer potential targets for preventive and therapeutic strategies against BPA-associated cardiovascular complications.

Ecotoxicol Environ Saf 
Vol.299 Pages 118301

10.1016/j.ecoenv.2025.118301 40393322 in silico - - - - - - - - - - - - - - - - - - - - - - - - - - - -

統合_2133
M. Iwamoto, T. Masuya, M. Hosose, K. Tagawa, 
T. Ishibashi, K. Suyama, T. Nose, E. Yoshihara, 
M. Downes, R. M. Evans and A. Matsushima

2021
Bisphenol A derivatives act as novel 
coactivator-binding inhibitors for 
estrogen receptor β

Bisphenol A and its derivatives are recognized as endocrine disruptors based on their complex effects on estrogen receptor (ER) signaling. While the effects of bisphenol derivatives on ERα have been thoroughly 
evaluated, how these chemicals affect ERβ signaling is less well understood. Herein, we sought to identify novel ERβ ligands using a radioligand competitive binding assay to screen a chemical library of bisphenol 
derivatives. Many of the compounds identified showed intriguing dual activities as both ERα agonists and ERβ antagonists. Docking simulations of these compounds and ERβ suggested that they bound not only to the 
canonical binding site of ERβ but also to the coactivator binding site located on the surface of the receptor, suggesting that they act as coactivator-binding inhibitors (CBIs). Receptor-ligand binding experiments using 
WT and mutated ERβ support the presence of a second ligand-interaction position at the coactivator-binding site in ERβ, and direct binding experiments of ERβ and a coactivator peptide confirmed that these 
compounds act as CBIs. Our study is the first to propose that bisphenol derivatives act as CBIs, presenting critical insight for the future development of ER signaling-based drugs and their potential to function as 
endocrine disruptors.

J Biol Chem Vol.297 
Issue 5 Pages 101173

10.1016/j.jbc.2021.101173 34499926 in silico - - - - - - - - - - - - - - - - - - - - - - - - - - - -

統合_2134 F. N. Iheagwam, J. K. Odiba, O. T. Iheagwam, O. 
O. Ogunlana and S. N. Chinedu 2021

Type 2 Diabetes Mellitus Mediation 
by the Disruptive Activity of 
Environmental Toxicants on Sex 
Hormone Receptors: In Silico 
Evaluation

This study investigates the disruptive activity of environmental toxicants on sex hormone receptors mediating type 2 diabetes mellitus (T2DM). Toxicokinetics, gene target prediction, molecular docking, molecular 
dynamics, and gene network analysis were applied in silico techniques. From the results, permethrin, perfluorooctanoic acid, dichlorodiphenyltrichloroethane, O-phenylphenol, bisphenol A, and diethylstilbestrol were the 
active toxic compounds that could modulate androgen (AR) and estrogen-α and -β receptors (ER) to induce T2DM. Early growth response 1 (EGR1), estrogen receptor 1 (ESR1), and tumour protein 63 (TP63) were the 
major transcription factors, while mitogen-activated protein kinases (MAPK) and cyclin-dependent kinases (CDK) were the major kinases upregulated by these toxicants via interactions with intermediary proteins such 
as PTEN, AKT1, NfKβ1, SMAD3 and others in the gene network analysis to mediate T2DM. These toxicants pose a major challenge to public health; hence, monitoring their manufacture, use, and disposal should be 
enforced. This would ensure reduced interaction between people and these toxic chemicals, thereby reducing the incidence and prevalence of T2DM.

Toxics Vol.9 Issue 10 10.3390/toxics9100255 34678951 in silico - - - - - - - - - - - - - - - - - - - - - - - - - - - -

統合_2135 Z. Huang, L. Yang, J. Chen, S. Li, J. Huang, Y. 
Chen, J. Liu, H. Wang and H. Yu 2022

CCDC134 as a Prognostic-Related 
Biomarker in Breast Cancer 
Correlating With Immune Infiltrates

BACKGROUND: The expression of Coiled-Coil Domain Containing 134(CCDC134) is up-regulated in different pan-cancer species. However, its prognostic value and correlation with immune infiltration in breast cancer 
are unclear. Therefore, we evaluated the prognostic role of CCDC134 in breast cancer and its correlation with immune invasion. METHODS: We downloaded the transcription profile of CCDC134 between breast cancer 
and normal tissues from the Cancer Genome Atlas (TCGA). CCDC134 protein expression was assessed by the Clinical Proteomic Cancer Analysis Consortium (CPTAC) and the Human Protein Atlas. Gene set enrichment 
analysis (GSEA) was also used for pathway analysis. Receiver operating characteristic (ROC) curve was used to differentiate breast cancer from adjacent normal tissues. Kaplan-Meier method was used to evaluate the 
effect of CCDC134 on survival rate. The protein-protein interaction (PPI) network is built from STRING. Function expansion analysis is performed using the ClusterProfiler package. Through tumor Immune Estimation 
Resource (TIMER) and tumor Immune System Interaction database (TISIDB) to determine the relationship between CCDC134 expression level and immune infiltration. CTD database is used to predict drugs that inhibit 
CCDC134 and PubChem database is used to determine the molecular structure of identified drugs. RESULTS: The expression of CCDC134 in breast cancer tissues was significantly higher than that of CCDC134 mRNA 
expression in adjacent normal tissues. ROC curve analysis showed that the AUC value of CCDC134 was 0.663. Kaplan-meier survival analysis showed that patients with high CCDC134 had a lower prognosis (57.27 
months vs 36.96 months, P = 2.0E-6). Correlation analysis showed that CCDC134 mRNA expression was associated with tumor purity immune invasion. In addition, CTD database analysis identified abrine, Benzo (A) 
Pyrene, bisphenol A, Soman, Sunitinib, Tetrachloroethylene, Valproic Acid as seven targeted therapy drugs that may be effective treatments for seven targeted therapeutics. It may be an effective treatment for inhibiting 
CCDC134. CONCLUSION: In breast cancer, upregulated CCDC134 is significantly associated with lower survival and immune infiltrates invasion. Our study suggests that CCDC134 can serve as a biomarker of poor 
prognosis and a potential immunotherapy target in breast cancer. Seven drugs with significant potential to inhibit CCDC134 were identified.

Front Oncol Vol.12 
Pages 858487

10.3389/fonc.2022.858487 35311121 in silico - - - - - - - - - - - - - - - - - - - - - - - - - - - -

統合_2136 X. Z. Huang, H. Huang, H. Chen and Y. K. Wei 2024

Identification of endocrine-
disrupting chemicals targeting key 
OP-associated genes via 
bioinformatics and machine learning

Osteoporosis (OP), a metabolic disorder predominantly impacting postmenopausal women, has seen considerable progress in diagnosis and treatment over the past few decades. However, the intricate interplay between 
genetic factors and endocrine disruptors (EDCs) in the pathogenesis of OP remains inadequately elucidated. The objective of this research is to examine the environmental pollutants and their regulatory mechanisms that 
could potentially influence the pathogenesis of OP, in order to establish a theoretical foundation for the targeted prevention and medical management of individuals with OP. Utilizing CTD and GEO datasets, network 
toxicology and bioinformatics analyses were conducted to identify target genes from a pool of 98 co-associated genes. Subsequently, a novel prediction model was developed employing a multiple machine learning 
algorithm. The efficacy of the model was validated based on the area under the receiver operating characteristic curve. Finally, real-time quantitative polymerase chain reaction (qRT-PCR) was used to confirm the 
expression levels of key genes in clinical samples. We have identified significant genes (FOXO3 and LUM) associated with OP and conducted Gene Ontology, Kyoto Encyclopedia of Genes and Genomes enrichment 
analysis, immune infiltration analysis, and molecular docking analysis. Through the analysis of these key genes, we have identified 13 EDCs that have the potential to impact OP. Several endocrine disruptors, such as 
Dexamethasone, Perfluorononanoic acid, genistein, cadmium, and bisphenol A, have been identified as notable environmental pollutants that impact the OP. Molecular docking analysis revealed significant binding affinity 
of major EDCs to the post-translational protein structures of key genes. This study demonstrates that EDCs, including dexamethasone, perfluorononanoic acid, genistein, cadmium, and bisphenol A, can be identified as 
important environmental pollutants affecting OP, and that FOXO3 and LUM have the potential to be diagnostic markers for OP. These results elucidate a novel association between EDCs regulated by key genes and the 
onset of OP.

Ecotoxicol Environ Saf 
Vol.286 Pages 117155

10.1016/j.ecoenv.2024.117155 39383820 in silico - - - - - - - - - - - - - - - - - - - - - - - - - - - -

統合_2137 M. Hu, Z. Zhang, Y. Zhang, M. Zhan, W. Qu, G. 
He and Y. Zhou 2023

Development of human dermal 
PBPK models for the bisphenols 
BPA, BPS, BPF, and BPAF with 
parallel-layered skin compartment: 
Basing on dermal administration 
studies in humans

Risk assessment of human exposure to bisphenols (BPs) including bisphenol A, S, F and AF (BPA, BPS, BPF and BPAF) have suggested that except for ingestion, health risk resulting from dermal contact is not negligible. 
However, the absorption kinetics of BPA substitutes in humans following dermal exposure have been poorly studied. This study aimed to address the knowledge gap in physiologically based pharmacokinetic (PBPK) 
modeling of BPA and its high-concerned substitutes (BPS, BPF and BPAF) following dermal administration. Parallel-layered skin compartmental model for dermal absorption of BPs was for the first time proposed and 
human dermal administration studies were conducted to determine dermal bio-accessibility of BPS from thermal paper (TP) (n = 4), BPF (n = 4) and BPAF (n = 5) from personal care products (PCPs). Further, 
pharmacokinetics of BPS and its metabolites following human handling TP were investigated and the dermal PBPK models for BPA and BPS were validated using the available human biomonitoring data. Overall, 28.03 % 
± 13.76 % of BPS in TP was transferred to fingers followed by absorption of 96.17 % ± 2.78 % of that. The dermal bio-accessibilities of BPs in PCPs were 31.65 % ± 2.90 % for BPF and 12.49 % ± 1.66 % for BPAF. 
Monte Carlo analysis indicated that 90 % of the predicted variability fell within one order of magnitude, which suggested that the developed PBPK models had medium uncertainty. Global sensitivity analysis revealed that 
the model uncertainty is mainly attributed to the variabilities of dermal absorption parameters. Compared with the previous models for BPs, the developed dermal PBPK models were capable of more accurate predictions 
of the internal dose metric in target organs following human dermal exposure to BPs via TP and PCPs routes. These results suggested that the developed human dermal PBPK models would provide an alternative tool for 
assessing the risk of human exposure to BPs through dermal absorption.

Sci Total Environ 
Vol.868 Pages 161639

10.1016/j.scitotenv.2023.161639 36649768 in silico - - - - - - - - - - - - - - - - - - - - - - - - - - - -

統合_2138 Y. Hong, Y. Wang, J. Li, W. Shu, H. Chen and C. 
Chen 2025

Integrative causal and single-cell 
analyses reveal genes responsive to 
endocrine disruptors driving human 
male infertility

Male infertility is a growing global health concern increasingly linked to environmental exposure to endocrine-disrupting chemicals (EDCs). However, the specific molecular mechanisms by which EDCs contribute to 
impaired reproductive function remain unclear. In this study, we systematically identified EDC-related genes using curated chemical-gene interaction databases and assessed their causal roles in male infertility through 
Mendelian randomization (MR) and colocalization analyses, utilizing large-scale cis-eQTL and GWAS datasets. A total of six genes, RHEB, PARP1, SLTM, PLIN1, PEX11A, and SDCBP, showed strong evidence of causal 
relationships and shared genetic variants associated with both gene expression and infertility traits. Single-cell RNA sequencing of human testicular tissue revealed that these genes are predominantly expressed in germ 
cells and are significantly dysregulated in non-obstructive azoospermia (NOA) samples, supporting their functional relevance. Additionally, environmental mapping indicated that several widely encountered EDCs, 
including bisphenol A (BPA) and its analogs, triphenyl phosphate (TPP), and sodium arsenite, interact with multiple candidate genes. These findings provide mechanistic insight into how chemical exposures can 
dysregulate gene expression in testicular cells and contribute to male infertility, highlighting the need for targeted environmental risk assessments and regulatory strategies.

Ecotoxicol Environ Saf 
Vol.302 Pages 118709

10.1016/j.ecoenv.2025.118709 40700968 in silico - - - - - - - - - - - - - - - - - - - - - - - - - - - -

統合_2139 Y. Hong, D. Wang, Y. Lin, Q. Yang, Y. Wang, Y. 
Xie, W. Shu, S. Gao and C. Hua 2024

Environmental triggers and future 
risk of developing autoimmune 
diseases: Molecular mechanism and 
network toxicology analysis of 
bisphenol A

Bisphenol A (BPA), a chemical compound in plastics and resins, widely exist in people's production and life which have great potential to damage human and animal health. It has been proved that BPA could affect human 
immune function and promote the occurrence and development of autoimmune diseases (ADs). However, the mechanism and pathophysiology remain unknown. Therefore, this study aims to advance network toxicology 
strategies to efficiently investigate the putative toxicity and underlying molecular mechanisms of environmental pollutants, focusing on ADs induced by BPA exposure. Leveraging databases including ChEMBL, STITCH, 
SwissTargetPrediction, GeneCards, and OMIM, we identified potential targets associated with BPA exposure and ADs, including rheumatoid arthritis (RA), systemic lupus erythematosus (SLE), multiple sclerosis (MS), 
Hashimoto's thyroiditis (HT), inflammatory bowel disease (IBD), and type 1 diabetes (T1D). Subsequent refinement using STRING and Cytoscape software highlighted core targets respectively, and Metascape was 
utilized for enrichment analysis. Gene expression data from the GEO database revealed the upregulation or downregulation of these targets across these ADs. Molecular docking performed with Autodock confirmed 
robust binding between BPA and core targets, notably PPARG, CTNNB1, ESR1, EGFR, SRC, and CCND1. These findings suggest that BPA exposure may serve as an environmental trigger in the development of 
autoimmunity, underscoring potential environmental risk factors for the onset of autoimmune conditions.

Ecotoxicol Environ Saf 
Vol.288 Pages 117352

10.1016/j.ecoenv.2024.117352 39550874 in silico - - - - - - - - - - - - - - - - - - - - - - - - - - - -

統合_2140 Y. Hong, W. Shu, X. Jiang, Y. Wang, R. Chen, Q. 
Yang, D. Wang, C. Shao, S. Gao and C. Hua 2025

Prioritizing endocrine-disrupting 
chemicals targeting systemic lupus 
erythematosus genes via Mendelian 
randomization and colocalization 
analyses

BACKGROUND: Systemic lupus erythematosus (SLE) is a multifactorial autoimmune disease, with both genetic and environmental influences contributing to its development. Among environmental factors, endocrine-
disrupting chemicals (EDCs), present in plastics, pesticides, and personal care products, have been implicated in immune disruption. This study investigated the interactions between EDCs and SLE-associated genes to 
elucidate their role in SLE susceptibility. METHODS: We employed Mendelian randomization (MR) and colocalization analyses to explore genetic predispositions and environmental interactions in SLE. Cis-expression 
quantitative trait loci (cis-eQTL) data were obtained from the eQTLGen Consortium, and genome-wide association study (GWAS) data for SLE were acquired from the IEU Open GWAS database. MR analysis was 
performed to establish causal links between gene expression and SLE, and colocalization analysis was used to validate these associations. RESULTS: Our analysis identified 18 genes causally associated with SLE. 
Among them, five genes (CDCA7, HOXA1, LRRC37A4P, HOXA5, and DND1P1) showed strong evidence of colocalization with SLE. Further, 28 EDCs, including bisphenol A, bisphenol S, and endosulfan, were found to 
interact with these key genes, potentially influencing immune function and exacerbating the genetic susceptibility to SLE. CONCLUSIONS: This study highlights the complex interactions between EDCs and genetic 
predisposition in SLE. The findings provide valuable insights into how environmental exposures, particularly EDCs, may contribute to the development and progression of autoimmune diseases like SLE. These results 
suggest potential targets for future therapeutic interventions and underscore the need for further research on gene-environment interactions in SLE.

Ecotoxicol Environ Saf 
Vol.295 Pages 118126

10.1016/j.ecoenv.2025.118126 40185033 in silico - - - - - - - - - - - - - - - - - - - - - - - - - - - -

統合_2141 Y. Hong, Z. Du, J. Li, Y. Wang, Y. Wang, W. Shu, 
Q. Shen, F. Chen and S. Li 2025

Integrative causal inference 
illuminates gene-environment 
interactions linking endocrine 
disruptors to female infertility

Female infertility, a global health concern affecting up to 12 % of women, is influenced by genetic, hormonal, and environmental factors. Among environmental contributors, endocrine-disrupting chemicals (EDCs), which 
interfere with hormonal systems, have gained attention for their potential impact on reproductive health. This study used Mendelian randomization (MR) and colocalization analyses to explore the causal relationships 
between gene expression influenced by EDCs and female infertility. We identified 4207 EDC-related genes from The Endocrine Disruption Exchange (TEDX) database and Comparative Toxicogenomics Database (CTD), 
and analyzed their potential causal effects on female infertility using genome-wide association data. A total of five genes showed significant associations with infertility risk, with SULT1B1, MASTL, and TTC39C linked 
to increased risk, and ESR1 and AKAP13 associated with a protective effect. Colocalization analysis revealed that four of these genes (ESR1, TTC39C, AKAP13, and SULT1B1) shared causal variants with infertility, 
strengthening the MR findings. Additionally, interactions between these genes and key EDCs like bisphenol A (BPA), tetrachlorodibenzodioxin (TCDD), and sodium arsenite highlighted complex molecular mechanisms 
through which environmental exposures influence fertility. These findings provide new insights into the gene-environment interactions contributing to female infertility and offer potential targets for interventions to 
mitigate the harmful effects of EDCs on reproductive health.

Ecotoxicol Environ Saf 
Vol.302 Pages 118679

10.1016/j.ecoenv.2025.118679 40663944 in silico - - - - - - - - - - - - - - - - - - - - - - - - - - - -
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統合_2142
A. Hermano Sampaio Dias, R. Yadav, T. 
Mokkawes, A. Kumar, M. S. Skaf, C. V. Sastri, D. 
Kumar and S. P. de Visser

2023

Biotransformation of Bisphenol by 
Human Cytochrome P450 2C9 
Enzymes: A Density Functional 
Theory Study

Bisphenol A (BPA, 2,2-bis-(4-hydroxyphenyl)propane) is used as a precursor in the synthesis of polycarbonate and epoxy plastics; however, its availability in the environment is causing toxicity as an endocrine-disrupting 
chemical. Metabolism of BPA and their analogues (substitutes) is generally performed by liver cytochrome P450 enzymes and often leads to a mixture of products, and some of those are toxic. To understand the product 
distributions of P450 activation of BPA, we have performed a computational study into the mechanisms and reactivities using large model structures of a human P450 isozyme (P450 2C9) with BPA bound. Density 
functional theory (DFT) calculations on mechanisms of BPA activation by a P450 compound I model were investigated, leading to a number of possible products. The substrate-binding pocket is tight, and as a 
consequence, aliphatic hydroxylation is not feasible as the methyl substituents of BPA cannot reach compound I well due to constraints of the substrate-binding pocket. Instead, we find low-energy pathways that are 
initiated with phenol hydrogen atom abstraction followed by OH rebound to the phenolic ortho- or para-position. The barriers of para-rebound are well lower in energy than those for ortho-rebound, and consequently, our 
P450 2C9 model predicts dominant hydroxycumyl alcohol products. The reactions proceed through two-state reactivity on competing doublet and quartet spin state surfaces. The calculations show fast and efficient 
substrate activation on a doublet spin state surface with a rate-determining electrophilic addition step, while the quartet spin state surface has multiple high-energy barriers that can also lead to various side products 
including C(4)-aromatic hydroxylation. This work shows that product formation is more feasible on the low spin state, while the physicochemical properties of the substrate govern barrier heights of the rate-determining 
step of the reaction. Finally, the importance of the second-coordination sphere is highlighted that determines the product distributions and guides the bifurcation pathways.

Inorg Chem Vol.62 Issue 
5 Pages 2244-2256

10.1021/acs.inorgchem.2c03984 36651185 in silico - - - - - - - - - - - - - - - - - - - - - - - - - - - -

統合_2143 X. He, Z. Yang, L. Wang, Y. Sun, H. Cao and Y. 
Liang 2024

NeuTox: A weighted ensemble 
model for screening potential 
neuronal cytotoxicity of chemicals 
based on various types of molecular 
representations

Chemical-induced neurotoxicity has been widely brought into focus in the risk assessment of chemical safety. However, the traditional in vivo animal models to evaluate neurotoxicity are time-consuming and expensive, 
which cannot completely represent the pathophysiology of neurotoxicity in humans. Cytotoxicity to human neuroblastoma cell line (SH-SY5Y) is commonly used as an alternative to animal testing for the assessment of 
neurotoxicity, yet it is still not appropriate for high throughput screening of potential neuronal cytotoxicity of chemicals. In this study, we constructed an ensemble prediction model, termed NeuTox, by combining multiple 
machine learning algorithms with molecular representations based on the weighted score of Particle Swarm Optimization. For the test set, NeuTox shows excellent performance with an accuracy of 0.9064, which are 
superior to the top-performing individual models. The subsequent experimental verifications reveal that 5,5'-isopropylidenedi-2-biphenylol and 4,4'-cyclo-hexylidenebisphenol exhibited stronger SH-SY5Y-based cytotoxicity 
compared to bisphenol A, suggesting that NeuTox has good generalization ability in the first-tier assessment of neuronal cytotoxicity of BPA analogs. For ease of use, NeuTox is presented as an online web server that can 
be freely accessed via http://www.iehneutox-predictor.cn/NeuToxPredict/Predict.

J Hazard Mater Vol.465 
Pages 133443

10.1016/j.jhazmat.2024.133443 38198870 in silico - - - - - - - - - - - - - - - - - - - - - - - - - - - -

統合_2144 J. Guo, H. Yu, Y. Guo, J. Liu, Y. Chen and Z. Li 2025

Identification of endocrine 
disrupting chemicals targeting NTD-
related hub genes during pregnancy 
via in silico analysis

Neural tube defects (NTDs) represent severe congenital malformations of the central nervous system with multifactorial etiology, involving intricate gene-environment interactions that remain incompletely characterized. 
Endocrine disrupting chemicals (EDCs) are exogenous substances with hormone-disrupting properties that are ubiquitous in our surroundings. These chemicals pose a significant threat to human health, contributing to a 
range of diseases. Pregnant women are particularly vulnerable to the effects of EDCs, as these substances can traverse the placental barrier and impact the development of both the placenta and fetus. This study utilized 
placental and fetal transcriptome data to identify hub genes associated with NTDs during pregnancy. By leveraging the Comparative Toxicogenomics Database (CTD), we predicted the EDCs targeting these hub genes 
and performed molecular docking to assess their interactions. Our findings revealed four hub genes (CTSC, FCER1G, ITGB2, and LYVE1) in NTDs, with 72 EDCs identified as their targets. Molecular docking 
demonstrated that atrazine, bisphenol A (BPA) and diuron exhibited stable affinity with the proteins encoded by hub genes. These findings provide new insights into the environmental endocrine disruptors that affect the 
development of NTDs during pregnancy.

Reprod Toxicol Vol.134 
Pages 108904

10.1016/j.reprotox.2025.108904 40187376 in silico - - - - - - - - - - - - - - - - - - - - - - - - - - - -

統合_2145 J. Gu, X. Huang, H. Liu, D. Dong and X. Sun 2022

A mutispectroscopic study on the 
structure-affinity relationship of the 
interactions of bisphenol analogues 
with bovine serum albumin

Bisphenol A (BPA) is a recognized endocrine-disrupting chemical (EDC), and its analogues also exert negative effects on health. The structure-affinity relationship between the structures of nine bisphenol (BP) analogues 
and the conformational changes of bovine serum albumin (BSA) was studied by various characterization methods and molecular docking. BPs including BPA and its analogues, bisphenol B (BPB), bisphenol C (BPC), 
bisphenol AP (BPAP), bisphenol M (BPM), bisphenol P (BPP), bisphenol Z (BPZ), diethylstilbestrol (DES) and dienestrol (DS) interacted with BSA. At the concentration of 3.85 × 10(-5) mol l(-1), DS was found to lead to 
64% quenching, while BPAP, BPM and DES quenched 60%, 59% and 55% of BSA fluorescence, respectively. The values of ΔH (-19.31-135.42 kJ mol(-1)) and ΔS (12.52-495.63 J mol(-1) K(-1)) indicated that hydrophobic 
interactions and hydrogen bonds played important roles in the binding process. The binding constants of DS (8.87 × 10(4) l mol(-1)), DES (3.05 × 10(4) l mol(-1)), BPAP (1.52 × 10(4) l mol(-1)), BPC (1.16 × 10(4) l mol(-
1)) and BPM (1.10 × 10(4) l mol(-1)) to BSA were greater than that of BPA (1.18 × 10(3) l mol(-1)) to BSA, indicating that they may exert more negative effects than BPA. The molecular structure differences of these BPs 
partly affected their ability to bind to BSA. The binding constants of BPB/BPP to BSA were smaller due to the steric hindrance of ethyl and benzene ring. BPs with conjugated double bond structures (DS and DES) and 
benzene ring structures (BPM, BPP, BPAP) had a greater influence on the conformation of BSA.

Chemosphere Vol.291 
Issue Pt 1 Pages 
132769

10.1016/j.chemosphere.2021.1327
69

34740696 in silico - - - - - - - - - - - - - - - - - - - - - - - - - - - -

統合_2146 J. J. N. Goh, J. Behn, C. S. Chong, G. Zhong, S. 
Maurer-Stroh, H. Fan and L. H. Loo 2021

Structure-based virtual screening of 
CYP1A1 inhibitors: towards rapid 
tier-one assessment of potential 
developmental toxicants

Cytochrome P450 1A1 (CYP1A1) metabolizes estrogens, melatonin, and other key endogenous signaling molecules critical for embryonic/fetal development. The enzyme has increasing expression during pregnancy, and its 
inhibition or knockout increases embryonic/fetal lethality and/or developmental problems. Here, we present a virtual screening model for CYP1A1 inhibitors based on the orthosteric and predicted allosteric sites of the 
enzyme. Using 1001 reference compounds with CYP1A1 activity data, we optimized the decision thresholds of our model and classified the training compounds with 68.3% balanced accuracy (91.0% sensitivity and 45.7% 
specificity). We applied our final model to 11 known CYP1A1 orthosteric binders and related compounds, and found that our ranking of the known orthosteric binders generally agrees with the relative activity of CYP1A1 in 
metabolizing these compounds. We also applied the model to 22 new test compounds with unknown/unclear CYP1A1 inhibitory activity, and predicted 16 of them are CYP1A1 inhibitors. The CYP1A1 potency and modes of 
inhibition of these 22 compounds were experimentally determined. We confirmed that most predicted inhibitors, including drugs contraindicated during pregnancy (amiodarone, bicalutamide, cyproterone acetate, 
ketoconazole, and tamoxifen) and environmental agents suspected to be endocrine disruptors (bisphenol A, diethyl and dibutyl phthalates, and zearalenone), are indeed potent inhibitors of CYP1A1. Our results suggest 
that virtual screening may be used as a rapid tier-one method to screen for potential CYP1A1 inhibitors, and flag them out for further experimental evaluations.

Arch Toxicol Vol.95 
Issue 9 Pages 3031-
3048

10.1007/s00204-021-03111-2 34181028 in silico - - - - - - - - - - - - - - - - - - - - - - - - - - - -

統合_2147 J. Gingrich, D. Filipovic, R. Conolly, S. 
Bhattacharya and A. Veiga-Lopez 2021

Pregnancy-specific physiologically-
based toxicokinetic models for 
bisphenol A and bisphenol S

Predictions from physiologically based toxicokinetic (PBTK) models can help inform human health risk assessment for potentially toxic chemicals in the environment. Bisphenol S (BPS) is the second most abundant 
bisphenol detected in humans in the United States, after bisphenol A (BPA). We have recently demonstrated that BPS, much like BPA, can cross the placental barrier and disrupt placental function. Differences in 
physicochemical properties, toxicokinetics, and exposure outcomes between BPA and other bisphenols prevent direct extrapolation of existing BPA PBTK models to BPS. The current study aimed to develop pregnancy-
specific PBTK (p-PBTK) models for BPA and BPS, using a common p-PBTK model structure. Novel paired maternal and fetal pregnancy data sets for total, unconjugated, and conjugated BPA and BPS plasma 
concentrations from three independent studies in pregnant sheep were used for model calibration. The nine-compartment (maternal blood, liver, kidney, fat, placenta and rest of body, and fetal liver, blood and rest of body) 
models simulated maternal and fetal experimental data for both BPA and BPS within one standard deviation for the majority of the experimental data points, highlighting the robustness of both models. Simulations were 
run to examine fetal exposure following daily maternal exposure to BPA or BPS at their tolerable daily intake dose over a two-week period. These predictive simulations show fetal accumulation of both bisphenols over 
time. Interestingly, the steady-state approximation following this dosing strategy achieved a fetal concentration of unconjugated BPA to levels observed in cord blood from human biomonitoring studies. These models 
advance our understanding of bisphenolic compound toxicokinetics during pregnancy and may be used as a quantitative comparison tool in future p-PBTK models for related chemicals.

Environ Int Vol.147 
Pages 106301

10.1016/j.envint.2020.106301 33360411 in silico - - - - - - - - - - - - - - - - - - - - - - - - - - - -

統合_2148 K. Gill, E. Bindal, P. Garg, D. Kumar, R. 
Bhattacharyya and D. Banerjee 2025

Exposure of Bisphenols (BPA, BPB 
and BPC) in HepG2 Cells Results in 
Lysosomal Dysfunction and Lipid 
Accumulation

Nonalcoholic fatty liver disease poses a significant public health concern, as do the issues surrounding plastic usage. The bisphenols are reported to cause fat accumulation in the liver. However, literature is scanty about 
the effect of bisphenols on lysosomes or lysosomal functions. We predicted the interaction of bisphenols with lysosomal proteins available in the online databases using in silico tools. Molecular docking revealed that 
chosen Bisphenols interact with critical lysosomal proteins including lipid hydrolyzing enzymes. Following exposure of BPA, BPB and BPC to HepG2 cells fat accumulation and lysosomal functions were evaluated. 
Exposure to BPB and BPC results intracellular fat accumulation under experimental conditions like BPA. All three Bisphenols disturb lysosomal homeostasis perhaps by different mechanisms. Overall our results suggest 
that Bisphenols can also cause fat accumulation in liver by disturbing lysosomal homeostasis.

Cell Biol Int Vol.49 Issue 
6 Pages 709-722

10.1002/cbin.70017 40099744 in silico - - - - - - - - - - - - - - - - - - - - - - - - - - - -

統合_2149 C. A. Gély, N. Picard-Hagen, M. Chassan, J. C. 
Garrigues, V. Gayrard and M. Z. Lacroix 2023

Contribution of Reliable 
Chromatographic Data in QSAR for 
Modelling Bisphenol Transport 
across the Human Placenta Barrier

Regulatory measures and public concerns regarding bisphenol A (BPA) have led to its replacement by structural analogues, such as BPAF, BPAP, BPB, BPF, BPP, BPS, and BPZ. However, these alternatives are under 
surveillance for potential endocrine disruption, particularly during the critical period of fetal development. Despite their structural analogies, these BPs differ greatly in their placental transport efficiency. For predicting 
the fetal exposure of this important class of emerging contaminants, quantitative structure-activity relationship (QSAR) studies were developed to model and predict the placental clearance indices (CI). The most usual 
input parameters were molecular descriptors obtained by modelling, but for bisphenols (BPs) with structural similarities or heteroatoms such as sulfur, these descriptors do not contrast greatly. This study evaluated and 
compared the capacity of QSAR models based either on molecular or chromatographic descriptors or a combination of both to predict the placental passage of BPs. These chromatographic descriptors include both the 
retention mechanism and the peak shape on columns that reflect specific molecular interactions between solute and stationary and mobile phases and are characteristic of the molecular structure of BPs. The 
chromatographic peak shape such as the asymmetry and tailing factors had more influence on predicting the placental passage than the usual retention parameters. Furthermore, the QSAR model, having the best 
prediction capacity, was obtained with the chromatographic descriptors alone and met the criteria of internal and cross validation. These QSAR models are crucial for predicting the fetal exposure of this important class 
of emerging contaminants.

Molecules Vol.28 Issue 
2

10.3390/molecules28020500 36677565 in silico - - - - - - - - - - - - - - - - - - - - - - - - - - - -

統合_2150 C. Feng, W. Yan, Z. Mei and X. Luo 2025

Exploring the toxicological impact of 
bisphenol a exposure on psoriasis 
through network toxicology, machine 
learning, and multi-dimensional 
bioinformatics analysis

Psoriasis is a common immune - mediated skin disease, the pathogenesis of which is not completely elucidated. Environmental factors are key to its onset and progression. Bisphenol A (BPA) is a ubiquitous 
environmental pollutant that endangers human health. Previous research shows that BPA exposure disrupts immunity and causes skin inflammation and autoimmune diseases. However, the role and molecular 
mechanisms of BPA in psoriasis are unclear. In this study, we used network toxicology, machine learning, and bioinformatics to study BPA - induced psoriasis mechanisms. Public database analyses identified 100 
potential targets, with significant enrichment in the PI3K - AKT and Chemokine signaling pathways. Machine learning identified five core targets: PTAFR, MMP9, CXCR2, IDO1, and LCK. These genes are highly expressed 
in psoriatic lesion tissues than controls and associated to immune cell infiltration. Molecular docking and dynamics simulations confirmed stable interactions between BPA and these targets, which supports their role in 
disease progression. We also developed a novel Adverse Outcome Pathway (AOP) framework for BPA-induced psoriasis, providing key toxicological insights into the risks of exposure. These findings highlight the impact 
of BPA on immune regulation, offering a foundation for understanding associated health risks and formulating mitigation strategies. Our study provides an in-depth exploration of the molecular mechanisms underlying 
BPA-induced psoriasis. The findings underscore the practical application of integrating network toxicology, machine learning, multidimensional bioinformatics approaches, and AOP frameworks in assessing environmental 
pollutant risks. Furthermore, it lays the foundation for understanding BPA-related health risks and developing strategies to mitigate its impact on psorasis.

J Environ Manage 
Vol.385 Pages 125708

10.1016/j.jenvman.2025.125708 40347869 in silico - - - - - - - - - - - - - - - - - - - - - - - - - - - -

統合_2151 Z. Fan, R. Maisaidi, Y. Reheman, Y. Li, P. Zhou 
and L. Han 2025

Shared molecular mechanisms of 
bisphenol A and phthalates in 
endometriosis: A bioinformatics and 
molecular docking study

OBJECTIVE: Emerging evidence links endometriosis with co-exposure to Bisphenol A (BPA) and phthalates; however, their combined toxicogenomic mechanisms remain unclear. This study investigated the shared 
molecular pathways of BPA and phthalates-Diethyl phthalate (DEP), Dimethyl phthalate (DMP), and Dioctyl phthalate (DOP)-in endometriosis pathogenesis. METHODS: Bioinformatics and molecular docking analyses 
were integrated to characterize the chemical-pathway interactions in endometriosis development. RESULTS: We identified 81 shared targets of BPA/phthalates associated with endometriosis. Functional enrichment 
revealed their involvement in estrogen signaling, oxidative stress, inflammation, and cell proliferation/migration. PPI network analysis prioritized four hub targets (HSP90AA1, AKT1, SRC, IGF1) validated in endometriotic 
lesions and functionally linked to PI3K-Akt signaling and a dual hyperinflammatory-immunosuppressive imbalance. Molecular docking demonstrated that BPA and phthalates bind these proteins at shared sites, suggesting 
mechanistic convergence. CONCLUSION: BPA and phthalates co-promote endometriosis through overlapping signaling pathways. These findings provide mechanistic insights into their combined effects and establish a 
framework for understanding environmental chemical synergism in disease etiology.

Ecotoxicol Environ Saf 
Vol.299 Pages 118388

10.1016/j.ecoenv.2025.118388 40424730 in silico - - - - - - - - - - - - - - - - - - - - - - - - - - - -

統合_2152 L. Đurić, M. Milanović, J. Drljača Lero, N. Miloš
ević and N. Milić 2024

In silico analysis of endocrine-
disrupting potential of triclosan, 
bisphenol A, and their analogs and 
derivatives

Owning to the increasing body of evidence about the ubiquitous exposure to endocrine disruptors (EDCs), particularly bisphenol A (BPA), and associated health effects, BPA has been gradually substituted with 
insufficiently tested structural analogs. The unmanaged excessive use of antimicrobial agents such as triclosan (TCS) during the COVID-19 outbreak has also raised concerns about its possible interferences with 
hormonal functions. The similarity of BPA and estradiol, as well as TCS and non-steroidal estrogens, imply that endocrine-disrupting properties of their analogs could be predicted based on the chemical structure. Hence, 
this study aimed to evaluate the endocrine-disrupting potential of BPA substitutes as well as TCS derivatives and degradation/biotransformation metabolites, in comparison to BPA and TCS based on their molecular 
properties, computational predictions of pharmacokinetics and binding affinities to nuclear receptors. Based on the obtained results several under-researched BPA analogs exhibited higher binding affinities for nuclear 
receptors than BPA. Notable analogs included compounds detected in receipts (DD-70, BTUM-70, TGSA, and BisOPP-A), along with a flame retardant, BDP. The possible health hazards linked to exposure to TCS and its 
mono-hydroxylated metabolites were also found. Further research is needed in order to elucidate the health impacts of these compounds and promote better regulation practices.

J Appl Toxicol Vol.44 
Issue 12 Pages 1897-
1913

10.1002/jat.4685 39129338 in silico - - - - - - - - - - - - - - - - - - - - - - - - - - - -

統合_2153

D. Deepika, R. P. Sharma, M. Schuhmacher, A. 
K. Sakhi, C. Thomsen, L. Chatzi, M. Vafeiadi, J. 
Quentin, R. Slama, R. Grazuleviciene, S. Andruš
aitytė, D. Waiblinger, J. Wright, T. C. Yang, J. 
Urquiza, M. Vrijheid, M. Casas, J. L. Domingo 
and V. Kumar

2022
Unravelling sex-specific BPA 
toxicokinetics in children using a 
pediatric PBPK model

Bisphenol A (BPA) is a widely known endocrine disruptor (ED) found in many children's products such as toys, feeding utensils, and teething rings. Recent epidemiology association studies have shown postnatal BPA 
exposure resulted in developing various diseases such as diabetes, obesity, and neurodegeneration, etc., later in their lives. However, little is known about its sex-specific metabolism and consequently internal exposure. 
The aim of this study was to develop a sex-specific pediatric physiologically based pharmacokinetic model (PBPK) for BPA to compare their toxicokinetic differences. First, the published adult PBPK model was re-
validated, and then this model was extended by interpolation to incorporate pediatric sex specific physiological and biochemical parameters. We used both the classical body weight and ontogeny-based scaling approach 
to interpolate the metabolic process. Then, the pharmacokinetic attributes of the models using the two-scaling approach mentioned above were compared with adult model. Further, a sex-specific PBPK model with an 
ontogeny scaling approach was preferred to evaluate the pharmacokinetic differences. Moreover, this model was used to reconstruct the BPA exposure from two cohorts (Helix and PBAT Cohort) from 7 EU countries. The 
half-life of BPA was found to be almost the same in boys and girls at the same exposure levels. Our model estimated BPA children's exposure to be about 1500 times higher than the tolerable daily intake (TDI) recently set 
by European Food Safety Authority (EFSA) i.e., 0.04 ng/kg BW/day. The model demonstrated feasibility of extending the adult PBPK to sex-specific pediatric, thus investigate a gender-specific health risk assessment.

Environ Res Vol.215 
Issue Pt 1 Pages 
114074

10.1016/j.envres.2022.114074 35995217 in silico - - - - - - - - - - - - - - - - - - - - - - - - - - - -

統合_2154 C. R. Day, P. Yaşar, G. Adedoyin, B. D. Bennett, 
C. C. Chow and J. Rodriguez 2025

Altered cofactor recruitment and 
nucleosome dynamics underlie 
bisphenol A's impact on ERα-
mediated transcriptional bursting

Transcription initiation at hormone-responsive gene promoters involves recruitment of numerous proteins that initiate stochastic events known as transcriptional bursts. Estrogen responsive genes are regulated by 
Estradiol (E2) that binds to the Estrogen Receptor-α (ERα), allowing ERα to interact with DNA regulatory elements, recruit cofactors, and initiate transcription. Here, we utilized single-molecule imaging to determine 
how ERα mediated transcription is altered by non-canonical ligands such as Bisphenol A (BPA). Our analysis showed that the TFF1 gene exhibited similar burst initiation kinetics in BPA-treated cells compared to cells 
treated with E2. However, there was a significant reduction in the number of active alleles in the BPA-treated cells. We show that while BPA bound ERα did induce chromatin remodeling, nucleosome positioning was 
altered and coincided with reduced transcription factor binding. Additionally, BPA treatment impaired enhancer mediated TFF1 bursting. Together, this demonstrates that BPA disrupts transcriptional states by altering 
gene specific ERα cofactor recruitment.

iScience Vol.28 Issue 7 
Pages 112864

10.1016/j.isci.2025.112864 40678530 in silico - - - - - - - - - - - - - - - - - - - - - - - - - - - -

166



別添-2 統合⽂献リスト  

統合No. 著者名 発⾏年 タイトル アブストラクト 書誌情報 doi PMID
ヒト/動物/in vitro/ex 

vivo/in silico
分野

（疫学/動物） 哺乳動物 経⼝投与
BPA

単独ばく露

⼀般的な動物
種及び系統の
無処置動物

対照群と
3⽤量以上の
BPA投与群

10 mg/kg/⽇
以下の

⽤量設定

コホート研究/症例対照研究
/メタアナリシス

全ての
集団

全ての
ばく露経路

BPA
単独ばく露

遺伝毒性
試験

遺伝毒性試験以外
については100nM
以下の濃度設定の

試験

適格性評価基準
通過

（1534報）

信頼性評価対象
⽂献

(1012報)

疫学納品
⽂献(716報)

動物納品
⽂献(299報)

※１報取得不
可を含む

疫学情報
抽出⽂献

（170報）

動物情報
抽出⽂献

（123報）

EFSA
2023

EFSA
2016

EFSA
2015 BfR KEMI ANSES FDA NIFDS

CLARITY
-BPA

 適格性評価（動物）1：該当、0：該当しない  適格性評価（疫学）1：該当、0：該当しない  適格性評価（in vitro）1：該当、0：該当しない

適格性評価はタイトル及び要旨の情報に基づ
き可能な範囲で実施。明らかに適格性基準不
適合と判断されるもの以外を信頼性評価へ進
め、信頼性評価段階で原著に基づき精査。

引⽤評価機関
●：該当

統合_2155 K. Cui, L. Li, K. Li, W. Xiao and Q. Wang 2024

AOP-based framework for predicting 
the joint action mode of di-(2-
ethylhexyl) phthalate and bisphenol 
A co-exposure on autism spectrum 
disorder

Autism spectrum disorder (ASD), also known as autism, is a common, highly hereditary and heterogeneous neurodevelopmental disorder. The global prevalence of ASD among children continues to rise significantly, which 
is partially attributed to environmental pollution. It has been reported that pre- or post-natal exposure to di-(2-ethylhexyl) phthalate (DEHP) or bisphenol A (BPA), two prevalent environmental endocrine disruptors, 
increases the risk of ASD in offspring. Yet, the joint action mode linking DEHP and BPA with ASD is incompletely understood. This study aims to unravel the joint action mode of DEHP and BPA co-exposure on the 
development of ASD. An adverse outcome pathway (AOP) framework was employed to integrate data from multiple public database and construct chemical-gene-phenotype-disease networks (CGPDN) for DEHP- and 
BPA-related ASD. Topological analysis and comprehensive literature exploration of the CGPDN were performed to build the AOP. By analysis of shared key events (KEs) or phenotypes within the AOP or the CGPDN, we 
uncovered two AOPs, decreased N-methyl-D-aspartate receptor (NMDAR) and estrogen antagonism that were likely linked to ASD, both with moderate confidence. Our analysis further predicted that the joint action mode 
of DEHP and BPA related ASD was possibly an additive or synergistic action. Thus, we propose that the co-exposure to BPA and DEHP perhaps additively or synergistically increases the risk of ASD.

Neurotoxicology Vol.104 
Pages 75-84

10.1016/j.neuro.2024.07.012 39084265 in silico - - - - - - - - - - - - - - - - - - - - - - - - - - - -

統合_2156
Y. K. Chen, Y. Y. Tan, M. Yao, H. C. Lin, M. H. 
Tsai, Y. Y. Li, Y. J. Hsu, T. T. Huang, C. W. 
Chang, C. M. Cheng and C. Y. Chuang

2021

Bisphenol A-induced DNA damages 
promote to lymphoma progression in 
human lymphoblastoid cells through 
aberrant CTNNB1 signaling pathway

Lymphoma is a group of blood cancers that develop from the immune system, and one of the main risk factors is associated with exposure to environmental chemicals. Bisphenol A (BPA) is a common chemical used in the 
manufacture of materials in polycarbonate and epoxy plastic products and can interfere with the immune system. BPA is considered to possibly induce lymphoma development by affecting the immune system, but its 
potential mechanisms have not been well established. This study performed a gene-network analysis of microarray data sets in human lymphoma tissues as well as in human cells with BPA exposure to explore module 
genes and construct the potential pathway for lymphomagenesis in response to BPA. This study provided evidence that BPA exposure resulted in disrupted cell cycle and DNA damage by activating CTNNB1, the initiator of
 the aberrant constructed CTNNB1-NFKB1-AR-IGF1-TWIST1 pathway, which may potentially lead to lymphomagenesis.

iScience Vol.24 Issue 8 
Pages 102888

10.1016/j.isci.2021.102888 34401669 in silico - - - - - - - - - - - - - - - - - - - - - - - - - - - -

統合_2157 Y. Chen, H. Zhang, Y. Yu, S. Wang, M. Wang, C. 
Pan, Q. Fei, H. Li, Y. Wang, J. Lv and R. S. Ge 2024

Comparison of structure-activity 
relationship for bisphenol analogs in 
the inhibition of gonadal 3β-
hydroxysteroid dehydrogenases 
among human, rat, and mouse

Bisphenol A (BPA) is a widely used plastic material and its potential endocrine disrupting effect has restricted its use and increasing use of BPA alternatives has raised health concerns. However, the effect of bisphenol 
alternatives on steroidogenesis remains unclear. The objective of this study was to compare inhibitory potencies of 10 BPA alternatives in the inhibition of gonadal 3β-hydroxysteroid dehydrogenase (3β-HSD) in three 
species (human, rat and mouse). The inhibitory potency for human 3β-HSD2, rat 3β-HSD1, and mouse 3β-HSD6 ranged from bisphenol FL (IC(50), 3.32 μM for human, 5.19 μM for rat, and 3.26 μM for mouse) to 
bisphenol E, F, and thiodiphenol (ineffective at 100 μM). Most BPA alternatives were mixed inhibitors of gonadal 3β-HSD and they dose-dependently inhibited progesterone formation in KGN cells. Molecular docking 
analysis showed that all BPA analogs bind to steroid and NAD(+) active sites. Lipophilicity of BPA alternatives was inversely correlated with IC(50) values. In conclusion, BPA alternatives mostly can inhibit gonadal 3β-
HSDs and lipophilicity determines their inhibitory strength.

J Steroid Biochem Mol 
Biol Vol.236 Pages 
106424

10.1016/j.jsbmb.2023.106424 37939739 in silico - - - - - - - - - - - - - - - - - - - - - - - - - - - -

統合_2158

T. Chen, H. Chen, Y. Cheng, J. Chen, S. Lin, L. 
Liu, X. Zhan, P. Liu, G. Xie, K. Xia, X. Gao, Y. 
Chen, C. Guo, W. Li, W. Ning, W. Deng, J. Zhou, 
Y. Fan and P. Sun

2025

Integrated Network Toxicology and 
Experimental Validation Reveal the 
Mechanism of Bisphenol A-Induced 
Kidney Injury: Targeting 
Macrophage Esr1 Expression and 
Apoptosis

Bisphenol A (BPA), an endocrine-disrupting chemical ubiquitously present in environmental matrices, has emerged as a critical public health concern due to its potential multiorgan toxicity. Although epidemiological and 
experimental evidence associates BPA exposure with diverse pathologies including metabolic syndrome, carcinogenesis, and hepatorenal dysfunction, the molecular pathogenesis underlying BPA-induced nephrotoxicity 
remains poorly characterized. To systematically elucidate these mechanisms, we employed an integrative network toxicology approach interrogating multiple pharmacological databases (ChEMBL, STITCH) and disease 
repositories (GeneCards, OMIM) to identify putative molecular targets. Through rigorous protein-protein interaction network construction (STRING database, Cytoscape), three pivotal hub genes (Esr1, Esr2, Cyp19a1) 
were prioritized for further investigation. Subsequent multi-omics interrogation encompassed functional enrichment analysis (GO/KEGG), molecular docking simulations, Summary data-based Mendelian randomization 
(SMR), and immune infiltration analysis. Notably, macrophage-specific Esr1 downregulation was identified as a key molecular event in BPA-exposed renal. Both in vivo and in vitro experiments demonstrated that BPA-
mediated Esr1 suppression significantly impaired renal filtration capacity and promoted pro-inflammatory macrophage apoptosis. These findings collectively demonstrate that estrogen receptor alpha (Esr1) serves as a 
critical molecular nexus linking environmental BPA exposure to macrophage apoptosis-driven renal pathophysiology.

J Biochem Mol Toxicol 
Vol.39 Issue 7 Pages 
e70348

10.1002/jbt.70348 40586299 in silico - - - - - - - - - - - - - - - - - - - - - - - - - - - -

統合_2159
S. Chen, S. Wang, J. Zheng, H. Lu, H. Chen, Y. 
Tang, N. Wang, Y. Zhu, Y. Wang, P. Duan and R. 
S. Ge

2023

Bisphenol analogues inhibit human 
and rat 17β-hydroxysteroid 
dehydrogenase 1: 3D-quantitative 
structure-activity relationship (3D-
QSAR) and in silico docking analysis

Bisphenols, estrogenic endocrine-disrupting chemicals, disrupt at least one of three endocrine pathways (estrogen, androgen, and thyroid). 17β-Hydroxysteroid dehydrogenase 1 (17β-HSD1) is a steroidogenic enzyme 
that catalyzes the activation of estradiol from estrone in human placenta and rat ovary. However, whether bisphenols inhibit 17β-HSD1 and the mode of action remains unclear. This study we screened 17 bisphenols for 
inhibiting human 17β-HSD1 in placental microsomes and rat 17β-HSD1 in ovarian microsomes and determined 3D-quantitative structure-activity relationship (3D-QSAR) and mode of action. We observed some 
bisphenols with substituents were found to significantly inhibit both human and rat 17β-HSD1 with the most potent inhibition on human enzyme by bisphenol H (IC(50) = 0.90 μM) when compared to bisphenol A (IC(50) 
= 113.38 μM). Rat enzyme was less sensitive to the inhibition of bisphenols than human enzyme with bisphenol H (IC(50) = 32.94 μM) for rat enzyme. We observed an inverse correlation between IC(50) and 
hydrophobicity (expressed as Log P). Docking analysis showed that they bound steroid-binding site of 17β-HSD1. The 3D-QSAR models demonstrated that hydrophobic region, hydrophobic aromatic, ring aromatic, and 
hydrogen bond acceptor are key factors for the inhibition of steroid synthesis activity of 17β-HSD1.

Food Chem Toxicol 
Vol.181 Pages 114052

10.1016/j.fct.2023.114052 37758047 in silico - - - - - - - - - - - - - - - - - - - - - - - - - - - -

統合_2160 L. Chen, S. Chen, Y. Li, Y. Qiu, X. Chen, Y. Wu, 
X. Deng, M. Chen, C. Wang, Z. Hong and C. Qiu 2024

Upregulation of GOLPH3 mediated 
by Bisphenol a promotes colorectal 
cancer proliferation and migration: 
evidence based on integrated 
analysis

BACKGROUND: The interaction between environmental endocrine-disrupting chemicals, such as Bisphenol A (BPA), and their influence on cancer progression, particularly regarding the GOLPH3 gene in colorectal cancer, 
remains unclear. METHODS: We performed an integrated analysis of transcriptional profiling, clinical data, and bioinformatics analyses utilizing data from the Comparative Toxicogenomics Database and The Cancer 
Genome Atlas. The study employed ClueGO, Gene Set Enrichment Analysis, and Gene Set Variation Analysis for functional enrichment analysis, alongside experimental assays to examine the effects of BPA exposure on 
colorectal cancer cell lines, focusing on GOLPH3 expression and its implications for cancer progression. RESULTS: Our findings demonstrated that BPA exposure significantly promoted the progression of colorectal 
cancer by upregulating GOLPH3, which in turn enhanced the malignant phenotype of colorectal cancer cells. Comparative analysis revealed elevated GOLPH3 protein levels in cancerous tissues versus normal tissues, 
with single-cell analysis indicating widespread GOLPH3 presence across various cell types in the cancer microenvironment. GOLPH3 was also associated with multiple carcinogenic pathways, including the G2M 
checkpoint. Furthermore, our investigation into the colorectal cancer microenvironment and genomic mutation signature underscored the oncogenic potential of GOLPH3, exacerbated by BPA exposure. CONCLUSION: 
This study provides novel insights into the complex interactions between BPA exposure and GOLPH3 in the context of colorectal cancer, emphasizing the need for heightened awareness and measures to mitigate BPA 
exposure risks. Our findings advocate for further research to validate these observations in clinical and epidemiological settings and explore potential therapeutic targets within these pathways.

Front Pharmacol Vol.15 
Pages 1337883

10.3389/fphar.2024.1337883 38828452 in silico - - - - - - - - - - - - - - - - - - - - - - - - - - - -

統合_2161 F. Cavaliere, S. Lorenzetti and P. Cozzini 2020
Molecular modelling methods in 
food safety: Bisphenols as case 
study

Bisphenol A (BPA), a synthetic compound widely used as a building block for polycarbonate plastics, has been declared in the European Union (EU) as a substance of very high concern (SVHC). A series of BPA 
alternatives and derivatives (bisphenols/BPs) with similar physical-chemical properties have been produced and used by companies for substituting it. To evaluate the estrogenic and androgenic binding activity of 26 BPs, 
a non-statistical in silico approach has been applied. The results of molecular docking analyses applied on six different nuclear receptors (NRs) have revealed that: i) some BPA metabolites could lower the harmful effects 
of BPA exposure; ii) BPS is a lower interactor for all NRs, but it does not appear safer at all for androgen receptor (AR), for which its binding activity is found similar to a pharmacological anti-androgen; iii) only a BP has 
been found as a safer compound for all NRs considered. Moreover, molecular dynamic simulation of three BPs on ERα have revealed that the presence of negative hydrophobic interactions could induce a decrease in 
receptor activity. Overall, the present results demonstrate that in silico methods could be a valid approach to screen estrogenic and androgenic activity of food contact materials (FCMs).

Food Chem Toxicol 
Vol.137 Pages 111116

10.1016/j.fct.2020.111116 31931072 in silico - - - - - - - - - - - - - - - - - - - - - - - - - - - -

統合_2162 A. Amitrano, J. S. Mahajan, L. T. J. Korley and T. 
H. Epps, 3rd 2021

Estrogenic activity of lignin-derivable 
alternatives to bisphenol A assessed 
via molecular docking simulations

Lignin-derivable bisphenols are potential alternatives to bisphenol A (BPA), a suspected endocrine disruptor; however, a greater understanding of structure-activity relationships (SARs) associated with such lignin-
derivable building blocks is necessary to move replacement efforts forward. This study focuses on the prediction of bisphenol estrogenic activity (EA) to inform the design of potentially safer BPA alternatives. To achieve 
this goal, the binding affinities to estrogen receptor alpha (ERα) of lignin-derivable bisphenols were calculated via molecular docking simulations and correlated to median effective concentration (EC(50)) values using an 
empirical correlation curve created from known EC(50) values and binding affinities of commercial (bis)phenols. Based on the correlation curve, lignin-derivable bisphenols with binding affinities weaker than ~-6.0 kcal 
mol(-1) were expected to exhibit no EA, and further analysis suggested that having two methoxy groups on an aromatic ring of the bio-derivable bisphenol was largely responsible for the reduction in binding to ERα. Such 
dimethoxy aromatics are readily sourced from the depolymerization of hardwood biomass. Additionally, bulkier substituents on the bridging carbon of lignin-bisphenols, like diethyl or dimethoxy, were shown to weaken 
binding to ERα. And, as the bio-derivable aromatics maintain major structural similarities to BPA, the resultant polymeric materials should possess comparable/equivalent thermal (e.g., glass transition temperatures, 
thermal decomposition temperatures) and mechanical (e.g., tensile strength, modulus) properties to those of polymers derived from BPA. Hence, the SARs established in this work can facilitate the development of 
sustainable polymers that maintain the performance of existing BPA-based materials while simultaneously reducing estrogenic potential.

RSC Adv Vol.11 Issue 
36 Pages 22149-22158

10.1039/d1ra02170b 35480830 in silico - - - - - - - - - - - - - - - - - - - - - - - - - - - -

統合_2163
P. M. Aja, J. N. Awoke, P. C. Agu, A. E. 
Adegboyega, E. M. Ezeh, I. O. Igwenyi, O. U. Orji, 
O. G. Ani, B. A. Ale and U. A. Ibiam

2022

Hesperidin abrogates bisphenol A 
endocrine disruption through 
binding with fibroblast growth factor 
21 (FGF-21), α-amylase and α-
glucosidase: an in silico molecular 
study

BACKGROUND: Fibroblast growth factor 21 (FGF-21), alpha-amylase, and alpha-glucosidase are key proteins implicated in metabolic dysregulations. Bisphenol A (BPA) is an environmental toxicant known to cause 
endocrine dysregulations. Hesperidin from citrus is an emerging flavonoid for metabolic diseases management. Through computational approach, we investigated the potentials of hesperidin in abrogating BPA 
interference in metabolism. The 3D crystal structure of the proteins (FGF-21, α-amylase, and α-glucosidase) and the ligands (BPA and hesperidin) were retrieved from the PDB and PubChem database respectively. 
Using Autodock plugin Pyrx, molecular docking of the ligands and individual proteins were performed to ascertain their binding affinities and their potentials to compete for the same binding site. Validation of the docking 
study was considered as the ability of the ligands to bind at the same site of each proteins. The docking poses were visualized using UCSF Chimera and Discovery Studio 2020, respectively to reveal each of the protein-
ligands interactions within the binding pockets. Using SwissAdme and AdmeSar servers, we further investigated hesperidin's ADMET profile. Hesperidin used was purchased commercially. RESULTS: Hesperidin and BPA 
competitively bound to the same site on each protein. Interestingly, hesperidin had greater binding affinities (Kcal/mol) - 5.80, - 9.60, and - 9.60 than BPA (Kcal/mol) - 4.40, - 7.20, - 7.10 for FGF-21, α-amylase, and α-
glucosidase respectively. Visualizations of the binding poses showed that hesperidin interacted with stronger bonds than BPA within the proteins' pockets. Although hesperidin violated Lipinski rule of five, this however 
can be optimized through structural modifications. CONCLUSIONS: Hesperidin may be an emerging natural product with promising therapeutic potentials against metabolic and endocrine derangement.

J Genet Eng Biotechnol 
Vol.20 Issue 1 Pages 84

10.1186/s43141-022-00370-z 35648239 in silico - - - - - - - - - - - - - - - - - - - - - - - - - - - -

統合_2164 K. Adachi, T. Sasaki, A. Arai, M. Shimizu and H. 
Yamazaki 2024

Impact of variability of in silico and 
in vitro octanol/water partition 
coefficients of compounds on the 
input parameters and results of 
simplified human physiologically 
based pharmacokinetic models after 
virtual oral administrations

The octanol/water partition coefficient, P (logP), is a hydrophobicity index and is one of the determining factors of the pharmacokinetics of chemical compounds. LogP values obtained from in silico software, open 
chemistry databases, and in vitro liquid chromatography retention factors may vary. Some chemicals (boscalid, etoxazole, and permethrin) have up to four-order-magnitude differences in in silico/in vitro P values. This 
study aimed to evaluate the effects of logP values of these three compounds, along with bisphenol A, 1,2-dibromobenzene, tetrabromobisphenol A, trazodone, and triazolam, on the input parameters and output 
plasma/hepatic concentration-time profiles of simple physiologically based pharmacokinetic (PBPK) models. Although the blood-to-plasma concentration ratios (~0.9-0.6) were slightly affected by variations in logP 
values, logarithmic plasma unbound fraction values and liver-to-plasma partition coefficients (K(p,h)) were, respectively, inversely and linearly correlated with logP values (K(p,h) was stable at ~6.7 for logP > 4). LogP 
was among the input parameters for previously established machine learning systems; consequently, the resulting logarithmic intrinsic clearance values were correlated with logP values in the range 2-8. However, the 
bioavailability, absorption rate constants, and volumes of distribution were not affected. PBPK-modeled plasma and hepatic maximum concentrations and areas under the concentration-time curves after virtual oral doses 
were mostly within ~0.5- to ~2-fold ranges, except for substances with low in vitro logP values, e.g., etoxazole and permethrin. These results suggest that in silico logP values are generally suitable for pharmacokinetic 
modeling; nevertheless, caution is needed for compounds with low in vitro logP values of ~2.

J Toxicol Sci Vol.49 
Issue 10 Pages 459-466

10.2131/jts.49.459 39358235 in silico - - - - - - - - - - - - - - - - - - - - - - - - - - - -

統合_2165 A. A. S. Alfahdawi, I. M. Mohammed, O. A. S. 
Alfahdawi and K. A. Ali 2022

Physiological and Histopathological 
Studies on Bisphenol- A Induced 
Oxidative Stress in Albino Rats: 
Amelioration by Green and White 
Tea Extracts

Due to highly exposure of BPA which is harmful substance, we investigate its role in induction of oxidative stress, its effect on pancreatic tissue and some physiological parameters in serum of rats, also make a 
compartive study of antioxidant role for both green and white tea alcoholic exctracts against this harmful substance. In our experiment 20 male albino rats had been used, their body weights were ranged between 180 and 
200 grams. Four equal groups of rats were formed, (five animals each). The first group was treated with corn oil alone, while the second group received 500 mg/kg BPA liquified in corn oil, while the third group received 
BPA (500 mg/kg) and 300 mg/kg extract of green tea together, and the fourth group received BPA plus 300 mg/kg white tea alcoholic extract tea extract. Animal dosing was orally for 60 days. Level of serum MDA 
significantly inceased in rat group supplied with PBA while treatment with white and green tea alcoholic extract decreased MDA level. Serum superoxidedismutase (SOD) significantly decreased in PBA group while green 
tea significantly elevated antioxidant level, rats treated with white tea also showed elevation in serum SOD but it was non significant, indicating higher enhancment of green tea for anioxidant production than white tea. 
Histopathological examination revealded hemorrahge, apoptosis, necrosis and infiltration of inflammatory cells in pancreatic tissue of PBA of rats group, while treatment with green and white tea alcoholic extract nearly 
recovered histological architectur of pancreatic islets. Histochemical examination indicated depletion of mucopolysacchride by using a stain named alcian blue periodic-acid schiff stain (AB-PAS), protein also depleted 
when pancreatic tissue stained with bromophenol blue in rats supplied with PBA, while green tea showed better recovery for protein distribution than white tea.

JOURNAL OF 
PHARMACEUTICAL 
NEGATIVE RESULTS 
Vol.13 Issue 4 Pages 
545-553

10.47750/pnr.2022.13.04.071 - 動物 - 1 1 1 1 0 500 mg/kg mg/kg/⽇ - - - - - - - - - - - - - - - - - - - - -

統合_2166 I. Al-Saleh, R. Elkhatib, M. Alnemer, H. 
Aldhalaan and M. Shoukri 2025

Impact of maternal Bisphenol A 
exposure on thyroid hormones and 
birth anthropometric outcomes: A 
repeated measures study

We investigated the effects of prenatal bisphenol A (BPA) exposure on maternal thyroid hormones and fetal growth outcomes within a cohort from Saudi Arabia. In this prospective study, 672 pregnant women provided 
1957 urine samples, which were analyzed for BPA concentrations using UPLC-MS/MS throughout three trimesters. We recorded BPA detection rates and median concentrations, using mixed-effects models to examine 
the influence on maternal thyroid hormones, specifically free thyroxine (FT4) and thyroid-stimulating hormone (TSH). Additionally, we explored the impact on fetal growth markers such as head circumference (HC) and 
placental weight (PWT) through multivariable regression, adjusting for confounders. Findings indicated that BPA was present in over 95 % of samples, with a notable decrease in median concentrations from the 1st to the 
3rd trimester. Higher BPA exposure correlated with a 2.96 % increase in FT4 levels and a 14.58 % reduction in TSH in the top exposure quartile. Fetal growth analysis showed a decrease of 3.8 % in HC and 15.3 % in PWT 
associated with high firsttrimester BPA levels. Furthermore, FT4 levels in the first and 2nd trimesters mediated the relationship between BPA exposure and fetal growth outcomes by 21.1 % for PWT and 19.1 % for HC, 
while gestational age mediated 12.1 % of the change in HC. The study highlights significant disruptions in thyroid function and detrimental effects on fetal development due to high BPA exposure, underscoring the need for 
rigorous monitoring and preventive measures during pregnancy. (c) 2025 The Authors. Publishing services by Elsevier B.V. on behalf of KeAi Communications Co. Ltd. This is an open access article under the CC BY-NC-
ND license (http://creativecommons.org/licenses/by-nc-nd/ 4.0/).

Emerging 
Contaminants, Volume 
11, Issue 2, June 2025, 
100479

10.1016/j.emcon.2025.100479 - ヒト ⽣殖発⽣ - - - - - - コホート 1 1 - - - 1 1 1 - 1 - - - - - - - - - -

統合_2167 R. Aimuzi, Y. Q. Wang, K. Luo and Y. Jiang 2022

Exposure to phthalates, phenols, 
and parabens mixture and 
alterations in sex steroid hormones 
among adolescents

Exposure to phthalates (PAEs), phenols, and parabens has been linked with sex hormone imbalance; however, previous studies were predominantly limited to adults and failed to examine the combined effects of these 
chemicals mixture among adolescents. Thus, we used the data from the National Health and Nutrition Examination Survey (2013-2016) to explore the associations of urinary PAEs, phenols, and parabens biomarkers with 
sex hormones among participants aged 12-19 years old (n = 613). Latent class analysis (LCA) and quantile-based g-computation (QGC) were applied to assess the associations of the latent exposure profiles and 
chemicals mixture with sex hormone indicators, including steroid hormones and sex hormone binding globulin (SHBG), in adolescents and by sex. Using LCA, four latent classes were identified among all participants. 
Compared with the class characterized by "Low exposure ", the class represented by "High PAEs " [mono (2-ethyl-5-carboxypentyl) phthalate (MECPP), mono (2-ethyl-5-hydroxyhexyl) phthalate (MEHHP), and monobenzyl 
phthalate (MBZP)] had lower level of estradiol (E-2) [beta=-0.249, 95% confidence interval (CI):-0.419,-0.08], free androgen index (FAI) (beta =-0.258, 95%CI:-0.512,-0.005) and free testosterone (FT) (beta =-0.248, 
95%CI:-0.496,-0.001) among male adolescents. These results were echoed by the results in QGC analyses, where PAEs mixture was negatively associated with E-2 (beta =-0.137, 95% CI:-0.263,-0.011), FAI (beta =-
0.198, 95%CI:-0.387,-0.008) and FT (beta =-0.189, 95%CI:-0.375,-0.002) among male adolescents. By contrast, the associations of the identified latent classes or chemicals mixture with sex hormone indicators were 
generally nonsignificant among female counterparts, except for a positive association between PAEs mixture and SHBG (beta = 0.121, 95%CI: 0.012, 0.23). Our study demonstrated that exposure to PAEs, particularly 
MECPP, MEHHP, and MBZP, would be a threat to the sex hormone homeostasis of male adolescents.

CHEMOSPHERE 
Vol.302

10.1016/j.chemosphere.2022.1348
34

35533932 ヒト - - - - - - - 横断研究 1 1 - - - - - - - - - - - - - - - - - -
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統合_2168
G. Afzal, H. I. Ahmad, A. Jamal, G. Mustafa, S. 
Kiran, R. Hussain, S. Anjum, M. Rafay, A. 
Ghaffar and S. Saeed

2022

Bisphenol a mediated 
histopathological, Hemato-
Biochemical and oxidative stress in 
rabbits (oryctolagus cuniculus)

Bisphenol A (BPA) is a ubiquitous environmental contaminant and is commonly known as an endocrine disrupting chemical (EDC). BPA is widely used in production of numerous products including polycarbonate plastics, 
cans, drinking water bottles and dental sealants. Therefore, the current study was designed to investigate deleterious effects of BPA on blood, serum biochemistry, antioxidant enzymes and histopathological changes in 
different visceral organs of exposed rabbits. For this reason a total of 16 male rabbits were randomly divided and kept in four different groups (A-D). Rabbits in control group A received no treatment and were kept on 
normal feed while the rabbits in groups B, C and D were administered BPA @ 10, 50 and 100 mg/kg/day respectively by oral gavage for 28 days. The results showed significant decreased in hemoglobin level, total proteins, 
lymphocytes, packed cell volume (PCV), red blood cells (RBC) and monocytes in treated rabbits compared to control group. The total white blood cell count and neutrophil (%) significantly increased in treated rabbits. The 
serum biochemistry analysis showed that the concentrations of glucose, cholesterol, triglycerides, high density lipoprotein (HDL) and low density lipoprotein (LDL) were significantly (<0.05) higher in the treated rabbits. 
Results revealed that the levels of various antioxidant enzymes such as peroxidase (POD), catalase (CAT), superoxide dismutase (SOD) and glutathione peroxidase (GPx) were significantly decreased (<0.05) in rabbits 
exposed to BPA. The quantity of oxidative stress biomarker such as malondialdehyde (MDA) significantly increased in all treated animals compared to control group. Microscopic observation of different visceral tissues 
like liver, kidneys, lungs and heart exhibited necrotic and degenerative lesions in treated rabbits. In conclusion, the results of our experimental study suggested that BPA induces hemato-biochemical, histopathological and 
oxidative stress in male rabbits.

TOXIN REVIEWS Vol.41 
Issue 4 Pages 1067-
1076

10.1080/15569543.2021.1972318 - 動物 ⼀般毒性 1 1 1 実験動物ではないウサギ：０ 3⽤量：1 10, 50, 100 mg/kg: 1 - - - - - - 1 1 - 1 - - - - - - - - - - -

統合_2169
S. A. Abushal, R. Sami, H. Aljumayi, M. S. 
Almujaydil, A. A. Harasani, M. Helal, R. A. Al-
eisa and M. A. Alanazi

2024

ADVERSE EFFECTS OF ORAL 
ADMINISTRATION OF BISPHENOL 
A-INDUCED TOXICITY ON ADULT 
MALE RAT LIVER AND TESTIS 
WITH THE PROTECTIVE ROLES OF 
HERBAL TEAS

Bisphenol A (BPA) is a monomer widely used in our living environment to manufacture many chemical products. Mammalian cells are exposed to it at high levels, which has toxic and estrogenic consequences. Moreover, 
BPA exposure during prenatal and neonatal development results in defects in the male and female reproductive systems, abnormal meiotic development in fetal oocytes, and pregnancy complications. The aim of the 
current study was to study the adverse effects of the oral administration of BPA on the liver and testis of adult male rats with the protective roles of herbal teas. A comparative study was conducted on 40 adult male 
Wistar rats (six weeks old, weighing 100-120 g). Groups were coded as RT/BPA, GT/BPA, and BT/BPA, for red, green, and blue herbal teas, respectively. Several evaluations such as weights, hepatic enzyme markers, 
lipid profile, and oxidative nitrosative stress for the liver and testis were conducted. Results indicated that exposure to BPA significantly increased oxidative nitrosative stress and damaged the hepatic tissue on the liver 
and testis. The ALT GT/BPA group detected the highest values for AST (61.87 mU/mL), ALP (2.48 mU/mL), LDH (1153.11 U/L), and GGT (49.72 U/L); RT/BPA group detected the lowest values for AST (58.71 mU/mL), 
ALP (1.51 mU/mL), and GGT (21.12 U/L). Similarly, the RT/BPA and BT/BPA groups were detected (4.11 and 4.12 mg/100 mL) for creatinine levels as compared to the vehicle control group. While rats in the BT/BPA and 
GT/BPA groups showed similar values to the vehicle group (45.02 and 118.28 mg/dI) for HDL and TC quantities, respectively. The present research established the protective role of herbal teas due to the antioxidant 
properties, especially of green tea, which preserved GPx value (88.22 nmol/mg), testosterone (1.80 ng/mL); and red tea, which preserved CAT value (101.18 U/mg); while blue tea preserved MDA and SOD values (0.81 
nmol/mg and 7.18 U/mg), respectively. BPA oral administration with herbal teas reduced toxicity on the liver and testis due to free radical scavenging effects.

ACTA POLONIAE 
PHARMACEUTICA 
Vol.81 Issue 4 Pages 
639-648

10.32383/appdr/193768 - 動物 - 1 1 1 1 0 50 mg/kg BPA - - - - - - - - - - - - - - - - - - - - -

統合_2170 S. O. Abimbola, C. Xeni, A. K. Sakhi, B. Heibati, 
T. Husoy, H. Dirven and K. C. Makris 2022

Diurnal Variation in Biomarkers of 
Exposure to Endocrine-Disrupting 
Chemicals and Their Association 
with Oxidative Damage in 
Norwegian Adults: The EuroMix 
Study

Much evidence on the adverse health effects of endocrine-disrupting chemicals (EDCs) has accumulated during recent decades. EDCs are commonly found in various foods and personal care products (PCP). Data 
documenting a diurnally varying EDC metabolism in humans is scarce. This study examined (i) the time-of-day effect on the diurnal magnitude and variance of urinary biomarkers of exposure to EDCs, and (ii) the 
association between EDC exposures and oxidative damage in a Norwegian adult subpopulation. This was a cross-sectional panel study using biobanked samples from the EuroMix project. During a typical weekday, 
participants were asked to collect all day's urine voids and record dietary and PCP habitual uses in a diary. Collected time stamps of urine voids were classified into three distinct periods in the day (morning 6 a.m.-12 
p.m., mid-day 12 p.m.-6 p.m., evening 6 p.m.-6 a.m.). Questionnaires regarding demographic characteristics, personal care product usage, and dietary habits were completed. Urinary levels of EDCs (phthalates, parabens, 
and bisphenols) were measured using mass spectrometry and adjusted for urinary volume using specific gravity. Urinary 4-hydroxynonenal (4HNE), a lipid peroxidation marker, was measured using an immunoassay kit. 
Linear mixed-effect models identified EDCs under the influence of a diurnal variation effect that was adjusted for dietary habits and PCP use and examined associations between EDC and 4HNE. p-values were FDR-
adjusted. Most phthalates appeared to be diurnally varying with higher urinary levels towards the evening (q < 0.001) than those measured during mid-day; this strong diurnal variation effect was not present for parabens 
and bisphenols. Significant (q < 0.001) positive associations were observed between all phthalates, parabens, and bisphenols (except bisphenol S) and 4HNE. This study's findings highlighted the diurnal variation of 
excretion for certain EDC, but not for others, in real-life conditions. The degree of EDC chronotoxicity in distinct diurnal windows of the day warrants further investigation with longitudinal human studies.

TOXICS Vol.10 Issue 4 10.3390/toxics10040181 35448442 ヒト - - - - - - - 横断研究 1 1 - - - - - - - - - - - - - - - - - -

統合_2171 S. Abdoli, S. Z. Masoumi and F. Kazemi 2022
Environmental and occupational 
factors and higher risk of couple 
infertility: a systematic review study

Background: Infertility is a global health problem that represents an increasing trend due to new lifestyles following technological advances since individuals are facing more risk factors than before. The present 
systematic review study aimed to investigate the impact of environmental and occupational factors on reproductive parameters and increased risk of couple infertility. Main body: Scopus, PubMed, SID, and Web of 
Science databases were searched for the available observational (i.e., cohort, case-control, and cross-sectional) systematic review, meta-analysis, and clinical trial studies between 2007 and 2019. To this end, keywords 
such as 'Environmental exposure', 'Occupational exposure', 'Environmental pollutants', 'Environmental pollution', 'Couple infertility', 'Sterility', and 'Sub-fertility' were used. The retrieved investigations examined the impact 
of environmental and occupational risk factors on reproductive indices and increased infertility risk. Totally, 66 out of 9519 papers were evaluated after considering the inclusion and exclusion criteria. The reported risk 
factors in the reviewed studies were heavy metals, cigarette smoking, and exposure to chemicals through consumer goods, urban life, and proximity to main roads. In addition, occupational factors included heavy physical 
activity, prolonged sitting, exposure to a hot environment, contact with formaldehyde, pesticides, insecticides, mechanical vibration, and contact with ionizing radiation, all of which affected the reproductive parameters. 
However, some researchers found no significant associations in this regard. Short conclusion: In general, individuals with known impairments in reproductive parameters were more exposed to risk factors. Nonetheless, 
more studies are needed to determine the risk of infertility in the population.

MIDDLE EAST 
FERTILITY SOCIETY 
JOURNAL Vol.27 Issue 
1

10.1186/s43043-022-00124-4 - ヒト - - - - - - - システマティックレビュー 1 1 - - - - - - - - - - - - - - - - - -

統合_2172
Y. A. Abd-Elnaby, I. E. ElSayed, M. A. 
AbdEldaim, E. A. Badr, M. M. Abdelhafez and I. 
Elmadbouh

2022
Anti-inflammatory and antioxidant 
effect of Moringa oleifera against 
bisphenol-A-induced hepatotoxicity

Background Non-pharmacological exposure or pharmacological drug-induced hepatic injury is the most common cause of hepatotoxicity. This study was conducted to evaluate the effect of Moringa oleifera leaf extract 
against bisphenol-A (BPA)-induced hepatic toxicity in rats. Methods Rats (n=56) were randomized into 7 groups (8 rats/each). Control groups: rats received olive oil or Moringa oleifera (400mg/kg) orally for 42 days. 
Hepatotoxicity groups: rats received BPA (50mg/kg BW) orally in a 1-ml olive oil for 42 days. Reversal groups: rats received Moringa oleifera (200 or 400mg/kg) and BPA (50mg/kg BW) for 42 days. Preventive groups: rats 
received Moringa oleifera (200 or 400mg/kg) for 30 days followed by BPA (50mg/kg BW) for 14 days. At the end of the experiments, blood samples were collected for glucose and liver function assay, while the liver tissue 
samples were collected and homogenated for measuring the inflammatory/oxidant and antioxidant markers. Results Rats with BPA-induced hepatotoxicity have significantly increased serum aspartate transaminase 
(AST), alanine transaminase (ALT), and glucose; liver lysate malondialdehyde (MDA); tumor necrosis factor (TNF-alpha); and macrophage migrating inhibitory factor (MIF) but significantly decreased levels of liver lysate 
reduced glutathione (GSH) and total antioxidant capacity (TAC) levels. The administration of Moringa oleifera (especially 400mg/kg BW) in both reversal and preventive groups ameliorate the toxic effects of BPA in rats, 
as it decreased the activities of AST, ALT, glucose, MDA, TNF-alpha, and MIF levels and increased the antioxidant levels of GSH and TAC. Conclusion Moringa oleifera has hepatoprotective effects against BPA-induced 
liver damage through the regulation of antioxidants and inflammatory biomarkers.

EGYPTIAN LIVER 
JOURNAL Vol.12 Issue 
1

10.1186/s43066-022-00219-7 - 動物 - 1 1 1 1 0 50 mg/kg - - - - - - - - - - - - - - - - - - - - -

統合_2173 M. Abd Malek, R. Dasiman, N. Khan, S. 
Mohamed-Akhlak and M. H. Mahmud 2022

The protective effects of procyanidin 
C-1 on bisphenol A-induced 
testicular dysfunction in aged mice

The number and quality of sperm are decreased due to bisphenol A (BPA) exposure, an endocrine-disrupting chemical on the male reproductive system, especially in advanced paternal age (APA). Procyanidin C-1 (PCY-1), 
an antioxidant from grape seed (Vitis vinifera L.), has demonstrated anti-viral, anti-melanogenic and immunostimulatory effects. Therefore, this study aims to determine the effects of PCY-1 intervention on sperm 
parameters, testis morphological changes, serum testosterone, oestradiol, and luteinizing hormone (LH) concentrations and the expression of apoptotic (Bax and Bcl-2) and mitochondria-related (Mfn1 and Opa1) genes in 
BPA-exposed aged mice. Results revealed that PCY-1 intervention improves aged male fertility in BPA-exposed conditions by decreasing abnormal sperms percentage and increasing spermatogenic cell diameter and 
epithelial height. PCY-1 also decreased oestradiol, and increased LH and testosterone levels. The gene expression of Bax was significantly down-regulated by PCY-1 intervention. In contrast, Bcl-2 was substantially up-
regulated. Expression of Mfn1 and Opa1 genes were also significantly up-regulated in the PCY intervention group. Hence, it is demonstrated that PCY-1 was able to mitigate the adverse effects of BPA on reproductive 
parameters of aged mice. Collectively, we postulated that PCY-1 has a potential role in protecting the ageing male reproductive system against the damaging impacts of BPA. ?? 2022 Beijing Academy of Food Sciences. 
Publishing services by Elsevier B.V. on behalf of KeAi Communications Co., Ltd. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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L. Fabbri, O. Robinson, X. Basaga?a, L. Chatzi, 
R. Grazuleviciene, M. Guxens, M. 
Kadawathagedara, A. K. Sakhi, L. Maitre, R. 
McEachan, C. Philippat, O. J. Pozo, C. Thomsen, 
J. Wright, T. Yang and M. Vrijheid

2025

Childhood exposure to non-
persistent endocrine disruptors, 
glucocorticosteroids, and attentional 
function: A cross-sectional study 
based on the parametric g-formula

Background: Evidence suggests that endocrine disrupting chemicals (EDCs) may perturb the hypothalamicpituitary-adrenocortical (HPA) axis, which has a major role in brain development. We aimed to evaluate the effects 
of childhood exposure to organophosphate pesticides, phenols, and phthalate metabolites, on urinary glucocorticosteroids and inattention in childhood. Methods: We used data from the Human Early-Life Exposome 
(HELIX) cohort (2013-2016) and the parametric gformula to estimate associations between EDCs, glucocorticosteroids, and hit reaction time standard error (HRTSE), a measure of inattention, and tested for possible 
effect modification by sex. Results: We observed a positive marginal contrast (MC) for exposure increases from the 10th to the 90th percentile for methyl-paraben (MC: 0.042 and 95% confidence interval (CI): (0.013, 
0.071)), and the phthalate metabolites oxo-MiNP (MC: 0.023 and 95% CI: (0.003, 0.044)), oh-MiNP (MC: 0.039 and 95% CI: (0.001, 0.076)), and MEHP (MC: 0.036 and 95% CI: (0.008, 0.063)), on HRT-SE, indicating lower 
attention. Several EDCs were also associated with a positive MC for cortisone, cortisol, and corticosterone production. Increased levels of the glucocorticosteroids were not associated with HRT-SE, although we found a 
possible effect modification by sex. Conclusions: Our results suggest that multiple EDCs might interfere with inattention and with the homeostasis of the HPA axis.

Environ Res. 2025 Jan 
1;264(Pt 2):120413.
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統合_2175
R. N. Elbendary, A. A. M. Attia, M. A. Y. Zakaria, 
S. M. Sakr, H. M. H. Haggag, S. H. N. Taha and 
H. S. Mohammed

2023
Investigating Bisphenol A Level 
Estimation and Possible Effects on 
Fetal Biometry

Background: The estrogenic endocrine disruptor bisphenol A (BPA), which is used in plastics and resins, may have an impact on the fetus's growth and development and can modify postnatal development. This study aims 
to assess how bisphenol A affects fetal biometry. Methods: This analytical cross-sectional study included 384 healthy Egyptian women in their third trimester during childbearing (15-44 years). They were selected from 
the outpatient Clinic of Obstetrics and Gynecology at Kasr El-Ainy Hospital, Cairo, Egypt. Fetal biometry was measured and urine samples were collected to estimate BPA levels.Results: Fetal weight, centile, and 
corrected bisphenol A levels were significantly higher in the studied age groups (P<0.05). A significant positive correlation was found between BPA level and estimated fetal weight, centile, and age of the mother per year. 
On the other hand, no significant difference was detected with other fetal measurements in the studied groups (P>0.05).Conclusion: Fetal exposure to BPA is associated with higher estimated fetal weight and centile 
commonly in the maternal age range 25 to 35 years.
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A. M. El-Moslemany, M. H. Abd-Elfatah, W. M. 
Abd Elrahman, M. S. A. Elgendy, H. I. Ghamry, 
M. El-Sherbiny, M. A. Mojaddidi, L. A. Alkeridis, 
N. H. M. El-Wakeil and M. Shukry

2025

Combatting BPA-Induced 
Neurotoxicity With Purple Carrot 
Extract (Daucus carota): Modulation 
of Key Neurotransmitters and 
Cellular Pathways in Albino Rats

Ethnopharmacological Relevance: Bisphenol A (BPA) is a widely used chemical, particularly in producing epoxy resins and polycarbonate plastics, which can contaminate food and water sources. Even low levels of BPA 
exposure have been associated with negative impacts on neural development, leading to neurotoxicity. Purple carrots, known for their health-promoting properties, are rich in bioactive compounds such as polyphenols. 
Materials and Methods: This study aimed to evaluate the neuroprotective effects of purple carrot extract in mitigating BPA-induced neurotoxicity in albino rats. Forty albino rats were divided into four groups: Group I 
(control) received water and a standard diet. Group II (BPA group) was orally administered 50 mg/kg body weight of BPA dissolved in 1 mL of olive oil daily for 30 days. Group III received 400 mg/kg of purple carrot extract 
along with 50 mg/kg of BPA daily. Group IV received 800 mg/kg of purple carrot extract along with 50 mg/kg of BPA daily, following the same 30-day oral administration protocol. Results: The results showed that 
treatment with purple carrot extract increased serum levels of critical neurotransmitters, including serotonin, dopamine, acetylcholine, acetylcholineesterase, and gamma-aminobutyric acid (GABA). Additionally, brain 
tissue analysis revealed elevated activity of antioxidant enzymes, such as catalase (CAT) and superoxide dismutase (SOD), in response to extract administration. Conversely, the extract significantly reduced levels of 
malondialdehyde (MDA), alpha-tumor necrosis factor (alpha-TNF), and interleukin-6 (IL-6) in brain tissues compared to the BPA-only group. These results indicate that purple carrot extract regulates genes related to 
oxidative stress, inflammation, and apoptosis in a dose-dependent manner during BPA-induced neurotoxicity. At a dose of 400 mg/kg, the extract increased the expression of antioxidant genes like Nrf2 and HO-1 while 
reducing the pro-apoptotic marker Bax. At the higher dose of 800 mg/kg, these protective effects were even more pronounced, leading to enhanced neuroprotection through increased antioxidant and antiapoptotic gene 
expression and reduced inflammation, mainly through the MAPK pathway. Conclusion: The study demonstrates that purple carrot extract reduces BPA-induced neurotoxicity in rats by enhancing antioxidants, 
neurotransmitters, and anti-inflammatory responses, suggesting natural protection against BPA-related neural damage.
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統合_2177 P. Dufour, C. Pirard, M. C. Lebrethon and C. 
Charlier 2023

Associations between endocrine 
disruptor contamination and thyroid 
hormone homeostasis in Belgian 
type 1 diabetic children

PurposeHumans are daily exposed to many environmental pollutants, some of which being suspected to be thyroid disruptors. Some populations could be particularly susceptible to thyroid disruption, such like diabetics 
due to the well-known relation between the thyroid function and the control of carbohydrate homeostasis by pancreas. Therefore, the aim of this study was to investigate the associations between the exposure to several 
persistent and non-persistent chemicals and thyroid hormones levels in children with type 1 diabetes.MethodsBlood and urine sample were collected from 54 children diagnosed for type 1 diabetes mellitus. The 
concentrations of 7 phthalate metabolites, 4 parabens, 7 bisphenols, benzophenone 3 and triclosan were measured in urine, while 15 organochlorine pesticides, 4 polychlorinated biphenyls (PCBs) and 7 perfluoroalkyl 
substances were analyzed in serum samples. In the same time, the blood levels of free thyroxine (fT4), thyroid stimulating hormone (TSH) and glycated hemoglobin (Hb1Ac) were determined.ResultsWe highlighted positive 
associations between serum perfluorohexane sulfonate and urinary monoethylphthalate levels, and TSH level in blood. We also found that PCB 138 was positively associated to fT4 while urinary levels of bisphenol F were 
negatively correlated to this hormone. Finally, we observed positive associations between Hb1Ac levels and the contamination by PCB 153 and two urinary phthalate metabolites: mono-2-ethyl-5-hydroxyhexyl phthalate 
and mono-2-ethyl-5-oxoxyhexyl phthalate.ConclusionOur results showed that our small cohort of children with type 1 diabetes mellitus is potentially susceptible to thyroid disruptions by some pollutants. Moreover, for 
these children, both di-(2-ethylhexyl) phthalate metabolites would potentially hamper the glucose homeostasis. Nevertheless, additional studies are mandatory to further explore these findings.
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統合_2178 Y. S. Duan, H. W. Sun, Y. M. Yao, L. P. Han and 
L. M. Chen 2021

Perturbation of serum metabolome 
in relation to type 2 diabetes 
mellitus and urinary levels of 
phthalate metabolites and 
bisphenols

Background: Emerging evidence has proved the associations between exposure to phthalates (PAEs) and bisphenols and type 2 diabetes mellitus (T2DM), but the underlying mechanisms for these associations are poorly 
understood. Metabolomics is a powerful tool to identify differential metabolites and metabolic pathways related to diseases and chemical exposure, which may reveal underlying mechanisms. However, little is known 
about the roles of metabolism in the associations for PAE and bisphenol exposure with T2DM. Objectives: The purpose of the study was to investigate the roles of metabolism in the associations for exposure to PAEs and 
bisphenols with T2DM. Methods: In this study, 60 T2DM cases and 60 controls, who were matched in age, sex, and body mass index (BMI), were selected from the total study population in our previous studies. Fasting 
blood and spot urine samples of the volunteers were used for non-targeted metabolomics analysis and determination of phthalate metabolites (mPAEs) and bisphenols, respectively. The associations of urinary mPAEs and 
bisphenols with screened metabolic biomarkers in metabolomics analysis were analyzed using multiple linear regression models. Results: Based on non-targeted metabolomics, 19 serum metabolic biomarkers were 
screened between T2DM cases and controls, mostly related to galactose metabolism, amino acid metabolism, and pyrimidine metabolism. More than half of mPAEs were mostly positively associated with up-regulated 
metabolic biomarkers and negatively associated with down-regulated biomarkers. Different from PAEs, no evident results suggested the roles of metabolism in the associations between bisphenol exposure and T2DM. 
Conclusions: Combined with the positive associations between most urinary mPAEs and T2DM in our previous study, our findings indicated that PAE exposure may contribute to T2DM risk through disturbing galactose 
metabolism, amino acid metabolism (especially arginine biosynthesis and alanine, aspartate and glutamate metabolism), and pyrimidine metabolism.

Environ Int. 2021 
Oct:155:106609.
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統合_2179 X. Y. Dou, X. L. Li, S. Y. Huang, C. Y. Long, C. R. 
Chen, X. Chen and Y. X. Yu 2025

Co-exposure of phthalates, 
bisphenols, parabens, and polycyclic 
aromatic hydrocarbons in follicular 
fluid of women undergoing assisted 
reproductive technologies and the 
associations with hormone levels

Endocrine-disrupting chemicals (EDCs), particularly phthalates (PAEs), bisphenols, parabens, and polycyclic aromatic hydrocarbons (PAHs), constitute pervasive environmental contaminants with demonstrated potential 
to adversely affect female reproductive health. Although these compounds are known to exert adverse effects, critical knowledge gaps persist concerning their specific associations with reproductive outcomes. The 
present study analyzed 144 follicular fluid samples from women undergoing assisted reproductive technology procedures, quantifying concentrations of PAE metabolites (mPAEs), bisphenols, parabens, and hydroxylated 
PAHs (OH-PAHs). Analytical results demonstrated a descending concentration gradient: mPAEs exhibited the highest median concentration (6.14 ng/mL), followed by parabens (2.17 ng/m L), bisphenols (1.33 ng/mL), and 
OH-PAHs (0.26 ng/mL). Notably, the study identified a positive correlation between follicular fluid bisphenol concentrations and testosterone levels, along with a potential association between PAE exposure and elevated 
risk of secondary infertility. Application of Bayesian kernel machine regression and Quantile g-computation models revealed that EDCs predominantly influence hormone levels through mixture effects, with increasing 
chemical mixture concentrations corresponding to decreased estradiol levels on hCG trigger day and reduced basal progesterone. The models specifically identified bisphenol S (BPS) and bisphenol P (BPP) as the 
predominant mediators of these endocrine disruptions, respectively, suggesting that bisphenols may disrupt female reproductive health through endocrine interference mechanisms.
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統合_2180
D. S. Di, R. Y. Zhang, H. L. Zhou, M. H. Wei, Y. 
Cui, J. L. Zhang, T. T. Yuan, Q. Liu, T. T. Zhou 
and Q. Wang

2023

Joint effects of phenol, chlorophenol 
pesticide, phthalate, and polycyclic 
aromatic hydrocarbon on bone 
mineral density: comparison of four 
statistical models

Exposure to phenols, phthalates, pesticides, and polycyclic aromatic hydrocarbons (PAHs) can harm the skeleton. However, data about the joint effects of these chemicals' mixture on bone health are limited. The final 
analysis involved 6766 participants aged over 20 years recruited from the National Health and Nutrition Examination Survey. Generalized linear regression, weighted quantile sum (WQS) regression, Bayesian kernel 
machine regression (BKMR), and quantile g-computation (qgcomp) were performed to investigate the association of the urinary levels of chemicals (three phenols, two chlorophenol pesticides, nine phthalates, and six 
polycyclic aromatic hydrocarbon [PAH] metabolites) with bone mineral density (BMD) measurements and osteoporosis (OP) risk. Generalized linear regression identified that benzophenone-3, 2,4-dichlorophenol, mono-n-
butyl phthalate, 1-napthol, 3-fluorene, 2-fluorene, and 1-phenanthrene were significantly associated with lower BMD and increased OP risk. The WQS index was negatively associated with total femur, femoral neck, and 
lumbar spine vertebra 1 (L1) BMD among all the participants, with corresponding beta (95% confidence interval) values of -0.028 g/cm(2) (-0.040, -0.017), -0.015 g/cm(2) (-0.025, -0.004), and -0.018 g/cm(2) (-0.033, -
0.003). In the BKMR analysis, the overall effect of the mixture was significantly associated with femoral neck BMD among males and OP risk among females. The qgcomp model found a significant association between 
co-exposure and L1 BMD among all the participants and among males. Our study presents compelling epidemiological evidence that co-exposure to phenols, chlorophenol pesticides, phthalates, and PAHs is associated 
with reduced BMD and elevated OP risk. It provides epidemiologic evidence for the detrimental effects of these chemicals on bone health.
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統合_2181
D. S. Di, R. Y. Zhang, H. L. Zhou, M. H. Wei, Y. 
Cui, J. L. Zhang, T. T. Yuan, Q. Liu, T. T. Zhou, J. 
A. Liu and Q. Wang

2023

Exposure to phenols, chlorophenol 
pesticides, phthalate and PAHs and 
mortality risk: A prospective study 
based on 6 rounds of NHANES

Objectives: Human exposure to various endocrine disrupting chemicals (EDCs) is widespread and long-lasting. The primary objective of this study was to prospectively evaluate the association of combined exposure of 
phenols, chlorophenol pesticides, phthalate and polycyclic aromatic hydrocarbons (PAHs) and mortality risk in a representative US population. Methods: The data on urinary levels of phenols, chlorophenol pesticides, 
phthalates, and PAH metabolites, were collected from participants aged >= 20 years in six rounds of the National Health and Nutrition Examination Survey (NHANES) (2003-2014). NHANES-linked death records up to 
December 31, 2015 were used to ascertain mortality status and cause of death. Cox proportional hazards and competing risk models were mainly used for chemical and mortality risk association analysis. The weighted 
quantile sum (WQS) regression and the least absolute shrinkage and selection operator regression were employed to estimate the association between EDC coexposure and mortality risk. Results: High levels of mono-n-
butyl phthalate, monobenzyl phthalate, and 1-napthol were significantly associated with increased risk of all cause, cardiovascular disease (CVD) and cancer mortality among all participants. WQS index was associated 
with the risks of all-cause (hazard ratio [HR] =1.389, 95%CI: 1.155-1.669) and CVD mortality (HR = 1.925, 95%CI: 1.152-3.216). High co-exposure scores were associated with elevated all-cause (HR = 2.842, 95% CI: 
1.2.094-3.858), CVD (HR = 1.855, 95% CI: 1.525-2.255), and cancer mortality risks (HR = 2.961, 95% CI: 1.468-5.972). The results of subgroup analysis, competing risk model, and sensitivity analysis were generally 
consistent with the findings from the main analyses, indicating the robustness of our findings. Conclusions: This study provided the first epidemiological evidence that co-exposure to EDC at fairly low levels contributed 
to elevated mortality risk among US adults. The underlying mechanisms for the effects of EDC co -exposure on human health are worthy of future exploration.
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M. Di Criscio, J. E. Lodahl, A. Stamatakis, E. 
Kitraki, I. Bakoyiannis, A. Repouskou, C. G. 
Bornehag, C. Gennings, D. Lupu and J. R?egg

2023

A human-relevant mixture of 
endocrine disrupting chemicals 
induces changes in hippocampal 
DNA methylation correlating with 
hyperactive behavior in male mice

Humans are ubiquitously exposed to endocrine disrupting chemicals (EDCs), substances that interfere with endogenous hormonal signaling. Exposure during early development is of particular concern due to the pro-
gramming role of hormones during this period. A previous epidemiological study has shown association between prenatal co-exposure to 8 EDCs (Mixture N1) and language delay in children, suggesting an effect of this 
mixture on neurodevelopment. Furthermore, in utero exposure to Mixture N1 altered gene expression and behavior in adult mice. In this study, we investigated whether epigenetic mechanisms could underlie the long term 
effects of Mixture N1 on gene expression and behavior. To this end, we analyzed DNA methylation at regulatory regions of genes whose expression was affected by Mixture N1 in the hippocampus of in utero exposed mice 
using bisulfite-pyrosequencing. We show that Mixture N1 decreases DNA methylation in males at three genes that are part of the hypothalamus-pituitary-adrenal (HPA) axis: Nr3c1, Nr3c2, and Crhr1, coding for the 
glucocorticoid receptor, the mineralocorticoid receptor, and the corticotropin releasing hormone receptor 1, respectively. Furthermore, we show that the decrease in Nr3c1 methylation correlates with increased gene 
expression, and that Nr3c1, Nr3c2, and Crhr1 methylation correlates with hyperactivity and reduction in social behavior. These findings indicate that an EDC mixture corresponding to a human exposure scenario induces 
epigenetic changes, and thus pro-gramming effects, on the HPA axis that are reflected in the behavioral phenotypes of the adult male offspring.
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統合_2183 A. Di Ciaula and P. Portincasa 2021

Relationships between emissions of 
toxic airborne molecules and type 1 
diabetes incidence in children: An 
ecologic study

BACKGROUND Type 1 diabetes originates from gene-environment interactions, with increasing incidence over time. AIM To identify correlates of childhood type 1 diabetes in European countries using an ecological 
approach. Several environmental variables potentially influencing the onset of type 1 diabetes have been previously evaluated. However, the relationships between epidemiologic data and exposure to toxic airborne 
molecules are scarcely studied. METHODS We employed an ecological model to explore, in a wide time period (1990-2018), associations between type 1 diabetes incidence in 19 European countries (systematic literature 
review) and the nationwide production of five widely diffused air pollutants: particulate matter < 10 mu m (PM10), nitrogen oxides (NO), non-methane volatile organic compounds (VOCs), sulphur oxide (SO2), and 
ammonia. RESULTS Data confirm a raising incidence of type 1 diabetes in 18 out of 19 explored countries. The average difference (last vs first report, all countries) was +6.9 x 100000/year, with values ranging from -1.4 
(Germany) to +16.6 (Sweden) per 100000/year. Although the overall production of pollutants decreased progressively from 1990 to 2018, type 1 diabetes incidence was positively associated with the nationwide emissions 
of PM10, VOCs, and NO but not with those of SO2 and ammonia. Type 1 diabetes incidence was significantly higher in countries with high emissions than in those with low emissions of PM10 (27.5 +/- 2.4 vs 14.6 +/- 2.4 
x 100000 residents, respectively), VOCs (24.5 +/- 4.4 vs 13.2 +/- 1.7 x 100000 residents, respectively), and NO (26.6 +/- 3 vs 13.4 +/- 2.4 x 100000 residents, respectively), but not of SO2 or ammonia. CONCLUSION 
Evidence justify further studies to explore better links between long-term air quality and type 1 diabetes onset at the individual level, which should include exposures during pregnancy. In this respect, type 1 diabetes could 
be, at least in part, a preventable condition. Thus, primary prevention policies acting through a marked abatement of pollutant emissions might attenuate future type 1 diabetes incidence throughout Europe.
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Liu, H. Y. Huang and S. Y. Lu

2025

Exposure to bisphenol A and its 
analogs provides a preliminary 
indication of the risk of cognitive 
impairment for the elderly via an 
XGboost-based model

Bisphenol A (BPA) and its bisphenol analogs (BPs) serve as key precursors in the manufacturing of polycarbonate plastics and epoxy resins. However, due to BPA' s detrimental health effects, there has been a growing 
global consensus to restrict its use. The elderly, being particularly susceptible to neurodegenerative disorders, represent a population of concern; yet, research exploring the association between BPs exposure and 
neurodegenerative diseases in the elderly remains scarce. In this study, the urinary levels of six BPs among 267 participants from the Shenzhen aging-related disorder cohort in China during 2017-2018 were measured. 
Cognitive status was evaluated using the Mini-Mental State Examination (MMSE), and the impact of sociodemographic factors, lifestyle habits, and dietary practices was analyzed through the Extreme Gradient Boosting 
(XGBoost) classifier. In this study, BPA was the highest urinary level of bisphenol compound detected in the high-risk group (2.10 ng/mL, 95.2 %). Significant differences in BPs levels were observed to the degree of 
education, tea consumption frequency, meat intake frequency, and distance of main road groups (P < 0.05). Notably, the absence of a significant positive correlation between BPF and BPA levels in high-risk groups for 
cognitive impairment implies more findings may be needed to fully evaluate BPF' s actual human exposure levels. The XGBoost models have further revealed that BPA analogs exposure and certain housing characteristics 
were substantial contributors to the potential impact on cognitive impairment during aging not only BPA. (c) 2025 The Authors. Publishing services by Elsevier B.V. on behalf of KeAi Communications Co. Ltd. This is an 
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/ 4.0/).
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and T. Tunali-Akbay 2025

Lactobacillus rhamnosus GG 
alleviates bisphenol-A induced 
oxidative stress in serum

The objective of this investigation was to identify changes in the serum oxidant-antioxidant balance of rats exposed to bisphenol A (BPA) and to investigate the impact of Lactobacillus rhamnosus GG (LGG) administration 
on those changes. Twenty-four rats (Wistar Albino, 250-300 grams, male) were divided into control, BPA, and BPA+LGG groups with an equal number of rats. BPA and LGG were applied to the rats in the relevant groups 
for six weeks, five days each week. Six weeks later, the blood samples were withdrawn and serum samples were prepared. Total oxidant and antioxidant status (TAS), glutathione, and lipid peroxidation determinations 
were determined in serum samples, and the oxidative stress index was calculated. BPA exposure decreased serum total antioxidant status and increased serum total oxidative status, oxidative stress index, and lipid 
peroxidation level compared to the control group. LGG administration improved the increased serum oxidative stress caused by BPA. Administration of LGG to BPA-treated rats reversed oxidative stress-induced changes. 
In conclusion, administration of Lactobacillus rhamnosus GG to rats for 30 consecutive days prevented oxidative stress in serum caused by bisphenol A.
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M. Eggesbo, P. Lepage and R. Slama

2024

Perinatal Exposure to Phenols and 
Poly- and Perfluoroalkyl Substances 
and Gut Microbiota in One-Year-Old 
Children

The role of the gut microbiota in human health calls for a better understanding of its determinants. In particular, the possible effects of chemicals with widespread exposure other than pharmaceuticals are little known. 
Our aim was to characterize the sensitivity of the early-life gut microbiota to specific chemicals with possible antimicrobial action. Within the SEPAGES French couple-child cohort, we assessed 12 phenols in repeated 
urine samples from 356 pregnant women and their offspring and 19 poly- and perfluoroalkyl substances (PFASs) in serum from the pregnant women. We collected stool samples from the children at one year of age, in 
which the V3-V4 region of the 16S rRNA gene was sequenced, allowing for gut bacterial profiling. Associations of each chemical with alpha- and beta-diversity indices of the gut microbiota and with the relative 
abundance of the most abundant taxa were assessed using single-pollutant and mixture (BKMR) models. Perinatal exposure to certain parabens was associated with gut microbiota alpha- and beta-diversity and with 
Firmicutes and Proteobacteria. Suggestive associations of certain phenols with genera of the Lachnospiraceae and Enterobacteriaceae families were observed, but these were not maintained after correction for multiple 
testing. Parabens, which have known antimicrobial properties, might disrupt the child gut microbiota, but larger studies are required to confirm these findings.

Environ Sci Technol. 
2024 Sep 
3;58(35):15395-15414.

10.1021/acs.est.3c09927 39173114 ヒト 腸内細菌叢 - - - - - - コホート 1 1 - - - 1 1 1 - - - - - - - - - - - -

統合_2187
M. D. B. Dalla, C. O. Ayala, F. Castro, F. K. Neto, 
G. Zanirati, W. Canon-Montanez and R. 
Mattiello

2022

Environmental pollution and 
attention deficit hyperactivity 
disorder: A meta-analysis of cohort 
studies

There is already knowledge of the extensive risk factors for attention deficit hyperactivity disorder (ADHD) and recent studies suggest that environmental pollution may contribute to an increase in the incidence of the 
disorder. The aim of our study was to perform a systematic review and meta-analysis of the risk of ADHD in people younger than 18 years old after exposure to environmental pollution. We searched the MEDLINE, 
Embase, SciELO, CINAHL, LILACS, Cochrane Central, and Web of Science databases and investigated the grey literature from inception until May 31, 2021. All cohort studies that provided data on exposure to 
environmental pollutants and ADHD in children and adolescents aged from zero to 18 years old were included. Two reviewers independently selected the studies and applied the quality criteria. If there was a divergence, a 
third reviewer contributed to the final decision. For the meta-analysis, risk ratios and their confidence intervals were calculated with the MetaXL 5.3 program, using the random effects model. In total, 21 articles were 
included in this systematic review, and 18 studies met the criteria for the meta-analysis, involving 134,619 participants. The meta-analysis suggested that children exposed to higher levels of heavy metal (RR: 2.41, 95% 
CI: 1.49-3.90), with low heterogeneity (I2 = 39%), and lead (RR: 2.37, 95% CI: 1.28-4.40), with moderate heterogeneity (I2 = 54%), are at greater risk of developing ADHD than those exposed to lower levels. This meta-
analysis suggests that children exposed to higher levels of lead and heavy metal pollution are at greater risk of developing ADHD than those exposed to lower levels.

Environ Pollut. 2022 
Dec 15:315:120351.

10.1016/j.envpol.2022.120351 36216185 ヒト 発達神経(メタアナリシス､ADHD) - - - - - - メタアナリシス 1 1 - - - 1 1 1 - - - - - - - - - - - -

統合_2188
Y. M. Dai, J. Y. Ding, Z. Wang, B. Y. Zhang, Q. 
Guo, J. Q. Guo, X. J. Qi, D. S. Lu, X. L. Chang, C. 
H. Wu, J. M. Zhang and Z. J. Zhou

2024

Associations of prenatal and 
concurrent exposure to phenols 
mixture with anthropometric 
measures and blood pressure during 
childhood: A time-varying mixture 
approach

Background: Environmental phenols were recognized as endocrine disrupting chemicals (EDCs). However, their impact on childhood anthropometric measures and blood pressure (BP) is still inconclusive. Limited studies 
have simultaneously considered prenatal and childhood exposures in analyzing mixtures of phenols. Objective: We investigated the relationships between combined prenatal and childhood exposures (two periodic 
exposures) to phenol mixtures and anthropometric measure and BP, to further identify the vulnerable periods of phenol exposure and to explore the important individual contribution of each phenol. Methods: We analyzed 
434 mother-child dyads from the Sheyang Mini Birth Cohort Study (SMBCS). The urinary concentrations of 11 phenolic compounds were measured using gas chromatography tandem mass spectrometry. Generalized linear 
regression models (GLMs) and hierarchical Bayesian Kernel Machine Regression (hBKMR) were used to examine the effects of individual phenolic compounds at each period and of two periodic exposures. Results: In the 
single-chemical analysis, prenatal or childhood exposure to specific phenols, especially Benzopheone-3 (BP3), 4-tert-Octylphenol (4-tOP), and Benzyl paraben (BePB) were associated with BMI z-scores (BAZ), Waist-to-
height ratio (WHtR), and BP. In the hBKMR models, two periodic exposures to phenol mixtures had a U-shaped association with WHtR, primarily driven by childhood BePB exposure. Moreover, among the phenol mixtures 
analysis, childhood 4-tOP exposure was identified as the primary contributor to the positive association with diastolic BP. Concurrent exposure to phenol mixtures resulted in greater susceptibility. Conclusions: We found 
that prenatal and childhood exposure to phenol mixtures might influence childhood obesity and elevate blood pressure levels. Concurrent exposure to 4-tOP may be the primary driver of the positive associations with BP.

Environ Res. 2024 Nov 
15:261:119766.

10.1016/j.envres.2024.119766 39127330 ヒト ⼼⾎管 - - - - - - コホート 1 1 - - - 1 1 1 - - - - - - - - - - - -

統合_2189 Y. F. Dai, X. Huo, Z. H. Cheng, M. M. Faas and 
X. J. Xu 2020

Early-life exposure to widespread 
environmental toxicants and 
maternal-fetal health risk: A focus 
on metabolomic biomarkers

Prenatal exposure to widespread environmental toxicants is detrimental to maternal health and fetal development. The effects of environmental toxicants on maternal and fetal metabolic profile changes have not yet been 
summarized. This systematic review aims to summarize the current studies exploring the association between prenatal exposure to environmental toxicants and metabolic profile alterations in mother and fetus. We 
searched the MEDLINE (PubMed) electronic database for relevant literature conducted up to September 18, 2019 with some key terms. From the initial 155 artides, 15 artides met the inclusion and exclusion aiteria, and 
consist of highly heterogeneous research methods. Seven studies assessed the effects of multiple environmental pollutants (metals, organic pollutants, nicotine, air pollutants) on the maternal urine and blood 
metabolomic profile; five studies evaluated the effects of arsenic, polychlorinated biphenyls (PCBs), nicotine, and ambient fine particulate matter (PM2.5) on the cord blood metabolomic profile; and one study assessed 
the effects of smoking exposure on the amniotic fluid metabolomic profile. The alteration of metabolic pathways in these studies mainly involve energy metabolism, hormone metabolism, oxidative stress and inflammation. 
No population study investigated the association between environmental toxicants and placental metabolomics. This systematic review provides evidence that prenatal exposure to a variety of environmental pollutants can 
affect maternal and fetal metabolomic characteristics. Integration of environmental toxicant exposure and metabolomics data in maternal-fetal samples is helpful to understand the interaction between toxicants and 
metabolites, so as to reveal the pathogenesis of fetal disease or diseases of fetal origin. (C) 2020 Elsevier B.V. All rights reserved.

SCIENCE OF THE 
TOTAL ENVIRONMENT 
Vol.739

10.1016/j.scitotenv.2020.139626 32535459 ヒト - - - - - - - システマティックレビュー 1 1 - - - - - - - - - - - - - - - - - -

統合_2190 N. Coskun and N. Barlas 2024

Phloretin Ameliorates against 
Bisphenol A Induced Polycystic 
Ovarian Syndrome, an Endocrine 
Disrupting Chemical, in Prepubertal 
Rats

Polycystic ovary syndrome (PCOS) is an endocrine disorder whose etiology is not well understood and affecting 9-18% of women in reproductive age. We investigated the protective effects of phloretin against the PCOS, 
induced Bisphenol A (BPA) on prepubertal rat ovaries. This study started on female rats on the postnatal 28th day via subcutaneous injection by dissolving the compounds in corn oil at 30 min intervals, starting with 
phloretin, and followed by BPA. The dose of BPA was 50 mg/kg/day, and the doses of phloretin were 0.5, 5, and 50 mg/kg/day. Treatments were administered every day for 15 days. Likewise corn oil, BPA and testosterone 
propionate were given by the same way. BPA exposed groups, it has been observed that there are many cystic follicles in the ovary and their morphology has changed. Similarly, prolonged diestrus phases was observed in 
the smear cycle. The CYP11A1 and CYP17A enzymes stained intensively on the BPA group whereas these enzymes were stained weakly in the BPA + 5 and 50 mg/kg phloretin groups. In PCOS, induced by BPA, the cystic 
follicles were recorded on the ovaries whereas it was decreased in the BPA + phloretin groups. Prepubertal exposure to BPA was associated with decreased serum luteinizing hormone (LH), and follicle stimulating 
hormone (FSH) levels, increased estrogen (ERR alpha) and dihydrotestosterone (DHT) levels in testosterone propiyonat and BPA + phloretin (0.5 mg/kg/day) groups. In conclusion, in rat model, phloretin has positive 
effects against BPA induced polycystic ovarian syndrome, also it caused positive effects on ovarian tissue and hormone secretion.

BIOLOGY BULLETIN 
Vol.51 Issue 4 Pages 
845-856

10.1134/S1062359022601173 - 動物 - 1 0 1 不明 0 50 mg/kg BPA - - - - - - - - - - - - - - - - - - - - -

統合_2191 L. Cofone, I. Pindinello, G. D'Ancona, F. Grassi, 
A. Antonucci, M. Vitali and C. Protano 2023

Human semen quality and 
environmental and occupational 
exposure to pollutants: A systematic 
review

Background. The aim of the present systematic review was to evaluate the correlation between the exposure to environmental and/or occupational pollutants and possible alteration of semen quality, focalizing the 
attention on the studies performed using a biomonitoring approach.Methods. The review was conducted from inception to May 11 2023, according to the PRISMA Statement 2020 and using the following databases: 
Scopus, Pubmed and Web of Science. The protocol was registered on PROSPERO (CRD42023405607). Studies were considered eligible if they reported data about the association between exposure to environmental 
pollutants and alteration of semen quality using human biomonitoring. The quality assessment was carried out by the use of the Newcastle-Ottawa Quality Assessment Scale.Results. In total, 21 articles were included, 
conducted in several countries. The main matrices used for biomonitoring were urine and blood and the most sought-after contaminants were bisphenols, phthalates, pesticides, polychlorinated biphenyls, polycyclic 
aromatic hydrocarbons, heavy metals and other inorganic trace elements. The results of the studies demonstrated a significant positive correlation between the increase of the pollutants' levels in the biological matrices 
examined and some alterations of the semen quality indicators, such as a decrease in motility, concentration and morphology of the spermatozoa.Conclusions. Male fertility can be negatively affected by the exposure to 
environmental and/or occupational pollutants. Human biomonitoring programs may be considered a useful tool for specific surveillance programs devoted to early highlight subjects who are more exposed to environmental 
pollutants in order to reduce risk exposure.

ANNALI DI IGIENE 
MEDICINA 
PREVENTIVA E DI 
COMUNITA Vol.35 
Issue 6 Pages 660-669

10.7416/ai.2023.2581 37796470 ヒト - - - - - - - システマティックレビュー 1 1 - - - - - - - - - - - - - - - - - -

統合_2192 J. Claessens, P. Dufour, N. Dardenne, C. Charlier 
and C. Pirard 2025

Contamination levels and 
distribution of persistent and non-
persistent pollutants in paired hair, 
urine and serum samples from a 
Belgian non-occupationally exposed 
population

Designing ideal human biomonitoring studies involves the selection of reliable markers of exposure in adequate biological matrix. Besides conventional matrices such as blood or urine, hair has been increasingly 
investigated as a promising noninvasive alternative. However, understanding the pollutant distribution between differing biological compartments is essential for reliable interpretation of data collected. Therefore, the 
contamination levels and the distribution of some persistent (8 perfluoroalkyl substances - PFAS - and 6 polychlorobiphenyls - PCBs) and non-persistent pollutants (2 bisphenols and 3 parabens) were investigated in 
paired serum and hair samples, or paired spot urine and hair samples obtained from 30 Belgian non-occupationally exposed individuals. The levels measured were close to those reported in recent larger-scale studies. 
PFAS, PCB and bisphenol distributions largely differed depending upon the matrix and within the same chemical family depending upon the congener. The correlation and agreement between pollutant levels in differing 
matrices demonstrated that the information provided is comparable only for highly chlorinated PCBs and parabens, while the classification of exposure for bisphenols was substantially different according to the matrix. 
The selection of the human matrix thus remains complex and might markedly bias the results obtained, especially when assessing the health risk related to chemical exposure.

JOURNAL OF 
TOXICOLOGY AND 
ENVIRONMENTAL 
HEALTH-PART A-
CURRENT ISSUES 
Vol.88 Issue 11 Pages 
447-462

10.1080/15287394.2025.2451676 39815779 ヒト - - - - - - - バイオモニタリング 1 1 - - - - - - - - - - - - - - - - - -

統合_2193
K. Chouala, K. Boudjema, Y. Khelef, S. Nani, K. 
Ouali, M. Boumendjel, A. Boumendjel and M. 
Messarah

2024

Antioxidant compounds from the 
Arthrospira platensis protect against 
Bisphenol A-induced nephrotoxicity 
in rats

Objective A well-known endocrine disruptor, Bisphenol A (BPA) is used as a monomer in the manufacture of polyester, epoxy resin, and polycarbonate plastics. Previous studies have shown the antioxidant effect of 
Arthrospira platensis in several experimental models of oxidative stress. The current study was carried out to evaluate the antioxidant activity of Arthrospira platensis against BPA-induced nephrotoxicity and oxidative 
damage in rats.Methods The bioactive compounds in the aqueous extract of AP were identified and confirmed by FTIR and HPLC. Nevertheless, this study pre-assessed the AP in vitro antioxidant activity (DPPH, ABTS, 
and FRAP).Female Wistar rats were randomly divided into four groups: group I (C) received 0.5mL corn oil and served as control. Group II (AP) were treated with Arthrospira platensis (4.75g/Kg of diet) + 0.5 mL of corn 
oil. Rats of group III (BPA) have received BPA (100mg/kg bw) dissolved in corn oil administered by orally way. Animals of group IV (BPA + AP) were treated with BPA and AP.Results The results reveal a various and rich 
phytochemical composition of the aqueous extract of Arthrospira platensis. Six polyphenols that have been linked to bioactivities were found by HPLC analysis: quercetin, chlorogenic acid, rutin, vanillin, p-coumaric acid, 
and caffeic acid. Additionally, the FTIR profile detected the cyanobacteria's functional groups.The exposure of rats to BPA for 3 weeks provoked renal damage with significant increases in hematological parameters, 
oxidative stress-related parameters (i.e., malondialdehyde "MDA" protein carbonyl "PC" content, advanced oxidation protein products "AOPP", and hydrogen peroxide "H2O2"), creatinine, urea, and uric acid levels in 
plasma. Conversely, antioxidant enzyme activities (i.e., glutathione peroxidase "GPx" and superoxide dismutase "SOD") and levels of reduced glutathione "GSH", creatinine, urea, and uric acid decreased. The administration 
of Arthrospira platensis to BPA-treated rats significantly improved weight, peripheral blood parameters, oxidative stress-related parameters, renal biomarker levels, and antioxidant enzyme activities. Also, rats treated 
with BPA and Arthrospira platensis had normal kidney histology. These healing effects are likely the result of the high phenol content and significant antioxidant capacity of A. platensis.Conclusion Our data strongly 
suggest that A. platensis supplementation improves kidney function and plays an important role in the prevention against BPA-induced nephrotoxicity in rats, and that the effects are associated with the antioxidant effect 
of Spirulina.

TOXICOLOGY AND 
ENVIRONMENTAL 
HEALTH SCIENCES 
Vol.16 Issue 1 Pages 
75-88

10.1007/s13530-023-00203-7 - 動物 - 1 1 1 1 0 100 mg/kg BPA - - - - - - - - - - - - - - - - - - - - -
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統合_2194 S. I. Choi, X. Han, X. Men, S. J. Lee, K. T. Park, J. 
Han and O. H. Lee 2022

Standardized pectolinarin rich-
Cirsium setidens Nakai extract 
attenuates bisphenol A-induced the 
3T3-L1 adipocytes differentiation 
and obese C57BL/6J mice via the 
suppression of adipogenesis-related 
transcription factors

Endocrine-disrupting chemicals (EDCs), called obesogens, play an important role in obesity by mimicking or disrupting bioidentical hormones. In this study, we determined the obesogenic effect of bisphenol A (BPA) and 
evaluated the anti-obesogenic effects of a standardized Cirsium setidens Nakai ethanolic extract (CNE) as a functional food ingredient on the lipid accumulation and expression of key adipogenic transcription factors 
(ATFs) in 3 T3-L1 adipocytes and C57BL/6J mice. The underlying mechanism of the obesogenic effect of BPA was confirmed using the peroxisome proliferator-activated receptor gamma (PPAR gamma) antagonist, 
GW9662. In addition, the anti-obesogenic effects of CNE were confirmed by measuring the lipid accumulation, reactive oxygen species (ROS) production, body and adipose tissue weights, and the adipogenesis- and 
lipogenesis-related proteins in BPA-induced 3T3-L1 adipocytes and obese mice. These findings indicate that CNE could potentially be used as a promising natural means to prevent BPA-induced obesity and obesity-
related metabolic diseases.

JOURNAL OF 
FUNCTIONAL FOODS, 
Volume 95, August 
2022, 105146

10.1016/j.jff.2022.105146 - 動物、in vitro 代謝 1 1 1 1 1 1 - - - 0 0 20 µM 1 1 - 1 - - - - - - - - - - -

統合_2195 Y. Chi, J. T. Park, S. Na and K. Kwak 2023

Environment-wide association study 
of elevated liver enzymes: results 
from the Korean National 
Environmental Health Survey 2018-
2022

Background: Environmental exposure is characterized by low concentration, chronic, and complex exposure. Traditional epidemiological studies show limitations in reflecting these characteristics since they usually focus 
on a single or very limited number of exposure factors at a time. In this study, we adopted the methodology of environment-wide association study (EWAS) to figure out the association of human liver function with various 
environmentally hazardous substances.Methods: We analyzed 2,961 participants from the Korean National Environmental Health Survey Cycle 4 (2018-2020). Using generalized linear model (GLM) analysis, we analyzed 
the association of 72 variables with 3 liver function indices (aspartate aminotransferase [AST], alanine aminotransferase [ALT], and gamma glutamyl transferase [GGT]). Finally, we visualized our results with Manhattan 
plot.Results: In GLM analysis, perfluorooctanesulfonate were positively associated with ALT (odds ratio [OR]: 2.2; 95% confidence interval [CI]: 1.39-3.46; Padjusted = 0.0147) and perfluorodecanoic acid showed positive 
association with GGT (OR: 2.73; 95% CI: 1.36-5.5; Padjusted = 0.0256). Plasma mercury showed positive association with GGT (OR: 1.45; 95% CI: 1.14-1.84; Padjusted = 0.0315). Using a plastic container while keeping 
food in the refrigerator was associated with elevated GGT compared to using a glass container (OR: 1.51; 95% CI: 1.16-1.95; Padjusted = 0.0153). 2-ethyl-5-oxohexyl phthalate, showed a negative trend with all 3 indices, 
with AST (OR: 0.54; 95% CI: 0.39-0.73; Padjusted = 0.00357), ALT (OR: 0.5; 95% CI: 0.34-0.75; Padjusted = 0.036), GGT (OR: 0.55; 95% CI: 0.4-0.76; Padjusted = 0.00697). Bisphenol S and frequent use of sunblock cream 
showed negative association with ALT (OR: 0.77; 95% CI: 0.66-0.89), and GGT (OR: 0.25; 95% CI: 0.11-0.55), respectively. Conclusions: We conducted an exploratory study on environmental exposure and human liver 
function. By using EWAS methodology, we identified 7 factors that could have potential association with liver function.

ANNALS OF 
OCCUPATIONAL AND 
ENVIRONMENTAL 
MEDICINE Vol.35

10.35371/aoem.2023.35.e27 37701484 ヒト - - - - - - - 横断研究 1 1 - - - - - - - - - - - - - - - - - -

統合_2196 F. Cheng, X. Y. Chen, J. X. Fan, J. P. Qiao and H. 
Y. Jia 2023

Sex-specific association of exposure 
to a mixture of phenols, parabens, 
and phthalates with thyroid 
hormone and antibody levels in US 
adolescents and adults

Individuals are exposed to multiple phenols, parabens, and phthalates simultaneously since they are important endocrine-disrupting compounds (EDCs) and share common exposure pathways. It is necessary to assess the 
effects of the co-exposure of these EDCs on thyroid hormones (THs). In this study, data included 704 adolescents and 2911 adults from the 2007-2012 National Health and Nutrition Examination Survey (NHANES). Serum 
THs measured total triiodothyronine (T3), total thyroxine (T4), free forms of T3 (FT3) and T4 (FT4), thyroid-stimulating hormone (TSH), thyroglobulin (Tg), thyroid peroxidase antibody (TPOAb), and thyroglobulin antibody 
(TgAb). And 16 EDCs (3 phenols, 2 parabens, and 11 phthalates) were measured from urine. The relationship between single EDCs and single THs was analyzed using generalized linear regression. And results showed 
that several EDCs were positively associated with serum T3 and FT3 levels in boys but negatively associated with serum T4 and FT4 levels in girls. And in adults, five EDCs were negatively associated with T3, T4, or 
FT4. The effects of co-exposure to 16 EDCs on THs were calculated using Bayesian kernel machine regression and quantile-based g-computational modeling, confirmed that co-exposure was related to the increase of 
T3 in adolescents and the decrease of T4 in both adolescents and adults. Besides, nonlinear and linear relationships were identified between co-exposure and the risk of positive TPOAb and TgAb in girls and adult 
females, respectively. In conclusion, phenols, parabens, and phthalates as a mixture might interfere the concentrations of THs and thyroid autoantibodies, and the interfering effect varies significantly by sex as well as by 
age. Further prospective research is warranted to investigate the causal effects and underlying mechanisms of co-exposure on thyroid dysfunction.

ENVIRONMENTAL 
SCIENCE AND 
POLLUTION 
RESEARCH Vol.30 Issue 
57 Pages 121207-
121223

10.1007/s11356-023-30739-7 37950782 ヒト - - - - - - - 横断研究 1 1 - - - - - - - - - - - - - - - - - -

統合_2197 Y. T. Chen, L. Y. Xu, Q. Q. Zhu, L. G. Hu and C. 
Y. Liao 2025

Typical endocrine disrupting 
chemicals in newborns with 
congenital hypothyroidism: 
Concentrations, exposure 
assessment, and potential risks

Congenital hypothyroidism (CH) has been reported as a prevalent endocrine disorder in newborns. Endocrine disrupting chemicals (EDCs) have been widely detected in humans and can influence endocrine function, 
especially thyroid function, and neonates as a susceptible population may be more prone to suffer from CH through exposure to various EDCs. In this study, the concentrations and composition profiles of several typical 
EDCs were determined in 266 serum samples collected from newborns with (n = 136) and without CH (n = 130) in Beijing, China from 2018 to 2020. All detection rates of target chemicals were higher in newborns with 
CH than without CH, except for triclosan. Relatively higher levels of phthalate metabolites, parabens, and tetrabromobisphenol A and its alternatives were found in the sera of newborns with CH. Based on the measured 
concentrations, exposure to and risk of such EDCs were assessed. The median estimated daily intakes of target EDCs ranged from 0.343 (benzophenones) to 161 mu g/kg-bw/day (parabens) in the CH group. To explore 
the possible mechanism of thyroid function damage caused, binary logistic analysis was performed and results revealed that exposure to monocyclohexyl phthalate (mCHP), ethyl-paraben (EtP), bisphenol-Z (BPZ), 
tetrabromobisphenol A (TBBPA), and 4-hydroxybenzophenone (4-OH-BP) may increase the risk of suffering from CH (adjusted odds ratio (OR): 1.35-1.71). Taken together, this study findings preliminarily uncover the 
association between exposure to several typical EDCs and the common endocrine disorder CH. Such associations and possible causes should be determined in vitro and in vivo in the follow-up studies.

J Hazard Mater. 2025 
Mar 15:486:136991.

10.1016/j.jhazmat.2024.136991 39733755 ヒト 甲状腺 - - - - - - 症例対照 1 1 - - - 1 1 1 - - - - - - - - - - - -

統合_2198 L. Chen, M. Zhou, D. L. Lv and S. W. Qiu 2025
Examination of the Association 
Between Bisphenol-Related Genes 
and Lung Cancer

In recent years, the release of substantial amounts of synthetic endocrine-disrupting chemicals (EDCs) into the environment has posed significant threats to human health. Among these EDCs, bisphenol A (BPA) and its 
substitutes, such as bisphenol S (BPS), bisphenol F (BPF), and bisphenol AF (BPAF), are widely used and have been implicated in disrupting various biological processes. This research aimed to evaluate the potential link 
between bisphenol-related gene expression and lung cancer prognosis. Using the Comparative Toxicogenomics Database (CTD), we identified genes involved in bisphenol metabolism and their significant associations 
with key oncogenes and hormone-disrupting pathways, including INS, ESR1, ESR2, AR, MAPK1, MAPK3, PPARG, and CYP19A1. Our Gene Ontology (GO) and Kyoto Encyclopedia of Genes and Genomes (KEGG) analyses 
indicate that bisphenol-related genes may be associated with a variety of cancers, particularly lung cancer. To develop a risk model, we employed Cox regression and LASSO regression analyses, constructing a 
prognostic prediction model for lung cancer based on bisphenol-related gene expression (BBPPM). This model demonstrated prognostic significance, with lung cancer patients categorized into high-risk and low-risk 
groups, revealing significant differences in survival rates and highlighting the model's accuracy in predicting lung cancer outcomes. In addition to bioinformatics analyses, experimental studies were conducted to evaluate 
the effect of BPA on lung cancer cell behavior. BPA exposure significantly promoted the proliferation of A549 lung cancer cells, as assessed by the CCK-8 assay, and increased the clonogenic potential of the cells in a 
colony formation assay.

JOURNAL OF CLINICAL 
PHARMACY AND 
THERAPEUTICS 
Vol.2025 Issue 1

10.1155/jcpt/8872458 - in silico - - - - - - - - - - - - - - - - - - - - - - - - - - - -

統合_2199 C. Y. Chen, C. Y. Sun, H. J. Hsu, I. W. Wu, Y. C. 
Chen and C. C. Lee 2021

Xenoestrogen exposure and kidney 
function in the general population: 
Results of a community-based study 
by laboratory tests and 
questionnaire-based interviewing

Background: Chronic kidney disease (CKD) is a growing concern worldwide. Exposure to xenoestrogens (XEs), such as phthalates, parabens, and phenols, lead to CKD. However, kidney function and its complex 
relationship with XEs, lifestyle, and dietary habits are not well understood. Methods: In the present cross-sectional community-based cohort study, we enrolled 887 subjects for a questionnaire-based interview and 
laboratory tests. XE exposure concerning lifestyle/dietary habits were evaluated using questionnaires. Urinary levels of 17XE metabolites were measured in 60 subjects with high exposure risk scores and 60 subjects with 
low exposure risk scores. Results: Univariate and multivariate linear regression showed that a high exposure score (beta +/- SE: 4.226 +/- 1.830, P = 0.021) was independently negatively associated with eGFR in 887 
subjects. Univariate and multivariate linear regression to urinary XEs and urine albumin creatinine excretion ratio (UACR) in 120 subjects indicated that ethylparaben (EP) (beta: 1.934, 95% CI: 0.135-3.733, P = 0.035) was 
significantly associated with increased UACR. Multivariate regression analyses of the CKD subgroup (n = 38), after adjusting for age, showed that higher levels of mono-(2-ethylhexyl) phthalate (MEHP), EP, nonylphenol 
(NP), and benzophenone-3 (BP-3) were significantly associated with lower estimated glomerular filtration rate (eGFR). Higher urinary levels of MEHP (OR: 3.037, 95% CI: 1.274-7.241) were more likely associated with 
high exposure scores ( 5 points), after adjusting for diabetes, gender, eGFR, age, Na, Ca, albumin, vitamin D, systolic blood pressure (SBP), white blood cell count, total bilirubin, aspartate transaminase, and heart rate. 
MEHP (beta +/- SE: 0.033 +/- 0.009, P < 0.001) was also significantly positively associated with total exposure scores after applying multivariate linear regression analyses. Conclusion: XE exposure scores obtained 
from the questionnaires were negatively associated with kidney function. Urinary metabolites of XEs, including EP, NP, BP-3, and MEHP, are potential risk factors for microalbuminuria and decline in kidney function. 
MEHP seemed to have the strongest correlation with high exposure scores and decline in kidney function.

Environ Int. 2021 
Oct:155:106585.

10.1016/j.envint.2021.106585 33910077 ヒト 腎 - - - - - - 横断研究 1 1 - - - 1 1 1 - - - - - - - - - - - -

統合_2200 C. Chatzicharalampous, D. Bai, O. Camp, N. 
Joshi and H. M. Abu-Soud 2022

Zinc Homeostasis, Reactive Oxygen 
Species Imbalance and Bisphenol-A 
Exposure in the Preimplantation 
Mouse Embryo: a possible adverse 
outcome pathway

Bisphenol-A (BPA) is a ubiquitous xenoestrogen found in plastic products used for food containers, paper products, water pipes, etc. Individuals exposed to BPA are susceptible to detrimental effects; with poor oocyte 
quality, sperm motility, and impaired embryo implantation observed in mouse models at levels as low as 100 mu g/kg/day. To investigate the mechanism through which BPA affects embryo development, oocytes were 
retrieved from 810-week-old mice and fertilized using IVF. The embryos were divided into 4 groups and exposed to increasing BPA concentrations (10- 200 mu M) for 18 hours, then were graded daily based on 
morphological appearance and development. A subgroup of the treated embryos (n = 10/group) were further evaluated for induction of apoptosis, overproduction of ROS, and zinc depletion. Mouse oocytes were treated 
with BPA (up to 300 mu M), then, using RT-PCR, we preformed gene expression studies for AZGP1, an important gene in zinc homeostasis. Cultured day 5 mouse embryos that were exposed to BPA concentrations > 50 
mu M had fewer progressions to blastocysts, lower blastocyst grades, and more were arrested as compared to controls (p < 0.05). Enhancement of ROS production and increased apoptosis associated with zinc depletion 
were evident in embryos treated with increasing concentrations of BPA (p < 0.05). Gene expression studies showed downregulation of the AZGP1 gene in oocytes exposed to high BPA concentrations (p < 0.01). This work 
may help women experiencing infertility that were exposed to high levels of BPA, as well as women suffering from diseases associated with zinc deficiency.

ADVANCES IN REDOX 
RESEARCH Vol.4

10.1016/j.arres.2022.100032 - in vitro - - - - - - - - - - 1 0 10, 25, 50, 100 µM - - - - - - - - - - - - - - -

統合_2201
D. M. Charytan, W. B. Wu, M. L. Liu, Z. M. Li, K. 
Kannan, L. Trasande, V. K. Pal, S. Lee, H. 
Trachtman and C. S. Investigators

2024
Organic Pollutant Exposure and 
CKD: A Chronic Renal Insufficiency 
Cohort Pilot Study

Rationale & Objective: This study aimed to assess the effect of exposure to organic pollutants in adults with chronic kidney disease (CKD). Study Design: This was a cross-sectional and longitudinal analysis. Setting and 
Participants: Forty adults enrolled in the Chronic Renal Insufficiency Cohort (CRIC). Exposures: Exposure at baseline and longitudinally to various organic chemical pollutants. Outcomes: The outcomes were as follows: 
death; composite of congestive heart failure, myocardial infarction, and stroke; event-free survival from kidney failure or >= 50% decline in estimated glomerular filtration rate (eGFR); and longitudinal trajectory of eGFR. 
Analytical Approach: We used high-performance liquid chromatography with tandem mass spectrometry to measure urinary concentrations of bisphenols, phthalates, organophosphate pesticides, polycyclic aromatic 
hydrocarbons, melamine, and cyanuric acid at years 1, 3, and 5 after enrollment in the CRIC. Univariate and multivariable logistic regression were used to examine the association of individual compounds and classes of 
pollutants with the outcomes. The Cox proportional hazards model and Kaplan Meier method were used to calculate hazard ratios and 95% CIs for each class of pollutants. Results: Median baseline eGFR and urinary 
protein-to-creatinine ratio were 33 mL/min/1.73 m2 and 0.58 mg/g, respectively. Of 52 compounds assayed, 30 were detectable in >= 50% of participants. Urinary chemical concentrations were comparable in patients 
with CKD and healthy individuals from contemporaneous National Health and Nutrition Examination Survey cohorts. Phthalates were the only class with a trend toward higher exposure in patients with CKD. There was an 
inverse relationship between exposure and the eGFR slopes for bisphenol F, mono-(3-carboxypropyl) phthalate, mono-benzyl phthalate, mono-[2-(carboxymethyl)hexyl] phthalate, and melamine. There were no 
associations between organic pollutant exposure and cardiovascular outcomes. Limitations: Small sample size, evaluation of single rather than combined exposures. Conclusions: Simultaneous measurement of multiple 
organic pollutants in adults with CKD is feasible. Exposure levels are comparable with healthy individuals. Select contaminants, especially in the phthalate class, may be associated with more rapid deterioration in kidney 
function.

Kidney Med. 2023 Dec 
13;6(3):100778.

10.1016/j.xkme.2023.100778 38435069 ヒト 腎 - - - - - - コホート 1 1 - - - 1 1 1 - - - - - - - - - - - -

統合_2202
L. Caporossi, P. Vigano, E. Paci, S. Capanna, A. 
Alteri, M. De Rosa, D. Pigini, E. Partenzi and B. 
Papaleo

2025

Evidence About the Possible Role of 
Phthalates and Bisphenol A in 
Recurrent Pregnancy Loss and 
Endocrine Dysfunctions: A Case-
Control Study

Objectives. A case-control study was conducted to investigate the exposure levels to some specific chemicals, in women with infertility issues, compared with fertile women. Methods. A total of 186 cases and 196 
controls were recruited. Each participant provided a urine sample for the determination of six phthalate metabolites (mono-ethyl phthalate, MEP; mono-n-butyl phthalate, MnBP; mono-n-ottyl phthalate, MnOP; monobenzyl 
phthalate, MBzP; and two metabolites of the diethyl-hexyl phthalate (DEHP): mono(2-ethyl-5-hydroxyhexyl) phthalate, MEHHP and mono(2-ethylhexyl) phthalate, MEHP) in addition to bisphenol A, BPA. Each woman also 
completed a questionnaire. The urine samples were analyzed using HPLC/MS/MS methods. Results. The analysis revealed significantly higher metabolite concentrations in cases than in controls for all metabolites, 
except MnOP. Stratification based on infertility factors, showed a significant association of MnBP, MBzP, BPA and DEHP with ovulatory and endocrine dysfunctions. Furthermore, higher mean concentrations of MEP and 
DEHP were observed in women with recurrent pregnancy loss (RPL) and idiopathic infertility, respectively. Conclusion. These findings suggest that some of the analyzed chemicals may play a role in female infertility. 
Exposure to DEP (diethyl phthalate) and DEHP appears to be associated with RPL and idiopathic infertility. Further investigation is required to explore potential sources of these risks.

ENVIRONMENTS Vol.12 
Issue 2

10.3390/environments12020038 - ヒト ⽣殖発⽣ - - - - - - 症例対照 1 1 - - - 1 1 1 - - - - - - - - - - - -

統合_2203
R. Canovas, J. D. Doecke, C. J. Fowler, J. Fripp, 
X. Y. Wang, J. F. Mueller, A. Jayarathne, C. He, 
A. Elagali, S. Dunlop and C. L. Masters

2025
Association of plastic-associated 
chemicals with Alzheimer's disease 
amyloid-β and cognitive status

Alzheimer's disease (AD) is characterized by amyloid-beta (A beta) for similar to 20 years prior to dementia onset. Phthalates, routinely added to plastics to increase flexibility, and bisphenol monomers, have been shown 
to interfere with neural activity/brain function. Phthalate and bisphenol exposure did not show association of individual urinary biomarkers with A beta or clinical phenotype (mild cognitive impairment (MCI)/AD). 
Assessing biomarkers in quartiles, low mono(2-ethylhexyl) phthalate (MEHP), but not other biomarkers of di(2-ethylhexyl) phthalate (DEHP), was associated with A beta+ and with having MCI/AD (q < 0.05), while high 
Bisphenol S (BPS) was associated with A beta+ (q < 0.05). Mixture analysis shows significant association with MCI/AD but not A beta.

JOURNAL OF 
ALZHEIMERS DISEASE

10.1177/13872877251364559 40754819 ヒト - - - - - - - 横断研究 1 1 - - - - - - - - - - - - - - - - - -

統合_2204 H. Byeon 2025

Identifying key determinants of 
bisphenol A exposure: a study 
utilizing sparse additive models 
(SpAM) on a cohort of 1332 adult 
males in South Korea

Background: Bisphenol A (BPA) exposure is a significant concern in South Korea due to high plastic consumption. This study investigates the factors influencing BPA exposure among adult males. Methods: Using data 
from the Korean National Environmental Health Survey (KoNEHS), Sparse Additive Models (SpAM) and multiple regression analysis were employed to analyze BPA exposure in 1332 adult males, considering eleven 
variables including age, smoking, alcohol consumption and food packaging-related factors. Results: Age emerged as the most significant predictor of BPA exposure. Smoking and alcohol consumption also showed 
substantial effects. Packaged and canned food consumption were also identified as significant contributors, indicating potential leaching from packaging materials. New furniture purchase showed moderate effects. 
Conclusions: This study highlights age, lifestyle factors (smoking and alcohol), and food packaging as key factors influencing BPA exposure in South Korean adult males. These findings contribute to the evidence base for 
public health interventions aimed at reducing BPA exposure. Future research should explore longitudinal data and genetic factors for personalized strategies.

JOURNAL OF MENS 
HEALTH Vol.21 Issue 5 
Pages 30-38

10.22514/jomh.2025.065 - ヒト - - - - - - - バイオモニタリング 1 1 - - - - - - - - - - - - - - - - - -

統合_2205 Melek Büyükeren, Baver Demir 2024
High Urinary Bisphenol A Levels 
may be a Risk Factor for Infantile 
Colic: a case-control study

Objective: To investigate the relationship between infantile colic and urinary Bisphenol A ( BPA) levels in infants aged under 3 months. Patients and Method: A group of 20 infants with a recent diagnosis of infantile colic, 
according to ROMA IV criteria, without treatment and a control group of 33 healthy infants were evaluated. Gestational age, birth weight, age at urine sampling, daily weight gain and consumption of packaged products by 
the mothers of the infants included in the study were recorded. Urine BPA levels were measured by liquid chromatography-mass spectrometry in an isolated urine sample. Results: The sex, median gestational age, mode 
of delivery, birth weight, weight at the time of urine sampling, daily weight gain and mother's packaged product consumption were not significant different between control and colic group. The urine BPA results of infants 
diagnosed with infantile colic (median 20,4 mu g/g/creatinine, IQR 8,9-34,1) were significantly higher than the urine BPA results of the healthy infants (median 9,1 mu g/g/creatinine, IQR 4,9-16,3) ( p < 0,05). The model 
established as a result of the regression analysis was not statistically significant (Model Significance: F = 0,861; p = 0,530; R2 = 0,101). Conclusion: The etiology of infantile colic is still poorly understood and is 
speculated to be associated with disrupted microbiota. Our results suggest that BPA is associated with the development of infantile colic.

ANDES PEDIATRICA 
Vol.95 Issue 6 Pages 
711-717

10.32641/andespediatr.v95i6.5182 - ヒト ⽣殖発⽣ - - - - - - 症例対照 1 1 - - - 1 1 1 - - - - - - - - - - - -

統合_2206 A. Burman, R. Garcia-Milian and S. Whirledge 2020

Gene X environment: the cellular 
environment governs the 
transcriptional response to 
environmental chemicals

Background An individual's response to environmental exposures varies depending on their genotype, which has been termed the gene-environment interaction. The phenotype of cell exposed can also be a key determinant 
in the response to physiological cues, indicating that a cell-gene-environment interaction may exist. We investigated whether the cellular environment could alter the transcriptional response to environmental chemicals. 
Publicly available gene expression array data permitted a targeted comparison of the transcriptional response to a unique subclass of environmental chemicals that alter the activity of the estrogen receptor, 
xenoestrogens. Results Thirty xenoestrogens were included in the analysis, for which 426 human gene expression studies were identified. Comparisons were made for studies that met the predefined criteria for exposure 
length, concentration, and experimental replicates. The cellular response to the phytoestrogen genistein resulted in remarkably unique transcriptional profiles in breast, liver, and uterine cell-types. Analysis of gene 
regulatory networks and molecular pathways revealed that the cellular context mediated the activation or repression of functions important to cellular organization and survival, including opposing effects by genistein in 
breast vs. liver and uterine cell-types. When controlling for cell-type, xenoestrogens regulate unique gene networks and biological functions, despite belonging to the same class of environmental chemicals. Interestingly, 
the genetic sex of the cell-type also strongly influenced the transcriptional response to xenoestrogens in the liver, with only 22% of the genes significantly regulated by genistein common between male and female cells. 
Conclusions Our results demonstrate that the transcriptional response to environmental chemicals depends on a variety of factors, including the cellular context, the genetic sex of a cell, and the individual chemical. 
These findings highlight the importance of evaluating the impact of exposure across cell-types, as the effect is responsive to the cellular environment. These comparative genetic results support the concept of a cell-
gene-environment interaction.

HUMAN GENOMICS 
Vol.14 Issue 1

10.1186/s40246-020-00269-1 32448403 in silico - - - - - - - - - - - - - - - - - - - - - - - - - - - -
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統合_2207
E. V. Br?uner, C. S. Uldbjerg, Y. H. Lim, L. S. 
Gregersen, M. Krause, H. Frederiksen and A. M. 
Andersson

2022
Presence of parabens, phenols and 
phthalates in paired maternal serum, 
urine and amniotic fluid

Objective: To examine whether selected endocrine disrupting chemicals were present in pregnant women and passed through the placental barrier to amniotic fluid, potentially exposing the developing fetus. Methods: 
Paired samples of maternal serum, urine and amniotic fluid were concurrently collected (<1 h) from 200 pregnant women (age >18 years) with a singleton pregnancy and undergoing amniocentesis between gestational 
weeks 12 - 36. The concentration of six different parabens, seven phenols, 31 metabolites from 15 phthalate diesters and the polychlorinated substance triclocarban were analyzed by isotope diluted TurboFlowliquid 
chromatography-tandem mass spectrometry. Results: Concentrations of all included compounds were highest in maternal urine followed by serum, and lowest in amniotic fluid. Of the six parabens measured in amniotic 
fluid, methylparaben (MeP) and ethylparaben (EtP) were detectable most often (87% and 33% of the samples, respectively). Of the seven phenols measured, three (2,4-dichlorphenol, 2,5-dichlorphenol, 2-propylphenol) 
were detectable in the range of 14-21% of the amniotic fluid samples, at low concentrations (<0.12 ng/ml). Two secondary phthalates metabolites, mono-(2-carboxymethyl-hexyl) phthalate and mono-carboxy-iso-octyl 
phthalate were each present in <= 15% of the amniotic fluid samples at concentrations 2-5 times lower than in maternal serum and 20-100 times lower than in maternal urine. A modest statistically significant correlation 
between the levels of MeP and EtP was detected in paired maternal urine-amniotic fluid samples was detected (Spearman rMeP: 0.246; rEtP: 0.364). Likewise, the concentration of mono-ethyl phthalate (MEP) in paired 
maternal urine and amniotic fluid samples indicated a modest statistically significant correlation (Spearman rMEP: 0.264), driven by detectable levels of MEP in only 3% of the amniotic fluid samples. Conclusions: In 
general, the included parabens, phenols and phthalates were effectively metabolized and excreted via the urine, which was the matrix that reflected the highest detectable levels. The detectable levels of several included 
parabens and phthalates in human amniotic fluid calls for further investigations of the toxicokinetic and potential endocrine disrupting properties of individual and multiple endocrine disruptors in order to better assess the 
risk to the developing fetus.

ENVIRONMENT 
INTERNATIONAL 
Vol.158

10.1016/j.envint.2021.106987 34991249 ヒト - - - - - - - ADME 1 1 - - - - - - - - - - - - - - - - - -

統合_2208
J. M. Braun, J. P. Buckley, K. M. Cecil, A. M. 
Chen, H. J. Kalkwarf, B. P. Lanphear, Y. Y. Xu, A. 
Woeste and K. Yolton

2020

Adolescent follow-up in the Health 
Outcomes and Measures of the 
Environment (HOME) Study: cohort 
profile

Purpose Environmental chemical exposures may adversely affect an array of adolescent health outcomes. Thus, we used the Health Outcomes and Measures of the Environment (HOME) study, a prospective cohort that 
recruited pregnant women and conducted longitudinal follow-up on children over the first 12 years of life, to determine if and when chemical exposures affect adolescent health. Participants We recruited 468 pregnant 
women (age range: 18-45 years) from the Cincinnati, Ohio region to participate in a cohort study between March 2003 and January 2006. Follow-up included two clinic and one home visits during pregnancy, a delivery 
hospital visit, and four home and six clinic visits when children were aged 4 weeks and 1, 2, 3, 4, 5 and 8 years. Of 441 children available for follow-up, 396 (90%) completed at least one follow-up and 256 (58%) completed 
the most recent follow-up at 12 years of age (range: 11-14). Findings to date Our new measures include maternal/child report of internalising symptoms, neuroimaging, dual-energy X-ray absorptiometry-derived estimates 
of lean/adipose tissue and bone mineral density, and cardiometabolic risk biomarkers. We assessed adolescent exposure to perfluoroalkyl substances, phenols, phthalates and flame retardants. Participants completing 
follow-up at 12 years of age were similar to the original cohort in terms of baseline factors. Most children had typical and expected values for this age on measures of internalising symptoms, body composition, bone 
density and cardiometabolic risk markers. Notably, 36% and 11% of children had scores indicative of potential anxiety and depressive disorders, respectively. Approximately 35% of children were overweight or obese, with 
higher prevalence among girls. Thirty-three per cent of children had borderline or high triglyceride concentrations (>90 mg/dL). Future plans We will examine associations of early life environmental chemical exposures 
with adolescent health measures while considering potential periods of heightened susceptibility and mixture effects.

BMJ Open. 2020 May 
7;10(5):e034838.

10.1136/bmjopen-2019-034838 32385062 ヒト 代謝 - - - - - - コホート研究 1 1 - - - 1 1 1 - - - - - - - - - - - -

統合_2209 C. J. Borgert, L. D. Burgoon and J. C. Matthews 2024

The physiological and biochemical 
basis of potency thresholds modeled 
using human estrogen receptor 
alpha: implications for identifying 
endocrine disruptors

The endocrine system functions by interactions between ligands and receptors. Ligands exhibit potency for binding to and interacting with receptors. Potency is the product of affinity and efficacy. Potency and 
physiological concentration determine the ability of a ligand to produce physiological effects. The kinetic behavior of ligand-receptor interactions conforms to the laws of mass action. The laws of mass action define the 
relationship between the affinity of a ligand and the fraction of cognate receptors that it occupies at any physiological concentration. We previously identified the minimum ligand potency required to produce clinically 
observable estrogenic agonist effects via the human estrogen receptor-alpha (ER alpha). By examining data on botanical estrogens and dietary supplements, we demonstrated that ER alpha ligands with potency lower 
than one one-thousandth that of the primary endogenous hormone 17 beta-estradiol (E2) do not produce clinically observable estrogenic effects. This allowed us to propose a Human-Relevant Potency Threshold (HRPT) 
for ER alpha ligands of 1 x 10-4 relative to E2. Here, we test the hypothesis that the HRPT for ER alpha arises from the receptor occupancy by the normal metabolic milieu of endogenous ER alpha ligands. The metabolic 
milieu comprises precursors to hormones, metabolites of hormones, and other normal products of metabolism. We have calculated fractional receptor occupancies for ER alpha ligands with potencies below and above the 
previously established HRPT when normal circulating levels of some endogenous ER alpha ligands and E2 were also present. Fractional receptor occupancy calculations showed that individual ER alpha ligands with 
potencies more than tenfold higher than the HRPT can compete for occupancy at ER alpha against individual components of the endogenous metabolic milieu and against mixtures of those components at concentrations 
found naturally in human blood. Ligands with potencies less than tenfold higher than the HRPT were unable to compete successfully for ER alpha. These results show that the HRPT for ER alpha agonism (10-4 relative to 
E2) proposed previously is quite conservative and should be considered strong evidence against the potential for disruption of the estrogenic pathway. For chemicals with potency 10-3 of E2, the potential for estrogenic 
endocrine disruption must be considered equivocal and subject to the presence of corroborative evidence. Most importantly, this work demonstrates that the endogenous metabolic milieu is responsible for the observed 
ER alpha agonist HRPT, that this HRPT applies also to ER alpha antagonists, and it provides a compelling mechanistic explanation for the HRPT that is grounded in basic principles of molecular kinetics using well 
characterized properties and concentrations of endogenous components of normal metabolism.

Arch Toxicol. 2024 
Jun;98(6):1795-1807.

10.1007/s00204-024-03723-4 38704805 in vitro - - - - - - - - - - 不明 0 不明 1 - - - - - - - - - - - - - -

統合_2210
P. A. Bommarito, B. M. Welch, A. P. Keil, G. P. 
Baker, D. E. Cantonwine, T. F. McElrath and K. 
K. Ferguson

2021
Prenatal exposure to consumer 
product chemical mixtures and size 
for gestational age at delivery

Background While fetal growth is a tightly regulated process, it is sensitive to environmental exposures that occur during pregnancy. Many commonly used consumer products contain chemicals that can disturb processes 
underlying fetal growth. However, mixtures of these chemicals have been minimally examined. We investigated associations between prenatal exposure to 33 consumer product chemicals (nine organophosphate ester 
flame retardant [OPE] metabolites, 12 phthalate metabolites, and 12 phenols) and the odds of small- or large-for-gestational age (SGA and LGA) births. Methods This case-control study was comprised of SGA (N = 31), 
LGA (N = 28), and appropriate for gestational age control (N = 31) births selected from the larger LIFECODES cohort. Biomarkers of exposure to consumer product chemicals were quantified in maternal urine collected 
from up to three study visits during pregnancy. In a single-pollutant approach, odds ratios (OR) and 95% confidence intervals (CI) of SGA and LGA associated with an interquartile range (IQR)-increase in exposure 
biomarkers were estimated using multinomial logistic regression. In a multi-pollutant approach, quantile g-computation was used to jointly estimate the OR (95% CI) of SGA and LGA per simultaneous one quartile-change 
in all biomarkers belonging to each chemical class. Results Among the 33 biomarkers analyzed, 20 were detected in at least 50% of the participants. After adjusting for potential confounders, we observed reduced odds of 
LGA in association with higher urinary concentrations of several exposure biomarkers. For example, an IQR-increase in the OPE metabolite, diphenyl phosphate, was associated with lower odds of LGA (OR: 0.40 [95% CI: 
0.18, 0.87]). Using quantile g-computation, we estimated lower odds of an LGA birth for higher OPE metabolite concentrations (OR: 0.49 [95% CI: 0.27, 0.89]) and phthalate metabolite concentrations (OR: 0.23 [95% CI: 
0.07, 0.73]). Associations between consumer product chemicals and SGA were largely null. Conclusions Joint exposure to OPEs and phthalates was associated with lower odds of delivering LGA. Associations with LGA 
could indicate a specific impact of these exposures on the high end of the birth weight spectrum. Future work to understand this nuance in the associations between consumer product chemical mixtures and fetal growth 
is warranted.

Environ Health. 2021 
Jun 10;20(1):68.
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統合_2211 T. Boissiere-O'Neill, W. R. Lee, T. L. Blake, P. D. 
Sly and D. Vilcins 2024

Exposure to endocrine-disrupting 
plasticisers and lung function in 
children and adolescents: A 
systematic review and meta-analysis

Exposure to endocrine-disrupting plasticisers (EDPs), such as phthalates and bisphenols, has been associated with reduced lung function in children and adolescents. However, the existing literature yields conflicting 
results. This systematic review and meta-analysis aimed to assess the epidemiologic evidence investigating the association between EDP exposure and lung function in children and adolescents. A comprehensive search 
of five databases identified 25 relevant studies. We employed a random-effects meta-analysis on spirometry measures. The effect size of interest was the change in lung function in standard deviation (SD) units resulting 
from a two-fold increase in exposure levels. We found that certain phthalates marginally reduced lung function in children. Forced expiratory volume in 1 s (FEV1) was reduced by a two-fold increase in mono-benzyl 
phthalate (MBzP) (beta = -0.025 SD, 95%CI: 0.042, -0.008), mono-ethyl-oxo-hexyl phthalate (MEOHP) (beta = -0.035 SD, 95%CI: 0.057, -0.014) and mono-carboxy-nonyl phthalate (MCNP) (beta = -0.024 SD, 95%CI: 0.05, 
-0.003). Forced vital capacity (FVC) was decreased by a two-fold increase in MBzP (beta = -0.022 SD, 95%CI: 0.036, -0.008) and MEOHP (beta = -0.035 SD, 95%CI: 0.057, -0.014) levels. A two-fold increase in MCNP 
levels was associated with lower FEV1/FVC (beta = -0.023 SD, 95%CI: 0.045, -0.001). Furthermore, a two-fold increase in MEOHP levels reduced forced mid-expiratory flow (FEF25-75) (beta = -0.030 SD, 95%CI: 0.055, 
-0.005) and peak expiratory flow (PEF) (beta = -0.056 SD, 95%CI: 0.098, -0.014). Notably, associations were more pronounced in males. Given the potential for reverse causation bias, the association between childhood 
exposure to EDPs and lung function remains uncertain. Overall, our meta-analysis showed small reductions in lung function with higher phthalate exposure. However, future studies are warranted in younger age groups.

Environ Res. 2024 Feb 
15:243:117751.
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統合_2212 D. Bliatka, M. P. Nigdelis, K. Chatzimeletiou, G. 
Mastorakos, S. Lymperi and D. G. Goulis 2020

The effects of postnatal exposure of 
endocrine disruptors on testicular 
function: a systematic review and a 
meta-analysis

Background Despite many epidemiological studies having been conducted, the impact of postnatal exposure of endocrine disruptors (EDs) on testicular function remains a controversial issue. Aim To systematically review 
the literature and perform a quantitative synthesis to evaluate the effect of EDs on testicular function. Materials and methods A comprehensive search was conducted in the MEDLINE, Scopus, and CENTRAL databases. 
Eligible for the systematic review were observational (cross-sectional and cohort) studies with (i) adult men who had a high probability of postnatal exposure to EDs ("exposed"), (ii) adult men who had a low probability of 
postnatal exposure to EDs ("non-exposed"), and (iii) an outcome of interest [seminal parameters and reproductive hormone concentrations]. The continuous outcomes in each of the studies were synthesized by the 
random effects model and expressed as standardized mean difference (SMD) with 95% confidence interval (CI). Results Thirteen studies, including 959 exposed and 907 non-exposed men, fulfilled the inclusion criteria. 
Exposure to EDs was associated with decreased LH [SMD - 0.17, 95% CI - 0.33 to - 0.02, 10 studies (616 exposed, 563 non-exposed), I-2 40%, p = 0.09], progressive motility [SMD - 0.45, 95% CI - 0.77 to - 0.13, three 
studies (133 cases, 153 controls), I-2 38%, p = 0.20], and normal morphology [SMD - 0.50, 95% CI - 0.85 to - 0.14, eight studies (562 cases, 540 controls), I-2 87%, p < 0.01] compared with non-exposure. No difference 
was observed between the other study groups. Conclusions Postnatal exposure to EDs is associated with decreased semen quality. Nevertheless, there is no evidence that a disruption of testicular function mediates the 
deterioration in semen quality.
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S. M. Blaauwendraad, V. W. Jaddoe, S. Santos, 
K. Kannan, G. R. Dohle, L. Trasande and R. 
Gaillard

2022

Associations of maternal urinary 
bisphenol and phthalate 
concentrations with offspring 
reproductive development

Fetal exposure to bisphenols and phthalates may influence development of the reproductive system. In a population-based, prospective cohort study of 1059 mother-child pairs, we examined the associations of maternal 
gestational urinary bisphenols and phthalates concentrations with offspring reproductive development from infancy until 13 years. We measured urinary bisphenol and phthalate concentrations in each trimester. We 
obtained information on cryptorchidism or hypospadias after birth from medical records. At 9.7 years, we measured testicular and ovarian volume by MRI. At 13.5 years, we measured child Tanner stages and menstruation 
through questionnaire. We performed linear or logistic regression models for boys and girls to assess the associations of maternal urinary average and trimester-specific bisphenols and phthalates with child reproductive 
outcomes. Next, to further explore potential synergistic or additive effects of exposures together, we performed mixed exposure models using a quantile g computation approach. Models were adjusted for maternal age, 
ethnicity, body-mass index, education, parity, energy intake, smoking and alcohol use, and child's gesta-tional age at birth, birthweight and body-mass index. In boys, no associations of maternal gestational phthalate or 
bisphenol with offspring cryptorchidism and hypospadias were found. Higher maternal high-molecular-weight phthalate and total bisphenol, but not phthalic acid or low-molecular-weight phthalate, were associated with 
larger child testicular volume at 10 years. Higher maternal phthalic acid and total bisphenol were associated with earlier genital and pubic hair development at 13 years, respectively (p-values<0.05). In girls, we found no 
as-sociations of maternal urinary bisphenol and phthalate with ovarian volume or menstrual age. Only higher maternal urinary high-molecular-weight phthalate was associated with earlier pubic hair development at 13 
years (p-values <0.05). Higher mixture exposure was associated with earlier pubic hair development in both sexes. In conclusion, higher maternal gestational urinary bisphenol and phthalate concentrations were 
associated with alterations in offspring reproductive development, mainly in boys.

Environ Pollut. 2022 
Sep 15:309:119745.
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L. Trasande

2025

Periconception bisphenol and 
phthalate concentrations in women 
and men, time to pregnancy, and 
risk of miscarriage

Background: Exposure to endocrine-disrupting chemicals such as bisphenols and phthalates might lead to adverse fertility and early pregnancy outcomes. Methods: This study was embedded in the Generation R Next 
Study, a population-based cohort study from preconception onwards. Urinary phthalate and bisphenol concentrations were assessed in the preconception period (938 women), defined as the period in which couples were 
actively trying to conceive, and early pregnancy (1,366 women and 1,202 men, mean gestational age at sampling 8<middle dot>6 weeks). Time to pregnancy and miscarriage were assessed using questionnaires and 
ultrasounds. Subfertility was defined as the inability to conceive within 12 months or need for assisted reproductive technologies. Findings: Higher preconception urinary bisphenol S (BPS) and cyclohexane-1,2-
dicarboxylic acid-monocarboxy isooctyl ester (mCOCH) concentrations in women were associated with longer time to pregnancy. Higher preconception mono-[(2-carboxymethyl)hexyl] phthalate, mono-2-ethyl-5-oxohexyl 
phthalate (mEOHP), mono-(7-carboxy-n-heptyl)phthalate (mCHpP), and mono benzyl phthalate (mBzBP) were associated with shorter time to pregnancy, and higher mono-2-ethyl-5-hydroxyhexyl phthalate (mEHHP), 
mEOHP, and mBzBP with lower odds of subfertility. In men, higher early pregnancy BPS, mCHpP, mono-4-methyl-7-hydroxyoctyl phthalate, mono-4-methyl-7-oxooctyl phthalate, and mono-ethyl phthalate were associated 
with shorter time to pregnancy or lower odds of subfertility. Higher preconception or early pregnancy BPS, phthalic acid, and mCHpP in women were associated with lower odds of miscarriage, whereas higher mono-
carboxy-isoctyl phthalate, mCOCH, and mono-2-(propyl-6-carboxy-hexyl)-phthalate (cxmPHxP) with higher odds of miscarriage (all p-values <0<middle dot>05). Interpretation: Preconception and early pregnancy 
exposure to bisphenols and phthalates may affect couple fertility. Our results should be considered as hypothesis generating and replicated in future studies, possibly including repeated chemical measurements and 
mixture analysis.
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H. L. Wang

2025

Bisphenol A Impairs Spatial Memory 
by Inhibiting Hippocampal Excitatory 
Neuronal Response During Learning 
Events

Bisphenol A (BPA) exposure can impair learning and memory in rodents, but the underlying systematic neural mechanism remains unclear. Due to the important role of the hippocampus for learning and memory, in this 
study, we systematically investigated the neural circuit, neuron structure, and function of the hippocampus after BPA exposure. First, by employing a virus tracing technique, we observed a decrease in the neural 
projection ratio of excitatory neural neurons from the "Entorhinal Cortex-Dentate Gyrus-CA3-CA1" and "Entorhinal Cortex-CA1" circuits. Furthermore, BPA exposure led to impairments of the branching complexity and 
electrophysiological properties of hippocampal neurons. Additionally, fiber photometry experiments revealed that BPA exposure reduces the level of real-time activity in hippocampal excitatory neurons (CA1, CA3, and DG) 
during the MWM task. To verify the role of hippocampal excitatory neurons in learning and memory impairment caused by BPA, the dorsal hippocampus CA1 neurons were chemogenetically activated, and the spatial 
memory deficits were rescued. Collectively, our results suggest that BPA exposure impairs the hippocampal neural circuits and neuronal real-time response, leading to the dysfunction of spatial memory in mice. This 
study expands our understanding of the neurotoxic mechanisms of BPA at the mesoscopic neural level and provides a potential strategy for rescuing BPA-induced learning and memory impairments.
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統合_2216 K. A. Bennett, C. Sutherland and A. L. Savage 2025

A systematic review of evidence that 
environmental contaminant 
exposure impedes weight loss and 
glycemic control during calorie-
restricted diets in humans

Calorie-restricted diets cause weight loss and can drive type 2 diabetes remission. However, many patients struggle to achieve clinically relevant weight loss, and the reasons are not well understood. Chemical exposure 
is associated with obesity and type 2 diabetes development, and some evidence from preclinical experiments suggests it can limit the clinical benefits of calorie restriction. We systematically reviewed the evidence for 
the effects of environmental chemical exposure on mass loss and glycemic control during diet-induced weight management in humans (PROSPERO: CRD42022339993). Of 222 unique citations, only six papers directly 
examined this question. Only one targeted people with type 2 diabetes. One linked phthalates and parabens, but not bisphenols, with slower fat loss. Two showed per- and polyfluoroalkyl substances were not associated 
with mass loss, but with faster subsequent mass regain. One linked impaired adiposity improvements with air pollutants. Two papers reported weight loss-induced elevation in plasma organochlorines associated with 
altered glycemic control. The risk of bias largely arose from the potential for deviation from the intended diet, and statistics and reporting. The role of chemical exposure in impeding the effectiveness of weight 
management programs needs to be better understood to provide suitable support to people living with obesity and type 2 diabetes.
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統合_2217 K. A. Bennett, C. Sutherland and A. L. Savage 2024

A systematic review and meta-
analysis of environmental 
contaminant exposure impacts on 
weight loss and glucose regulation 
during calorie-restricted diets in 
preclinical studies: Persistent 
organic pollutants may impede 
glycemic control

Epidemiological evidence links chemical exposure with type 2 diabetes (T2DM) risk and prevalence. Chemical exposure may therefore also limit success of weight loss or restoration of glycemic control during calorie 
restricted diets. Few human studies examine this hypothesis. This systematic review and clustered meta-analysis examines preclinical evidence that exposure to anthropogenic environmental contaminants impedes 
weight loss and resumption of glycemic control during calorie restriction. Of five eligible papers from 212 unique citations, four used C57BL/6 mice and one used Sprague Dawley rats. In four the animals received high fat 
diets to induce obesity and impaired glycemic control. All examined persistent organic pollutants (POPs). Polychlorinated biphenyl (PCB) 77 exposure did not affect final mass (standardised mean difference (SMD) = -0.35 
[-1.09, 0.39]; n = 5 (experiments); n = 3 (papers)), or response to insulin in insulin tolerance tests (SMD = -1.54 [-3.25, 0.16] n = 3 (experiments); n = 2 (papers)), but impaired glucose control in glucose tolerance tests 
(SMD = -1.30 [-1.96, -0.63]; n = 6 (experiments); n = 3 (papers)). The impaired glycemic control following perfluoro-octane sulphonic acid (PFOS) exposure and enhanced mass loss following 
dichlorodiphenyltrichloroethane (DDT) exposure have not been replicated. Animal studies thus suggest some chemical groups, especially PCB and PFOS, could
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Bellavia A, Zou R, Björvang RD, Roos K, 
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Van Duursen M, Vermeulen R, Salumets A, 
Velthut-Meikas A, Damdimopoulou P.

2023

Association between chemical 
mixtures and female fertility in 
women undergoing assisted 
reproduction in Sweden and Estonia

Objective: Women of reproductive age are exposed to ubiquitous chemicals such as phthalates, parabens, and per -and polyfluoroalkyl substances (PFAS), which have potential endocrine disrupting properties and might 
affect fertility. Our objective was to investigate associations between potential endocrine-disrupting chemicals (EDCs) and female fertility in two cohorts of women attending fertility clinics.Methods: In a total population 
of 333 women in Sweden and Estonia, we studied the associations between chemicals and female fertility, evaluating ovarian sensitivity index (OSI) as an indicator of ovarian response, as well as clinical pregnancy and 
live birth from fresh and frozen embryo transfers. We measured 59 chemicals in follicular fluid samples and detected 3 phthalate metabolites, di-2-ethylhexyl phthalate (DEHP) metabolites, 1 paraben, and 6 PFAS in > 90% 
of the women. Associations were evaluated using multivariable-adjusted linear or logistic regression, categorizing EDCs into quartiles of their distributions, as well as with Bayesian Kernel Ma-chine Regression.Results: 
We observed statistically significant lower OSI at higher concentrations of the sum of DEHP metabolites in the Swedish cohort (Q4 vs Q1, beta =-0.21, 95% CI:-0.38,-0.05) and methylparaben in the Estonian cohort (Q3 vs 
Q1, beta =-0.22, 95% CI:-0.44,-0.01). Signals of potential associations were also observed at higher concentrations of PFUnDA in both the combined population (Q2 vs. Q1,beta =-0.16, 95% CI-0.31,-0.02) and the 
Estonian population (Q2 vs. Q1,beta =-0.27, 95% CI-0.45,-0.08), and for PFOA in the Estonian population (Q4 vs. Q1, beta =-0.31, 95% CI-0.61,-0.01). Associations of chemicals with clinical pregnancy and live birth 
presented wide confidence intervals.Conclusions: Within a large chemical mixture, we observed significant inverse associations levels of DEHP me-tabolites and methylparaben, and possibly PFUnDA and PFOA, with OSI, 
suggesting that these chemicals may contribute to altered ovarian function and infertility in women.
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統合_2219 M. Begum, P. Paul, D. Das and S. Ghosh 2020

Endocrine-disrupting plasticizer 
Bisphenol A (BPA) exposure causes 
change in behavioral attributes in 
Drosophila melanogaster

Objective and methods The effects of Bisphenol A (BPA) on selected behaviors of Drosophila melanogaster, namely larval feeding rate, larval foraging ability, adult climbing ability and courtship display, were tested by 
rearing the flies for 30 successive generations by exposing the third instar larvae to two different sublethal doses (0.007 g/2 ml and 0.010 g/2 ml). Results Our results revealed a significant reduction in feeding rate, 
foraging path length and frequency of courtship display. Both the treated male and female adults exhibited higher climbing ability at lower concentration (0.007 g/2 ml) of BPA exposure at 20 s and 30 s of interval, whereas 
reduced climbing ability was recorded at 10 s of interval in comparison with controls. At higher concentration (0.010 g/2 ml), only the treated females, not males exhibited significant reduced climbing ability at 30 s of 
interval.
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M. A. Beg, E. Ahmad, S. F. Al Basri, A. 
Abdelsalam, O. S. Bajouh, M. S. Jamal, A. M. 
Abuzenadah and I. A. Sheikh

2020

Endocrine disruption and infertility: 
Circulatory hormone and bisphenol 
A concentrations in infertile Saudi 
women

Aim: Human infertility is a public problem and a cause of social and psychological complications affecting more than 50 million couples globally. Bisphenol A (BPA) is a ubiquitous environmental endocrine disrupting 
chemical and has been associated with infertility problems in women.The aim of the present study was to analyze concentrations of bisphenol A and circulating hormones in infertile Saudi women for evaluating the 
association of BPA with infertility. Methodology: The present study was done on 43 infertile women for evaluating possible association of systemic BPA concentrations with infertility in Saudi Arabia. The clinical 
indications were irregular menses, hyper-androgenism, multiple small ovarian cysts, polycystic ovarian syndrome and unexplained infertility. Blood samples from infertile women and a control group of 18 healthy fertile 
women were analyzed and compared for concentrations of BPA and circulatory hormones. It Plastic items Results: The results showed that BPA concentrations were not significantly different between infertile women 
and controls. BPA concentrations were also not correlated with systemic hormone concentrations in infertile women. Interpretation: Serum BPA levels had no association with hormone imbalance in this cohort of infertile 
Saudi women. However, considering the previous studies that have shown a relationship of BPA with female infertility, an argument can be made that there might be lower exposure of Saudi population to BPA in 
comparison to BPA analogues such as BPS (according to recent reports). Therefore, it is suggested to conduct more infertility studies that include detection of BPA and its analogues in infertile Saudi women. Endocrine 
disruption CH A CH, BPA Women reproductive system 4 Ir BPA ingestion
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C. Gennings and I. Hertz-Picciotto

2019

Prenatal phenol and paraben 
exposures in relation to child 
neurodevelopment including autism 
spectrum disorders in the MARBLES 
study

Background: Environmental phenols and parabens are endocrine disrupting chemicals (EDCs) with the potential to affect child neurodevelopment including autism spectrum disorders (ASD). Our aim was to assess 
whether exposure to environmental phenols and parabens during pregnancy was associated with an increased risk of clinical ASD or other nontypical development (non-TD). Methods: This study included mother-child 
pairs (N = 207) from the Markers of Autism Risks in Babies - Learning Early Signs (MARBLES) Cohort Study with urinary phenol and paraben metabolites analyzed using liquid chromatography-tandem mass spectrometry 
(LC-MS/MS) from repeated pregnancy urine samples. Because family recurrence risks in siblings are about 20%, MARBLES enrolls pregnant women who already had a child with ASD. Children were clinically assessed at 
3 years of age and classified into 3 outcome categories: ASD, non-TD, or typically developing (TD). Single analyte analyses were conducted with trinomial logistic regression and weighted quantile sum (WQS) regression 
was used to test for mixture effects. Results: Regression models were adjusted for pre-pregnancy body mass index, prenatal vitamin use (yes/no), homeowner status (yes/no), birth year, and child's sex. In single chemical 
analyses phenol exposures were not significantly associated with child's diagnosis. Mixture analyses using trinomial WQS regression showed a significantly increased risk of non-TD compared to TD (OR = 1.58, 95% CI: 
1.04, 2.04) with overall greater prenatal phenol and paraben metabolites mixture. Results for ASD also showed an increased risk, but it was not significant. Discussion: This is the first study to provide evidence that 
pregnancy environmental phenol exposures may increase the risk for non-TD in a high-risk population.
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2022

Potential genomic biomarkers of 
obesity and its comorbidities for 
phthalates and bisphenol A mixture: 
In silico toxicogenomic approach

This in silico toxicogenomic study aims to explore the relationship between phthalates and bisphenol A (BPA) co-exposure and obesity, as well as its comorbid conditions, in order to construct a possible set of genomic 
biomarkers. The Comparative Toxicogenomics Database (CTD; http://ctd.mdibl.org ) was used as the main data mining tool, along with GeneMania (https://genemania.org), ToppGene Suite (https://toppgene.cchmc.org ) 
and DisGeNET (http://www. disgenet.org). Among the phthalates, bis(2-ethylhexyl) phthalate (DEHP) and dibutyl phthalate (DBP) were chosen as the most frequently curated phthalates in CTD, which also share similar 
mechanisms of toxicity. DEHP, DBP and BPA interacted with 84, 90 and 194 obesity-related genes/proteins, involved in 67, 65 and 116 pathways, respectively. Among these, 53 genes/proteins and 42 pathways were 
common to all three substances. 31 genes/proteins had matching interactions for all three investigated substances, while more than half of these genes/proteins (56.49%) were in co-expression. 7 of the common 
genes/proteins (6 relevant to humans: CCL2, IL6, LPL, PPARG, SERPINE1, and TNF) were identified in all the investigated obesity comorbidities, while PPARG and LPL were most closely linked to obesity. These 
genes/proteins could serve as a target for further in vitro and in vivo studies of molecular mechanisms of DEHP, DBP and BPA mixture obesogenic properties. Analysis reported here should be applicable to any mixture of 
environmental chemicals and any disease present in CTD.
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2024

Insights into the role of melatonin on 
the reproductive system toxicity 
induced by bisphenol A: a 
systematic review of preclinical 
studies

Bisphenol A (BPA), an endocrine disruptor, changes many physiological functions of the body, especially the reproductive system. The malfunction of the reproductive system after BPA exposure is one of the causes of 
infertility reasons. BPA disrupts reproductive functions by elevating oxidative mediators and declining antioxidant enzymes, altering sex hormones, and inducing mitochondrial dysfunction and apoptosis. The present study 
focuses on the protective effects of melatonin against BPA-induced male and female reproductive alterations. A systematic literature review was conducted up to October 2023 using PRISMA principles in electronic 
databases, including PubMed, Web of Science, and Scopus. Considering the study purpose, the search keywords were selected and used to search the titles and abstracts. After screening, 19 pertinent papers were 
selected from 91 publications based on our inclusion and exclusion criteria. The literature showed that melatonin plus BPA protects reproductive cells via multiple mechanisms, including reducing oxidative stress, 
inflammation, apoptosis, and modulation of mitochondrial function. Furthermore, most indicated melatonin's beneficial effects on the histopathology of reproductive tissues. Also, melatonin induced its protective effects 
through direct interaction with hormone receptors against BPA-induced hormonal changes. This study indicates evidence of the protective role of melatonin on reproductive injuries and infertility caused by BPA.
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Mixed exposure to phenol, 
parabens, pesticides, and phthalates 
and insulin resistance in NHANES: A 
mixture approach

Purpose: The effects of environmental chemicals on insulin resistance have attracted extensive attention. Previous studies typically focused on the single chemical effects. This study adopted three different models to 
analyze the mixed effects of nine common chemicals (one phenol, two parabens, two chlorophenols and four phthalates) on insulin resistance. Methods: Urinary concentrations of chemicals were extracted from National 
Health and Nutrition Examination Survey (NHANES) 2009-2016. Insulin resistance was assessed using homeostatic model assessment (HOMA) and defined as HOMA-IR > 2.6. The generalized linear regression (GLM), 
weighted quantile sum regression (WQS) and Bayesian kernel machine regression models (BKMR) were applied to assess the relationship between chemical mixture and HOMA-IR or insulin resistance. Results: Of the 
2067 participants included, 872 (42.19 %) were identified as insulin resistant. In single-chemical GLM model, di-2-ethylhexyl phthalate (DEHP) had the highest parameter (beta/OR, 95 % CIs) of 0.21 (quartile 4, 0.12- 0.29) 
and 1.95 (quartile 4, 1.39- 2.74). Similar results were observed in the multi-chemical models, with DEHP (quartile 4) showing the positive relationship with HOMA-IR (0.18, 0.08- 0.28) and insulin resistance (1.76, 1.17- 
2.64). According to WQS models, the WQS indices were significantly positively correlated with both HOMA-IR (beta: 0.07, 95 % CI: 0.03- 0.12) and insulin resistance (OR: 1.25, 95 % CI: 1.03- 1.53). DEHP was the top-
weighted chemical positively correlated with both HOMA-IR and insulin resistance. In the BKMR model, the joint effect was also positively correlated with both outcomes. DEHP remained the main contributor to the joint 
effect, consistent with WQS analysis. Conclusion: Our findings suggested that these chemical mixtures had the positive joint effects on both HOMA-IR and insulin resistance, with DEHP being the potentially predominant 
driver. The inter-validation of the three models may indicate that reducing the DEHP concentration could improve glucose homeostasis and reduce the risk of insulin resistance. However, further studies are recommended 
to deepen our findings and elucidate the mechanisms of insulin resistance and chemical mixture.

SCIENCE OF THE 
TOTAL ENVIRONMENT 
Vol.851

10.1016/j.scitotenv.2022.158218 36028038 ヒト - - - - - - - 横断研究 1 1 - - - - - - - - - - - - - - - - - -

統合_2225 I. Bahelka, R. Stupka, J. C?tek and M. Sprysl 2023

The occurrence and risk assessment 
of bisphenol A and its analogues - 
bisphenol B, F, S, Z and AF in the 
urine of lactating sows

Bisphenols (BP) are pollutants that are globally and widely distributed and adversely affect the health of humans. However, knowledge of their presence in animals, especially farm animals such as pigs, remains limited. In 
this study, the incidence of bisphenol A (BPA) and its five analogues - bisphenol B (BPB), bisphenol F (BPF), bisphenol S (BPS), bisphenol Z (BPZ) and bisphenol AF (BPAF) - was monitored in lactating sows on an actual 
pig farm. The urine samples of 27 sows were collected twice on the 3rd day after parturition, and stored at -20 degrees C until analysis using MDGC/MS. None of the lactating sows produced bisphenol-free urine. In 
contrast, the urine of all sows contained at least two bisphenols (eight females), most often five (10 females) or all six bisphenols (five females). The average concentrations of bisphenols in urine were in the order of 
BPB > BPA and BPS > BPZ > BPAF > BPF. The most frequently detected bisphenol was BPB (96.0% of samples) followed by BPA (89.0%), BPAF (78.0%), BPS (63.0%), BPF (52.0%) and BPZ (37.0%). Additionally, the 
proportion of BPB in the total bisphenol concentration in urine samples was the highest (28.74 to 93.85%) while that of BPF was the lowest (2.33 to 16.70%). Estimated daily intakes of bisphenols as well as hazard 
quotients were much lower than risk thresholds established for the human population, indicating safe doses for the health status of lactating sows. However, these findings are limited as the mechanism of BPA analogue' 
activity is still unclear, and the long-term effects of small doses of bisphenols and the potential harmful impact of BP mixtures are unknown. Knowledge of the occurrence of bisphenols in pig farming may contribute to the 
elimination of BPA and its analogues from this sector, which is crucial for the safety of animal products as well as the welfare of pigs.

CZECH JOURNAL OF 
ANIMAL SCIENCE 
Vol.68 Issue 11 Pages 
451-459

10.17221/90/2023-CJAS - ヒト - - - - - - - バイオモニタリング 1 1 - - - - - - - - - - - - - - - - - -

統合_2226 S. Babatabar, M. Sedighi, S. M. Zamir and S. A. 
Shojaosadati 2022

Prediction of co-metabolic 
degradation of bisphenol A and 
phenol by kinetic modeling

In this work, a model was proposed to describe the ability of Ralstonia eutropha for co-metabolic transformation kinetic of bisphenol A (BPA) as a non-growth substrate in the absence or presence of phenol as a growth 
substrate. The effects of cell growth, loss of transformation activity, endogenous cell decay, self-inhibition of BPA, loss of transformation activity, and competitive inhibition between BPA and phenol were included in the 
proposed model. The model then was validated by comparing the predicated and the experimental data. To evaluate the model predictions under different combinations of phenol/BPA concentrations, the kinetic 
parameters were individually determined. Therefore, BPA transformation and phenol utilization were predicted successfully by the model for a defined range of concentrations of phenol (15-100 mg.l(-1)) and BPA (5-40 
mg.l(-1)). (C) 2022 The Author(s). Published by Elsevier B.V.

ENVIRONMENTAL 
TECHNOLOGY & 
INNOVATION Vol.26

10.1016/j.eti.2022.102310 - in vitro - - - - - - - - - - 1 0 ＜80 mg/L - - - - - - - - - - - - - - -

統合_2227 A. M. A. Azeem, A. N. El Shahat and M. H. M. 
Abd el Megid 2023

Assessment of the Biogenic Effects 
of Selenium Nanoparticles Prepared 
from Citrus paradise Peel Extract 
against Bisphenol A-Induced Liver 
Injury in Male Rats

Citrus peel constitutes an important series of flavonoids such as naringin and its aglycone naringenin that play significant roles against various physiological threats. Synthesis of nano-selenium particles (SeNPs) using a 
natural source as a reducing agents might have more advantages as an alternative to physical and chemical methods because it is inexpensive and considered environmentally friendly. Therefore, the objective of this study 
was to synthesize selenium nanoparticles from Citrus paradise peels extract (SeNPs-CP), their general characterization, and their assessment for antioxidant activities against liver injury induced by bisphenol A (BPA) in 
male rats. In this work, Citrus paradise peels extract used for reduction of sodium selenite (Na2SeO3) to reduce Se ions to Se-0 confirmed by changing the colour of the solution from light yellow to red. The synthesized 
SeNPs were characterized by Ultraviolet-visible spectroscopy (UV-Vis spectra), Fourier transform infra-red (FTIR) spectroscopy analysis and Transmission Electron Microscope (TEM). The rats (28 rats) used in this 
study randomly divided into 4 groups each of 7 animals; Control group, SeNPs-CP group (0.5 mg/kg B.Wt. / day /30 days orally), BPA group (50 mg/kg B.Wt. /day /30 days orally) and BPA- SeNPs-CP group. The results 
showed that BPA injection led to an obvious increase in the activities of liver enzymes, elevation of hepatic oxidative stress (a significant increase in lipid peroxidation concomitant with a significant decrease in 
glutathione content and antioxidant enzyme activities), tumor necrotic factor-alpha (TNF-alpha) and apoptotic marker Caspase-3 compared to the control group. Rats received BPA along with SeNPs-CP showed 
significantly less severe damage and remarkable improvement in all the measured parameters when compared to BPA-rats. In this study it was concluded that the synthesis of selenium nanoparticles using a natural 
source such as grapefruit was effective in combining the antioxidant and anti-inflammatory properties of both the flavonoids present in grapefruit and selenium and increasing the efficiency of the selenium nanoparticles.

PAKISTAN JOURNAL 
OF ZOOLOGY Vol.55 
Issue 5 Pages 2317-
2323

10.17582/journal.pjz/2021090122
0942

- 動物 - 1 0 1 不明 0 50 mg/kg BPA - - - - - - - - - - - - - - - - - - - - -

統合_2228
O. P. Apiyo, A. Nyachieo, A. R. Juma, I. J. Mutai, 
P. G. Mwethera, E. O. Mecha, C. O. Omwandho, 
L. Kiesel, M. G?tte, C. Muteshi and J. A. Obiero

2024

A review: Exposure to bisphenol a 
analogues in non-human primates 
as a potential cause of 
endometriosis

Introduction: Bisphenol A is a synthetic compound widely used in the production of polycarbonate plastics and epoxy resins worldwide. As an environmental toxin, it has been reported in plastic equipment and utensils, 
water bottles and bottle tops, water supply pipes and epoxy resins that coat most of the metal food cans. It is a known endocrine-disrupting chemical and has been progressively replaced by its derivatives including 
bisphenol S, bisphenol F, bisphenol E, bisphenol AF, bisphenol B and tetramethyl bisphenol F. Bisphenol A and its analogues can bind to estrogen receptors and trigger multiple cellular responses at the organism 
level.Methods: A comprehensive literature review was done utilising electronic databases of PubMed, Google Scholar, Hinari, Connected papers and Science Direct from 1991 onwards. The articles were only included if 
they reported original relevant research and were limited to articles written in English.Results: Animal models, including non-human primates, have been used to study their effects on the endocrine system. Its endocrine 
disruption activity is reported to be the most studied effect in reproductive biology indicating that it may potentially cause endometriosis in females. Though non-human primates are closely related to humans, limited data 
exists on their associations between Bisphenol A exposure and its analogues and the pathophysiology of endometriosis.Conclusion: Given the current multifaceted knowledge/theory on endometriosis etiology, there is a 
strong necessity to conduct further biomedical research that utilises non-human primates to study the link between endocrine-disrupting chemicals and its effects on endometriosis.

JOURNAL OF 
ENDOMETRIOSIS AND 
PELVIC PAIN 
DISORDERS Vol.16 
Issue 1 Pages 53-60

10.1177/22840265241231323 - 動物 - 不明 不明 不明 不明 不明 不明 - - - - - - - - - - - - - - - - - - - - -

統合_2229

L. An, Y. L. Huang, Y. K. Wang, S. T. Shen, X. X. 
Luo, X. Y. Liang, L. M. Lu, C. Z. Tang, J. L. Lin, 
T. Su, M. Q. Zhan, D. Y. Wang, J. Wang, X. Lai 
and Y. Li

2025
Assessment of ovarian dysfunction 
induced by environmental toxins: a 
systematic review

Objective: This study systematically assess the potential impact of various environmental pollutants as chemical, airborne, and heavy metal on ovarian function in women, focusing on ovarian reserve such as anti-M & 
uuml;llerian hormone (AMH) and antral follicle count (AFC) as well as hormone levels like follicle-stimulating hormone (FSH) and estradiol (E2). By reviewing epidemiological evidence, this research aims to elucidate the 
reproductive toxicity of these pollutants and provide scientific support for public health policy to protect reproductive health in women of childbearing age. Methods: Following the PRISMA-P guidelines, a comprehensive 
search was conducted in PubMed, EMBASE, Cochrane Library, and Web of Science databases to include all relevant studies up to July 30, 2024. The Newcastle-Ottawa Scale (NOS) and the Grading of Recommendations 
Assessment, Development and Evaluation (GRADE) approach were used to assess study quality. Results: This study ultimately included 40 cohort study reports derived from 33 distinct studies that analyzed the effects of 
20 pollutant types on ovarian function. Results indicate that pollutants, such as perfluoroalkyl and polyfluoroalkyl substances (PFAS), phthalates (PAEs), triclosan, Polychlorinated Biphenyls (PCBs), PM2.5, and SOX, have 
a significantly negative impact on ovarian function, especially among younger women (<35 years). Long-term exposure to particulate matter (PM)2.5 and PM10 is associated with a substantial decrease in ovarian reserve, 
while heavy metals (e.g., lead and cadmium) also demonstrate reproductive toxicity. However, these conclusions require validation due to both methodological limitations in the original studies (e.g., heterogeneous 
exposure assessments and residual confounding) and challenges in evidence synthesis (e.g., inconsistent outcome measures across cohorts), highlighting the need for further research to address these constraints. 
Conclusion: This review underscores that specific pollutants (e.g., PCBs, PFAS, PM) pose substantial risks to reproductive health in women of childbearing age, particularly in highly polluted environments. The findings 
underscore the importance of regular ovarian health monitoring, especially for women at higher risk due to occupational or environmental factors. Systematic review registration: PROSPERO CRD42024567744 (accessible 
at https://www.crd.york.ac.uk/prospero/display_record.php?ID=CRD42024567744).

FRONTIERS IN PUBLIC 
HEALTH Vol.13

10.3389/fpubh.2025.1575418 40809751 ヒト - - - - - - - システマティックレビュー 1 1 - - - - - - - - - - - - - - - - - -

統合_2230 S. Goenka 2024

Disruption of functions of primary 
human neonatal melanocytes 
cultured in the presence of 
bisphenol A and its analogs 
bisphenol F and bisphenol S

Bisphenol A (BPA), bisphenol F (BPF), and bisphenol S (BPS) are contaminants of emerging concern (CECs) that humans are exposed to. In silico and zebrafish studies have linked BPA, BPF, and BPS exposure to 
pigmentation abnormalities, but no studies have examined their impact on primary human melanocytes. Herein, we examined the effects of BPA, BPF, and BPS exposure using human epidermal neonatal melanocytes. BPA 
induced the greatest cytotoxicity, followed by BPS, whereas BPF did not affect viability. BPA did not alter cellular melanin, whereas BPF and BPS diminished it at 100 mu M. BPA decreased dendricity, as did BPF and BPS, 
although BPF was a potent suppressor of dendricity than BPS. BPA inhibited tyrosinase activity, followed by BPF, while BPS weakly suppressed tyrosinase activity. The tyrosinase activity was mostly recovered after the 
cessation of bisphenol treatments, although it remained lower for BPA and BPF. All bisphenols elevated cellular ROS production, although BPA and BPS showed non-monotonic dose responses. BPA and BPS augmented 
IL-6 cytokine secretion in melanocyte cultures treated with lipopolysaccharide, but BPF did not, suggesting that they exacerbate melanocyte inflammation. Collectively, these findings indicate BPA, BPF, and BPS, may 
impair melanocyte function and pose health hazards, warranting more study.

JOURNAL OF 
HAZARDOUS 
MATERIALS LETTERS 
Vol.5(1):100110

10.1016/j.hazl.2024.100110 - in vitro - - - - - - - - - - 1 0 0.1, 1, 10, 50, 100, and 200 μM 1 - - - - - - - - - - - - - -

統合_2231 P. Sharma and M. B. Mandal 2019

Chronic Ingestion of Bisphenol A 
and Bisphenol S Attenuated 
Contractile Activity of Rat Stomach 
and Small Intestine In-vitro

Introduction: Bisphenol A (BPA) is a chemical used in synthesis of plastic. BPA seeps into food from the plastic containers used to store food items. Exposure to BPA is implicated as a causative factor for detrimental 
effects on fetal development and various body systems like endocrine, reproductive and immune. Few studies report that BPA ingestion impair small intestinal contractility in-vitro. Government organisations of many 
countries have probed into the matter and imposed regulations on marketing of BPA. To meet the terms with regulations on BPA, manufacturers are increasingly replacing BPA with Bisphenol S (BPS). BPS has been 
advertised as a safer substitute to BPA. The various ill effects on BPS are being explored but the effect on gut motility is less clear. Aim: To examine the effect of chronic ingestion of BPA and BPS on rat gut contractions 
in-vitro. Materials and Methods: Healthy male adult albino rats (175225 g) were fed BPA (50 mg/kg/day) or BPS (50 mg/kg/day) or vehicle (Dimethyl sulphoxide) for four weeks by oral gavage. The animals were gently 
restrained so that the head is immobilised by retaining the animal in an upright position. Gavage needle was passed along the side of the mouth and moved into the esophagus and towards the stomach. After four weeks, 
they were sacrificed and isometric contractions of gut muscle strips were recorded in an organ bath (maintained at 37 +/- 0.5 degrees C) using force transducer, computerised polygraph (power lab 4ST) and chart-5 for 
Windows, ADI, Sydney, Australia. Results: Acetylcholine (Ach) (0.1-100 mu M) evoked gut contractions in-vitro and the basal tone and maximum contractile tension increased in a concentration-dependent manner. 
However, in both the treated groups, the Ach induced contractions were significantly (p<0.05, two-way ANOVA) attenuated as compared to control (vehicle) group. When both the treated groups were mutually compared, 
the Ach response was found to be similar. The spontaneous intestinal contractions were significantly less (p<0.05, one-way ANOVA) as compared to control in both the treated groups, where as in gastric tissue, only 
BPA treatment could significantly diminish the spontaneous contractility. Conclusion: Chronic ingestion of both BPA and BPS may impair gut contractility indicating that BPS might not be a harmless substitute for BPA.

JOURNAL OF CLINICAL 
AND DIAGNOSTIC 
RESEARCH Vol.13 Issue 
7 Pages CF1-CF5

10.7860/JCDR/2019/41496.12989 - 動物 - 1 1 1 1 0 50 mg/kg/day - - - - - - - - - - - - - - - - - - - - -

統合_2232 M. Amon, T. Kek and I. V. Klun 2024
Endocrine disrupting chemicals and 
obesity prevention: scoping review

IntroductionExposure to endocrine disrupting chemicals (EDCs) can result in alterations of natural hormones in the body. The aim of this review article is to highlight the knowledge about EDCs and obesity.MethodsA 
scoping review of the electronic literature was performed using PubMed platform for studies on EDCs and obesity published between the years 2013-2023. A total of 10 systematic reviews and meta-analysis studies met 
our inclusion criteria on more prominent EDCs focusing mainly on bisphenols, including parabens, triclosan, and phthalates, and their association with obesity.DesignScoping review.ResultsEDCs, mostly bisphenols and 
phthalates, are related to health effects, while there is less information on the impact of parabens and triclosan. A series of negative physiological effects involving obesogenic, diabetogenic, carcinogenic, and 
inflammatory mechanisms as well as epigenetic and microbiota modulations was related to a prolonged EDCs exposure. A more profound research of particular pollutants is required to illuminate the accelerating effects 
of particular EDCs, mixtures or their metabolites on the mechanism of the development of obesity.ConclusionConsidering the characteristics of EDCs and the heterogeneity of studies, it is necessary to design specific 
studies of effect tracking and, in particular, education about daily preventive exposure to EDCs for the preservation of long-term public health.

JOURNAL OF HEALTH 
POPULATION AND 
NUTRITION Vol.43 
Issue 1

10.1186/s41043-024-00627-y 39227884 ヒト - - - - - - - スコープレビュー 1 1 - - - - - - - - - - - - - - - - - -
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統合_2233

I. Amine, A. Guillien, S. Bayat, S. Lyon-Caen, M. 
Ouidir, A. Sabaredzovic, A. K. Sakhi, C. 
Thomsen, S. Valmary-Degano, C. Philippat and 
V. Siroux

2025

Early-life exposure to mixtures of 
endocrine-disrupting chemicals and 
a multi-domain health score in 
preschool children

Background: Early-life exposure to endocrine-disrupting chemicals, such as phenols and phthalates, is suspected to impact various dimensions of child health. Using a multi-outcome approach, this study aimed to 
estimate their cumulative effect on the child cardiometabolic, respiratory and neurodevelopmental health. Methods: In 373 children of 3 years old from the SEPAGES cohort, a multi-domain health score was built from 
twenty-three health parameters. Fourteen metabolites of parabens, phenols, and phthalate/DINCH were measured several times during pregnancy (trimester 2 and 3) and infancy (2 and 12 months of age). Two mixture 
models, quantile g computation (q-gcomp) and Bayesian Kernel Machine Regression (BKMR), estimated associations between increased concentration of parabens, phenols, and phthalates/DINCH and the child health 
score. Results: Q-gcomp showed that the paraben mixture and the phthalate mixture were associated with a poorer health score (beta = -0.11, 95% Confidence Interval (CI): -0.22, 0.00; beta = -0.14, 95% CI: -0.27, -0.01, 
respectively), while no significant association was found for the mixture of phenols (beta = -0.06, 95% CI: -0.18, 0.06). A trend for an association was observed between the whole mixture (parabens, phenols and 
phthalates combined) with a poorer health score (beta = -0.14, 95% CI: -0.32, 0.04). Similar patterns of association, while subject to large uncertainty, have been observed with BKMR. Discussion: This study provides 
further evidence for the adverse health effects of early-life exposure to parabens and phthalates. Based on their potential impact on multiple areas of child health, public health policies targeting these chemical 
compounds are recommended.

Environ Res. 2025 May 
1:272:121173.

10.1016/j.envres.2025.121173 39988041 ヒト 発達神経 - - - - - - コホート 1 1 - - - 1 1 1 - - - - - - - - - - - -

統合_2234 D. Alwadi, Q. Felty, D. Roy, C. Yoo and A. Deoraj 2022

Environmental Phenol and Paraben 
Exposure Risks and Their Potential 
Influence on the Gene Expression 
Involved in the Prognosis of Prostate 
Cancer

Prostate cancer (PCa) is one of the leading malignant tumors in US men. The lack of understanding of the molecular pathology on the risk of food supply chain exposures of environmental phenol (EP) and paraben (PB) 
chemicals limits the prevention, diagnosis, and treatment options. This research aims to utilize a risk assessment approach to demonstrate the association of EP and PB exposures detected in the urine samples along 
with PCa in US men (NHANES data 2005-2015). Further, we employ integrated bioinformatics to examine how EP and PB exposure influences the molecular pathways associated with the progression of PCa. The odds 
ratio, multiple regression model, and Pearson coefficients were used to evaluate goodness-of-fit analyses. The results demonstrated associations of EPs, PBs, and their metabolites, qualitative and quantitative variables, 
with PCa. The genes responsive to EP and PB exposures were identified using the Comparative Toxicogenomic Database (CTD). DAVID.6.8, GO, and KEGG enrichment analyses were used to delineate their roles in 
prostate carcinogenesis. The plug-in CytoHubba and MCODE completed identification of the hub genes in Cytoscape software for their roles in the PCa prognosis. It was then validated by using the UALCAN database by 
evaluating the expression levels and predictive values of the identified hub genes in prostate cancer prognosis using TCGA data. We demonstrate a significant association of higher levels of EPs and PBs in the urine 
samples, categorical and numerical confounders, with self-reported PCa cases. The higher expression levels of the hub genes (BUB1B, TOP2A, UBE2C, RRM2, and CENPF) in the aggressive stages (Gleason score > 8) of 
PCa tissues indicate their potential role(s) in the carcinogenic pathways. Our results present an innovative approach to extrapolate and validate hub genes responsive to the EPs and PBs, which may contribute to the 
severity of the disease prognosis, especially in the older population of US men.

Int J Mol Sci. 2022 Mar 
27;23(7):3679.

10.3390/ijms23073679 35409038 ヒト 発がん - - - - - - 横断研究 1 1 - - - 1 1 1 - - - - - - - - - - - -

統合_2235 K. Alvi, M. U. Ijaz, A. Hamza, A. Ashraf, J. Arooj 
and N. Ehsan 2023

Nephroprotective Effects of 
Delphinidin against Bisphenol an 
Induced Kidney Damage in Rats

Bisphenol A (BPA) is a hazardous industrial pollutant that has the potential to induce renal toxicity. Delphinidin (Del) is an anthocyanidin that displays versatile pharmacological properties. The study was designed to 
access the ameliorative role of Del on BPA-instigated renal impairment. Twenty-four Sprague-Dawley rats were distributed into four groups and the experiment was conducted in triplicate. Group I was designated as a 
control group (0.1% DMSO), while group II was orally administrated with 10 mg/kg of BPA. Groups III received BPA + Del (10 mg/kg + 25 mg/kg), whereas group IV was treated with Del (25 mg/kg) orally. After the 
completion of thirty days' experiment, all the rats were euthanized and various parameters were evaluated. The findings of our research showed that administration of BPA tremendously decreased the activities of 
catalase, glutathione peroxidase, superoxide dismutase, glutathione reductase, glutathione-S-transferase as well as reduced the level of glutathione, while it increased the malondialdehyde level. The production of 
reactive oxygen species also increased after BPA exposure. Moreover, BPA exposure caused substantial elevation in urea and creatinine levels, with significantly low creatinine clearance. Furthermore, BPA remarkably 
escalated the inflammatory markers level (interleukin-1 beta, nuclear factor kappa-B, interleukin-6, tumor necrosis factor-alpha, as well as cyclooxygenase-2 activity) and caused histopathological damage. Del + BPA co-
treatment showed renoprotective effects against BPA-induced damages by restoring all the parameters. Collectively, the treatment of Del showed a remedial role against the nephrotoxic effects of BPA that might be 
linked with its antioxidant and anti-inflammatory properties.

PAKISTAN 
VETERINARY JOURNAL 
Vol.43 Issue 1 Pages 
189-193

10.29261/pakvetj/2022.085 - 動物 - 1 1 1 1 0 10 mg/kg/day - - - - - - - - - - - - - - - - - - - - -

統合_2236 M. Alorini 2023

Lycopene attenuates oxidative 
stress, apoptosis, and biochemical 
fluctuations induced by bisphenol A 
in the kidney of rats

Bisphenol A (BPA) is an environmental pollutant that harms different body systems. Previous investigations indicated that BPA exposure is linked to renal dysfunction. Among carotenoids, lycopene (Lyc) is one of the 
strongest antioxidants. This work was conducted to assess the potential protective benefits of Lyc on oxidative stress and bio- chemical and histological abnormalities induced by BPA in the kidney. Adult male rats were 
divided into: control group, Lyc group (4 mg/kg /day), BPA group (50 mg/kg/day), and Lyc-BPA group. The agents were given orally for eight weeks. BPA induced a marked increment in malondialdehyde (MDA) and a 
marked decrement in the superoxide dismutase (SOD) level. A marked rise in creatinine and urea levels was also reported. Marked histopathological alterations were demonstrated in the renal cortex. Atrophy of the renal 
corpuscles, dilated tubules with degenerated epithelium, dilated congested cortical renal blood vessels, and cellular infiltration were demonstrated. Up-regulation of the immune expression of desmin and down-regulation 
of Bcl2 were also detected. Interestingly, co -administration of Lyc and BPA ameliorated to a great extent most of the biochemical and histopathological al- terations induced by BPA. In conclusion, BPA had a harmful 
impact on the kidney of rats and Lyc protected against renal damage through its an- tioxidant, anti-inflammatory, and anti-apoptotic effects.

EUROPEAN JOURNAL 
OF ANATOMY Vol.27 
Issue 5 Pages 529-540

10.52083/FGZO9858 - 動物 - 1 1 1 1 0 50 mg/kg/day - - - - - - - - - - - - - - - - - - - - -

統合_2237 D. Kong, Y. F. Nie, H. J. He and H. Y. Guo 2025

Investigating the role and 
mechanisms of bisphenol 
compounds in premature ovarian 
insufficiency using computational 
biology and bioinformatics

Premature Ovarian Insufficiency refers to the premature decline in ovarian function before the age of 40, resulting in menstrual irregularities or complete cessation of menstruation, and affecting fertility. Widely used 
bisphenol compounds may have potential health effects, including premature ovarian insufficiency (POI). This study employs computational biology and bioinformatics to investigate the effects of bisphenols (BPs) on POI. 
Using bioinformatics tools, we identified potential target genes related to both bisphenols and POI, and conducted functional enrichment analysis. Further, we calculated differentially expressed genes for POI, extracted 
core networks, and explored immune function and screened core genes. Molecular docking and molecular dynamics simulations were used to explore the stable binding between bisphenols and core POI genes. Our results 
constructed a protein network of 56 potential target genes and extracted core subnetworks. Functional enrichment analysis indicated that estrogen metabolism, estrogen receptor pathways, steroid hormone metabolism, 
and carbohydrate and lipid metabolism may be involved in the process of BPs-induced POI. The differentially expressed genes obtained through further screening, CYP1A1 and CYP19A1, were subjected to molecular 
docking and dynamics simulations to reveal the mechanism by which bisphenols participate in estrogen metabolism through their stable binding. Our findings underscore the role of bisphenols in inducing POI and the 
potential mechanisms involved, providing new directions for further epidemiological and molecular biological research into this regulatory process.

ECOTOXICOLOGY AND 
ENVIRONMENTAL 
SAFETY Vol.291

10.1016/j.ecoenv.2025.117789 39874714 in silico - - - - - - - - - - - - - - - - - - - - - - - - - - - -

統合_2238 M. Kocabas, F. Kutluyer, Y. Sahilli and ?. Aksu 2021

Cellular responses of spirlin 
Alburnoides bipunctatus 
spermatozoa exposed to Bisphenol 
A: Biochemical response and sperm 
quality alterations evaluation

Plastics are one of the global environmental problems owing to their highest production. Bisphenol A (BPA) is used in the manufacturing of plastics including polycarbonate, polyvinyl chloride and resins. In particular, 
aquatic ecosystems are adversely affected by the occurrence of micropollutants. In addition, BPA as a typical endocrine-disrupting chemical (EDC) seriously influences androgenic activity and reproduction of aquatic 
organisms, particularly fish as non-target organism. In toxicological assays, sperm cells can be used as a potential tool for reliable and practical assessment. For these reasons, sperm cells were exposed to lower 
concentrations (0 mu g/L, 0.5 mu g/L, 1.25 mu g/L, 2.5 mu g/L and 5 mu g/L) of BPA and the study focused on BPA-induced oxidative stress. The enzymatic [glutathione peroxidase (GSH-Px), catalase (CAT) and 
superoxide dismutase (SOD)] activities and lipid peroxidation (MDA) were analyzed in spermatozoa. The study findings showed that the activities of SOD and GSH-Px were significantly decreased by BPA but lipid 
peroxidation (MDA) and CAT acticity increased. Notably, the percentage and duration of motile sperm cells decreased. Collectively, spermatozoa clearly showed the sensitivity even at extremely low concentrations. This 
is first report to assess the impact of BPA on sperm cells of spirlin Alburnoides bipunctatus.

HUMAN AND 
ECOLOGICAL RISK 
ASSESSMENT Vol.27 
Issue 2 Pages 368-377

10.1080/10807039.2020.1715784 - in vitro - - - - - - - - - - 1 0 0.5、1.25 、2.5、5 µg/L 1 - - - - - - - - - - - - - -

統合_2239 A. Klimowska, J. Jurewicz, M. Radwan, P. 
Radwan, P. Pol and B. Wielgomas 2025

Distribution of Environmental 
Phenols into Follicular Fluid and 
Urine of Women Attending Infertility 
Clinic

Infertility and environmental pollution are two globally prevalent and related issues. To explore women's reproductive health, the composition of follicular fluid (FF) has been studied and it was found that changes to its 
composition, including the presence of exogenous chemicals, can adversely affect the fertilization process. Two groups of women (idiopathic infertility and controls) who were patients at a fertility clinic were recruited 
for this study. Samples of urine and FF were gathered from each participant to determine the concentration of 14 common phenols (four parabens, six bisphenols, two benzophenones, and two naphthols). Associations 
between phenol concentrations (free and total) in both matrices were described using Spearman's correlation coefficient and were compared between two groups by the Mann-Whitney U test. Eight phenols were 
quantified in more than 50% of the urine samples, while only three parabens were quantified in hydrolyzed FF samples, and only methylparaben was quantified in non-hydrolyzed FF samples. Conjugates were the 
predominant form in FF samples. However, a significant correlation of 0.533 (p < 0.0001) was observed between free and total methylparaben concentrations in FF. Differences in concentrations between cases and 
controls in both matrices were not statistically significant, except for benzophenone-3 in urine, with a higher median observed in the control group (p = 0.04). The total paraben concentrations in urine and FF samples 
were rather weakly correlated (r = 0.232-0.473), implying that urine concentrations may not be appropriate for predicting their concentration in FF.

J Xenobiot. 2025 Jan 
21;15(1):17.

10.3390/jox15010017 39997360 ヒト ⽣殖発⽣ - - - - - - コホート 1 1 - - - 1 1 1 - - - - - - - - - - - -

統合_2240 Y. J. Kim, E. Oh, M. Shin, D. H. Nam, S. Y. Jeon, 
J. H. Yu, J. Y. Song, D. Minn and E. Lee 2024

Premature ovarian insufficiency 
associated with environmental 
chemical exposure among Korean 
women: a study based on the 
Korean National Environmental 
Health Survey (2009-2012)

BackgroundAs the prevalence of premature ovarian insufficiency (POI) continues to increase, exposure to environmental chemicals is being discussed as one factors causing POI but the vast majority of POI is idiopathic 
and the mechanisms are not clear. The purpose of this study is to explore the association between environmental chemicals and POI using data from the Korean National Environmental Health Survey (KoNEHS) collected 
between 2009 and 2012.ObjectivesThis study aims to demonstrate a correlation between EDCs and Premature Ovarian Insufficiency in Korean women.ResultsThe POI group shows higher concentrations of two 
phthalates, including metabolite-mono-n-butyl phthalate (MnBP) and mono-2-ethyl-5-hydroxyl phthalate (MEOHP), and urinary mercury than does the non-POI group. The POI group also shows significantly higher 
crustacean consumption and frozen food consumption. Using logistic regression analysis on metabolite of environmental pollutant and, lifestyle factors and dietary habits, the POI group varies significantly from the non-
POI group only in metabolite-mono-n-butyl phthalate (MnBP).ConclusionsOur study shows relationships between exposure to environmental chemicals and POI in spite of low exposure levels, suggesting that exposure to 
environmental chemicals may affect the female reproductive system even under the human monitoring reference value (RV) threshold. Further study is needed to evaluate the causal relationship between low level 
chemical exposure and women's health.

MOLECULAR & 
CELLULAR 
TOXICOLOGY Vol.20 
Issue 3 Pages 465-471

10.1007/s13273-023-00358-x - ヒト 卵巣 - - - - - - 症例対照 1 1 - - - 1 1 1 - - - - - - - - - - - -

統合_2241
M. J. Kim, A. R. Jo, J. Y. Kim, M. J. An, G. S. Shin, 
H. M. Lee, J. Kim, J. Park, C. H. Kim and J. W. 
Kim

2023
Comparison of the cytotoxicity of 
bisphenol A and its analogs on 
human placental BeWo cells

Background Bisphenol A (BPA) and its alternatives (BPF, BPS) are widely used in daily consumer products, which commonly expose humans to these chemicals. Bisphenols (BPs) are endocrine-disrupting chemicals 
widely present in the environment and can accumulate in the entire food chain by circulating in the ecosystem. In humans, BPs intake leads to accumulation in the human body and causes many chronic diseases, including 
endocrine disruption, immunotoxicity, and cancer. Objective Although several studies have demonstrated the negative effect of BPA and its alternatives, studies have yet to be determined whether bisphenols can affect 
human trophoblast cells. Thus, this study aimed to analyze the toxic effect of BPs on the human trophoblast cell line BeWo. Results We investigated the cytotoxic effect of BPs on human trophoblast cells. The cytotoxicity 
was measured by the MTS assay and flow cytometric analysis that representing the cell viability, cell proliferation, cell cycle progression and apoptotic cell death. BPs had no effect on BeWo cell viability at 
concentrations below 100 mM, and did not cause significant changes in cell proliferation and apoptosis. However, BPA and BPS altered cell cycle progression and checkpoint regulator expression. Conclusion BPs did not 
affect cell viability and proliferation. However, BPS altered the G(0)/G(1) and G(2)/M phases of the trophoblast BeWo cells by increasing cyclin B1 expression.

MOLECULAR & 
CELLULAR 
TOXICOLOGY Vol.19 
Issue 3 Pages 601-611

10.1007/s13273-022-00312-3 - in vitro - - - - - - - - - - 1 0 20, 40, 80, and 100 mM - - - - - - - - - - - - - - -

統合_2242 J. Y. Kim, G. S. Shin, C. H. Kim, M. J. Kim, M. J. 
An, H. M. Lee and J. W. Kim 2021

The cytotoxic effects of bisphenol A 
alternatives in human lung fibroblast 
MRC5 cells

Background Endocrine-disrupting compounds (EDCs) disrupt homeostasis via the dysregulation of hormone synthesis and metabolism. Bisphenol A (BPA) is widely used in consumer products, such as thermal receipts, 
water bottles, and baby bottles. However, BPA is also an EDC that acts as an estrogen agonist, and human exposure to BPA can lead to estrogenic effects. Consequently, manufacturers have started investigating the 
properties and effects of alternatives to BPA, molecules such as bisphenol F (BPF) and bisphenol S (BPS). Objective Although multiple studies have demonstrated the adverse effect of bisphenols, it remains unknown 
whether bisphenols affect human lung fibroblast cells. In this study, we investigated the cytotoxic effects of BPA, BPF, and BPS on the MRC5 human lung fibroblast cell line. Results We examined and compared the 
effects of BPA and its alternatives on cell proliferation, cell cycle progression, and apoptosis. Conclusion Brief exposures to low concentrations of BPA, BPF, and BPS had no effects on cell viability, cell cycle progression, 
or apoptosis among MRC5 human lung fibroblast cells.

MOLECULAR & 
CELLULAR 
TOXICOLOGY Vol.17 
Issue 3 Pages 267-276

10.1007/s13273-021-00133-w - in vitro - - - - - - - - - - 1 0 1 1 - - - - - - - - - - - - - -

統合_2243 J. H. Kim, D. R. Kang, J. M. Kwak and J. K. Lee 2020

Concentration and Variability of 
Urinary Phthalate Metabolites, 
Bisphenol A, Triclosan, and 
Parabens in Korean Mother-Infant 
Pairs

Concentrations of toxic chemicals in mothers highly correlate with those in their children; moreover, the levels are higher in children than in mothers. Non-persistent chemicals with a short half-life including phthalate 
metabolites, bisphenol A (BPA), triclosan (TCS), and parabens are metabolized and excreted through urine. Therefore, we assessed the urine concentrations of phthalate metabolites, BPA, TCS, and parabens; correlated 
the concentrations with exposure levels; and assessed the within-individual variability of these chemicals in mothers and their infants. We collected 225 and 71 samples from 45 mothers and 36 infants, respectively. For 
the variability analysis, 189 and 42 samples were collected from nine mothers and their infants, respectively. The median concentrations of phthalate metabolites in the mothers and infants were 0.53-26.2 and 0.81-61.8 
mu g/L, respectively, and those of BPA, TCS, and parabens were 0.24-76.3 and 2.06-12.5 mu g/L, respectively. The concentrations of monoethyl phthalate (MEP), mono-N-butyl phthalate (MnBP), mono-isobutyl phthalate 
(MiBP), and BPA in the mothers were positively correlated with those in infants (0.45, 0.62, and 0.89, respectively; p < 0.05), whereas toxic chemical concentrations in infants were higher than those in the mothers. With 
respect to the within-individual intraclass correlation coefficient (ICC), the first morning void (FMV) of the mothers had high ICCs for all chemicals (range: 0.72-0.99), except for BPA, monobenzyl phthalate (MBzP), and 
monocarboxyoctyl phthalate (MCOP). The ICC values of most chemicals were moderate to high (range: 0.34-0.99) in the first morning void. However, there were different patterns of ICCs in the infants. These findings 
indicate the importance of mother-infant pair studies and the necessity of research in infants, as they have different exposure sources and pathways from adults.

SUSTAINABILITY 
Vol.12 Issue 20

10.3390/su12208516 - ヒト - - - - - - - バイオモニタリング 1 1 - - - - - - - - - - - - - - - - - -

統合_2244 D. Kim, J. H. Kim and S. Seo 2020

Real-Time Measurement of Indoor 
PM Concentrations on Daily Change 
of Endocrine Disruptors in Urine 
Samples of New Mothers

The recent innovation of IoT-based sensor technologies facilitates real-time monitoring of indoor air pollutants, such as particulate matter (PM), but its dynamic impacts on the level of endocrine disruptors in human body 
remain understudied. This feasibility study analyzed if the constant measurements of indoor PM concentrations collected at every five minutes are meaningfully associated with the levels of 15 types of endocrine 
disruptors in urine samples collected three times a day from nine new breastfeeding mothers in Seoul, Korea. Some promising results are observed in terms of detecting cumulative effects of PM(10)and PM(2.5)on some 
phthalate metabolites (MnBP, MiBP, MiNP, MCOP, MEOHP and MEHHP), BPA and TCS, at least for some participants. The findings from this study are expected to provide valuable directions for guiding future studies 
that discover potential associations between indoor PM concentrations and exposure to endocrine disruptors, which is still far from the consensus in the literature. Such efforts should offer empirical and scientific 
evidences for designing technology-based early warning/alarm services and evidence-based interventions to mitigate the level of exposure to PM and endocrine disruptors in their living environments.

SUSTAINABILITY 
Vol.12 Issue 15

10.3390/su12156166 - ヒト - - - - - - - バイオモニタリング 1 1 - - - - - - - - - - - - - - - - - -

統合_2245

A. Kili?, S. G. Pekacar, A. Yetim, G. 
Keskindemirci, M. ?z?etin, M. A. Varkal, F. Bas, 
S. Poyrazoglu, F. Darendeliler, D. Battal, A. Aktas 
and I. ?ok

2021

The relationship between urinary 
bisphenol A levels and body weight 
in children Bisphenol A levels and 
body weight

Aim: Bisphenol A (BPA), one of the most commonly produced and used endocrine disruptors in the world, is a chemical employed in the production of polycarbonate and epoxy resins. A significant relationship between 
urinary BPA levels and obesity has been shown in clinical trials. This study aimed to investigate the relationship between urinary BPA levels and obesity in childhood. Material and Methods: The study was performed with 
a total of 172 children: 75 participants with a weight status of obesity. 33 participants with a weight status of overweight, and 64 participants with a weight status of normal. Sociodemographic data, family history of 
chronic diseases, preferred water/beverage/food containers, prepared water/beverage/food consumption, screen-based behavior time, and regular physical activity rates of children data were gathered from parents via 
questionnaire. Results: Among 172 children, 47.7% (n = 82) were males and 52.3% (n = 90) were females. The mean age was 11.7 +/- 3.3 (4-18) years. The age and gender distribution was similar between the body mass 
index groups. The total screen-based sedentary behavior time was higher in the obese group than in the normal weight group: 85.6% (n = 143) of all participants drank water from plastic bottles. Socio-demographic and 
anthropometric features, total time of screen-based sedentary behaviors, usage of plastic water/beverage/food containers, pre-packaged water/beverage/food consumption, and IR detection rates were similar between 
the BPAmcg/kreat percentile groups. Discussion: BPA was detectable in all urine specimens. As the urinary BPA level increased, BMI SDS increased. Urinary BPA levels were not associated with IR.

ANNALS OF CLINICAL 
AND ANALYTICAL 
MEDICINE Vol.12 Issue 
11 Pages 1239-1243

10.4328/ACAM.20715 - ヒト - - - - - - - 横断研究 1 1 - - - - - - - - - - - - - - - - - -
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統合_2246 F. Khazaei, L. Naseri, M. Akbaribazm and M. 
Khazaei 2023

Foeniculum vulgare Extract 
Enhances Estrogen Levels, Total 
Antioxidant Capacity, and Protect 
Ovarian Histology in Rats Exposed to 
Bisphenol A

Objective: Bisphenol A (BPA) is an endocrine disruptor that interferes with estrogen (E2) levels, while Foeniculum vulgare L. (FV), a plant with phytoestrogen compounds and medicinal properties, has been suggested as a 
potential remedy against endocrine disruptors. This study aimed to evaluate the effect of FV extract on changes in estrogen levels, total antioxidant capacity (TAC), nitric oxide (NO), and ovarian structure in rats induced 
by BPA.Methods: The study used 30 female rats that were divided into different treatment groups, including a control group, a BPA group, and 3 BPA-FV-treated groups with varying doses of FV (250, 500, and 1000 
mg/kg). Blood samples were taken from the rats to measure estrogen, TAC, and NO levels, while their ovaries were analyzed. Resuts: The results showed that BPA exposure caused a reduction in E2, TAC, and the number 
of ovar-ian follicles while increasing NO levels. However, treatment with FV extract resulted in increased E2 and TAC levels and the number of ovarian follicles while reducing NO levels.Conclusion: FV extract could be 
used as a natural supplement to mitigate the harmful effects of BPA.

ENDOCRINOLOGY 
RESEARCH AND 
PRACTICE Vol.27 Issue 
4 Pages 227-232

10.5152/erp.2023.23269 - 動物 - 1 1 1 不明 0 25 mg/kg - - - - - - - - - - - - - - - - - - - - -

統合_2247 D. Kharrazian, M. Herbert and A. Vojdani 2019

The Associations between 
Immunological Reactivity to the 
Haptenation of Unconjugated 
Bisphenol A to Albumin and Protein 
Disulfide Isomerase with Alpha-
Synuclein Antibodies

Patients with Parkinson's disease (PD) have increased susceptibility to bisphenol A (BPA) exposure since they have an impaired biotransformation capacity to metabolize BPA. PD subjects have reduced levels of 
conjugated BPA compared to controls. Reduced ability to conjugate BPA provides increased opportunity for unconjugated BPA to bind to albumin in human serum and protein disulfide isomerase on neurons. Once 
unconjugated BPA binds to proteins, it changes the allosteric structure of the newly configured protein leading to protein misfolding and the ability of the newly configured protein to act as a neoantigen. Once this 
neoantigen is formed, the immune system produces antibodies against it. The goal of our research was to investigate associations between unconjugated BPA bound to human serum albumin (BPA-HSA) antibodies and 
alpha-synuclein antibodies and between Protein Disulfide Isomerase (PDI) antibodies and alpha-synuclein antibodies. Enzyme-linked immunosorbent assay was used to determine the occurrences of alpha-synuclein 
antibodies, antibodies to BPA-HSA adducts, and PDI antibodies in the sera of blood donors. Subjects that exhibited high levels of unconjugated BPA-HSA antibodies or PDI antibodies had correlations and substantial risk 
for also exhibiting high levels of alpha-synuclein antibodies (p < 0.0001). We conclude that there are significant associations and risks between antibodies to BPA-HSA adducts and PDI antibodies for developing alpha-
synuclein antibodies.

Toxics. 2019 May 
6;7(2):26.

10.3390/toxics7020026 31064082 in vitro - - - - - - - - - - 1 0 不明 1 - - - - - - - - - - - - - -

統合_2248
N. M. Khan, V. Scott, M. Ghasemzadeh-
Hasankolaei, V. Padmanabhan, A. Vyas, N. P. 
Evans and M. Bellingham

2025

Sexually dimorphic cardiovascular 
impacts of prenatal exposure to a 
real-life environmental chemical 
mixture in adult offspring

Cardiovascular disease (CVD) is a leading cause of death that is sexually dimorphic. This study used an ovine model to investigate whether maternal exposure to an environmental chemical (EC) mixture (biosolids) prior to 
and throughout pregnancy, affected offspring cardiovascular (CV) structure and function in adulthood. CV function of male and female offspring from ewes grazed on either conventionally fertilised (control, C) or 
biosolids-treated pasture (B) was assessed. Males exhibited higher blood pressure compared to females with no significant effect of EC exposure. Heart rate variability in females suggested reduced autonomic regulation 
in the B group. EC-exposed males, but not females, showed significantly increased left ventricular dimensions, end- diastolic and systolic volumes, and cardiac output. The findings indicate sexually dimorphic effects of 
maternal EC mixture exposure on adult CV structure and function. Further studies are needed to explore the mechanisms and long-term implications of prenatal exposure to ECs on CV health.

ENVIRONMENTAL 
TOXICOLOGY AND 
PHARMACOLOGY 
Vol.115

10.1016/j.etap.2025.104669 40049306 動物 - 1 1 0 不明 不明 不明 - - - - - - - - - - - - - - - - - - - - -

統合_2249
O. Khalfallah, S. Barbosa, C. Phillippat, R. 
Slama, C. Galera, B. Heude, N. Glaichenhaus 
and L. Davidovic

2023

Cytokines as mediators of the 
associations of prenatal exposure to 
phenols, parabens, and phthalates 
with internalizing behaviours at age 
3 in boys: A mixture exposure and 
mediation approach

Childhood internalizing disorders refer to inwardly focused negative behaviours such as anxiety, depression, and somatic complains. Interactions between psychosocial, genetic, and environmental risk factors adversely 
impact neurodevelopment and can contribute to internalizing disorders. While prenatal exposure to single endocrine disruptors (EDs) is associated with internalizing behaviours in infants, the associations with prenatal 
exposure to EDs in mixture remain poorly addressed. In addition, the biological mediators of EDs in mixture effects on internalizing behaviours remain unexplored. EDs do not only interfere with endocrine function, but also 
with immune function and inflammatory processes. Based on this body of evidence, we hypothetised that inflammation at birth is a plausible biological pathway through which prenatal exposure to EDs in mixture could 
operate to influence offspring internalizing behaviours. Based on the EDEN birth cohort, we investigated whether exposure to a mixture of EDs increased the odds of internalizing disorders in 459 boy infants at age 3, and 
whether the pro-inflammatory cytokines IL-beta, IL-6, and TNF-alpha measured at birth were mediators of this effect. To determine both the joint and individual associations of prenatal exposure to EDs with infant 
internalizing behaviours and the possible mediating role of cytokines, we used the counterfactual hierarchical Bayesian Kernel Machine Regression (BKMR) regression-causal mediation analysis. We show that prenatal 
exposure to a complex mixture of EDs has limited effects on internalizing behaviours in boys at age 3. We also show that IL-beta, IL-6, and TNF-alpha are unlikely mediators or suppressors of ED mixture effects on 
internalizing behaviours in boys at age 3. Further studies on larger cohorts are warranted to refine the deleterious effects of EDs in mixtures on internalizing behaviours and identify possible mediating pathways.

Environ Res. 2023 Jul 
15:229:115865.

10.1016/j.envres.2023.115865 37062478 ヒト 発達神経 - - - - - - コホート 1 1 - - - 1 1 1 - - - - - - - - - - - -

統合_2250 J. E. Kay, J. G. Brody, M. Schwarzman and R. A. 
Rudel 2024

Application of the Key 
Characteristics Framework to 
Identify Potential Breast 
Carcinogens Using Publicly Available 
in Vivo, in Vitro, and in Silico Data

BACKGROUND: Chemicals that induce mammary tumors in rodents or activate estrogen or progesterone signaling are likely to increase breast cancer (BC) risk. Identifying chemicals with these activities can prompt 
steps to protect human health. OBJECTIVES: We compiled data on rodent tumors, endocrine activity, and genotoxicity to assess the key characteristics (KCs) of rodent mammary carcinogens (MCs), and to identify other 
chemicals that exhibit these effects and may therefore increase BC risk. METHODS: Using authoritative databases, including International Agency for Research on Cancer (IARC) Monographs and the US Environmental 
Protection's (EPA) ToxCast, we selected chemicals that induce mammary tumors in rodents, stimulate estradiol or progesterone synthesis, or activate the estrogen receptor (ER) in vitro. We classified these chemicals by 
their genotoxicity and strength of endocrine activity and calculated the overrepresentation (enrichment) of these KCs among MCs. Finally, we evaluated whether these KCs predict whether a chemical is likely to induce 
mammary tumors. RESULTS: We identified 279 MCs and an additional 642 chemicals that stimulate estrogen or progesterone signaling. MCs were significantly enriched for steroidogenicity, ER agonism, and genotoxicity, 
supporting the use of these KCs to predict whether a chemical is likely to induce rodent mammary tumors and, by inference, increase BC risk. More MCs were steroidogens than ER agonists, and many increased both 
estradiol and progesterone. Enrichment among MCs was greater for strong endocrine activity vs. weak or inactive, with a significant trend. DISCUSSION: We identified hundreds of compounds that have biological 
activities that could increase BC risk and demonstrated that these activities are enriched among MCs. We argue that many of these should not be considered low hazard without investigating their ability to affect the 
breast, and chemicals with the strongest evidence can be targeted for exposure reduction. We describe ways to strengthen hazard identification, including improved assessments for mammary effects, developing assays 
for more KCs, and more comprehensive chemical testing. https://doi.org/10.1289/ EHP13233

ENVIRONMENTAL 
HEALTH 
PERSPECTIVES Vol.132 
Issue 1

10.1289/EHP13233 38197648 in silico - - - - - - - - - - - - - - - - - - - - - - - - - - - -

統合_2251 Karthikeyan BS, Hyötyläinen T, Ghaffarzadegan 
T, Triplett E, Orešič M, Ludvigsson J. 2024

Prenatal exposure to environmental 
contaminants and cord serum 
metabolite profiles in future 
immune-mediated diseases

Background Prenatal exposure to environmental contaminants is a significant health concern because it has the potential to interfere with host metabolism, leading to adverse health effects in early childhood and later in 
life. Growing evidence suggests that genetic and environmental factors, as well as their interactions, play a significant role in the development of autoimmune diseases.Objective In this study, we hypothesized that 
prenatal exposure to environmental contaminants impacts cord serum metabolome and contributes to the development of autoimmune diseases.Methods We selected cord serum samples from All Babies in Southeast 
Sweden (ABIS) general population cohort, from infants who later developed one or more autoimmune-mediated and inflammatory diseases: celiac disease (CD), Crohn's disease (IBD), hypothyroidism (HT), juvenile 
idiopathic arthritis (JIA), and type 1 diabetes (T1D) (all cases, N = 62), along with matched controls (N = 268). Using integrated exposomics and metabolomics mass spectrometry (MS) based platforms, we determined 
the levels of environmental contaminants and metabolites.Results Differences in exposure levels were found between the controls and those who later developed various diseases. High contaminant exposure levels were 
associated with changes in metabolome, including amino acids and free fatty acids. Specifically, we identified marked associations between metabolite profiles and exposure levels of deoxynivalenol (DON), bisphenol S 
(BPS), and specific per- and polyfluorinated substances (PFAS).Impact statement Abnormal metabolism is a common feature preceding several autoimmune and inflammatory diseases. However, few studies compared 
common and specific metabolic patterns preceding these diseases. Here we hypothesized that exposure to environmental contaminants impacts cord serum metabolome, which may contribute to the development of 
autoimmune diseases. We found differences in exposure levels between the controls and those who later developed various diseases, and importantly, on the metabolic changes associated with the exposures. High 
contaminant exposure levels were associated with specific changes in metabolome. Our study suggests that prenatal exposure to specific environmental contaminants alters the cord serum metabolomes, which, in turn, 
might increase the risk of various immune-mediated diseases.
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Protective Effect of Astaxanthin on 
Histopathologic Changes Induced by 
Bisphenol A in the Liver of Rats

Bisphenol A (BPA) has several potential uses, including in polycarbonate plastics and epoxy resins, which could expose humans to it. Recognized for its hepatotoxicity and ability to accumulate in organs. We prompted this 
study to explore the hepatoprotective potential of astaxanthin (ASTX), an antioxidant against BPA toxicity. We used 32 male Wistar Albino rats and randomly assigned them as: Control, Sham (olive oil), BPA, and 
BPA+ASTX. At the end of the experiment, Native Thiol, Total Thiol, alanine aminotransferase (ALT), and aspartate aminotransferase (AST) were measured in serum samples. Histopathological scoring was performed to 
evaluate the changes caused by ASTX in the liver. Caspase 3 and caspase 9 expression in liver tissues was demonstrated immunohistochemically and by PCR. Collagen I (COL1A1) and collagen III (COL3A1) mRNA levels 
were measured by PCR in the tissue samples. The BPA group showed elevated AST and ALT with decreased Thiol levels. ASTX administration reversed these changes as observed by reduced AST and ALT levels and 
increased Thiol levels. Histopathology indicated increased liver damage and fibrosis in the BPA group which were alleviated in the BPA+ASTX group. Gene expression analyses revealed upregulated COL1A1 and COL3A1 
in BPA, which was downregulated with ASTX. Immunohistochemistry and PCR confirmed BPA-induced caspase 3 and caspase 9 expression, which were attenuated by ASTX. This study underscores ASTX's 
hepatoprotective efficacy against BPA-induced hepatotoxicity which ultimately attributed to its antioxidant and antiapoptotic properties. Consequently, ASTX emerges as a promising therapeutic agent for preventing and 
treating BPA-related liver diseases.
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Modern, exogenous exposures 
associated with altered mammary 
gland development: A systematic 
review

Background: Many women report low milk supply as the reason for premature breastfeeding cessation. Altered mammary gland development may impact a woman's lactation ability. Objective: This review identifies 
modern exogenous exposures which alter mammary gland development during embryonic life, puberty and pregnancy. Methods: A systematic review was undertaken whereby Medline, CINAHL and Embase articles 
published from January 1, 2005 to November 20, 2020 were searched using the keywords puberty or embry* or fetal or foetal or foetus or fetus or pregnan* or gestation* AND "mammary gland development" or "breast 
development" or "mammary development" or "mammary gland function" or "mammary function" or "insufficient glandular tissue" or "mammary hypoplasia" or "breast hypoplasia" or "mammary gland hypoplasia" or "tubular 
breast*" or "tuberous breast*" or "glandular tissue" or "breast composition" or "mammary composition" or &"mammary gland composition". After initial screening of 1207 records, 60 full texts were assessed for eligibility; 6 
were excluded due to lack of information about exposure or outcome, leaving 54 studies. Results: The review included results from 52 animal (rats and mice, monkeys, rabbits, sheep, goats pigs and cows) and 2 human 
studies. Various endocrine disrupting chemicals and an obesogenic diet were found to be associated with altered mammary gland morphology during key development stages. Conclusions: To improve lactation outcomes, 
future studies need to focus on lactation as the endpoint and be conducted in a standardised manner to allow for a more significant contribution to the literature that allows for better comparison across studies.
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Associations between synthetic 
phenols, phthalates, and placental 
growth/function: a longitudinal 
cohort with exposure assessment in 
early pregnancy

STUDY QUESTION Is exposure to environmental chemicals associated with modifications of placental morphology and function?SUMMARY ANSWER Phthalates, a class of ubiquitous chemicals, showed an association 
with altered placental weight, placental vascular resistance (PVR), and placental efficiency.WHAT IS KNOWN ALREADY Only a few epidemiological studies have assessed the effects of phenols and phthalates on 
placental health. Their results were affected by exposure measurement errors linked to the rapid excretion of these compounds and the reliance on a limited number of spot urine samples to assess exposure.STUDY 
DESIGN, SIZE, DURATION A prospective mother-child cohort, with improved exposure assessment for non-persistent chemicals, recruited participants between 2014 and 2017. Sample size ranged between 355 (placental 
parameters measured at birth: placental weight and placental-to-fetal weight ratio (PFR): a proxy for placental efficiency) and 426 (placental parameters measured during pregnancy: placental thickness and vascular 
resistance).PARTICIPANTS/MATERIALS, SETTING, METHODS Phenols (four parabens, two bisphenols, triclosan, and benzophenone-3), 13 phthalate metabolites, and two non-phthalate plasticizer metabolites were 
measured in within-subject pools of repeated urine samples collected during the second and third trimesters of pregnancy (median = 21 samples/trimester/woman). Placental thickness and PVR were measured during 
pregnancy. The placenta was weighed at birth and the PFR was computed. Both adjusted linear regression and Bayesian Kernel Machine Regression were used to evaluate associations between phenols and phthalates 
(alone or as a mixture) and placental parameters. Effect modification by child sex was also investigated.MAIN RESULTS AND THE ROLE OF CHANCE Several phthalate metabolites were negatively associated with 
placental outcomes. Monobenzyl phthalate (MBzP) concentrations, during the second and third trimesters of pregnancy, were associated with a decrease in both placental weight at birth (beta = -20.1 g [95% CI: -37.8; -
2.5] and beta = -17.4 g [95% CI: -33.2; -1.6], for second and third trimester, respectively) and PFR (beta = -0.5 [95% CI: -1, -0.1] and beta = -0.5 [95% CI: -0.9, -0.1], for the second and third trimester, respectively). 
Additionally, MBzP was negatively associated with PVR during the third trimester (beta= -0.9 [95% CI: -1.8; 0.1]). Mono-n-butyl phthalate (MnBP), was negatively associated with PVR in both trimesters (beta = -1.3, 95% 
CI: [-2.3, -0.2], and beta = -1.2, 95% CI: [-2.4, -0.03], for the second and third trimester, respectively). After stratification for child sex, Sigma diisononyl phthalate (DiNP) (either second or third-trimester exposures, 
depending on the outcomes considered) was associated with decreased PVR in the third trimester, as well as decreased placental weight and PFR in males. No associations were observed for phenol 
biomarkers.LIMITATIONS, REASONS FOR CAUTION False positives cannot be ruled out. Therefore, chemicals that were associated with multiple outcomes (MnBP and DiNP) or reported in existing literature as 
associated with placental outcomes (MBzP) should be considered as the main results.WIDER IMPLICATIONS OF THE FINDINGS Our results are consistent with in vitro studies showing that phthalates target peroxisome 
proliferator-activated receptor gamma, in the family of nuclear receptors involved in key placental development processes such as trophoblast proliferation, migration, and invasion. In addition to placental weight at birth, 
we studied placental parameters during pregnancy, which could provide a broader view of how environmental chemicals affect maternal-fetal exchanges over the course of pregnancy. Our findings contribute to the 
increasing evidence indicating adverse impacts of phthalate exposure on placental health.STUDY FUNDING/COMPETING INTEREST(S) This work was supported by the French Research Agency-ANR (MEMORI project 
ANR-21-CE34-0022). The SEPAGES cohort was supported by the European Research Council (N degrees 311765-E-DOHaD), the European Community's Seventh Framework Programme (FP7/2007-206-N degrees 
308333-892 HELIX), the European Union's Horizon 2020 research and innovation programme (N degrees 874583 ATHLETE Project, N degrees 825712 OBERON Project), the French Research Agency-ANR (PAPER project 
ANR-12-PDOC-0029-01, SHALCOH project ANR-14-CE21-0007, ANR-15-IDEX-02 and ANR-15-IDEX5, GUMME project ANR-18-CE36-005, ETAPE project ANR-18-CE36-0005-EDeN project ANR-19-CE36-0003-01), the 
French Agency for Food, Environmental and Occupational Health & Safety-ANSES (CNAP project EST-2016-121, PENDORE project EST-2016-121, HyPAxE project EST-2019/1/039, PENDALIRE project EST-2022-169), 
the Plan Cancer (Canc'Air project), the French Cancer Research Foundation Association de Recherche sur le Cancer-ARC, the French Endowment Fund AGIR for chronic diseases-APMC (projects PRENAPAR, LCI-FOT, 
DysCard), the French Endowment Fund for Respiratory Health, the French Fund-Fondation de France (CLIMATHES-00081169, SEPAGES 5-00099903, ELEMENTUM-00124527). N.J. was supported by a doctoral 
fellowship from the University Grenoble Alpes. V.M. was supported by a Sara Borrell postdoctoral research contract (CD22/00176), granted by Instituto de Salud Carlos III (Spain) and NextGenerationEU funds. The 
authors declare no conflict of interest.TRIAL REGISTRATION NUMBER ClinicalTrials.gov NCT02852499.
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Prenatal bisphenol analogs exposure 
and placental DNA hypomethylation 
of genes in the PPAR signaling 
pathway: Insights for bisphenol 
analogs' effects on infant 
anthropometry

Prenatal exposure to bisphenol analogs (BPs) may pose hazards to offspring's health; however, their underlying mechanisms remain to be elucidated. DNA methylation, a major epigenetic mechanism, may be involved in 
early programming following environmental disturbances. In this prospective study, we investigated associations between prenatal BPs exposure and the placental DNA methylation levels of 14 candidate genes in the 
peroxisome proliferator-activated receptor (PPAR) signaling pathway among 205 mother-infant pairs and explored the potential mediating role of the DNA methylation in the association of prenatal BPs exposure with 
anthropometric measurements of infants aged 1 year. We observed a general pattern that prenatal BPs exposure was associated with the DNA hypomethylation of candidate genes, with associations consistently and 
notably observed for PPAR alpha (PPARA), retinoid X receptor alpha (RXRA), acetyl-CoA acyltransferase 1, and acyl-CoA dehydrogenase medium chain (ACADM) in linear regression and Bayesian kernel machine 
regression. Both models identified bisphenol F (BPF) as the predominant compound. We found inverse associations between the placental DNA methylation levels of most candidate genes, such as PPARA, RXRA, ACADM, 
and nuclear receptor subfamily 1 group H member 3 (NR1H3), and the length-for-age z-score, arm circumference-for-age z-score, subscapular skinfold-forage z-score, and abdominal skinfold thickness of the infants. 
The DNA methylation levels of RXRA and NR1H3 could mediate the associations between prenatal BPF exposure and increased infant anthropometric measurements, with mediating portions ranging from 23.02% to 
30.53%. Our findings shed light on the potential mechanisms underlying the effects of prenatal BPs exposure on infant growth and call for urgent actions for risk assessment and regulation of BPF. Future cohort studies 
with larger sample sizes are warranted to confirm our findings.
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Multigenerational effect of maternal 
bisphenol A exposure on DNA 
methylation in F1 sperm

Backgrounds Bisphenol A (BPA), an environmental contaminant, is known as an endocrine disruptor and has developmental, reproductive, and epigenetic toxicity. These toxicities of BPA affect the next generations. 
Objectives In this study, we investigated whether these toxicities are based on germline-mediated epigenetic toxicity. Results We exposed pregnant mice (F0) to BPA and found direct reproductive toxicity in F0 and F1; 
significant developmental toxicity was observed in the kidney, testis, heart, lung, and thymus, as indicated by organ weights in F2. Global DNA methylation sequencing was performed in F1 sperm, and we observe 
alteration of DNA methylation in BPA-exposed groups, and the association between the altered genes and F2 developmental toxicity was confirmed. Conclusion Our study suggests that alteration of sperm DNA 
methylation following BPA exposure can be passed on to the next generation as germline mediated and cause disease and developmental toxicity.
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Pregnancy Exposure to Phenols and 
Anthropometric Measures in 
Gestation and at Birth

Background: Some synthetic phenols alter pathways involved in fetal development. Despite their high within-subject temporal variability, earlier studies relied on spot urine samples to assess pregnancy exposure. In this 
study, we examined associations between prenatal phenol exposure and fetal growth. Methods: We measured concentrations of two bisphenols, four parabens, benzophenone-3, and triclosan in 478 pregnant women in 
two weekly pools of 21 samples each, collected at 18 and 34 gestational weeks. We used adjusted linear regressions to study associations between phenol concentrations and growth outcomes assessed twice during 
pregnancy and at birth. Results: Benzophenone-3 was positively associated with all ultrasound growth parameters in at least one time point, in males but not females. In females, butylparaben was negatively associated 
with third-trimester abdominal circumference and weight at birth. We observed isolated associations for triclosan (negative) and for methylparaben and bisphenol S (positive) and late pregnancy fetal growth. Conclusions: 
Our results suggest associations between prenatal exposure to phenols and fetal growth. Benzophenone-3 was the exposure most consistently (positively) associated across all growth parameters.
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Prenatal Exposure to Bisphenols 
and Phthalates and Postpartum 
Depression: The Role of 
Neurosteroid Hormone Disruption

Context: Postpartum depression (PPD) is a serious psychiatric disorder. While causes remain poorly understood, perinatal sex hormone fluctuations are an important factor, and allopregnanolone in particular has emerged 
as a key determinant. Although synthetic environmental chemicals such as bisphenols and phthalates are known to affect sex hormones, no studies have measured allopregnanolone and the consequences of these 
hormonal changes on PPD have not been interrogated. Objective: To investigate associations of repeated measures of urinary bisphenols and phthalates in early and midpregnancy with serum pregnenolone, progesterone, 
allopregnanolone, and pregnanolone concentrations in midpregnancy and PPD symptoms at 4 months postpartum. Methods: Prospective cohort study of 139 pregnant women recruited between 2016 and 2018. Bisphenols 
and phthalates were measured in early and midpregnancy urine samples. Serum sex steroid hormone concentrations were measured in midpregnancy. PPD was assessed at 4 months postpartum using the Edinburgh 
Postnatal Depression Scale (EPDS). Multiple informant models were fit using generalized estimating equations. Serum levels of allopregnanolone, progesterone, pregnanolone, and pregnenolone were examined as log-
transformed continuous variables. PPD symptoms were examined as continuous EPDS scores and dichotomously with scores >= 10 defined as PPD. Results: Di-n-octyl phthalate (DnOP) and diisononyl phthalate (DiNP) 
metabolites were associated with reduced progesterone concentrations. Log-unit increases in Sigma DnOP and Sigma DiNP predicted 8.1% (95% CI -15.2%, -0.4%) and 7.7% (95% CI -13.3%, -1.7%) lower progesterone, 
respectively. Sigma DnOP was associated with increased odds of PPD (odds ratio 1.48; 95% CI 1.04, 2.11). Conclusion: Endocrine disrupting chemicals may influence hormonal shifts during pregnancy as well as 
contribute to PPD.
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Therapeutic Effect of Oroxylin A 
Against Bisphenol A-induced Kidney 
Damage in Rats: a Histological and 
Biochemical Study

Bisphenol A (BPA) is a synthetic chemical compound used in plastic products that adversely affects health. BPA exposure is associated with multiple organ toxicity, particularly renal toxicity. Oroxylin A (ORA) is a 
flavonoid that has potential therapeutical properties. The current study explored the effect of different doses of ORA on BPA-prompted inflammatory responses and oxidative stress in kidneys. The experiment was 
executed on ninety-six rats (200 +/- 20 g) that were categorized into 8 groups. The impact of orally treated various doses (15 mg/kg, 30 mg/kg and 60 mg/kg) of ORA was investigated against the toxic effects caused by 
10 mg/kg of BPA. After 56 days of the experiment, rats were euthanized to detect the level of renal function markers (urea and creatinine), oxidative stress markers, inflammatory markers, antioxidant enzyme activity and 
histological architecture. According to the results, BPA administration decreased the glutathione level as well as activities of glutathione peroxidase, glutathione reductase, catalase, glutathione-S-transferase and 
superoxide dismutase, while increasing the level of the oxidative stress markers (malondialdehyde, reactive oxygen species and hydrogen peroxide). BPA exposure significantly increased the level of urea and creatinine, 
while decreasing creatinine clearance. Moreover, BPA exposure remarkably increased inflammatory responses by augmenting the activity of cyclooxygenase-2 and levels of nuclear factor kappa-B, tumor necrosis factor-
alpha, interleukin-6 and interleukin-1 beta. Besides, histopathological damages were also observed in renal tissues followed by BPA exposure. Co-administration of ORA ameliorated the toxic effects of BPA on renal 
tissue in a dose-dependent manner. Thus, it is deduced that ORA might be used to counter the harmful effects of BPA on renal tissues.
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A systematic review of associations 
between maternal exposures during 
pregnancy other than smoking and 
antenatal fetal measurements

Background: Reduced birth weight is associated with many maternal environmental exposures during pregnancy, but the gestational age at onset of this association is unknown. We have previously reported associations 
between maternal smoking and fetal size. Objective: To report on our systematic review of the literature describing associations between antenatal size and growth and maternal exposures during pregnancy. Data 
sources: Electronic databases (OVID and EMBASE) and web sites for cohort studies were searched. Studies were eligible if they examined associations between maternal environmental exposures (including ambient air 
exposure, diet and alcohol) and antenatal fetal ultrasound measurements. The Navigation Guide was used to assess the strength of evidence. Results: There were 451 abstracts identified and 36 papers were included of 
which maternal diet was the exposure of interest in 15, maternal ambient air exposure in 10, maternal alcohol in 3 and other exposures in 8. The first paper was published in 2006. Associations were present between 
exposures and fetal measurements in 18% of comparisons with second trimester measurements and in 46% of comparisons with third trimester measurements. In the third trimester, when an association was present, 
reduced head size was most commonly (58%) associated with current or previous maternal exposure, with reduced length being least commonly (32%) associated and reduced weight being intermediate (52%). In the third 
trimester, increased maternal nitrogen dioxide exposure was associated with reduced head size was associated with in all seven studies identified and reduced fetal weight in five out of six studies. Conclusion: There is 
sufficient evidence of toxicity in the context of maternal exposure to nitrogen dioxide and reduced third trimester fetal head size. There is currently insufficient evidence of toxicity with regard to maternal exposures to 
dietary factors, alcohol and environmental chemicals and reduced fetal size.

ENVIRONMENTAL 
RESEARCH Vol.173 
Pages 528-538

10.1016/j.envres.2019.04.005 30991176 ヒト - - - - - - - システマティックレビュー 1 1 - - - - - - - - - - - - - - - - - -

統合_2261
L. X. Hong, Y. D. Xu, D. D. Wang, Q. Zhang, X. T. 
Li, C. F. Xie, J. S. Wu, C. Y. Zhong, G. Gao, Y. 
Ding and S. S. Geng

2024

Sulforaphane Alleviates Bisphenol 
A-Induced Glucose Intolerance via 
Improving Inflammation and 
Oxidative Stress

Background. Bisphenol A (BPA) disrupts glucose homeostasis via inflammatory pathways in liver cells, affecting insulin sensitivity. This study examines sulforaphane (SFN), known for its anti-inflammatory and 
antioxidative properties, for counteracting BPA's effects. Methods. We evaluated SFN's impact on BPA-exposed C57/BL6J mice and HepG2 cells, focusing on metabolic parameters, insulin signaling, and inflammatory 
markers. Mice were treated with SFN (10 mg/kg) for six weeks, with assessments including body weight, serum glucose, insulin levels, and glucose tolerance. Molecular analyses in both models included gene 
expressions related to glucose metabolism, insulin and MAPK signaling pathways, and markers of inflammation and oxidative stress. Results. SFN reduced blood glucose and improved glucose tolerance of BPA-treated 
mice. In BPA-treated HepG2 cells, SFN significantly boosted glucose consumption in vitro. Moreover, SFN treatment enhanced the protein expression of phosphorylated-insulin receptor and phosphorylated-AKT and 
reversed glycolytic and gluconeogenic gene expression in HepG2 cells and mice liver. SFN also decreased phosphorylation levels of p38 and JNK and reduced inflammation and oxidative stress markers in vitro and in vivo. 
Conclusion. Our findings underscore SFN's capacity to ameliorate BPA-induced glucose intolerance and insulin resistance by enhancing hepatic insulin signaling and metabolic functions. This action is likely mediated 
through SFN's inhibitory effects on inflammatory and oxidative pathways. Consequently, SFN holds promise as an intervention for mitigating BPA-related metabolic disorders.
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Prenatal bisphenol A (BPA) 
exposure in a Brooklyn study of 
Afro-Caribbean women

Prior studies suggest ubiquitous fetal exposure to the endocrine disrupting chemical bisphenol A (BPA). Insufficient information is available on the effects of BPA in underserved urban populations in the US. We describe 
prenatal BPA exposures in a predominately Afro-Caribbean immigrant population. Maternal third-trimester urinary concentrations of total BPA were measured in 181 mothers in Brooklyn, NY from 2007 to 2009. Mothers 
aged 18-45 y presenting at a prenatal clinic consented to study participation. Spot urine samples were collected once between the sixth and ninth month of pregnancy. The geometric mean concentration of total BPA was 
0.12 mu g l(-1) (95% CI: 0.05-0.31). Total BPA concentrations were above the limit of detection in 9% of the mothers. Our results suggest that prenatal BPA exposure is low to non-detectable (< 0.02 mu g l(-1) in urine) 
among African American and Afro-Caribbean immigrant women residing in Brooklyn, NY. These results contradict evidence of prenatal exposure in prior studies of urban populations. Further studies should be conducted 
to determine whether there are associations between recent immigrant status and BPA exposures during pregnancy.
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統合_2263
N. B. Henderson, C. G. Sears, A. Calafat, A. M. 
Chen, B. Lanphear, M. Romano, K. Yolton and J. 
M. Braun

2020

Associations of Breast Milk 
Consumption with Urinary Phthalate 
and Phenol Exposure Biomarkers in 
Infants

Phthalates and phenols are readily detected in human breast milk, but the contribution of breast milk feeding to an infant's exposure to these chemicals is unknown. Among 248 mother-infant pairs in the HOME Study, we 
assessed breast milk consumption via maternal report and quantified concentrations of eight phthalate metabolites and three phenols (bisphenol A, triclosan, benzophenone-3) in infants' urine at age 12 months. We 
estimated covariate-adjusted percent differences in phthalate metabolite and phenol concentrations by breast milk consumption. Seventy infants (28%) were fed some breast milk up to age 12 months. Urinary phenol 
concentrations were similar in infants who were or were not fed breast milk at 12 months. In contrast, urinary concentrations of monocarboxyisooctyl phthalate (MCOP) and mono-3-carboxypropyl phthalate (MCPP) were 
42% (95% CI: 3, 97) and 24% (95% CI: -8, 62) higher among infants fed breast milk at 12 months, respectively. Moreover, MCOP and MCPP concentrations were positively associated with the quantity of breast milk 
consumed in the prior month and 24 h. In this cohort, we found evidence suggesting that breast milk consumption may be a source of exposure to some phthalates. Future studies should examine whether plastic feeding 
bottles or pumped milk is a potential exposure source among infants.
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統合_2264 H. He, W. J. Chen, Y. Wei, T. F. Zhang, W. F. 
Geng and J. X. Zhai 2022

Effects of perinatal exposure to 
endocrine-disrupting chemicals on 
the reproductive system of F3 
generation male rodents: a meta-
analysis

To explore the relationship between perinatal exposure to endocrine-disrupting chemicals and the male reproductive system of F3 generation, and to evaluate the toxicological effects of endocrine-disrupting chemicals on 
the reproductive system of F3 generation male rodents. PubMed and Web of Science databases were searched to obtain the studies; overall risk ratios (RRs) with 95% confidence intervals (95% CIs) were used to 
evaluate the relationship between exposure to endocrine-disrupting chemicals and reproductive system damage in F3 generation male rodents. Nine studies were included for analysis. Endocrine-disrupting chemicals are 
significantly associated with the reproductive system of male rodents of F3 generation, especially the testis (RR = 3.13, 95% CI: 2.05, 4.76), prostate (RR = 2.26, 95% CI: 1.27, 4.00), and kidney (RR = 2.83, 95% CI: 1.77, 
4.52), but the current analysis does not prove that EDCs are the adverse factors for puberty abnormalities. The results indicated that the overall associations between atrazine (RR = 3.06, 95% CI: 1.10, 8.51, P = 0.032), 
DDT (RR = 6.26, 95% CI: 1.56, 25.08, P = 0.010), pesticide and insect repellent mixture (permethrin and DEET) (RR = 2.23, 95% CI: 1.34, 3.69, P = 0.002), and vinclozolin (RR = 4.71, 95% CI: 2.74, 8.10, P = 0.000) and 
reproductive system damage in F3 generation male rodents were statistically significant. Our study indicated that EDCs have an atavistic effect on the male reproductive system, and we should pay attention to the long-
term effects of environmental exposure to endocrine disruptors in future generations.

ENVIRONMENTAL 
SCIENCE AND 
POLLUTION 
RESEARCH Vol.29 Issue 
22 Pages 33218-33229

10.1007/s11356-021-18338-w 35022983 動物 - 不明 不明 不明 不明 不明 不明 - - - - - - - - - - - - - - - - - - - - -

統合_2265

M. Hauptman, M. S. Jackson-Browne, S. 
Busgang, S. S. Andra, M. A. Patti, N. B. 
Henderson, P. Curtin, S. L. Teitelbaum, K. 
Acosta, M. Maciag, J. M. Gaffin, C. R. Petty, R. 
O. Wright, D. R. Gold and W. Phipatanakul

2024
Urinary biomarkers of environmental 
exposures and asthma morbidity in 
a school inner city asthma study

Background: The burden of pediatric asthma and other allergic diseases is not evenly distributed among United States populations. Objective: To determine whether urinary biomarkers are associated with asthma 
morbidity, and if associations vary by child race, ethnicity and sex. Methods: This study includes n = 152 children with physician-diagnosed asthma who participated in the School Inner-City Asthma Intervention Study 
(SICAS-2). Metabolites of phenol, paraben, polycyclic aromatic hydrocarbons, and phthalate analytes were analyzed from urine samples collected at baseline. Asthma symptom days over the past 2 weeks were 
dichotomized to no asthma symptom days or any asthma symptom days. Crosssectional regression models were adjusted for age, sex, number of colds, household income, prescription control, race and ethnicity, body 
mass index (BMI) percentile, and smoke exposure. Weighted quantile sum regression was used to analyze each chemical class and a total mixture effect, controlling for the same covariates. Analyses were conducted with 
the assistance of the National Institute of Environmental Health Sciences Children's Health Exposure Analysis Resource (CHEAR). Results: Participants were mostly Hispanic/Latino and low income with an average age 
of 7.83 years and the average maximum asthma symptom days over the past two weeks of 2.13 (standard deviation: 3.56). The maximum concentrations indicate extreme values for several chemicals, including bisphenol-
3, 2,5-dichlorophenol, propyl and methyl parabens, triclosan, methyl paraben and cotinine. We found a significant interaction effect and differing contributions of analytes for children with allergen sensitivity versus those 
that did not. For stratified analyses assessing effect modification by child race and ethnicity, weighted quantile sum interaction models showed reduced odds of asthma symptoms to a greater magnitude in children of 
other races and ethnicities compared to Black, Non-Hispanic children. Conclusions: Preliminary analyses of the association between environmental chemical exposure and asthma symptoms among inner-city children 
revealed an inverse association, which may be due to personal care and medication use and can be understood further in future analyses. Beneficial effects were detected for most of the chemicals.

INTERNATIONAL 
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統合_2266 D. Hatipoglu, M. B. Ates and M. Bodu 2023
Protective effects of Nigella sativa 
oil against bisphenol A-induced 
testicular toxicity in rats

The study investigated the protective effect of Nigella sativa (NS) oil against testicular damage induced by bisphenol A (BPA). A total of 36 Wistar Albino rats were divided into 4 groups: control (1 ml olive oil), NS (5 ml/kg 
NS), BPA (100 mg/kg BPA in 1 ml olive oil), BPA+NS (100 mg/kg BPA + 5 ml/kg NS). During the 30-day experiment, all substances were administered by oral gavage. The levels of testosterone and LH in serum, as well as 
MDA, GSH, SOD, TNF-alpha, IL-6 and IL-10 levels in testicular tissue were measured by ELISA. Spermatological examinations and histopathological analyses of testicular tissue were also performed. BPA was found to 
raise LH while reducing the serum testosterone level. BPA caused a decrease in GSH, SOD, TNF-alpha and IL-6, but an increase in MDA and IL-10. BPA also reduced sperm motility, plasma membrane integrity, 
mitochondrial activity and acrosome membrane integrity. Oedema, hyperaemia, mononuclear cell infiltration in the interstitial tissue, as well as giant cell formations, degeneration and necrosis in the seminiferous tubules 
were seen in the BPA group. In addition, reductions in germinative epithelium, tubule diameter and the Johnson testicular score were noted. In rats receiving NS, hormonal profile, oxidative stress markers and cytokine 
levels were within normal limits. NS improved sperm motility, mitochondrial activity (JC1), plasma membrane integrity (SYBR-14) and partially acrosome membrane integrity (FITC-PNA). NS reduced testis inflammation, 
significantly ameliorated the testicular score and, to a lesser extent, increased germinative epithelium thickness and tubule diameter. It was concluded that NS has a protective effect against BPA-induced testicular 
toxicity.
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H. Ber?nkov?, R. Konecny, J. Tr?vn?cek, M. 
Horcickov?, E. Friedbergerov?, L. Z?bransky, B. 
Sak, N. Holubov? and M. Kv?c

2024

Effect of bisphenol S and bisphenol 
A on morphometric and hormonal 
changes of thyroid gland and iodine 
concentration in urine of Wistar rats

Bisphenol S (BPS) is the major substitute of the endocrine disruptor bisphenol A (BPA). Due to the presence of strong double bonds, BPS is more resistant to biodegradation and therefore more BPS remains in the 
environment. Numerous studies show that BPS disrupts the reproductive, nervous, and cardiovascular systems and could have an impact on thyroid hormones. The study aimed to analyze the effects of a 10 -week 
exposition of BPS and BPA on lipid markers, morphometric parameters of the rat thyroid gland, the thyroid stimulating hormone (TSH) levels and the influence of BPS on urine iodine concentration. Male Wistar rats 
received BPS in sunflower oil daily by gavage. The control group (GI) received only the vehicle. The BPS experimental group two (GII) received 4 ug/kg/day, group three (GIII) received 50 ug/kg/day, and group four (GIV) 
received 100 mg BPS/kg/day. Group five (GV) received 100 mg BPA/kg/day. Groups four and five were made to compare the influence of high concentration between BPS and BPA. Results show the influence of BPS and 
BPA on body weight, triacylglycerols, cholesterol and total protein concentration. Morphometric changes in the size of thyroid gland follicles show a bigger influence of BPS than BPA. Results show also increasing in TSH 
concentrations in all groups with bisphenols up to physiology standards of Wistar rats (GI 3.14 +/- 1.28 ng/ml, GII 5.12 +/- 1.16 ng/ml, GIII 5.55 +/- 2.39 ng/ml, GIV 5.56 +/- 1.98 ng/ml, GV 4.47 +/- 1.09 ng/ml) and 
influence of BPA and BPS on higher iodine concentrations in urine.
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統合_2268 B. Han, L. L. Wang, X. Wang, K. Huang, Y. Shen, 
Z. Wang and T. Jing 2024

Association between multipollutant 
exposure and thyroid hormones in 
elderly people: A cross-sectional 
study in China

Environmental chemicals have been indicated to cause disruption of thyroid homeostasis in human populations. However, previous studies mostly focused on single group of chemicals. Herein, we investigate the 
independent and combined effects of multiple pollutants on thyroid homeostasis, including thyroid-stimulating hormone (TSH), total and free thyroxine (tT4 and fT4) and total and free triiodothyronine (tT3 and fT3) in 
elderly people. These environmental pollutants (n = 144) are from ten categories, including phenols, parabens, perfluoroalkyl substances (PFASs), polychlorinated biphenyls (PCBs), phthalate esters (PAEs), polycyclic 
aromatic hydrocarbons (PAHs), organochlorine pesticides (OCPs), organophosphate pesticides (OPPs), synthetic pyrethroids (SPs), herbicides, and metals. Few studies have evaluated the health risks of these 144 
chemicals, especially their joint effects. In single-pollutant evaluations, multiple linear regression (MLR) models were used to estimate the independent associations between multiple exposures and thyroid biomarkers. In 
multi-pollutant evaluations, elastic net regression and Bayesian kernel machine regression (BKMR) models were used to estimate the combined associations. The MLR models showed that 41 chemicals were 
significantly related to THs levels. BKMR models revealed the most important chemical groups: metals for TSH, PAHs, SPs and PCBs for tT4, herbicides and SPs for tT3. This study will contribute to the understanding of 
multipollutant exposure and help prioritize specific chemical groups related to thyroid hormone disruption.
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統合_2269 M. L. Guo and C. L. Zhu 2023

Associations between exposure to a 
mixture of phenols and sex steroid 
hormones among pre- and 
postmenopausal women: evidence 
from NHANES 2015-2016

Environmental phenols are well known as emerging endocrine-disrupting chemicals; however, their impacts on sex hormone homeostasis among pre- and postmenopausal women remain unknown. Our objective was to 
evaluate independent and combined relationships between phenol levels in urine and sex steroid hormones among 323 premenopausal women and 263 postmenopausal women from National Health and Nutrition 
Examination Survey (NHANES) 2015-2016. A total of 10 phenol concentrations in urine were quantified using liquid chromatography-tandem mass spectrometry (LC-MS/MS). Serum concentrations of estradiol and total 
testosterone were measured by LC-MS/MS and serum sex hormone-binding globulin (SHBG) concentrations were measured using an immunofluorometric assay. Multivariable linear regression models were conducted to 
explore associations of individual phenol concentration in urine with natural logarithm-transformed serum hormone levels. Bayesian kernel machine regression (BKMR) model was conducted to evaluate phenol mixtures 
exposure in association with sex hormones among pre- and postmenopausal women, respectively. Considering both single-chemical models and multiple-chemical models, each doubling of urinary BPS concentration was 
significantly inversely related to serum SHBG concentration in premenopausal women (percent change: -6.70%, 95% confidence interval, CI: -11.12%, -2.73%; P = 0.002). Moreover, every doubling of urinary BP-3 
concentration was significantly positively associated with SHBG level in serum (percent change: 3.53%, 95%CI: 0.70%, 5.70%; P = 0.008). Regarding postmenopausal women, inverse associations between urinary BPS 
levels and serum estradiol concentrations were observed (percent change: -8.62%, 95% CI: -15.33%, -2.06%; P = 0.012). The results revealed that BPS and BP-3 exposure may adversely disrupt sex hormone homeostasis 
at the current exposure levels among women in the USA. The findings and their underlying mechanisms are warranted to be confirmed and comprehensively interpreted in further epidemiological and experimental studies.
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Güil-Oumrait N, Cano-Sancho G, Montazeri P, 
Stratakis N, Warembourg C, Lopez-Espinosa MJ, 
Vioque J, Santa-Marina L, Jimeno-Romero A, 
Ventura R, Monfort N, Vrijheid M, Casas M.

2022

Prenatal exposure to mixtures of 
phthalates and phenols and body 
mass index and blood pressure in 
Spanish preadolescents

Background: Pregnant women are simultaneously exposed to several non-persistent endocrine-disrupting chem-icals, which may influence the risk of childhood obesity and cardiovascular diseases later in life. Previous 
prospective studies have mostly examined single-chemical effects, with inconsistent findings. We assessed the association between prenatal exposure to phthalates and phenols, individually and as a mixture, and body 
mass index (BMI) and blood pressure (BP) in preadolescents. Methods: We used data from the Spanish INMA birth cohort study (n = 1,015), where the 1st and 3rd-trimester maternal urinary concentrations of eight 
phthalate metabolites and six phenols were quantified. At 11 years of age, we calculated BMI z-scores and measured systolic and diastolic BP. We estimated individual chemical effects with linear mixed models and joint 
effects of the chemical mixture with hierarchical Bayesian kernel machine regression (BKMR). Analyses were stratified by sex and by puberty status. Results: In single-exposure models, benzophenone-3 (BP3) was 
nonmonotonically associated with higher BMI z -score (e.g. Quartile (Q) 3: beta = 0.23 [95% CI = 0.03, 0.44] vs Q1) and higher diastolic BP (Q2: beta = 1.27 [0.00, 2.53] mmHg vs Q1). Methyl paraben (MEPA) was 
associated with lower systolic BP (Q4: beta =-1.67 [-3.31,-0.04] mmHg vs Q1). No consistent associations were observed for the other compounds. Results from the BKMR confirmed the single-exposure results and 
showed similar patterns of associations, with BP3 having the highest importance in the mixture models, especially among preadolescents who reached puberty status. No overall mixture effect was found, except for a 
tendency of higher BMI z-score and lower systolic BP in girls. Conclusions: Prenatal exposure to UV-filter BP3 may be associated with higher BMI and diastolic BP during preadolescence, but there is little evidence for an 
overall phthalate and phenol mixture effect.
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統合_2271 R. Grossklaus, K. P. Liesenk?tter, K. Doubek, H. 
V?lzke and R. Gaertner 2023

Iodine Deficiency, Maternal 
Hypothyroxinemia and Endocrine 
Disrupters Affecting Fetal Brain 
Development: A Scoping Review

This scoping review critically discusses the publications of the last 30 years on the impact of mild to moderate iodine deficiency and the additional impact of endocrine disrupters during pregnancy on embryonal/fetal brain 
development. An asymptomatic mild to moderate iodine deficiency and/or isolated maternal hypothyroxinemia might affect the development of the embryonal/fetal brain. There is sufficient evidence underlining the 
importance of an adequate iodine supply for all women of childbearing age in order to prevent negative mental and social consequences for their children. An additional threat to the thyroid hormone system is the 
ubiquitous exposure to endocrine disrupters, which might exacerbate the effects of iodine deficiency in pregnant women on the neurocognitive development of their offspring. Ensuring adequate iodine intake is therefore 
essential not only for healthy fetal and neonatal development in general, but it might also extenuate the effects of endocrine disruptors. Individual iodine supplementation of women of childbearing age living in areas with 
mild to moderate iodine deficiency is mandatory as long as worldwide universal salt iodization does not guarantee an adequate iodine supply. There is an urgent need for detailed strategies to identify and reduce exposure 
to endocrine disrupters according to the "precautional principle".
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L. M. Goodes, E. V. S. Wong, J. Alex, L. Mofflin, 
P. Toshniwal, M. Brunner, T. Solomons, E. 
White, O. Choudhury, B. J. Seewoo, Y. R. 
Mulders, T. Dale, H. J. Newman, A. Naveed, A. 
B. Lowe, D. Hendrie, C. Symeonides and S. A. 
Dunlop

2022
A scoping review protocol on in vivo 
human plastic exposure and health 
impacts

Background: Global plastic production has increased exponentially since the 1960s, with more than 6300 million metric tons of plastic waste generated to date. Studies have found a range of human health outcomes 
associated with exposure to plastic chemicals. However, only a fraction of plastic chemicals used have been studied in vivo, and then often in animals, for acute toxicological effects. With many questions still unanswered 
about how long-term exposure to plastic impacts human health, there is an urgent need to map human in vivo research conducted to date, casting a broad net by searching terms for a comprehensive suite of plastic 
chemical exposures and the widest range of health domains. Methods: This protocol describes a scoping review that will follow the recommended framework outlined in the 2017 Guidance for the Conduct of Joanna 
Briggs Institute (JBI) Scoping Reviews, to be reported in accordance with Preferred Reporting Items for Systematic Reviews and Meta-Analyses extension for Scoping Reviews (PRISMA-ScR) Checklist. A literature search 
of primary clinical studies in English from 1960 onwards will be conducted in MEDLINE (Ovid) and EMBASE (Ovid) databases. References eligible for inclusion will be identified through a quality-controlled, multi-level 
screening process. Extracted data will be presented in diagrammatic and tabular form, with a narrative summary addressing the review questions. Discussion: This scoping review will comprehensively map the primary 
research undertaken to date on plastic exposure and human health. Secondary outputs will include extensive databases on plastic chemicals and human health outcomes/impacts.
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統合_2273 S. E. Goh, P. J. Kwong, C. L. Ng, W. J. Ng and K. 
Y. Ee 2022

Antioxidant-rich Clitoria ternatea L. 
flower and its benefits in improving 
murine reproductive performance

C. ternatea is often used as a natural food colouring besides improving the aesthetic value of foods. It contains various antioxidants and bioactive compounds, which exert many functions, such as counteracting oxidative 
stress, anti-proliferative and anti-inflammatory activities. This study evaluated the antioxidant activity of C. ternatea flower extract and its protective effect on bisphenol A (BPA)-induced oxidative injury in female murine 
reproductive system. DPPH free radical scavenging activity (EC50 12.47 +/- 2.96 mg/mL) and total phenolic content (4.59 +/- 0.09 mg GAE/g) of C. ternatea flower extract were determined. Then, Institute Cancer 
Research (ICR) dams were administered with BPA and/or C. ternatea extract for six weeks to study on uterine histomorphology, percentage of pregnancy and offspring development. It was found that the uterus weight to 
body weight ratio from dam co-administered with BPA and C. ternatea was lower than dam treated with BPA alone, although no histopathological effect was found. However, the percentage of pregnancy and litter size 
from C. ternatea-fed group were both higher compared to BPA-fed dam. In conclusion, C. ternatea extract showed high antioxidant activity and exert potential protective effects against BPA on the reproduction 
performance in terms of improving the percentage of pregnancy and litter size.
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M. Ghozal, M. Kadawathagedara, R. Delvert, A. 
Divaret-Chauveau, C. Raherison, R. Varraso, A. 
B?dard, A. Cr?pet, V. Sirot, M. A. Charles, K. 
Adel-Patient and B. de Lauzon-Guillain

2024

Prenatal dietary exposure to 
mixtures of chemicals is associated 
with allergy or respiratory diseases 
in children in the ELFE nationwide 
cohort

IntroductionPrenatal exposure to environmental chemicals may be associated with allergies later in life. We aimed to examine the association between prenatal dietary exposure to mixtures of chemicals and allergic or 
respiratory diseases up to age 5.5 y.MethodsWe included 11,638 mother-child pairs from the French "etude Longitudinale Francaise depuis l'Enfance" (ELFE) cohort. Maternal dietary exposure during pregnancy to eight 
mixtures of chemicals was previously assessed. Allergic and respiratory diseases (eczema, food allergy, wheezing and asthma) were reported by parents between birth and age 5.5 years. Associations were evaluated with 
adjusted logistic regressions. Results are expressed as odds ratio (OR[95%CI]) for a variation of one SD increase in mixture pattern.ResultsMaternal dietary exposure to a mixture composed mainly of trace elements, 
furans and polycyclic aromatic hydrocarbons (PAHs) was positively associated with the risk of eczema (1.10 [1.05; 1.15]), this association was consistent across sensitivity analyses. Dietary exposure to one mixture of 
pesticides was positively associated with the risk of food allergy (1.10 [1.02; 1.18]), whereas the exposure to another mixture of pesticides was positively but slightly related to the risk of wheezing (1.05 [1.01; 1.08]). This 
last association was not found in all sensitivity analyses. Dietary exposure to a mixture composed by perfluoroalkyl acids, PAHs and trace elements was negatively associated with the risk of asthma (0.89 [0.80; 0.99]), 
this association was consistent across sensitivity analyses, except the complete-case analysis.ConclusionWhereas few individual chemicals were related to the risk of allergic and respiratory diseases, some consistent 
associations were found between prenatal dietary exposure to some mixtures of chemicals and the risk of allergic or respiratory diseases. The positive association between trace elements, furans and PAHs and the risk 
of eczema, and that between pesticides mixtures and food allergy need to be confirmed in other studies. Conversely, the negative association between perfluoroalkyl acids, PAHs and trace elements and the risk of asthma 
need to be further explored.
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A. Gaylord, K. Kannan, M. Lakuleswaran, H. K. 
Zhu, A. Ghassabian, M. H. Jacobson, S. R. Long, 
H. X. Liu, Y. Afanasyeva, L. G. Kahn, B. Gu, M. 
L. Liu, S. S. Mehta-Lee, S. G. Brubaker and L. 
Trasande

2022

Variability and correlations of 
synthetic chemicals in urine from a 
New York City-based cohort of 
pregnant women

Fetal exposure to environmental chemicals has been associated with adverse health outcomes in children and later into adulthood. While several studies have examined correlations and variability of non-persistent 
chemical exposures throughout pregnancy, many do not capture more recent exposures, particularly in New York City. Our goal was to characterize exposure to phthalates, bisphenols, polycyclic aromatic hydrocarbons, 
and organo-phosphate pesticides among pregnant women residing in New York City who enrolled in the New York University Children's Health and Environment Study (NYU CHES) between 2016 and 2018. We measured 
urinary chemical metabolite concentrations in 671 women at early, mid, and late pregnancy (median 10.8, 20.8, and 29.3 weeks, respectively). We calculated Spearman correlation coefficients among chemical 
concentrations at each mea-surement time point. We compared changes in population-level urinary metabolites at each stage using paired Wilcoxon signed-rank tests and calculated intraclass correlation coefficients 
(ICCs) to quantify intra-individual variability of metabolites across pregnancy. Geometric means and ICCs were compared to nine other preg-nancy cohorts that recruited women in 2011 or later as well as nationally 
reported levels from women of child-bearing age. Compared with existing cohorts, women in NYU CHES had higher geometric means of organo-phosphate pesticides (Ediethylphosphates = 28.7 nmol/g cr, 
Edimethylphosphates = 57.3 nmol/g cr, Edialkyl phosphates = 95.9 nmol/g cr), bisphenol S (0.56 mu g/g cr), and 2-naphthalene (8.98 mu g/g cr). Five PAH me-tabolites and two phthalate metabolites increased between 
early to mid and early to late pregnancy at the population level. Spearman correlation coefficients for chemical metabolites were generally below 0.50. Intra-individual exposures varied over time, as indicated by low ICCs 
(0.22-0.88, median = 0.38). However, these ICCs were often higher than those observed in other pregnancy cohorts. These results provide a general overview of the chemical metabolites measured in NYU CHES in 
comparison to other contemporary pregnancy cohorts and highlight directions for future studies.

Environ Pollut. 2022 
Sep 15:309:119774.

10.1016/j.envpol.2022.119774 35841991 ヒト ⼀般毒性 - - - - - - コホート 1 1 - - - 1 1 1 - - - - - - - - - - - -

統合_2276 Y. G?lvez-Ontiveros, S. P?ez, C. Monteagudo 
and A. Rivas 2020

Endocrine Disruptors in Food: 
Impact on Gut Microbiota and 
Metabolic Diseases

Endocrine disruptors (EDCs) have been associated with the increased incidence of metabolic disorders. In this work, we conducted a systematic review of the literature in order to identify the current knowledge of the 
interactions between EDCs in food, the gut microbiota, and metabolic disorders in order to shed light on this complex triad. Exposure to EDCs induces a series of changes including microbial dysbiosis and the induction of 
xenobiotic pathways and associated genes, enzymes, and metabolites involved in EDC metabolism. The products and by-products released following the microbial metabolism of EDCs can be taken up by the host; 
therefore, changes in the composition of the microbiota and in the production of microbial metabolites could have a major impact on host metabolism and the development of diseases. The remediation of EDC-induced 
changes in the gut microbiota might represent an alternative course for the treatment and prevention of metabolic diseases.

NUTRIENTS Vol.12 
Issue 4

10.3390/nu12041158 32326280 ヒト - - - - - - - システマティックレビュー 1 1 - - - - - - - - - - - - - - - - - -

統合_2277 Y. P. Fu, W. Y. Chen, L. Q. Guo, Y. Q. Zhu, J. S. 
Yuan and Y. H. Liu 2022

The association between hearing 
threshold and urinary personal care 
and consumer product metabolites 
in middle-aged and elderly people 
from the USA

Endocrine disruptors have been reported to be associated with hearing ability. However, the association between personal care and consumer product chemicals, known as commonly detected endocrine disruptors, and 
age-related hearing loss still remains unclear. This study aimed to examine the association between exposure to 7 personal care and consumer product chemicals and hearing thresholds in middle-aged and elderly people. 
A nationally representative cross-sectional study was performed. Eight hundred forty-five adults aged over 45 from the National Health and Nutrition Examination Survey (NHANES) were included in this study. Bayesian 
kernel machine regression (BKMR) and the k-medoid cluster analysis were used to evaluate the mixture effect of exposure to 7 chemicals on pure-tone average (PTA). Exposure to these chemicals was negatively 
associated with PTA. 2,5-Dichlorophenol had the greatest contribution to the mixture effect. The mixture effect was stronger in women, elderly people. Four pooled clusters were identified according to 7 chemicals 
exposures. Cluster 4 (high TCS exposure) showed a lower HFPTA (P = 0.00258) than cluster 3 (the lowest exposure cluster, as a reference). Our study provides evidence that exposure to personal care and consumer 
product chemicals might be inversely associated with PTA. More studies are needed to fully understand the association of exposure to these chemicals with hearing threshold.

ENVIRONMENTAL 
SCIENCE AND 
POLLUTION 
RESEARCH Vol.29 Issue 
53 Pages 81076-81086

10.1007/s11356-022-21459-5 35731440 ヒト - - - - - - - 横断研究 1 1 - - - - - - - - - - - - - - - - - -

統合_2278
J. F. Fu, Y. Yao, Z. H. Huang, Z. H. Guo, X. X. 
Tang, X. L. Chen, X. J. Li, Y. M. Ge, B. J. Lu, Y. J. 
Sha and S. Y. Lu

2024

Gestational Exposure to Endocrine-
Disrupting Chemicals of Emerging 
Concern and the Risk of Developing 
Gestational Diabetes Mellitus: A 
Comprehensive Investigation of Sex-
Specific and Trimester-Specific 
Associations

Gestational diabetes mellitus (GDM) is a type of diabetes that arises during pregnancy, leading to long-term adverse consequences for maternal health and fetal development. However, the specific role of endocrine-
disrupting chemicals (EDCs) in the pathogenesis of GDM remains controversial. This prospective cohort study sought to investigate how coexposure to bisphenols, parabens, triclosan (TCS), benzophenone-type UV 
filters, and neonicotinoids (NEOs) affects the odds of GDM. Quantile-based g-computation and Bayesian kernel machine regression showed a significant inverse relationship between EDC mixtures and the reduced risk 
of GDM (OR = 0.34, 95% CI: 0.13-0.87), which was mainly explained by bisphenol (OR = 0.49, 95% CI: 0.29-0.80) and paraben (OR = 0.60, 95% CI: 0.40-0.91) exposure. Bisphenol S (BPS), bisphenol Z (BPZ), ethylparaben 
(EtP), propylparaben (PrP), and butylparaben (BuP) were identified as key contributors to the joint effect. In addition, subgroup analyses suggested that the bisphenols-GDM association was more pronounced in 
younger/normal-weight participants. The sex-specific impact of exposure to bisphenols on the development of GDM was observed, whereas the second trimester represented a critical window for EDC exposure. 
Continued research efforts, focusing on causal pathways and nonmonotonic relationships, will be crucial to elucidate the complex influence of EDC exposure on the development of GDM.

Environ Health (Wash). 
2024 Nov 22;3(3):271-
281.

10.1021/envhealth.4c00202 40144318 ヒト ⽣殖発⽣(妊娠糖尿病) - - - - - - コホート 1 1 - - - 1 1 1 - - - - - - - - - - - -

統合_2279 S. Fouyet, E. Olivier, P. Leproux, M. Dutot and P. 
Rat 2022

Pregnant Women and Endocrine 
Disruptors: Role of P2X7 Receptor 
and Mitochondrial Alterations in 
Placental Cell Disorders

In pregnant women, the lungs, skin and placenta are exposed daily to endocrine-disrupting chemicals (EDCs). EDCs induce multiple adverse effects, not only on endocrine organs, but also on non-endocrine organs, with 
the P2X7 cell death receptor being potentially the common key element. Our objective was first to investigate mechanisms of EDCs toxicity in both endocrine and non-endocrine cells through P2X7 receptor activation, and 
second, to compare the level of activation in lung, skin and placental cells. In addition, apoptosis in placental cells was studied because the placenta is the most exposed organ to EDCs and has essential endocrine 
functions. A total of nine EDCs were evaluated on three human cell models. We observed that the P2X7 receptor was not activated by EDCs in lung non-endocrine cells but was activated in skin and placenta cells, with 
the highest activation in placenta cells. P2X7 receptor activation and apoptosis are pathways shared by all tested EDCs in endocrine placental cells. P2X7 receptor activation along with apoptosis induction could be key 
elements in understanding endocrine placental and skin disorders induced by EDCs.

CELLS Vol.11 Issue 3 10.3390/cells11030495 35159304 in vitro - - - - - - - - - - 不明 0 5, 10, 20 µM - - - - - - - - - - - - - - -

統合_2280 Fazekas-Pongor V, Csáky-Szunyogh M, Fekete 
M, Mészáros Á, Cseh K, Pénzes M. 2021

Congenital heart diseases and 
parental occupational exposure in a 
Hungarian case-control study in 
1997 to 2002

The etiology of congenital heart diseases is not fully understood yet, however, endocrine disrupting chemicals may have a causative role in their development. The purpose of our study was to examine the association 
between congenital heart diseases and periconceptional parental occupational exposure to endocrine disrupting chemicals. In our Hungarian population-based case-control study, we examined 2263 live born cases with 
any congenital heart disease and 6789 matched controls selected between years 1997 to 2002. Occupational exposure was assessed with a job-exposure matrix developed for endocrine disrupting chemicals. Conditional 
multiple logistic regression analyses were performed to test associations between parental occupational exposure to endocrine disrupting chemicals and congenital heart diseases of the offspring as a whole and by 
congenital heart disease subtypes. The prevalence of exposure to endocrine disrupting chemicals was 4.5% for both case and control mothers and 19.1% and 19.4% for case and control fathers, respectively. We found a 
positive association between paternal pesticide (adjusted odds ratio = 1.66, 95% confidence interval: 1.03-2.69) and alkylphenolic compound exposure (adjusted odds ratio = 1.95, 95% confidence interval: 1.30-2.93) and 
the development of patent ductus arteriosus in the offspring. Alkylphenolic compound exposure occurred among painters, famers, and those working in the food service industry, while pesticide exposure occurred 
predominantly among farm workers. We identified that certain occupations may increase the occurrence of certain congenital heart disease phenotypes in the offspring. By paying closer attention to those working in these 
areas, antenatal detection rates of congenital heart diseases may be improved.

Congenit Anom (Kyoto). 
2021 Mar;61(2):55-62.

10.1111/cga.12401 33140474 ヒト ⼼⾎管 - - - - - - 症例対照 1 1 - - - 1 1 1 - - - - - - - - - - - -

統合_2281 N. Fazalyar, S. E. Pazarbasi, D. Dorucu, G. Sener 
and T. Tunali-Akbay 2024

The Effects of Panax ginseng on 
Serum Oxidative Stress Following 
Bisphenol A Exposure

Objective: Bisphenol A (BPA) is a toxic compound that causes oxidative stress by disrupting antioxidant enzymes and promoting tissue lipid peroxidation. This study aimed to examine the impacts of BPA on serum oxidative 
stress in rats and to detect the antioxidant feature of Panax ginseng (PxG) in reducing BPA-induced oxidative stress. Materials and Methods: Wistar Albino rats (250-300 g) were divided into control, control + PxG, BPA, 
and BPA + PxG groups. 50 mg/kg BPA and 100 mg/g PxG were given for six weeks. Serum total antioxidant and oxidant status, lipid peroxidation, and glutathione levels were determined. Results: BPA administration 
increased total oxidant status and lipid peroxidation, while PxG administration to the BPA group decreased these parameters. PxG also increased total antioxidant status and glutathione levels compared to the BPA group. 
Conclusion: BPA was seen to cause an increase in oxidative parameters and PxG administration to restore the oxidative stress that was generated after BPA exposure, suggesting that this may help to prevent the adverse 
effects caused by BPA exposure.

EXPERIMED Vol.14 
Issue 2 Pages 68-72

10.26650/experimed.1443398 - 動物 - 1 1 1 1 0 50 mg/kg BPA - - - - - - - - - - - - - - - - - - - - -

統合_2282
F. Fa?s, P. Palazzi, E. M. Hardy, C. Schaeffer, C. 
Phillipat, E. Zeimet, M. Vaillant, C. Beausoleil, C. 
Rousselle, R. Slama and B. M. R. Appenzeller

2020

Is there an optimal sampling time 
and number of samples for 
assessing exposure to fast 
elimination endocrine disruptors 
with urinary biomarkers?

In studies investigating the effects of endocrine disruptors (ED) such as phthalates, bisphenols and some pesticides on human health, exposure is usually characterizedwith urinary metabolites. The variability of 
biomarkers concentration, due to rapid elimination from the body combined with frequent exposure is however pointed out as a major limitation to exposure assessment. This study was conducted to assess variability of 
urinary metabolites of ED, and to investigate how sampling time and number of samples analyzed impacts exposure assessment. Urine samples were collected over 6 months from 16 volunteers according to a random 
sampling design, and analyzed for 16 phthalate metabolites, 9 pesticide metabolites and 4 bisphenols. The amount of biomarkers excreted in urine at different times of the day were compared. In parallel, 2 algorithms were 
developed to investigate the effect of the number of urine samples analyzed per subject on exposure assessment reliability. In the 805 urine samples collected from the participants, all the biomarkers tested were 
detected, and 18 were present in >90% of the samples. Biomarkers variability was highlighted by the low intraclass correlation coefficients (ICC) ranging from 0.09 to 0.51. Comparing the amount of biomarkers excreted 
in urine at different time did not allow to identify a preferred moment for urine collection between first day urine, morning, afternoon and evening. Algorithms demonstrated that between 10 (for monobenzyl (MBzP) 
phthalate) and 31 (for bisphenol S) samples were necessary to correctly classify 87.5% of the subjects into quartiles according to their level of exposure. The results illustrate the high variability of urinary biomarkers of 
ED over time and the impossibility to reliably classify subjects based on a single urine sample (or a limited number). Results showed that classifying individuals based on urinary biomarkers requires several samples per 
subject, and this number is highly different for different biomarkers. (C) 2020 Elsevier B.V. All rights reserved.

SCIENCE OF THE 
TOTAL ENVIRONMENT 
Vol.747

10.1016/j.scitotenv.2020.141185 32771784 ヒト - - - - - - - バイオモニタリング 1 1 - - - - - - - - - - - - - - - - - -

統合_2283 F. F?ys, E. M. Hardy, P. Palazzi, S. Haan, C. 
Beausoleil and B. M. R. Appenzeller 2021

Biomonitoring of fast-elimination 
endocrine disruptors-Results from a 
6-month follow up on human 
volunteers with repeated urine and 
hair collection

Background: The assessment of human exposure to fast-elimination endocrine disruptors (ED) such as phthalates, bisphenols or pesticides is usually based on urinary biomarkers. The variability of biomarkers concen-
tration, due to rapid elimination from the body combined with frequent exposure is however pointed out as a major limitation to exposure assessment. Other matrices such as hair, less sensitive to short-term variations in 
the exposure, have been proposed as possible alternatives. Nevertheless, no study compared the information ob-tained from hair and urine respectively ina follow-up allowing to assess biomarkers variability over time in 
these two matrices, and to compare the correlation between them. Methods: In the present study, hair and urine samples were collected from 16 volunteers over a 6 months follow-up. All in all, 92 hair samples and 805 
urines samples were collected and analyzed for the presence of 16 phthal-ate metabolites, 4 bisphenols and 8 pesticides/metabolites. Results: All the biomarkers analyzed were detected in at least one of the two 
matrices. 21 biomarkers were more frequently detected in hair, 6 in urine, and 1 was equivalent. Biomarkers intraclass correlation coefficients (ICC) ranged from 0.1 to 0.8 (ten above 0.4) in hair, and from 0.09 to 0.51 in 
urine (two above 0.4). The concentrations of biomarkers in hair and urine were significantly correlated for only one compound. Conclusion: This study highlights the complexity of assessing exposure to fast-elimination ED 
and suggests considering with caution the specificity of the matrix in data interpretation. The results document the respective advantages and limitations of urine and hair, and provide new insight in the understanding of 
the information provided by these biological matrices and their relevance for the assessment of human exposure to fast elimination contaminants. Capsule: 92 hair and 805 urine samples collected from 16 volunteers over 
6 months, tested for phthalate metabolites, bisphenols and pesticides. 19 biomarkers (in hair) and 24 (in urine) were detected in >50% of the samples. (c) 2021 The Authors. Published by Elsevier B.V. This is an open 
access article under the CC BY-NC-ND license (http:// creativecommons.org/licenses/by-nc-nd/4.0/).

SCIENCE OF THE 
TOTAL ENVIRONMENT 
Vol.778

10.1016/j.scitotenv.2021.146330 34030378 ヒト - - - - - - - バイオモニタリング 1 1 - - - - - - - - - - - - - - - - - -
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統合_2284 M. H. Fathelbab, E. M. Omar, N. S. El-Sayed, M. 
A. S. Ahmed, N. A. H. Soliman and R. Said 2025

Study of the interaction of bisphenol 
A with the expression of P16, 
interleukin-6, apelin and PPAR 
gamma genes in patients with type 
2 diabetes mellitus

Background Endocrine-disrupting chemicals have currently drawn attention to causing metabolic aberrations to obesity, insulin resistance and type 2 diabetes mellitus (T2DM). The present study aimed to study serum 
bisphenol-A, relative expressions of P16, interleukin-6, apelin, and peroxisome proliferator-activated receptor gamma (PPAR-gamma) messenger ribonucleic acids and determine their association with glycemic control in 
T2DM patients. Methods A case-control study included 80 T2DM patients in addition to 80 controls. Serum bisphenol-A was measured by enzyme-linked immunosorbent assay technique. Relative quantification of P16, 
interleukin-6, apelin, and PPAR-gamma were measured by real-time polymerase chain reaction. Results Serum bisphenol-A in patients with diabetes was significantly higher compared to controls (mean 94.10 +/- 55.46, 
57.03 +/- 24.98, respectively, p < 0.001) and had a significant positive correlation with glycemic parameters. There was a significant increase in relative expression of p16 (mean 10.06 +/- 25.79, 1.40 +/- 0.98, p < 0.001) 
and interleukin-6 in diabetic patients compared to controls (mean 6.68 +/- 9.48, 1.45 +/- 1.18, p < 0.001). There was a significant decrease in relative expressions of apelin and PPAR-gamma in diabetic patients 
compared to controls (p < 0.001), and BPA was positively correlated to p16 (r = 0.252, p = 0.001) and negatively correlated with apelin (r = -0.180, p = 0.022). Conclusions Elevated serum bisphenol-A in T2DM patients 
correlates with poor glycemic control, increased inflammation (IL-6), cellular senescence (p16), and metabolic dysregulation (apelin, PPAR-gamma). These findings highlight BPA as a modifiable risk factor and potential 
biomarker for diabetes progression.

EGYPTIAN JOURNAL 
OF INTERNAL 
MEDICINE Vol.37 Issue 
1

10.1186/s43162-025-00495-w - ヒト 代謝 - - - - - - 横断研究 1 1 - - - 1 1 1 - - - - - - - - - - - -

統合_2285 H. D. Nguyen, H. Oh and M. S. Kim 2022

The effects of chemical mixtures on 
lipid profiles in the Korean adult 
population: threshold and molecular 
mechanisms for dyslipidemia 
involved

A scarcity of research assesses the effects of exposure to a combination of chemicals on lipid profiles as well as molecular mechanisms related to dyslipidemia. A cross-sectional study of 3692 adults aims to identify the 
association between chemical mixtures, including blood and urine 26 chemicals, and lipid profiles among Korean adults (aged >= 18) using linear regression models, weighted quantile sum (WQS) regression, quantile g-
computation (qgcomp), and Bayesian kernel machine regression (BKMR). In silico toxicogenomic data-mining, we assessed molecular mechanisms linked with dyslipidemia, including genes, miRNAs, pathways, biological 
processes, and diseases. In the linear regression models, heavy metals, volatile organic compound metabolites, and phthalate metabolites were found to be related to HDL-C, triglycerides, LDL-C, total lipids, and total 
cholesterol, and significant trends were observed for these chemical quartiles (p < 0.01). The WQS index was significantly linked with HDL-C, triglycerides, LDL-C, total cholesterol, and total lipids. The qgcomp index 
also found a significant association between chemicals and HDL-C, triglycerides, and total lipids. In BKMR analysis, the overall effect of the chemical mixture was significantly associated with HDL-C, triglycerides, total 
cholesterol, and total lipids. We found that mixed chemicals interacted with the PPARA gene and were linked with dyslipidemia. Several pathways ("SREBF and miR33 in cholesterol," "estrogen receptor pathway and lipid 
homeostasis," and "regulation of PGC-1 alpha"), "negative regulation of hepatocyte apoptotic process," "negative regulation of sequestering of triglycerides," "regulation of hepatocyte apoptotic process," and "negative 
regulation of cholesterol storage," and "abdominal obesity metabolic syndrome" were identified as key molecular mechanisms that may be affected by mixed chemicals and implicated in the development of dyslipidemia. 
The highest interaction and expression of miRNAs involved in the process of dyslipidemia were also described. Especially, the cutoff levels for chemical exposure levels related to lipid profiles were also provided.

ENVIRONMENTAL 
SCIENCE AND 
POLLUTION 
RESEARCH Vol.29 Issue 
26 Pages 39182-39208

10.1007/s11356-022-18871-2 35099691 ヒト - - - - - - - 横断研究 1 1 - - - - - - - - - - - - - - - - - -

統合_2286 C. Ng, G. Tan, Y. Y. Yow, M. Gupta and P. 
Kwong 2021

Gracilaria changii (Rhodophyta) 
alleviates bisphenol A-induced 
adverse reproductive abnormalities 
in mice

Objective: To evaluate the potential of Gracilaria changii extract in ameliorating the potential adverse effects of bisphenol A. Methods: The antioxidant capacity of Gracilaria changii extracted using different solvents 
(methanol, ethanol, and aqueous) was studied. The mice were administered by oral gavage with bisphenol A (60 mg/kg body weight) for 6 weeks with or without Gracilaria changii aqueous extract. Thereafter, the mice 
were either euthanized for histology and immunohistochemistry studies or mated to evaluate the pregnancy rate. Results: Gracilaria changii aqueous extract showed the highest antioxidant properties compared with 
extract using methanol and ethanol. The aqueous extract of Gracilaria changii improved the uterus index and uterine lipid peroxidation after bisphenol A exposure, although the uterine expressions of estrogen receptors 
and complement C3 were not improved. Histological evaluation of the uterus during the estrus stage has revealed that the extract could mitigate bisphenol A-induced adverse effects in the uterus as there was a lower 
percentage of mice showing abnormalities like decreased eosin staining in the myometrium, and decrease in the number of eosinophil and endometrial glands in the endometrium. Besides, Gracilaria changii aqueous 
extract improved the pregnancy rate of mice administered with bisphenol A. Conclusions: Gracilaria changii extract protects against bisphenol A-induced female reproductive abnormalities in mice which may be mediated 
via modulation of eosinophil migration, endometrial gland formation, and protein expressions associated with prostaglandins in the myometrium.

ASIAN PACIFIC 
JOURNAL OF 
TROPICAL MEDICINE 
Vol.14 Issue 1 Pages 
34-43

10.4103/1995-7645.304299 - 動物 - 1 1 1 ICR 0 60 mg/kg - - - - - - - - - - - - - - - - - - - - -

統合_2287 M. Nehru, P. Subramaniam, M. S. Jancy, P. 
Durairaj, J. S. Kumar and V. Prabhu 2024

Impact of bisphenol a on the levels 
of vascular calcification biomarkers 
in type 2 diabetes mellitus with 
vascular complications: A case-
control study

Bisphenol A (BPA) is an endocrine disruptor present in polycarbonate plastics used in food containers and water bottles that resists insulin action and leads to type 2 diabetes mellitus (T2DM). However, there is scant 
research on the impact of BPA on T2DM-related vascular complications. Fetuin-A (FTA) and osteoprotegerin (OPG) are crucial markers for vascular calcification, which is the primary risk factor for developing vascular 
complications. This study aims to link external factor BPA levels with the vascular calcification markers FTA and OPG in diabetic subjects with and without vascular complications. Therefore, 120 study subjects were 
included and divided as control (n 1/4 30), T2DM with cardiovascular diseases (CVD) (n 1/4 30), T2DM with diabetic nephropathy (DN) (n 1/4 30), and T2DM without vascular complications (n 1/4 30). Serum and urinary 
FTA, OPG, and BPA levels were measured using an ELISA. FTA (AHSG) and OPG (TNFRSF11B) gene expression were analyzed using qPCR. Both serum (p < 0.001) and urinary BPA (p < 0.001) were found higher in T2DM 
with CVD and DN than T2DM without vascular complications and control. Also, T2DM with CVD and DN patients had lower serum and urinary FTA protein levels and increased serum and urinary OPG (p < 0.001) levels 
than T2DM without vascular complications and control. Moreover, FTA (AHSG) gene expression was negatively associated with serum BPA (p < 0.001) and urinary BPA (p < 0.01). Likewise, OPG (TNFRSF11B) gene 
expression was positively significant with serum BPA (p < 0.001) and urinary BPA (p < 0.01) in the study groups. These findings suggest that elevated blood and urinary BPA levels contribute to the severity of vascular 
complications in T2DM patients through vascular calcification. (c) 2024 The Authors. Publishing services by Elsevier B.V. on behalf of KeAi Communications Co. Ltd. This is an open access article under the CC BY -NC -
ND license (http://creativecommons.org/licenses/by-nc-nd/ 4.0/).

EMERGING 
CONTAMINANTS 
Vol.10 Issue 4

10.1016/j.emcon.2024.100342 - ヒト 代謝 - - - - - - 横断研究 1 1 - - - 1 1 1 - - - - - - - - - - - -

統合_2288 F. Nawaz, Asmatullah and C. Ara 2021

ASSESSMENT OF DELETERIOUS 
EFFECTS OF BISPHENOL A (BPA) 
ON STEROIDOGENESIS, SPERM 
COUNT, AND SPERMATOGENESIS 
IN A MAMMALIAN MODEL

The current study was designed to demonstrate spermatotoxicity of Bisphenol A (BPA) in adult albino male mice, 40 adult albino mice (8 weeks old; weighing 25 +/- 5 gm) were randomly categorized into four groups 
following Completely Randomized Design i.e., G-I (Untreated) G-IV (Vehicle control) G-II (600mg/Kg of B.W) and G-III (300mg/Kg of B.W) respectively. Experimental groups (G-II & G-III) were administered with desired 
BPA doses (600mg/Kg & 300mg/Kg of B.W) for four weeks routinely through oral gavage, meanwhile, G-I was not given any treatment and G-IV was given soya bean oil. Mice were dissected the next day of the last 
treatment under deep anesthesia for the collection of blood and testis tissues for further analyses. Microscopic and micrometric examinations showed that BPA had reduced the body as well as testes weight as 
compared to control. It was also revealed by the biochemical analysis that testosterone hormone level was lowered significantly in BPA exposed groups, which resulted in decreased sperm cell count against control. It 
severely damaged the seminiferous tubules and interstitial cells. Histological observations showed deformations like Leydig cell apoptosis, oligospermia, tubular destructions in BPA exposed HE stained testis sections. 
The parameters i.e., body and testes weights, testosterone level, sperm count cells, and Johnson scoring had been found significantly (P <= 0.05) altered after BPA intoxication. Numerical data were analyzed statistically 
via analysis of variance (ANOVA) by using software SPSS (Statistical Program for Social Sciences, version 20) followed by Tukey test to see differences among groups. These results revealed that BPA is a reproductive 
toxicant in mice.

JOURNAL OF ANIMAL 
AND PLANT 
SCIENCES-JAPS Vol.31 
Issue 6 Pages 1568-
1574

10.36899/JAPS.2021.6.0360 - 動物 - 1 1 1 1 0 300, 600 mg/kg - - - - - - - - - - - - - - - - - - - - -

統合_2289 P. Z. Najafi, M. Ashrafizadeh, T. Farkhondeh, L. 
Peivasteh-Roudsari and S. Samarghandian 2019

The protective effect of Zataria 
Multiflora on the embryotoxicity 
induced by bisphenol A in the brain 
of chicken embryos

Bisphenol A (BPA), is one of the main industrial chemicals synthesized for various purposes. In the present study, the brain tissue of chicken embryos was used to evaluate the embryotoxic effects of BPA and also the 
preventive effects of Zataria multiflora. To that end, fertile eggs were categorized into four groups (n=10). The eggs air sacs of the experimental groups were injected BPA (200 ppm) after four days.. The Zataria multiflora 
(100 and 200 mu g/egg) was administered into chick embryos 6 hours prior to administration of BPA. The control group simply was treated with olive oil. The eggs were incubated at 37 degrees C and a humidity of 63%. 
After 20 days, the embryos were beheaded and the brains were gathered for biochemical measurements. The findings indicated that Zataria multiflora (200 mu g/egg) significantly reversed the increased levels of MDA 
(p<0.05) and protein (p<0.001) in the brain of BPA-exposed group and also the decreased levels of total antioxidant and GSH as well as the CAT and SOD activities in the brain of BPA-exposed group. Zataria multiflora 
reversed the toxic effects of BPA on the embryonic development stages of the brain via modulating oxidative stress.

BIOINTERFACE 
RESEARCH IN APPLIED 
CHEMISTRY Vol.9 Issue 
5 Pages 4239-4242

10.33263/BRIAC95.239242 - in vitro - - - - - - - - - - 1 0 不明 1 - - - - - - - - - - - - - -

統合_2290 E. M. Moustafa, S. I. Ibrahim and F. A. F. Salem 2021

Methylsulfonylmethane inhibits lung 
fibrosis progression, inflammatory 
response, and epithelial-
mesenchymal transition via the 
transforming growth factor-Β
1/SMAD2/3 pathway in rats 
exposed to both γ-radiation and 
Bisphenol-A

Exposure to pollution is life-threatening, which may increase idiopathic pulmonary fibrosis progression. The current study aimed to explore the effect of methylsulfonyl methane as an anti-fibrotic agent against 
transforming growth factor-beta 1 (TGF-beta 1)/SMAD/Snail signaling-induced epithelial-mesenchymal transition factors imbalance in rats exposed to gamma-radiation, and/or Bisphenol-A. Exposure to gamma-
radiation, and/or Bisphenol-A has triggered lung fibrosis accompanied by biochemical alterations confirmed by histopathological examination. MSM treatment has decreased neutrophil and lymphocytes percentage, 
protein accumulation, lactate dehydrogenase, and myeloperoxidase activities in the bronchoalveolar lavage fluid. Furthermore, methylsulfonylmethane ameliorated the inflammatory cytokines including tumor necrosis 
factor-alpha, interleukine-6, and TGF-beta as well as attenuated the expressions of epithelial-mesenchymal transition related cell markers vimentin, Snail1, Slug, Twist1, alpha-SMA mRNA, and type 1 collagen were 
inhibited, while E-Cadherin expression was restored in the lung tissues. Phosphorylation of Smad 2/3 induced by exposure to gamma-radiation, and/or Bisphenol-A was significantly inhibited by methylsulfonylmethane. 
Collectively, these findings reveal that methylsulfonylmethane exerts a potential anti-inflammatory and anti-fibrotic activity which could make it a potential therapeutic agent against IPF.

TOXIN REVIEWS Vol.40 
Issue 4 Pages 1431-
1440

10.1080/15569543.2020.1728337 - 動物 肺 1 0 単独あり SD rat 0 500 mg/kg/3 days/week:0 - - - - - - 1 1 - 1 - - - - - - - - - - -

統合_2291 R. Moreno-G?mez-Toledano, M. Arenas, E. 
V?lez-V?lez and R. J. Bosch 2022

New evidence for a role of Bisphenol 
A in cell integrity. Implications in the 
human population

Bisphenol A (BPA) is a xenoestrogen known for its implications for the endocrine systems and several other organs, including the kidneys. Recent renal studies have shown that BPA can induce alterations of the 
cytoskeleton and cell adhesion mechanisms such as a podocytopathy with proteinuria and hypertension, alterations involved in the progression of renal diseases. These data and the fact that BPA is known to be present 
in the urine of almost the entire population strongly suggest the critical need to reevaluate BPA exposures considered safe.

BIOCELL Vol.46 Issue 2 
Pages 305-308

10.32604/biocell.2022.017894 - ヒト - - - - - - - レビュー 1 1 - - - - - - - - - - - - - - - - - -

統合_2292

P. Montazeri, N. Gueil-Oumrait, S. Marquez, L. 
Cirugeda, A. Beneito, M. Guxens, A. Lertxundi, 
M. J. Lopez-Espinosa, L. Santa-Marina, J. 
Sunyer, M. Casas and M. Vrijheid

2023

Prenatal Exposure to Multiple 
Endocrine-Disrupting Chemicals and 
Childhood BMI Trajectories in the 
INMA Cohort Study

BACKGROUND: Prenatal exposure to endocrine-disrupting chemicals (EDCs) may disrupt normal fetal and postnatal growth. Studies have mainly focused on individual aspects of growth at specific time points using 
single chemical exposure models. However, humans are exposed to multiple EDCs simultaneously, and growth is a dynamic process. OBJECTIVE: The objective of this study was to evaluate the associations between 
prenatal exposure to EDCs and children's body mass index (BMI) growth trajectories using single exposure and mixture modeling approaches. METHODS: Using data from the INfancia y Medio Ambiente (INMA) Spanish 
birth cohort (n = 1,911), prenatal exposure to persistent chemicals [hexachlorobenzene (HCB), 4-40-dichlorodiphenyldichloroethylene (DDE), polychlorinated biphenyls (PCB-138, -150, and -180), 4 perfluoroalkyl 
substances (PFAS)] and nonpersistent chemicals (8 phthalate metabolites, 7 phenols) was assessed using blood and spot urine concentrations. BMI growth trajectories were calculated from birth to 9 years of age using 
latent class growth analysis. Multinomial regression was used to assess associations for single exposures, and Bayesian weighted quantile sum (BWQS) regression was used to evaluate the EDC mixture's association 
with child growth trajectories. RESULTS: In single exposure models exposure to HCB, DDE, PCBs, and perfluorononanoic acid (PFNA) were associated with increased risk of belonging to a trajectory of lower birth size 
followed by accelerated BMI gain by 19%-32%, compared with a trajectory of average birth size and subsequent slower BMI gain [e.g., relative risk ratio (RRR) per doubling in DDE concentration = 1.19 (95% CI: 1.05, 1.35); 
RRR for PFNA =1.32 (95% CI: 1.05, 1.66)]. HCB and DDE exposure were also associated with higher probability of belonging to a trajectory of higher birth size and accelerated BMI gain. Results from the BWQS regression 
showed the mixture was positively associated with increased odds of belonging to a BMI trajectory of lower birth size and accelerated BMI gain (odds ratio per 1-quantile increase of the mixture = 1.70; credible interval: 
1.03, 2.61), with HCB, DDE, DISCUSSION: This study provides evidence that prenatal EDC exposure, particularly persistent EDCs, may lead to BMI trajectories in childhood characterized by accelerated BMI gain. Given 
that accelerated growth is linked to a higher disease risk in later life, continued research is important.

Environ Health 
Perspect. 2023 
Oct;131(10):107006.

10.1289/EHP11103 37850789 ヒト 代謝 - - - - - - コホート 1 1 - - - 1 1 1 - - - - - - - - - - - -

統合_2293
T. B. Menanzambi, P. Dufour, C. Pirard, J. 
Nsangu, J. P. Mufusama, J. M. Kindenge, R. M. 
Djang'eing'a and C. Charlier

2021

Bio-surveillance of environmental 
pollutants in the population of 
Kinshasa, Democratic Republic of 
Congo (DRC): a small pilot study

Background Environmental pollutants are known to be ubiquitous and may present toxic effects (endocrine-disruption properties, carcinogenicity horizontal ellipsis ) and represent a real threat to human health. The aim of 
the present pilot study was to assess the content of environmental pollutants (inorganic, persistent, and non-persistent pollutants) in biological samples (urine, serum, and whole blood), collected from volunteers in 
Kinshasa, capital of Democratic Republic of Congo, in order to identify pollutants of interest and to design a protocol for a larger scale study. Methods From randomly selected 15 volunteers living in Kinshasa, aged from 
25 to 66 years, (mean age = 43.4 years), including 10 men and 5 women, urine, whole blood, and serum samples were used in this study to estimate the contents in these environmental pollutants, using inductively coupled 
plasma mass spectrometry, gas chromatography coupled to mass spectrometry, and liquid chromatography coupled to mass spectrometry. Results When compared to data nationally and internationally available, the 
preliminary outcomes of this study indicated a very high level of exposure to environmental pollutants in the population of Kinshasa, especially for heavy metals, parabens and triclosan. To a lesser extent, contamination 
measured for glyphosate, phthalates, organochlorine pesticides, pyrethroids and dialkylphosphate pesticides was also significant. In contrast, the investigated population of Kinshasa was found to be weakly exposed to 
other persistent organic pollutants like polychlorinated biphenyls, brominated flame retardants, phenolic organohalogens, and perfluoroalkyl substances. Conclusion Although the biologic fluids were collected from a 
limited number of volunteers (n = 15), the results of the present report clearly indicate that the population of Kinshasa is not spared by the investigated environmental pollutants. Moreover, this study gives us important 
information to design a larger scale study protocol.

ARCHIVES OF PUBLIC 
HEALTH Vol.79 Issue 1

10.1186/s13690-021-00717-x 34782023 ヒト - - - - - - - バイオモニタリング 1 1 - - - - - - - - - - - - - - - - - -

統合_2294 M. I. Mena, A. Lopez-Moro and M. Mariscal-
Arcas 2025

Exposure to bisphenols and their 
relation to diabetes mellitus: a 
systematic review

Background: Bisphenols (BPs), such as BPA, BPS, BPF, and BPAF, are endocrine disruptors associated with metabolic disorders like diabetes mellitus (DM). This study reviews high-caliber research to evaluate BP 
exposure's potential link to DM, examining mechanisms, patterns, and demographic differences to inform public health policies. Methods: Following PRISMA guidelines, studies were sourced from PubMed and Web of 
Science. Recent human research on bisphenol exposure and diabetes was included, excluding animal and in vitro studies. Risk of bias was assessed using the Cochrane tool, and three reviewers selected articles. Ethical 
approval was not required as secondary data were analyzed. Results: A total of 277 references were retrieved. After removing 55 duplicates, 126 for not meeting criteria, and 76 for irrelevance, 20 studies were selected. 
The study finds a moderate link between bisphenol exposure and diabetes, stronger in pregnant and obese individuals. Limitations include study design, biomarker variability, and small sample sizes. Conclusion: This 
study suggests a potential link between bisphenol exposure and diabetes risk, particularly in obese individuals. Factors like sex, age, and family history may also play a role. However, inconsistencies highlight the need for 
more rigorous research with standardized methods and better biomarker assessments to confirm these findings.

JOURNAL OF 
ENVIRONMENTAL 
EXPOSURE 
ASSESSMENT Vol.4 
Issue 2

10.20517/jeea.2025.03 - ヒト - - - - - - - システマティックレビュー 1 1 - - - - - - - - - - - - - - - - - -

統合_2295 M. M. M. Melough, M. V. J. Maffini, J. J. Otten 
and S. Sathyanarayana 2022

Diet quality and exposure to 
endocrine-disrupting chemicals 
among US adults

Human exposure to endocrine-disrupting chemicals (EDCs) may increase risk for chronic disease. Diet is a sig-nificant source of EDC exposure, yet healthy diets recommended for chronic disease prevention have not 
been thoroughly examined for associations with EDC exposure. Using data from the National Health and Nutrition Examination Survey 2013-2016, we examined associations of dietary patterns with exposure to non-
persistent EDCs potentially consumed through diet. EDCs were measured in spot urine samples. Diet was assessed using 24-h recalls. Multivariable linear regression was used to examine associations of three healthy 
diet scores [Healthy Eating Index (HEI), relative Mediterranean Diet (rMED), and Dietary Approaches to Stop Hypertension] and fast-food consumption with EDCs. In fully adjusted models, no diet was associated with 
exposure to the bisphenols, phthalates, or polycyclic aromatic hydrocarbons examined. A 1-point increase in rMED (of 18 possible points) was associated with 2.7% (95% CI: 1.7%, 3.8%) greater urinary nitrate. A 10-point 
increase in HEI (of 100 possible points) was associated with 5.3% (95% CI: 2.8%, 7.9%) greater nitrate and 6.8% (95% CI: 4.5%, 9.2%) greater perchlorate. Because perchlorate and nitrate can disrupt thyroid hormone 
production, we conducted an exploratory analysis to examine whether these chemicals mediate an association between diet and thyroid hormones. A 10-point increase in HEI was associated with 0.6% reduced serum 
total thyroxine (95% CI: 1.7%, 0.5%) among all adults, with 57.5% of the effect explained by perchlorate. Nitrate mediated an association of rMED with modestly reduced total triiodothyronine among females. Most EDCs 
examined had no association with the diets evaluated, indicating that recommended healthy diets were not protective against EDC exposures. As observed with two thyroid antagonists, some recommended diets may 
increase EDC exposures and related adverse health outcomes. Additional work should identify effective food production and processing practices to reduce dietary exposures to potentially harmful EDCs.

ENVIRONMENTAL 
RESEARCH Vol.211

10.1016/j.envres.2022.113049 35240113 ヒト - - - - - - - 横断研究 1 1 - - - - - - - - - - - - - - - - - -

統合_2296 J. Marchiandi, S. Dagnino, D. Zander-Fox, M. P. 
Green and B. O. Clarke 2024

Characterization of Chemical 
Exposome in A Paired Human 
Preconception Pilot Study

Parental preconception exposure to synthetic chemicals may have critical influences on fertility and reproduction. Here, we present a robust LC-MS/MS method covering up to 95 diverse xenobiotics in human urine, 
serum, seminal and follicular fluids to support exposome-wide assessment in reproductive health outcomes. Extraction recoveries of validated analytes ranged from 62% to 137% and limits of quantification from 0.01 to 
6.0 ng/mL in all biofluids. We applied the validated method to a preconception cohort of Australian couples (n = 30) receiving fertility treatment. In total, 36 and 38 xenobiotics were detected across the paired biofluids of 
males and females, respectively, including PFAS, parabens, organic UV-filters, plastic additives, antimicrobials, and other industrial chemicals. Results showed 39% of analytes in males and 37% in females were equally 
detected in paired serum, urine, and reproductive fluids. The first detection of the sunscreen ingredient avobenzone and the industrial chemical 4-nitrophenol in follicular and seminal fluids suggests it can cross both 
blood-follicle/testis barriers, indicating potential risks for fertility. Further, the blood-follicle transfer of perfluorobutanoic acid, PFOA, PFHxS, PFOS, and oxybenzone corroborate that serum concentrations can be reliable 
proxies for assessing exposure within the ovarian microenvironment. In conclusion, we observed significant preconception exposure to multiple endocrine disruptors in couples and identified potential xenobiotics relevant 
to male and female fertility impairments.

Environ Sci Technol. 
2024 Nov 
19;58(46):20352-20365.

10.1021/acs.est.4c04356 39508786 ヒト ⽣殖発⽣ - - - - - - コホート 1 1 - - - 1 1 1 - - - - - - - - - - - -
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統合_2297

J. Manjourides, E. Zimmerman, D. J. Watkins, T. 
Carpenito, C. M. V?lez-Vega, G. Huerta-
Monta?ez, Z. Rosario, I. Ayala, C. Vergara, Z. 
Feric, M. Ondras, H. H. Suh, A. Z. Gu, P. Brown, 
J. F. Cordero, J. D. Meeker and A. Alshawabkeh

2020
Cohort profile: Center for Research 
on Early Childhood Exposure and 
Development in Puerto Rico

Purpose Puerto Rican children experience high rates of asthma and obesity. Further, infants born in Puerto Rico are more at risk for being born prematurely compared with infants on the mainland USA. Environmental 
exposures from multiple sources during critical periods of child development, potentially modified by psychosocial factors, may contribute to these adverse health outcomes. To date, most studies investigating the health 
effects of environmental factors on infant and child health have focused on single or individual exposures. Participants Infants currently in gestation whose mother is enrolled in Puerto Rico Testsite for Exploring 
Contamination Threats (PROTECT) cohort, and infants and children already born to mothers who participated in the PROTECT study. Findings to date Data collection and processing remains ongoing. Demographic data 
have been collected on 437 mother-child pairs. Birth outcomes are available for 420 infants, neurodevelopmental outcomes have been collected on 319 children. Concentrations of parabens and phenols in maternal spot 
urine samples have been measured from 386 mothers. Center for Research on Early Childhood Exposure and Development mothers have significantly higher urinary concentrations of dichlorophenols, triclosan and 
triclocarban, but lower levels of several parabens compared with reference values from a similar population drawn from the National Health and Nutrition Examination Survey. Future plans Data will continue to be 
collected through recruitment of new births with a target of 600 children. Seven scheduled follow-up visits with existing and new participants are planned. Further, our research team continues to work with healthcare 
providers, paediatricians and early intervention providers to support parent's ability to access early intervention services for participants.

BMJ Open. 2020 Jul 
19;10(7):e036389.

10.1136/bmjopen-2019-036389 32690520 ヒト 発達神経 - - - - - - Cohort profile 1 1 - - - 1 1 1 - - - - - - - - - - - -

統合_2298 M. Maniradhan, N. Sivagurunathan, V. S. Anbiah 
and L. Calivarathan 2024

In utero and lactational bisphenol A 
exposure alters testicular function in 
adult Wistar rats

Objective Bisphenol A (BPA) is widely used as a plasticizer, and its potential toxicity has been a public concern due to its mimicking effects of estrogen. However, in utero and lactational exposure to BPA during the 
critical stage of development of the male reproductive system and its effect on the adult offspring's testicular functions remain unclear. In the current study, we sought to investigate the impact of in utero and lactational 
exposure to BPA on the testicular functions of adult rats. Methods Adult female Wistar rats were administered BPA orally at 50 mg/ kg body weight daily from gestational day one until weaning the pups. Results In utero 
and lactational exposure to BPA alters testicular architecture, as evidenced by the disintegration of the basement membrane of the seminiferous tubules and reduced number of spermatogenic cells, increased noncellular 
space in the interstitial tubules. The activity of steroidogenic enzymes such as 3 beta- and 17 beta-hydroxysteroid dehydrogenases decreased significantly in the BPA group. Superoxide dismutase, catalase, glutathione 
peroxidase, and glutathione reductase decreased significantly. At the same time, oxidized phospholipids, lipid peroxidation, and hydroxyl radicals in the testis of the BPA group increased significantly, suggesting that BPA 
exposure during early development is enough to induce oxidative stress in adults. Further, the terminal deoxynucleotidyl transferase-mediated dUTP nick end-labeling showed apoptotic cells localized in the seminiferous 
tubules. The caudal epididymal sperm count, motility, and viability decreased while sperm abnormalities increased in rats exposed to BPA. Conclusion The present study highlights the detrimental effects of BPA on the 
male reproductive system, underscoring the potential risks associated with BPA exposure during critical stages of development.

TOXICOLOGY AND 
ENVIRONMENTAL 
HEALTH SCIENCES 
Vol.16 Issue 4 Pages 
581-593

10.1007/s13530-024-00236-6 - 動物 - 1 1 1 1 0 50 mg/kg - - - - - - - - - - - - - - - - - - - - -

統合_2299 L. R. Macheka, P. Palazzi, A. Iglesias-Gonz?lez, 
C. Zaros, B. M. R. Appenzeller and F. A. Zeman 2024

Exposure to pesticides, persistent 
and non - persistent pollutants in 
French 3.5-year-old children: 
Findings from comprehensive hair 
analysis in the ELFE national birth 
cohort

Introduction: Exposure to endocrine disruptors during early childhood poses significant health risks. This study examines the exposure levels of French 3.5-year-old children to various persistent and non-persistent 
pollutants and pesticides using hair analysis as part of the ELFE national birth cohort. Differences in sex and geographical location among the children were investigated as ppossible determinants of exposure. Methods: 
Exposure biomarkers from 32 chemical families were analyzed using LC-MS/MS and GC-MS/MS in 222 hair samples from children in the ELFE cohort. Of these, 46 mother -child pairs from the same cohort provided 
unique insight into prenatal and postnatal exposure. Regressions, correlations and discriminate analysis were used to assess relationships between exposure and possible confounding factors. Results and Discussion: 
Among the biomarkers tested in children 's hair samples, 69 had a detection frequency of >= 50 %, with 20 showing a 100 % detection rate. The most detected biomarkers belonged to the bisphenol, organochlorine and 
organophosphate families. Sex-specific differences were observed for 26 biomarkers, indicating the role of the child 's sex in exposure levels. Additionally, regional differences were noted, with Hexachlorobenzene varying 
significantly across the different French regions. Nicotine presented both the highest concentration (16 303 pg/mg) and highest median concentration (81 pg/mg) measured in the children 's hair. Statistically significant 
correlations between the levels of biomarkers found in the hair samples of the mothers and their respective children were observed for fipronil (correlation coefficient = 0.32, p = 0.03), fipronil sulfone (correlation 
coefficient = 0.34, p = 0.02) and azoxystrobin (correlation coefficient = 0.29, p = 0.05). Conclusions: The study highlights the elevated exposure levels of young children to various pollutants, highlighting the influence of 
sex and geography. Hair analysis emerges as a crucial tool for monitoring endocrine disruptors, offering insights into exposure risks and reinforcing the need for protective measures against these harmful substances.

ENVIRONMENT 
INTERNATIONAL 
Vol.190

10.1016/j.envint.2024.108881 39002332 ヒト - - - - - - - バイオモニタリング 1 1 - - - - - - - - - - - - - - - - - -

統合_2300 Y. Luo, X. Y. Liu and Y. T. Liu 2024

Novel Therapeutic Targets and 
Biomarkers Associated with Bladder 
Cancer-Associated Fibroblasts 
(CAFs) Promoted by Bisphenol A

The escalating incidence of health issues linked to environmental pollutants, specifically endocrine-disrupting chemicals (EDCs), has emerged as a dire consequence of modern industrialization. Bisphenol A (BPA), a 
widespread EDC, is under scrutiny for its potential role in exacerbating bladder cancer via the modulation of cancer-associated fibroblasts (CAFs). CAFs are integral to the tumor microenvironment, influencing cancer 
progression through their interactions with immune cells and secretion of various factors and exosomes. By recognizing the critical role of CAFs, this study delves into their utility as therapeutic targets, focusing on the 
identification of reliable biomarkers within CAFs for bladder cancer. Through weighted correlation network analysis, genes associated with T cell activity were pinpointed, culminating in the creation of a CAFs-based, 
immune-related gene prognostic model. Central to this model is ANPEP, an enzyme whose expression level not only serves as an indicator of T cell infiltration but also implicates a substantial role in the CAF-mediated 
immunotherapy responses for bladder cancer. Our investigation posits ANPEP as a linchpin in regulating CAF functions, offering a novel perspective wherein targeting ANPEP may reduce the adverse side effects 
commonly associated with traditional immunotherapies. Furthermore, ANPEP-targeted strategies could lessen the tumor mutational burden in bladder cancer patients. Empirical evidence from our proliferation and 
invasion assays indicates that heightened ANPEP expression is correlated with diminished patient survival. These insights pave the way for tailored immunotherapeutic approaches in bladder cancer treatment, 
emphasizing the modulation of CAFs by ANPEP.

JOURNAL OF CLINICAL 
PHARMACY AND 
THERAPEUTICS 
Vol.2024

10.1155/2024/3134477 - in silico - - - - - - - - - - - - - - - - - - - - - - - - - - - -

統合_2301

X. L. Lu, T. Xie, M. van Faassen, I. P. Kema, A. 
P. van Beek, X. J. Xu, X. Huo, L. C. Study, B. H. 
R. Wolffenbuttel, J. V. van Vliet-Ostaptchoukf, I. 
M. Nolte and H. Snieder

2024

Effects of endocrine disrupting 
chemicals and their interactions with 
genetic risk scores on 
cardiometabolic traits

Ubiquitous non -persistent endocrine disrupting chemicals (EDCs) have inconsistent associations with cardiometabolic traits. Additionally, large-scale genome-wide association studies (GWASs) have yielded many 
genetic risk variants for cardiometabolic traits and diseases. This study aimed to investigate the associations between a wide range of EDC exposures (parabens, bisphenols, and phthalates) and 14 cardiometabolic traits 
and whether these are moderated by their respective genetic risk scores (GRSs). Data were from 1074 participants aged 18 years or older of the Lifelines Cohort Study, a large population -based biobank. GRSs for 14 
cardiometabolic traits were calculated based on genome-wide significant common variants from recent GWASs. The concentrations of 15 EDCs in 24 -hour urine were measured by isotope dilution liquid chromatography 
tandem mass spectrometry technology. The main effects of trait -specific GRSs and each of the EDC exposures and their interaction effects on the 14 cardiometabolic traits were examined in multiple linear regression. 
The present study confirmed significant main effects for all GRSs on their corresponding cardiometabolic trait. Regarding the main effects of EDC exposures, 26 out of 280 EDC-trait tests were significant with explained 
variances ranging from 0.43 % (MMP- estimated glomerular filtration rate (eGFR)) to 2.37 % (PrP-waist-hip ratio adjusted body mass index (WHRadjBMI)). We confirmed the association of MiBP and MBzP with 
WHRadjBMI and body mass index (BMI), and showed that parabens, bisphenol F, and many other phthalate metabolites significantly contributed to the variance of WHRadjBMI, BMI, high -density lipoprotein (HDL), eGFR, 
fasting glucose (FG), and diastolic blood pressure (DBP). Only one association between BMI and bisphenol F was nominally significantly moderated by the GRS explaining 0.36 % of the variance. However, it did not survive 
multiple testing correction. We showed that non -persistent EDC exposures exerted effects on BMI, WHRadjBMI, HDL, eGFR, FG, and DBP. However no evidence for a modulating role of GRSs was found.

Sci Total Environ. 2024 
Mar 1:914:169972.

10.1016/j.scitotenv.2024.169972 38211872 ヒト ⼼⾎管 - - - - - - 横断研究 1 1 - - - 1 1 1 - - - - - - - - - - - -

統合_2302

X. L. Lu, T. P. van der Meer, C. Z. Kamali, M. van 
Faassen, I. P. Kema, A. P. van Beek, X. J. Xu, X. 
Huo, A. Ani, L. Nolte, I. M. Nolte, B. H. R. 
Wolffenbuttel, J. V. van Vliet-Ostaptchouk and 
H. Snieder

2024
A genome-wide association study of 
24-hour urinary excretion of 
endocrine disrupting chemicals

Ubiquitous exposure to environmental endocrine disrupting chemicals (EDCs) instigates a major public health problem, but much remains unknown on the inter-individual differences in metabolism and excretion of EDCs. 
To examine this we performed a two-stage genome-wide association study (GWAS) for 24-hour urinary excretions of four parabens, two bisphenols, and nine phthalate metabolites. Results showed five genome-wide 
significant (p-value < 5x10(-8)) and replicated single nucleotide polymorphisms (SNPs) representing four independent signals that associated with mono-(2-ethyl-5-carboxypentyl) phthalate (MECPP) and mono-(2-ethyl-
5-hydroxyhexyl) phthalate (MEHHP). Three of the four signals were located on chromosome 10 in a locus harboring the cytochrome P450 (CYP) genes CYP2C9, CYP2C58P, and CYP2C19 (rs117529685, p(MECPP) = 
5.38x10(-25); rs117033379, p(MECPP) = 1.96x10(-19); rs4918798, p(MECPP) = 4.01x10(-71); rs7895726, p(MEHHP) = 1.37x10(-15), r(2) with rs4918798 = 0.93). The other signal was on chromosome 6 close to the solute 
carrier (SLC) genes SLC17A1, SLC17A3, SLC17A4, and SCGN (rs1359232, p(MECPP) = 7.6x10(-16)). These four SNPs explained a substantial part (8.3 % - 9.2 %) of the variance in MECPP in the replication cohort. 
Bioinformatics analyses supported a likely causal role of CYP2C9 and SLC17A1 in metabolism and excretion of MECPP and MEHHP. Our results provide biological insights into mechanisms of phthalate metabolism and 
excretion with a likely causal role for CYP2C9 and SLC17A1.

ENVIRONMENT 
INTERNATIONAL 
Vol.183

10.1016/j.envint.2023.108396 38150807 ヒト - - - - - - - 横断研究 1 1 - - - - - - - - - - - - - - - - - -

統合_2303

X. L. Lu, E. Fraszczyk, T. P. van der Meer, M. van 
Faassen, V. W. Bloks, I. P. Kema, A. P. van Beek, 
S. Li, L. Franke, H. J. Westra, X. J. Xu, X. Huo, H. 
Snieder, B. H. R. Wolffenbuttel, J. V. van Vliet-
Ostaptchouk and B. Consortium

2020

An epigenome-wide association 
study identifies multiple DNA 
methylation markers of exposure to 
endocrine disruptors

Background: Exposure to environmental endocrine disrupting chemicals (EDCs) may play an important role in the epidemic of metabolic diseases. Epigenetic alterations may functionally link EDCs with gene expression 
and metabolic traits. Objectives: We aimed to evaluate metabolic-related effects of the exposure to endocrine disruptors including five parabens, three bisphenols, and 13 metabolites of nine phthalates as measured in 
24-hour urine on epigenomewide DNA methylation. Methods: A blood-based epigenome-wide association study was performed in 622 participants from the Lifelines DEEP cohort using Illumina Infinium 
HumanMethylation450 methylation data and EDC excretions in 24-hour urine. Out of the 21 EDCs, 13 compounds were detected in > 75% of the samples and, together with bisphenol F, were included in these analyses. 
Furthermore, we explored the putative function of identified methylation markers and their correlations with metabolic traits. Results: We found 20 differentially methylated cytosine-phosphate-guanines (CpGs) 
associated with 10 EDCs at suggestive p-value < 1 x 10(-6), of which four, associated with MEHP and MEHHP, were genome-wide significant (Bonferroni-corrected p-value < 1.19 x 10(-7)). Nine out of 20 CpGs were 
significantly associated with at least one of the tested metabolic traits, such as fasting glucose, glycated hemoglobin, blood lipids, and/or blood pressure. 18 out of 20 EDC-associated CpGs were annotated to genes 
functionally related to metabolic syndrome, hypertension, obesity, type 2 diabetes, insulin resistance and glycemic traits. Conclusions: The identified DNA methylation markers for exposure to the most common EDCs 
provide suggestive mechanism underlying the contributions of EDCs to metabolic health. Follow-up studies are needed to unravel the causality of EDC-induced methylation changes in metabolic alterations.

ENVIRONMENT 
INTERNATIONAL 
Vol.144

10.1016/j.envint.2020.106016 32916427 ヒト - - - - - - - 横断研究 1 1 - - - - - - - - - - - - - - - - - -

統合_2304 K. L. Loh, P. J. Kwong, M. Y. Chan and G. C. Tan 2022
Effect of mangosteen peel extract on 
BPA-exposed murine during 
gestation

Aim: To evaluate the potential protective effects of mangosteen peel extract against BPA-induced abnormalities on-pregnant mice fetus at implantation stage and offspring at post-parturition. Methodology: Pregnant mice 
were orally administered with BPA (100mg kg(-1) b.wt.) and mangosteen peel extract (200mg kg(-1) b.wt.) for 16 days. In order to evaluate the effect of MPE treatment on fetus at implantation stage, the pregnant mice 
were euthanized at day 18 and the fetus number and morphology were examined. Another group of treated dams, were allowed to undergo parturition for evaluating the of maternal weight, litter size and offspring sex-
skewness. Results: Upon feeding Mangosteen peel extract (MPE), the average daily weight gain of dams were not significantly different from the control and BPA treated dams. The fetus derived from BPA treated dams 
were detected with abnormalities such as under development, haemorrhage and absence of vein, whereas fetus from dam treated with MPE and BPA as well as control were normal. The average litter size of all the 
treatment groups were not significantly different from the control group. BPA treated mice had lower pups survival up to 6 weeks compared to the groups treated with MPE and control. Test of proportion analysis showed 
BPA-treated group had significantly higher fraction female ratio. Interpretation: BPA is known as endocrine disruptor causing oxidative stress to female reproductive system, hence mangosteen peel extract contains 
antioxidant substances that have the potential to ameliorate the adverse effects of BPA exposure on dams during pregnancy and its fetus development.

JOURNAL OF 
ENVIRONMENTAL 
BIOLOGY Vol.43 Issue 1 
Pages 20-25
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統合_2305
Z. Y. Liu, C. Wang, S. Y. Huang, X. T. Lu, Z. J. 
Yang, Q. Y. Lan, B. X. Huang, S. Chen, M. C. Li 
and H. L. Zhu

2023

Does anti-inflammatory diet mitigate 
the deleterious effect of bisphenol A 
on mortality in US adults? Results 
from NHANES 2003-2016

Accumulating evidence linked bisphenol A (BPA) exposure with several diseases and even premature death. We aimed to evaluate the association between BPA exposure and mortality in US adults from the National 
Health and Nutrition Examination Survey (NHANES, 2003-2016), and to explore whether an anti-inflammatory diet can mitigate the deleterious effect of BPA on mortality. A cohort study including 8142 adults was 
conducted. Of these, 4143 (50.2%) were men, with a weighted average age of 55.9 years. Urinary BPA was measured by the on-line solid phase extraction, coupled to high performance liquid chromatography and tandem 
mass spectrometry. Dietary Inflammatory Index (DII) score was calculated based on 28 available kinds of food parameters in NHANES. Cox proportional hazards regression models were applied to calculate the hazard 
ratios (HRs) and 95% confidence intervals (CIs) for all-cause, cardiovascular disease (CVD), and cancer mortality. After 75927 person -years of follow-up (median, 9.3 years; maximum, 17.1 years), BPA exposure and DII 
score were independently associated with all-cause mortality. The fully-adjusted HR (95% CI) in the high versus low levels of BPA was 1.33 (1.05-1.70) for all-cause mortality, and the anti-inflammatory versus pro-
inflammatory category of DII was 0.70 (0.56-0.87). There was no significant interaction between BPA and DII (p = 0.200). However, an indication of combined effect was found that, participants in subgroups with low BPA 
exposure and concurrently with anti-inflammatory category of DII score had 53% significantly lower all-cause mortality. Our findings highlight the importance of another monitoring cycles of BPA exposure, and its long-
term adverse effects on health, even though the US government had restricted its use nowadays. Besides, we provided a new perspective against the adverse health effect induced by BPA exposure, that future studies 
could explore the offset impact of other healthy dietary patterns on the deleterious effect of BPA on health outcomes.

Ecotoxicology and 
Environmental Safety, 
Volume 253, 15 March 
2023, 114706

10.1016/j.ecoenv.2023.114706 - ヒト ⼀般毒性 - - - - - - コホート 1 1 - - - 1 1 1 - - - - - - - - - - - -

統合_2306 J. Liu, P. Zhang, M. Xu, F. Chen, W. J. Yu and T. 
Xia 2025

An Integrative Gene Expression 
Profiling Analysis Indicates 
Bisphenol A Promotes 
Osteosarcoma Progression by 
Interacting With Seven Prognosis-
Related Genes

With more and more application of the endocrine disruptors (EDCs) in the daily use, there is evidence that EDCs can cause cancer, and they can cause a variety of deleterious effects. It has been known for many years 
that bisphenol A (BPA), a xenoestrogen found in many consumer products, dysregulates a wide array of signaling pathways in the body. In this study, we employed a novel integrative approach to assess the impact of BPA 
on human osteosarcoma (OS), leveraging genome-wide gene expression profiling to uncover the molecular interactions and pathways influenced by BPA in this context. In our study, we analyzed genes identified from the 
Comparative Toxicogenomics Database (CTD) as being associated with BPA. These genes were further examined through protein-protein interaction network analysis to explore their potential interconnectivity and 
functional roles in the context of human OS. In addition, the KEGG enrichment analysis demonstrated that many cancers, including OS, are closely associated with the BPA. The single sample gene set enrichment analysis 
algorithm was further used to explore the genes that may play a key role in the OS. An in silico analysis was performed based on gene expression data extracted from TARGET database. On the basis of the BPA-based 
prognostic prediction model in OS cohort, we discovered that seven BPA-related genes (IHH, ELFN1-AS1, AL161909.1, IGHV4-39, CSAG1, ACTA2, and SSX1) are closely associated with the prognosis of the OS patients. 
The enrichment pathways analysis reveals that these seven genes are closely associated with the many tumor-related pathways, such as TNFA signaling via NFKB, interferon alpha response, inflammatory response, IL6 
JAK STAT3 signaling, and IL2 STAT5 signaling pathways. Additionally, the exposure of 10 mu M BPA was found to promote the proliferation ability of OS cells in vitro. Our findings suggest that BPA can promote the 
proliferation of OS cells. IHH, ELFN1-AS1, AL161909.1, IGHV4-39, CSAG1, ACTA2, and SSX1 are among the most critical targets for BPA to act as a carcinogen.

INTERNATIONAL 
JOURNAL OF CLINICAL 
PRACTICE Vol.2025 
Issue 1
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統合_2307
S. A. Li, H. Y. Zhu, Y. Y. Chen, Q. H. Cheng, C. 
Yang, J. F. Liu, L. Jin, Z. W. Li, A. G. Ren and L. 
L. Wang

2025

Associations of prenatal co-
exposure to phthalate metabolites 
and bisphenols with neural tube 
defects

IntroductionNeural tube defects (NTDs) are one of the most common birth defects. Phthalates and bisphenols are ubiquitous endocrine-disrupting chemicals (EDCs), which can disrupt the endocrine system by altering 
hormone levels. However, there is no study on the associations between co-exposure to phthalate metabolites and bisphenols and risk of fetal NTDs.MethodsA case-control study was conducted among 286 participants 
in China from 2005 to 2016. Liquid chromatography-tandem mass spectrometry was used to detect the levels of 25 EDCs in placenta. Logistic regression and multipollutant models were used to evaluate the single and 
co-exposure effects of EDCs on NTD risk, with maternal age, gestational weeks at placenta collection, pre-pregnancy body mass index, history of birth defects, folate supplementation during pregnancy, and smoking 
status as covariates. This study also assessed whether gestational exposure to mono-(2-ethylhexyl) phthalate (MEHP) in pregnant mice induces NTDs in offspring.ResultsIndividual exposure to high levels of MEHP, 
mono-octyl phthalate, and mono-cyclohexyl phthalate was associated with increased NTD risk [odds ratio (OR) = 2.89, 95% confidence interval (CI): 1.13, 7.43; OR = 3.00, 95% CI: 1.15, 7.85; OR = 2.78, 95% CI: 1.08, 7.18]. 
Multipollutant models showed a positive correlation between the EDCs mixture levels and NTD risk, with MEHP and bisphenol Z as the main contributors. In animal experiments, NTD rates increased with MEHP dosage, 
showing a statistically significant trend.ConclusionThis is the first study to evaluate the single and co-exposure effects of phthalate metabolites during pregnancy on NTD risk. Our findings suggest that exposure to 
phthalate metabolites and bisphenols during pregnancy may increase the risk of NTDs, and policies regarding phthalates and bisphenols exposure in the environment should be strengthened.

ENVIRONMENTAL 
SCIENCES EUROPE 
Vol.37 Issue 1
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統合_2308 N. Li, J. Liu, G. G. Ying, J. C. K. Lee, T. F. Leung, 
A. Covaci and W. J. Deng 2024

Endocrine disrupting chemicals in 
children's and their parents' urine: Is 
the exposure related to the Chinese 
and Western lifestyle?

Children are known to be more vulnerable to exposure to endocrine-disrupting chemicals (EDCs) compared to adults, but evaluating the exposure pathways can be challenging. This research employed target and non-
target analysis (NTA) to examine the exposure characteristics of EDCs in spot urine samples collected from 46 children's (aged 3-12 years) and their parents in Hong Kong (Chinese/Western lifestyle) and Guangzhou 
(mainly Chinese lifestyle). The results revealed that the geometric mean concentrations of phthalate esters metabolites (mPAEs) and bisphenols (BPs) in children's urine were 127.3 mu g/gcrea and 2.5 mu g/gcrea in 
Guangzhou, and 93.7 mu g/gcrea and 2.9 mu g/gcrea in Hong Kong, respectively, which were consistent with global levels. NTA identified a total of 1069 compounds, including 106 EDCs, commonly detected in food, 
cosmetics, and drugs. Notable regional differences were observed between Guangzhou and Hong Kong with potential sources of EDCs including dietary and cosmetic additives, toys, flooring and dust, as well as 
differences in lifestyles, diet, and living environment. However, age was found to significantly impact EDC exposure. The quantified EDCs (mPAEs and BPs) posed possible health risks to 60% of the children. Moreover, 
the presence of caffeine in children's urine, which exhibited higher detection rates in children from Hong Kong (95.6%) and Guangzhou (44.4%), warrants further attention. The sources of EDCs exposure in these regions 
need to be fully confirmed.

INTERNATIONAL 
JOURNAL OF HYGIENE 
AND ENVIRONMENTAL 
HEALTH Vol.259
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統合_2309

J. H. Li, L. X. Zhou, S. Y. Huang, T. T. Duan, J. Y. 
Xie, X. J. Li, L. J. Deng, C. Y. Zeng, F. R. Jing, S. 
Zhu, C. Q. Liu, Y. J. Gong, Y. Q. Shu, X. T. Shen 
and P. Yang

2024
The effect of endocrine-disrupting 
chemicals in follicular fluid: The 
insights from oocyte to fertilization

Endocrine-disrupting chemicals (EDCs) exhibited the detriment in female reproductive health. Our objective was to investigate the individual and mixture effects of EDCs present in follicular fluid, the environment in 
which oocytes grow and develop, on early reproductive outcomes. We recruited 188 women seeking reproduction examination from the Study of Exposure and Reproductive Health (SEARCH) cohort between December 
2020 and November 2021. We assessed the concentrations of 7 categories of 64 EDCs in follicular fluid, and measured early reproductive outcomes, including retrieved oocytes, mature oocytes, normal fertilized oocytes, 
and highquality embryos. In this study Monomethyl phthalate (MMP) (2.17 ng/ml) were the compounds found in the highest median concentrations in follicular fluid. After adjusting for multiple testing, multivariate 
regression showed that multiple EDCs were significantly negatively associated with early assisted reproduction outcomes. For example, MMP showed a significant negative correlation with the number of high quality 
embryos (beta: -0.1, 95% CI: -0.15, -0.04). Specifically, eight types of EDCs were significantly negatively associated with four early assisted reproductive outcomes (beta range: -0.2 similar to -0.03). In the mixed exposure 
model, we found that mixtures of EDC were significantly negatively correlated with all four outcomes. In the quantile g-computation (QGCOMP) model, for each interquartile range increase in the concentration of EDC 
mixtures, the number of oocytes retrieved, mature oocytes, normally fertilized oocytes, and high-quality embryos decreased by 0.46, 0.52, 0.77, and 1.2, respectively. Moreover, we identified that phthalates (PAEs) 
predominantly contributed to the negative effects. Future research should validate our findings.

Environ Int. 2024 
Sep:191:108957.
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統合_2310 A. J. Li, T. F. Zhuang, W. Shi, Y. Liang, C. Y. 
Liao, M. Y. Song and G. B. Jiang 2020

Serum concentration of bisphenol 
analogues in pregnant women in 
China

There is increasing concern regarding human exposure to bisphenol analogues (BPs) due to their widespread use and potentially adverse effects. Nevertheless, information on the occurrence of BPs in pregnant women is 
limited. In this study, BPs were detected in 181 serum samples from pregnant Chinese women. Ten BPs, including bisphenol S (BPS), bisphenol F (BPF), bisphenol AF (BPAF), bisphenol B (BPB), bisphenol P (BPP), 
bisphenol Z (BPZ), bisphenol AP (BPAP), tetrabromobisphenol A (TBBPA), tetrabromobisphenol S (TBBPS), and tetrachlorobisphenol A (TCBPA), were positively identified and quantified in serum samples with total BP 
concentrations (sum of bisphenols: Sigma BPs) of 0-144 ng/mL. Concentrations of the two frequently detected compounds, TBBPS and BPS, were 0.593 and 0.113 ng/mL, respectively. The results were also compared 
with the geographic distributions of the BPs. To our knowledge, this is the first time that TBBPS and TCBPA have been detected in serum samples of pregnant women. These findings suggest that additional studies are 
urgently needed to identify the risk of maternal and fetal exposure to these compounds. (C) 2019 Elsevier B.V. All rights reserved.

SCIENCE OF THE 
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統合_2311 X. N. Lei, J. J. Ao, J. J. Li, Y. Gao, J. Zhang, Y. 
Tian and C. Shanghai Birth 2024

Maternal concentrations of 
environmental phenols during early 
pregnancy and behavioral problems 
in children aged 4 years from the 
Shanghai Birth Cohort

Background: Prenatal exposure to environmental phenols such as bisphenol (BPs), paraben (PBs), benzophenone (BzPs), and triclosan (TCS) is ubiquitous and occurs in mixtures. Although some of them have been 
suspected to impact child behavioral development, evidence is still insufficient, and their mixed effects remain unclear. Objectives: To explore the association of prenatal exposure to multiple phenols with child behavioral 
problems. Method: In a sample of 600 mother -child pairs from the Shanghai Birth Cohort, we quantified 18 phenols (6 PBs, 7 BPs, 4 BzPs, and TCS) in urine samples collected during early pregnancy. Parent -reported 
Strengths and Difficulties Questionnaires were utilized to evaluate child behavioral difficulties across four subscales, namely conduct, hyperactivity/inattention, emotion, and peer relationship problems, at 4 years of age. 
Multivariable linear regression was conducted to estimate the relationships between single phenolic compounds and behavioral problems. Additionally, weighted quantile sum (WQS) regression was employed to examine 
the overall effects of the phenol mixture. Sex -stratified analyses were also performed. Results: Our population was extensively exposed to 10 phenols (direction rates >50 %), with low median concentrations (1.00 x 10 - 
3 -6.89 ng/mL). Among them, single chemical analyses revealed that 2,4-dihydroxybenzophenone (BP1), TCS, and methyl 4-hydroxybenzoate (MeP) were associated with increased behavior problems, including 
hyperactivity/inattention (BP1: 8 = 0.16; 95 % confidence interval [CI]: 0.04, 0.30), emotional problems (BP1: 8 = 0.11; 95 % CI: 0.02, 0.20; TCS: 8 = 0.08; 95 % CI: 0.02, 0.14), and peer problems (MeP: 8 = 0.10; 95 % CI: 
0.02, 0.18); however, we did not identify any significant association with conduct problems. Further phenol mixture analyses in the WQS model yielded similar results. Stratification for child sex showed stronger positive 
associations in boys. Conclusion: Our findings indicated that maternal phenol levels during early pregnancy, specifically BP1, TCS, and MeP, are associated with high behavioral problem scores in 4 -year -old children.

Sci Total Environ. 2024 
Jul 10:933:172985.
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統合_2312
J. Lee, Y. Jeong, S. Mok, K. Choi, J. Park, H. B. 
Moon, G. Choi, H. J. Kim, S. Y. Kim, S. R. Choi 
and S. Kim

2020
Associations of exposure to 
phthalates and environmental 
phenols with gynecological disorders

Phthalates and environmental phenols might be associated with some benign diseases that have been found to be hormone-sensitive. Current knowledge on adverse effects of these chemicals among reproductive women 
is limited and often controversial. Therefore, the purpose of this study was to investigate the association between the urinary concentration of phthalates and environmental phenols and gynecological disorders from 512 
women of reproductive age. The association between chemical concentration and disease in the control and case groups was statistically determined with the questionnaire survey data and measurements using the LC-
MS/MS. The results have shown that DEHP metabolites, ethyl paraben and 3,4-DHB showed significant direct associations with leiomyoma and benign ovarian tumors (p < 0.05). We found statistically significant positive 
relationships between exposure to chemicals (some DEHP metabolites, DHB) and prevalence of gynecologic disorders (p < 0.05). Furthermore, the ORs for leiomyoma associated with these compounds in always user for 
personal care products (PCPs) was higher than those of sometimes user. High levels of urinary concentrations of these compounds such as DEHP metabolites and parabens and their metabolites showed significant 
associations with leiomyoma and benign ovarian tumors.

Reprod Toxicol. 2020 
Aug:95:19-28.
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統合_2313
I. Lee, S. Kim, S. Park, S. Mok, Y. Jeong, H. B. 
Moon, J. Lee, S. Kim, H. J. Kim, G. Choi, S. Choi, 
S. Y. Kim, A. Lee, J. Park and K. Choi

2019

Association of urinary phthalate 
metabolites and phenolics with 
adipokines and insulin resistance 
related markers among women of 
reproductive age

Chemicals such as phthalates and phenolics have been associated with metabolic markers in humans. However, most studies have only looked at a limited number of chemicals, and little is known about their potential 
effects on adipokines in humans. In the present study, the associations between dozens of urinary chemicals, including phthalate metabolites and phenolics, and markers related to insulin resistance as well as major 
adipokines, were assessed among the women of reproductive age (n = 459, between 20 and 48 years of age) recruited from major cities in Korea between 2015 and 2016. Adipokines such as adiponectin and leptin, and 
insulin resistance related markers such as glucose and insulin, were analyzed in serum. Associations between urinary chemicals and the adipokines or insulin resistance related markers were assessed in two steps. 
First, ordinary least squares (OLS) regression was used to assess the association of each urinary chemical with the adipokines or insulin resistance related markers (single-pollutant model). Second, several chemicals 
were selected using elastic net regression and were subsequently analyzed with OLS regression model (multi-pollutant model), considering simultaneous exposure to multiple chemicals. In both single- and multi-
pollutant models, several urinary chemicals consistently showed significant associations with adipokines or the insulin resistance related markers. The sum of di-(2-ethylhexyl) phthalate metabolites (Sigma DEHPm) and 
ethyl paraben (EtP) were associated with increased serum adiponectin levels. Urinary Sigma DEHPm levels also showed positive associations with fasting glucose. Moreover, urinary mono-methyl phthalate (MMP), 
mono-isobutyl phthalate (MiBP), and bisphenol S (BPS) levels showed positive associations with the homeostasis model assessment for insulin resistance (HOMA-IR). Interestingly, urinary propyl paraben (PrP) levels 
showed a negative association with HOMA-IR, in both models. Our observations show that among many consumer chemicals, phthalates may affect serum adipokines, and thus glucose, and insulin resistance in adult 
females. Further confirmation is warranted in other populations. (C) 2019 Elsevier B.V. All rights reserved.

SCIENCE OF THE 
TOTAL ENVIRONMENT 
Vol.688 Pages 1319-
1326

10.1016/j.scitotenv.2019.06.125 31726561 ヒト - - - - - - - 横断研究 1 1 - - - - - - - - - - - - - - - - - -

統合_2314 H. W. Lee, S. K. Ha and Y. Kim 2020
Bisphenol A disrupts inflammatory 
responses via Nod-like receptor 
protein 3 pathway in macrophages

Bisphenol A (BPA) is a harmful endocrine disruptor that is found in polycarbonate plastics such as plastic food containers and in epoxy resins such as dental resins. In the current study, we investigated the effect of BPA 
on function of inflammatory responses involving activation of Nod-like receptor protein 3 (NLRP3) inflammasome. Treatment with BPA decreased nitric oxide (NO) production and expression levels of inducible NO 
synthase (iNOS), prostaglandin E-2 (PGE(2)), and cyclooxygenase (Cox)-2 in RAW 264.7 macrophages. BPA also suppressed activation of mitogen-activated protein kinases (MAPKs) and nuclear factor-kappa B activity 
(NF-kappa B). BPA significantly down-regulated the secretion of pro-inflammatory cytokines including tumor necrosis factor (TNF)-alpha, interleukin (IL)-6, IL-1 beta, and IL-18. The decreased production of IL-1 beta 
and IL-18 induced by BPA was associated with inactivation of the activity of the NLRP3 inflammasome. Collectively, these data suggested that BPA could act as a disruptor of the inflammation activity by regulating the 
NF-kappa B/MAPK pathways and NLRP3 inflammasome activation.

APPLIED BIOLOGICAL 
CHEMISTRY Vol.63 
Issue 1

10.1186/s13765-020-00562-6 - in vitro - - - - - - - - - - 不明 0 不明 1 - - - - - - - - - - - - - -

統合_2315 G. Lee, S. Kim, I. Lee, H. Kang, J. P. Lee, J. Lee, 
Y. W. Choi, J. Park, G. Choi and K. Choi 2023

Association between environmental 
chemical exposure and albumin-to-
creatinine ratio is modified by 
hypertension status in women of 
reproductive age

Chemicals have been identified as a potential risk factor of renal dysfunction. However, studies that consider both multiple chemicals and non-chemical risk factors, such as hypertension, are rare. In this study, we 
assessed the associations between exposure to several chemicals, including major metals, phthalates, and phenolic compounds, and the albumin-to-creatinine ratio (ACR). A group of Korean adult women in reproductive 
age (n = 438, aged between 20 and 49 years), who had previously been studied for association of several organic chemicals, was chosen for this purpose. We constructed multivariable linear regression models for 
individual chemicals and weighted-quantile sum (WQS) mixtures, by hypertension status. Among the study population, approximately 8.5% of the participants exhibited micro/macro-albuminuria (ACR & GE;30 mg/g), and 
18.5% and 3.9% exhibited prehypertension and hypertension, respectively. Blood cadmium and lead levels showed a stronger association with ACR only among women with prehypertension or hypertension. Among organic 
chemicals, depending on the statistial model, benzophenone-1 (BP-1) and mono(2-ethyl-5-hydroxyhexyl) phthalate (MEHHP) showed a significant association regardless of hypertension status, but most associations 
disappeared in the (pre)hypertensive group. These findings clearly indicate that hypertension status can modify and may potentiate the association of environmental chemicals with ACR. Our observations suggest that 
lowlevel environmental pollutant exposure may have potential adverse effects on kidney function among general adult women. Considering the prevalence of prehypertension in the general population, efforts to reduce 
exposure to cadmium and lead are necessary among adult women to minimize the risk of adverse kidney function.

ENVIRONMENTAL 
RESEARCH Vol.231

10.1016/j.envres.2023.116234 37236389 ヒト - - - - - - - 横断研究 1 1 - - - - - - - - - - - - - - - - - -

統合_2316 M. A. Lebda, A. S. Hashem, N. M. Taha, A. 
Mandour and H. A. Edres 2020

L-carnitine mitigates bisphenol A-
induced hepatic toxicity via 
activation of Nrf2 and inhibition of 
pro-inflammatory cytokine gene 
expression in rats

Bisphenol, used in many polycarbonate plastics and epoxy resins industries, exerts toxic effects on mammalian organs. The mechanisms underlying bisphenol toxicity are well understood, however the chemoprevention 
effects of L-camitine have not yet been recorded. This study aimed to explore the protective mechanism of L-camitine against BPA-induced hepatotoxicity. Male rats were randomly distributed into 4 groups of 10 rats 
each: vehicle (5 mL corn oil/kg), bisphenol (50 mg/kg b.w. orally), L-carnitine (500 mg/kg b.w. i/p), and L-carnitine bisphenol pre-treated groups. Bisphenol was dissolved in corn oil and gavaged for 70 consecutive days. 
Up-regulation of tumor necrosis factor (6.6-fold), and interleukin 6 (3.2-fold) mRNA transcript, along with suppression of nuclear factor erythroid 2-like 2 (0.4-fold), were recorded, following bisphenol administration. 
Subsequently, bisphenol provoked oxidative stress and attenuated the antioxidative molecules. Finally, hepatic dysfunction was assessed by elevated serum aminotransferases, alkaline phosphatase, lactate 
dehydrogenase, glutamyl transferase activities and ammonia levels, with the subsequent decline in serum albumin concentration, which confirmed the inflammatory center dot cell infiltration and hydropic degeneration. 
and the impairment of lipid profile. Interestingly. co-administration of L-carnitine improved liver function and lipid profile. which was explained by the activation of nuclear factor erythroid 2-like 2 (1.5-fold) mRNA 
transcript, which augmented the antioxidant levels and suppressed oxidative stress, tumor necrosis factor (2.6-fold), and interleukin 6 (1.5-fold) gene expression. In conclusion, L-carnitine exerted hepatoprotective 
activity against bisphenol toxicity via antioxidant and anti-inflammatory effects.

VETERINARSKI ARHIV 
Vol.90 Issue 1 Pages 
57-68

10.24099/vet.arhiv.0438 - 動物 - 1 1 1 不明 0 50 mg/kg - - - - - - - - - - - - - - - - - - - - -

統合_2317 B. B. La?in, M. Bolat and A. ?inar 2024

Investigation of the effects of p-
Coumaric acid on MDA, some 
antioxidants and histopathological 
parameters in nephrotoxicity 
induced by bisphenol A in rats

The aim of this study was to investigate p-Coumaric acid (PCA) as a protector in detecting oxidative and targeted damage in the elongation tissue of rats induced by bisphenol A (BPA). BPA is an environmental pollutant 
widely used in many areas. The widespread use of this substance increases its transmission to humans. BPA causes damage to many tissues and organs. One of the most frequently damaged organs is the kidney. In this 
study, fifty healthy male rats were used to determine the effects of BPA and PCA. A total of five experimental groups were formed with ten animals in each group. Group 1 was set as the Control, Group 2 as BPA, Group 3 
as BPA+PCA50, Group 4 as BPA+PCA100, and Group 5 as PCA100. The experiment lasted 14 days. Hematoxylin eosin staining and ELISA analyses were performed on kidney tissues at the end of the experiment. 
Malondialdehyde (MDA), glutathione (GSH), superoxide dismutase (SOD), and nitric oxide (NO) levels were determined in the kidney tissues by ELISA analysis. It was observed that kidney MDA and NO levels increased in 
the groups administered BPA while SOD and GSH levels decreased. Histopathologically, degeneration and necrosis in the tubular epithelium, glomerular atrophy, and hyperemia in the vessels were observed in the kidney 
tissues of the BPA groups. In the BPA+PCA groups it was seen that PCA prevented the negative effects of BPA in a dose-dependent manner, and helped in the maintenance of values close to the control group.

VETERINARSKI ARHIV 
Vol.94 Issue 2 Pages 
155-164

10.24099/vet.arhiv.2165 - 動物 - 1 1 1 1 0 100 mg/kg - - - - - - - - - - - - - - - - - - - - -

統合_2318
S. Kuraoka, M. Oda, T. Ohba, H. Mitsubuchi, K. 
Nakamura, T. Katoh, E. Japan and J. G. 
Childrens Study

2024

Association of phenol exposure 
during pregnancy and asthma 
development in children: The Japan 
Environment and Children's study

Background: Alkylphenols can originate from numerous products containing alkylphenol ethoxylates, including cleaning products, household items, and cosmetics. Some phenols, such as nonylphenol, are known to be 
endocrine disruptors, and exposure to them is thought to have contributed to the recent increase in allergic diseases such as asthma. However, the impacts of prenatal phenol exposure on asthma development in children 
are still unclear. Methods: We analyzed the association between maternal urinary phenol concentrations during early pregnancy and the development of asthma in children at the age of 4, using data from the Japan 
Environment and Children's Study (JECS), a large-scale nationwide birth cohort study. Results: We recruited 3,513 pairs of mothers and children participating in the Sub-Cohort Study of JECS. We measured 24 phenols, 
including nitrophenol, parabens, bisphenol, octylphenol, and nonylphenol, in urine samples taken during the first trimester of pregnancy. The urinary levels of these phenols differed markedly, and some showed a broad 
spectrum of distribution. Methylparaben was detected at high levels in almost every participant (267.7 ng/ml, standard deviation 433.78). Logistic regression analysis revealed that the odds ratio of asthma onset for high 
exposure to butylparaben was 1.54 (95% confidence interval: 1.11-2.15). Additionally, logistic regression analysis by gender revealed an asthma development odds ratio of 2.09 (95% confidence interval: 1.20-3.65) for 
males and 0.65 (95% confidence interval: 0.25-1.70) for females born to mothers in whom 4-nonylphenol was detected, suggesting a gender difference. Conclusion: Our current analysis using large cohort data suggests 
that high exposure to butylparaben and low exposure to 4-nonylphenol during pregnancy are risk factors for asthma development in children. These findings establish a valuable foundation for formulating recommendations 
about prenatal phenol exposure.

Environ Pollut. 2024 
Nov 15:361:124801.

10.1016/j.envpol.2024.124801 39181305 ヒト 免疫 - - - - - - コホート 1 1 - - - 1 1 1 - 1 - - - - - - - - - -

統合_2319

L. Trasande, M. E. Nelson, A. Alshawabkeh, E. 
S. Barrett, J. P. Buckley, D. Dabelea, A. L. 
Dunlop, J. B. Herbstman, J. D. Meeker, M. 
Naidu, C. Newschaffer, A. M. Padula, M. E. 
Romano, D. M. Ruden, S. Sathyanarayana, S. L. 
Schantz, A. P. Starling, T. Etzel, G. B. Hamra and 
N. I. H. E. I. C. Hlth

2024

Prenatal Phenol and Paraben 
Exposures and Adverse Birth 
Outcomes: A Prospective Analysis of 
US Births

Background: Synthetic chemicals are increasingly being recognized for potential independent contributions to preterm birth (PTB) and low birth weight (LBW). Bisphenols, parabens, and triclosan are consumer product 
chemicals that act via similar mechanisms including estrogen, androgen, and thyroid disruption and oxidative stress. Multiple cohort studies have endeavored to examine effects on birth outcomes, and systematic reviews 
have been limited due to measurement of 1-2 spot samples during pregnancy and limited diversity of populations. Objective: To study the effects of prenatal phenols and parabens on birth size and gestational age (GA) in 
3,619 mother -infant pairs from 11 cohorts in the NIH Environmental influences on Child Health Outcomes program. Results: While many associations were modest and statistically imprecise, a 1 -unit increase in log10 
pregnancy averaged concentration of benzophenone-3 and methylparaben were associated with decreases in birthweight, birthweight adjusted for gestational age and SGA. Increases in the odds of being SGA were 29% 
(95% CI: 5%, 58%) and 32% (95% CI: 3%, 70%), respectively. Bisphenol S in third trimester was also associated with SGA (OR 1.52, 95% CI 1.08, 2.13). Associations of benzophenone-3 and methylparaben with PTB and 
LBW were null. In addition, a 1 -unit increase in log10 pregnancy averaged concentration of 2,4-dichlorophenol was associated with 43% lower (95% CI: -67%, -2%) odds of low birthweight; the direction of effect was the 
same for the highly correlated 2,5-dichlorophenol, but with a smaller magnitude (-29%, 95% CI: -53%, 8%). Discussion: In a large and diverse sample generally representative of the United States, benzophenone-3 and 
methylparaben were associated with lower birthweight as well as birthweight adjusted for gestational age and higher odds of SGA, while 2,4-dichlorophenol. These associations with smaller size at birth are concerning in 
light of the known consequences of intrauterine growth restriction for multiple important health outcomes emerging later in life.

Environ Int. 2024 
Jan:183:108378.

10.1016/j.envint.2023.108378 38181479 ヒト ⽣殖発⽣ - - - - - - コホート 1 1 - - - 1 1 1 - 1 - - - - - - - - - -

統合_2320 Z. Tkalec, G. Codling, J. S. Tratnik, D. Mazej, J. 
Kl?nov?, M. Horvat and T. Kosjek 2022

Suspect and non-targeted 
screening-based human 
biomonitoring identified 74 
biomarkers of exposure in urine of 
Slovenian children

Human exposure to organic contaminants is widespread. Many of these contaminants show adverse health effects on human population. Human biomonitoring (HBM) follows the levels and the distribution of biomarkers 
of exposure (BoE), but it is usually done in a targeted manner. Suspect and non-targeted screening (SS/NTS) tend to find BoE in an agnostic way, without preselection of compounds, and include finding evidence of 
exposure to predicted, unpredicted known and unknown chemicals.This study describes the application of high-resolution mass spectrometry (HRMS)-based SS/NTS workflow for revealing organic contaminants in urine 
of a cohort of 200 children from Slovenia, aged 6-9 years. The children originated from two regions, urban and rural, and the latter were sampled in two time periods, summer and winter. We tentatively identified 74 BoE at 
the confidence levels of 2 and 3. These BoE belong to several classes of pharmaceuticals, personal care products, plasticizers and plastic related products, volatile organic compounds, nicotine, caffeine and pesticides. 
The risk of three pesticides, atrazine, amitraz and diazinon is of particular concern since their use was limited in the EU. Among BoE we tentatively identified compounds that have not yet been monitored in HBM schemes 
and demonstrate limited exposure data, such as bisphenol G, polyethylene glycols and their ethers. Furthermore, 7 compounds with unknown use and sources of exposure were tentatively identified, either indicating the 
entry of new chemicals into the market, or their metabolites and transformation products. Interestingly, several BoE showed location and time dependency.Globally, this study presents high-throughput approach to 
SS/NTS for HBM. The results shed a light on the exposure of Slovenian children and raise questions on potential adverse health effects of such mixtures on this vulnerable population.

ENVIRONMENTAL 
POLLUTION Vol.313

10.1016/j.envpol.2022.120091 36064054 ヒト - - - - - - - バイオモニタリング 1 1 - - - - - - - - - - - - - - - - - -

統合_2321 Z. Teng, Y. N. Liu, Z. L. Wang, Y. S. Zhang, M. N. 
Xie, P. Zhu, N. Li, F. J. Liu and X. X. Liu 2023

Melatonin alleviates oxidative 
damage in mouse spermatogenesis 
and sperm quality parameters 
induced by exposure to Bisphenol A

Bisphenol A (BPA) exposure is known to cause damage to male fertility. Conversely, melatonin (MLT) has been shown to offer protection against reproductive damage by acting as an antioxidant. Exploration into the mo-
lecular mechanisms behind how MLT alleviates BPA-induced male fertility damage remains unclear. In this study, adult male mice were divided into four groups of control, BPA exposure (intragastrically, 50 mg/kg/day), 
MLT treatment (intraperitoneal injection, 10 mg/kg/day) and combined BPA+MLT treatment group for comparative analysis after five weeks of treatment. BPA exposure led to male mice subfertility characterized by poor 
sperm quality of decreased sperm counts and motility, and reduced pregnancy rate of female mice in in vivo and blastocyst formation in vitro experiments. In BPA exposed mice, germ cell proliferation was impaired, 
showing a decrease in PCNA expression. BPA exposure also induced a decrease in the expression of antioxidant molecules Cat, Prdx6, and Sod1, and up-regulated BAX expression. These expression changes resulted in 
increased germ cell apoptosis detected by TUNEL experiments. MLT treatment significantly maintained male mice sperm quality and fertility adversely affected by BPA through modulating the abovementioned responses. 
Sperm proteomics identified 118 BPA-regulated proteins whose expression was changed by MLT treatment, including 37 down-regulated proteins related to proteolysis activity, the up-regulated proteins were mainly 
involved in lipid metabolism. Conclusively, BPA exposure impaired male fertility by negatively affecting germ cell proliferation and sperm quality. MLT treatment could alleviate the side effects of BPA by regulating anti-
oxidant molecules, inhibiting germ cell apoptosis, and maintaining male fertility. This study will provide more information for further exploration into the molecular mechanisms of BPA and MLT in male reproduction.

ECOTOXICOLOGY AND 
ENVIRONMENTAL 
SAFETY Vol.253

10.1016/j.ecoenv.2023.114709 - 動物 - 1 1 1 ICR 0 50 mg/kg/day - - - - - - - - - - - - - - - - - - - - -

統合_2322
K. Svensson, C. Gennings, C. Lindh, H. 
Kiviranta, P. Rantakokko, S. Wikstro and C. G. 
Bornehag

2024
EDC mixtures during pregnancy and 
body fat at 7 years of age in a 
Swedish cohort, the SELMA study

Background: Some endocrine disrupting chemicals (EDC), are "obesogens" and have been associated with overweight and obesity in children. Daily exposure to different classes of EDCs demands for research with 
mixtures approach. Objectives: This study evaluates the association, considering sex-specific effects, between prenatal exposure to EDC mixture and children's body fat at seven years of age. Methods: A total of 26 EDCs 
were assessed in prenatal urine and serum samples from first trimester in pregnancy from 737 mother-child pairs participating in the Swedish Environmental Longitudinal, Mother and child, Asthma and allergy (SELMA) 
study. An indicator for children's "overall body fat" was calculated, using principal component analysis (PCA), based on BMI, percent body fat, waist, and skinfolds measured at seven years of age. Weighted quantile sum 
(WQS) regression was used to assess associations between EDC mixture and children's body fat. Results: Principal component (PC1) represented 83.6 % of the variance, suitable as indicator for children's "overall body 
fat", with positive loadings of 0.40-0.42 for each body fat measure. A significant interaction term, WQS*sex, confirmed associations in the opposite direction for boys and girls. Higher prenatal exposure to EDC mixture 
was borderline significant with more "overall body fat" for boys (Mean beta = 0.20; 95 % CI: -0.13, 0.53) and less for girls (Mean beta = -0.23; 95 % CI: -0.58, 0.13). Also, higher prenatal exposure to EDC mixture was 
borderline significant with more percent body fat (standardized score) for boys (Mean beta = 0.09; 95 % CI: -0.04, 0.21) and less for girls (Mean beta = -0.10 (-0.26, 0.05). The chemicals of concern included bisphenols, 
phthalates, PFAS, PAH, and pesticides with different patterns for boys and girls. Discussion: Borderline significant associations were found between prenatal exposure to a mixture of EDCs and children's body fat. The 
associations in opposite directions suggests that prenatal exposure to EDCs may present sex-specific effects on children's body fat.

Environ Res. 2024 May 
1:248:118293.

10.1016/j.envres.2024.118293 38281561 ヒト 代謝 - - - - - - コホート 1 1 - - - 1 1 1 - - - - - - - - - - - -
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統合_2323 S. Sunil and K. C. Leena 2022
Contributing Factors of 
Hypothyroidism-A Systematic 
Review

Introduction: Hypothyroidism is an emerging public health concern, which need to be due significance. Inspite of iodine supplementation started three decades ago, hypothyroidism is still a problem to be tackled. Apart 
from iodine deficiency, the contributing factors of hypothyroidism have to explored. Aim: To identify the contributing factors of hypothyroidism in adults. Materials and Methods: A systematic literature search was done 
using PubMed, MEDLINE, Embase, Google Scholar and the internet search from 2000 to 2018. The key words used were hypothyroidism, thyroid disorders, underactive thyroid, contributing factors, causes and associative 
factors. All the articles were analysed and the data were extracted using eligibility (inclusion and exclusion criteria) criteria. A total of 14 articles, which are either review articles or systematic reviews, in English 
language, and are fully retrievable were analysed and a systematic review was performed. Among the reviews, nine were review analysis and five were systematic reviews. The risk of bias assessment was done at the 
study level and data synthesis was done based on the criteria satisfied by the checklist. Results: The present analysis has included studies related to contributing factors of hypothyroidism. The analysis revealed the 
following contributing factors of hypothyroidism. Too little or too much iodine (43%), excess fluoride (7%), female gender (14%), presence Thyroid Per Oxidise (TPO) antibodies (36%), smoking status (14%), age above 70 
years (21%), unregulated use of pesticides (14%), contaminated drinking water (14%), certain medicines (29%), use of plastic bottles contain Bisphenol A (BPA) and paper cups insulated with plastics (7%) and exposure 
to goitrogens (7%). Conclusion: Hypothyroidism is a leading emerging health problem in India. The prevalence is 11-15%. Despite the fact iodine fortification since 1983, hypothyroidism is a major public health to be 
tackled. In the current review five studies from India were included. Most of the studies showed the iodine as the contributing factor either in too much level or too little level.

JOURNAL OF CLINICAL 
AND DIAGNOSTIC 
RESEARCH Vol.16 Issue 
1 Pages LE1-LE5

10.7860/JCDR/2022/50941.15846 - ヒト - - - - - - - システマティックレビュー 1 1 - - - - - - - - - - - - - - - - - -

統合_2324 M. Sun, X. N. Cao, Y. H. Wu, L. J. Shen and G. H. 
Wei 2022

Prenatal exposure to endocrine-
disrupting chemicals and thyroid 
function in neonates: A systematic 
review and meta-analysis

Thyroid hormone homeostasis is essential for normal brain development in fetuses and infants. Exposure to endocrine-disrupting chemicals (EDCs) during pregnancy is associated with compromised maternal thyroid 
homeostasis, and thus may lead to adverse neurodevelopmental outcomes in newborns. However, evidence regarding the association of prenatal EDC exposure and thyroid hormones in newborns is controversial. 
Therefore, a meta-analysis to elucidate the relationship between maternal exposure to EDCs and neonatal THs was performed. A systematic search of PubMed, EMBASE, and the Cochrane Library (CENTRAL) for 
relevant published studies that provided quantitative data on the association between prenatal EDC exposure and neonatal thyroid hormones was conducted in August 2021. To calculate the overall estimates, we pooled 
the adjusted 13 regression coefficients with 95% confidence intervals (CIs) from each study by the inverse variance method. The pooling results indicated that prenatal EDC exposure had no significant influence on 
neonatal TSH, TT3, FT3, TT4 or FT4 level in the global assessment. However, in the specific exposure and outcome assessment, we found that prenatal exposure to organochlorine (13 coefficient,-0.022; 95% CI,-0.04 to-
0.003) and PFAS (13 coefficient,-0.017; 95% CI,-0.033 to 0) was negatively associated with neonatal TT4 level. In conclusion, prenatal exposure to organochlorine and PFAS may be associated with lower neonatal TT4 
level.

Ecotoxicol Environ Saf. 
2022 Feb:231:113215.

10.1016/j.ecoenv.2022.113215 35065506 ヒト 代謝(メタアナリシス､甲状腺) - - - - - - メタアナリシス 1 1 - - - 1 1 1 - - - - - - - - - - - -

統合_2325 J. H. Su, X. X. Yang, D. Y. Wang, H. A. Liu, Z. C. 
Kuang, Q. S. Liu, Q. F. Zhou and G. B. Jiang 2025

Exploring the Antagonistic Effects of 
Bisphenols with Nonmonotonic 
Dose-Response Curves on the 
Estrogen Receptor

The nonmonotonic dose-response curve (NMDRC) is a prevalent characteristic of endocrine-disrupting chemicals (EDCs) in activating nuclear receptors (NRs), implicating intricate regulatory mechanisms. In this study, 
the agonistic and antagonistic activities of 11 bisphenols on the estrogen receptor (ER) were screened using MVLN cells. Three distinct dose-response patterns were observed, namely, S-shaped, inverted S-shaped, and 
bell-shaped profiles, corresponding to the agonistic, antagonistic, and nonmonotonic effects on ERs, respectively. To further explore NMDRC, bisphenol B (BPB) and bisphenol AF (BPAF), as representative compounds, 
were specifically investigated for their antagonistic effects on ER under high exposure concentrations (10-50 mu mol/L). Notably, the successive decline in cell viability suggested a subhealthy cell state upon high-dose 
chemical treatments, compromising cell response in ER transactivation. Unlike the specific effect induced by an ER alpha antagonist (4-hydroxytamoxifen, 4OHT), the nonspecific inhibitory effects of BPB and BPAF on ER 
transactivation were further confirmed with their identical antagonistic curves, with or without E2 cotreatment, due to hydrophobicity-related cellular baseline toxicity. Accordingly, the inhibitory effects on NR 
transactivation might not necessarily be considered as a specific antagonistic activity. Thus, a more cautious inspection is highly encouraged in screening NR antagonism-centered endocrine-disrupting effects of 
emerging chemicals by carefully reviewing the specificity of signal reduction or inhibition.

Environ Health (Wash). 
2025 Aug 1;3(12):1510-
1520.

10.1021/envhealth.5c00173 41446769 in vitro - - - - - - - - - - 1 0 0.16 pmol/L to 1 nmol/L 1 - - - - - - - - - - - - - -

統合_2326

I. St?fchen, J. Schweizer, F. V?lter, E. Nowak, L. 
Braun, J. Kocabiyik, M. M. Y. Schnitzler, T. A. 
Williams, S. Kunz, M. Bidlingmaier and M. 
Reincke

2025

The impact of endocrine disrupting 
chemicals on adrenal corticosteroids 
- A systematic review of 
epidemiological studies

Background: The role of endocrine disrupting chemicals (EDCs) in the development of metabolic syndrome has gained increasing recognition in recent years. The underlying mechanisms are largely unresolved. Disruption 
of corticosteroid action and hypothalamic-pituitary-adrenal (HPA) axis are considered possible mechanisms. Objective: To summarise epidemiological studies investigating an association between EDC concentration and 
altered levels of corticosteroids and the adrenocorticotropic hormone (ACTH). Methods: Following the PRISMA guidelines, we searched PubMed and the Cochrane Library for epidemiological studies published from 
database inception until April 1st, 2024. Various groups of EDCs were evaluated with the prerequisite of direct measurement of the chemical, a metabolite, or biomarker. Results: We identified 2094 articles. After 
removing duplicates and screening, 27 studies were included. Studies focused predominantly on glucocorticoids (n = 26) compared to mineralocorticoids (n = 5) and ACTH (n = 2). The most studied EDCs were pesticides 
(n = 9) and phthalates (n = 8). Significant associations between the concentrations of specific EDCs and hormone levels were found in all but three studies. Only one study described an association between EDCs, and 
hormone concentration and metabolic features. Conclusion: There is clear evidence for the impact of specific EDCs on plasma corticosteroid concentrations in different age groups worldwide, however, results varied 
according to EDC class, study population and study methodology. Further research combining EDC and hormone concentrations, and clinical features, complemented by experimental investigations to study cell 
mechanisms, is needed to gain holistic knowledge of EDCs' influence on glucocorticoid- and mineralocorticoid-related disorders.

ENVIRONMENTAL 
RESEARCH Vol.276

10.1016/j.envres.2025.121438 40118322 ヒト - - - - - - - システマティックレビュー 1 1 - - - - - - - - - - - - - - - - - -

統合_2327

D. R. Stevens, M. Goldberg, M. Adgent, H. B. 
Chin, D. D. Baird, V. A. Stallings, D. P. Sandler, 
A. M. Calafat, E. G. Ford, B. S. Zemel, A. Kelly, D. 
M. Umbach, W. Rogan and K. K. Ferguson

2024
Environmental Phenols and Growth 
in Infancy: The Infant Feeding and 
Early Development Study

Context Higher mean and rapid increases in body mass index (BMI) during infancy are associated with subsequent obesity and may be influenced by exposure to endocrine-disrupting chemicals such as phenols.Objective 
In a prospective US-based cohort conducted 2010-2014, we investigated associations between environmental phenol exposures and BMI in 199 infants.Methods We measured 7 urinary phenols at ages 6-8 and 12 weeks 
and assessed BMI z-score at up to 12 study visits between birth and 36 weeks. We examined individual and joint associations of averaged early infancy phenols with level of BMI z-score using mean differences (beta 
[95% CI]) and with BMI z-score trajectories using relative risk ratios (RR [95% CI]).Results Benzophenone-3, methyl and propyl paraben, and all phenols jointly were positively associated with higher mean BMI z-score 
(0.07 [-0.05, 0.18], 0.10 [-0.08, 0.27], 0.08 [-0.09, 0.25], 0.17 [-0.08, 0.43], respectively). Relative to a stable trajectory, benzophenone-3, 2,4-dichlorophenol, 2,5-dichlorophenol, and all phenols jointly were positively 
associated with risk of a rapid increase trajectory (1.46 [0.89, 2.39], 1.33 [0.88, 2.01], 1.66 [1.03, 2.68], 1.41 [0.71, 2.84], respectively).Conclusion Early phenol exposure was associated with a higher mean and rapid 
increase in BMI z-score across infancy, signaling potential long-term cardiometabolic consequences of exposure.

J Clin Endocrinol Metab. 
2024 Nov 
18;109(12):3108-3118.

10.1210/clinem/dgae307 38753668 ヒト 代謝 - - - - - - コホート 1 1 - - - 1 1 1 - - - - - - - - - - - -

統合_2328 J. Sotelo-Orozco, A. M. Calafat, J. C. Botelho, R. 
J. Schmidt, I. Hertz-Picciotto and D. H. Bennett 2024

Exposure to endocrine disrupting 
chemicals including phthalates, 
phenols, and parabens in infancy: 
Associations with 
neurodevelopmental outcomes in 
the MARBLES study

Background: Endocrine disrupting chemicals (EDCs) are widely used compounds with the potential to affect child neurodevelopmental outcomes including autism spectrum disorders (ASD). We aimed to examine the 
urinary concentrations of biomarkers of EDCs, including phthalates, phenols, and parabens, and investigate whether exposure during early infancy was associated with increased risk of later ASD or other non-typical 
development (Non-TD) or adverse cognitive development. Methods: This analysis included infants from the Markers of Autism Risks in Babies-Learning Early Signs (MARBLES) study, a high-risk ASD cohort (n = 148; 
corresponding to 188 urine samples). Thirty-two EDC biomarkers were quantified in urine among infants 3 and/or 6 months of age. Trends in EDC biomarker concentrations were calculated using least square geometric 
means. At 36 months of age, children were clinically classified as having ASD (n = 36), nontypical development (Non-TD; n = 18), or typical development (TD; n = 81) through a clinical evaluation. Trinomial logistic 
regression analysis was used to test the associations between biomarkers with ASD, or Non-TD, as compared to children with TD. In single analyte analysis, generalized estimating equations were used to investigate the 
association between each EDC biomarkers and longitudinal changes in cognitive development using the Mullen Scales of Early Learning (MSEL) over the four assessment time points (6, 12, 24, and 36 months of age). 
Additionally, quantile g-computation was used to test for a mixture effect. Results: EDC biomarker concentrations generally decreased over the study period, except for mono-2-ethyl-5-carboxypentyl terephthalate. 
Overall, EDC biomarkers at 3 and/or 6 months of age were not associated with an increased risk of ASD or Non-TD, and a few showed significant inverse associations. However, when assessing longitudinal changes in 
MSEL scores over the four assessment time points, elevated monoethyl phthalate (MEP) was significantly associated with reduced scores in the composite score (beta = -0.16, 95% CI: 0.31, -0.02) and subscales of fine 
motor skills (beta = -0.09, 95%CI: 0.17, 0.00), and visual reception (beta = -0.11, 95% CI: 0.23, 0.01). Additionally, the sum of metabolites of di (2-ethylhexyl) terephthalate (Sigma DEHTP) was associated with poorer 
visual reception (beta = -0.09, 95% CI: 0.16, -0.02), and decreased composite scores ((3 = -0.11, 95% CI: 0.21, -0.01). Mixtures analyses using quantile g-computation analysis did not show a significant association 
between mixtures of EDC biomarkers and MSEL subscales or composite scores. Conclusion: These findings highlight the potential importance of infant exposures on cognitive development. Future research can help 
further investigate whether early infant exposures are associated with longer-term deficits and place special attention on EDCs with increasing temporal trends and whether they may adversely affect neurodevelopment.

Int J Hyg Environ 
Health. 2024 
Aug:261:114425.

10.1016/j.ijheh.2024.114425 39047380 ヒト 発達神経 - - - - - - コホート 1 1 - - - 1 1 1 - - - - - - - - - - - -

統合_2329
M. H. Soomro, G. E. Mason, J. Y. Liu, A. J. F. 
Reardon, A. M. Macdonald, D. W. Kinniburgh, J. 
W. Martin, D. Dewey and A. P. S. Team

2023
Associations between the chemical 
exposome and pregnancy induced 
hypertension

Exposure to environmental chemicals has been linked to an increased risk of pregnancy-induced hypertension (PIH). This prospective cohort study examined the associations between PIH and maternal chemical exposure 
to four classes of chemicals (i.e., phthalates, bisphenols, perfluoroalkyl acids, non-essential metals and trace minerals). Participants included 420 pregnant women from the Alberta Pregnancy Outcomes and Nutrition 
(APrON) cohort who had data available on diagnosed PIH and environmental chemical exposure. Twelve phthalate metabolites, two bisphenols, eight perfluoroalkyl acids and eleven non-essential metals or trace minerals 
were quantified in maternal urine or blood samples collected in the second trimester of pregnancy. Associations between the urinary and blood concentrations of these chemicals and PIH were assessed using multiple 
logistic and LASSO regression analyses in single- and multi-chemical exposure models, respectively. Thirty-five (8.3%) participants were diagnosed with PIH. In single chemical exposure models, two phthalate 
metabolites, monomethyl phthalate (MMP) and monoethyl phthalate (MEP), three perfluoroalkyl acids, perfluoroheptanoic acid (PFHpA), perfluorononanoic acid (PFNA), and perfluorodecanoic acid (PFDA), and one metal, 
manganese, were associated with increased odds of PIH. The metabolites of di (2-ethylhexyl) phthalate (DEHP) and the molar sum of these metabolites, as well as antimony, displayed trend associations (p < 0.10). In 
multi-chemical exposure models using LASSO penalized regressions and double-LASSO regressions, MEP (AOR: 1.43, 95% CI: 1.09-1.88, p = 0.009) and PFNA (AOR: 2.03, 95% CI: 1.01-4.07, p = 0.04) were selected as 
the chemicals most highly associated with PIH. These findings suggest that maternal levels of phthalates and perfluoroalkyl acids may be associated with the diagnosis on PIH. Future research should consider both 
individual and multi-chemical exposures when examining predictors of PIH and other maternal cardiometabolic health disorders, such as preeclampsia, eclampsia, HELLP syndrome, and gestational diabetes.

Environ Res. 2023 Nov 
15;237(Pt 1):116838.

10.1016/j.envres.2023.116838 37544468 ヒト ⼼⾎管 - - - - - - 横断研究 1 1 - - - 1 1 1 - - - - - - - - - - - -

統合_2330 N. N. Song, X. Q. Xi, K. Yang, C. Z. Pei and L. Z. 
Zhao 2025

Effects of endocrine disrupting 
chemicals, blood metabolome, and 
epigenetics on breast cancer risk: A 
multi-dimensional mendelian 
randomization study

Current research on the relationship between environmental endocrine disrupting chemicals (EDCs) and breast cancer remains insufficient, with limited evidence and inconsistent conclusions. Mendelian randomization 
(MR) is a robust method for establishing causality, as it reduces biases from confounding factors and reverse causation. This study uses MR to investigate the effects of three types of EDCs, including bisphenols, 
parabens, and phthalates, on the risk of overall breast cancer and its subtypes-Luminal A, Luminal B, triple negative, human epidermal growth factor receptor 2-enriched, and estrogen receptor-positive/negative. The 
study also examines the 1400 blood metabolome as potential mediators and explores EDCs-associated DNA methylation changes as potential factors, with a focus on European populations. Our results shows that n-butyl 
paraben (n-BuP) is positively associated with Luminal A, mono-methyl phthalate is negatively associated with Luminal B, and monoiso-butyl phthalate (MiBP) is positively associated with triple negative breast cancer 
(TNBC). Mediation analysis reveals that blood metabolites, such as caffeic acid sulfate and the caffeine-to-paraxanthine ratio, mediate the effect of n-BuP on Luminal A, while methylsuccinate mediate the effect of MiBP 
on TNBC. Epigenetic analysis shows associations between EDCs exposure-related DNA methylation changes at specific CpG sites (cg26325335, cg08537847, cg27454300) and different breast cancer risks. These 
findings not only suggest potential biomarkers for early detection and intervention but also underscore the imperative for further research to rigorously validate these associations.

ECOTOXICOLOGY AND 
ENVIRONMENTAL 
SAFETY Vol.291

10.1016/j.ecoenv.2025.117791 39904262 ヒト - - - - - - - 横断研究 1 1 - - - - - - - - - - - - - - - - - -

統合_2331 D. Song, Y. Liu, K. H. Wu, M. Lyu, Y. S. Wu, Y. N. 
Zhang, P. L. Wang and X. C. Li 2024

Lycopene alleviates Bisphenol a-
induced lipid accumulation via 
activating the SIRT1/PGC-1α 
signaling in PK15 cells

The present study sought to investigate the protective effect of Lycopene (LYC) on Bisphenol A (BPA)-induced lipid accumulation and elucidate the potential molecular mechanism. In vitro, the PK15 cells with or without 
LYC were exposed to BPA for 6 h to detect the lipid accumulation using Nile red's and Oil Red O' staining. Meanwhile, redox status, mitochondrial function, gene expression and protein levels relating to lipid accumulation 
were evaluated by cellular biochemical assays, immunofluorescence staining, quantitative real-time PCR (qRT-PCR) and Western blot, respectively. In addition, ROS scavenger N-acetylcysteine (NAC), SIRT1 inhibitor 
EX527, SIRT1 siRNA and PGC-1 alpha siRNA were used to verify the target signaling pathways responsible for the protective effect of LYC against BPA-indcued lipid accumulation. In vivo, the twenty four male Wistar rats 
were randomly divided into three groups, received either BPA (50 mg/kg/day BW) or LYC (10 mg/kg/day BW) orally for 60 days. The kidney tissues were evaluated by HE's and Oil Red O's staining, lipid-associated genes 
and proteins expression were detected through qRT-PCR and Western blot. The results showed that BPA-exposed PK15 cells and rats had increased lipid droplets with elevated transcription of lipogenic factors SREBP1 
and PPAR gamma, and down-regulated PPAR alpha expression, and which is accompanied by redox imbalance and abnormal mitochondrial function. Conversely, LYC prevented BPA-induced lipid metabolism disorder and 
lipid accumulation through impeding ROS overproduction. Moreover, PK15 cells and rats exposed to BPA showed decrease in SIRT1 and PGC-1 alpha levels, whereas LYC blocked the decrease of SIRT1 and PGC-1 alpha 
protein levels. Furthermore, inhibition or silence of SIRT1 and PGC-1 alpha abrogated the improvements of LYC on ROS generation, mitochondrial mass impairement and lipid accumulation in BPA-treated PK15 cells. 
Collectively, these findings indicate that SIRT1/PGC-1 alpha signaling pathway is involved in the protective effect of LYC on BPA-induced lipid accumulation. These results also provide a potential promising therapeutic 
of LYC against BPA-induced lipid accumulation in kidney cells and organs.

JOURNAL OF 
FUNCTIONAL FOODS 
Vol.118

10.1016/j.jff.2024.106300 - 動物、in vitro - 1 1 1 1 0 50 mg/kg/day - - - 1 0 150 µM - - - - - - - - - - - - - - -

統合_2332
C. M. Sol, S. Santos, L. Duijts, A. G. 
Asimakopoulos, M. P. Martinez-Moral, K. 
Kannan, V. W. V. Jaddoe and L. Trasande

2020

Fetal phthalates and bisphenols and 
childhood lipid and glucose 
metabolism. A population-based 
prospective cohort study

Background and aims: Fetal exposure to endocrine disruptors such as phthalates and bisphenols may lead to developmental metabolic adaptations. We examined associations of maternal phthalate and bisphenol urine 
concentrations during pregnancy with lipids, insulin, and glucose concentrations at school age. Methods: In a population-based, prospective cohort study among 757 mother-child pairs, we measured maternal phthalate 
and bisphenol urine concentrations in first, second and third trimester of pregnancy. We measured non-fasting lipids, glucose and insulin blood concentrations of their children at a mean age of 9.7 (standard deviation 0.2) 
years. Analyses were performed for boys and girls separately. Results: An interquartile range (IQR) higher natural log transformed third trimester maternal urine phthalic acid concentration was associated with a 0.20 
(95% confidence interval (CI) 0.07-0.34) standard deviation score (SDS) higher triglycerides concentration among boys. Maternal bisphenol urine concentrations were not associated with non-fasting lipid concentrations 
during childhood. An IQR higher natural log transformed second trimester maternal high molecular weight phthalates (HMWP) and di-2-ethylhexylphthalate (DEHP) urine concentration were associated with a 0.19 (95% CI 
0.31-0.07) respectively 0.18 (95% CI 0.31-0.06) SDS lower glucose concentration among boys. An IQR higher natural log transformed third trimester maternal bisphenol F urine concentration was associated with a 0.22 
(95% CI 0.35-0.09) SDS lower non-fasting insulin concentration among boys. Conclusions: Our results suggest potential persisting sex specific effects of fetal exposure to phthalates and bisphenols on childhood lipid 
concentrations and glucose metabolism. Future studies are needed for replication and exploring underlying mechanisms.

Environ Int. 2020 
Nov:144:106063.

10.1016/j.envint.2020.106063 32889482 ヒト 代謝 - - - - - - コホート 1 1 - - - 1 1 1 - - - - - - - - - - - -

統合_2333 I. Singh, R. S. Thakur, Y. Shukla and D. K. Patel 2023
Quantification of Bisphenol A in 
Swiss albino mice following topical 
exposure

Bisphenol A (BPA) is an industrial chemical used in plastics, resin-based food packaging, and thermal papers etc. BPA is reported as an endocrine disruptor and implicated in many disorders including infertility, diabetes, 
neurological, obesity, and cancer. The populace comes in contact with BPA through oral, inhalation, and dermal routes as it leaches out of the finished products. The present study is aimed to determine the levels of 
absorption through the skin as well as the penetration rate of BPA into the circulation following dermal exposure in Swiss albino mice. We used ultra-performance liquid chromatography with fluorescence detector to 
quantify the un-conjugated BPA in the serum and skin samples collected at 6 h, 12 h, 24 h, 48 h, 72 h, and 168 h from Swiss albino mice exposed to 250 mg/kg bw BPA through a single dermal application. Mean serum 
unconjugated BPA Cmax of 745 ng/mL was observed at 24 h. Unconjugated BPA appeared in serum 562 ng/mL within 6 h and was detected till 72 h at concentrations near the LOD (3.9 ng/mL) while those in skin samples 
unconjugated BPA is detectable at all the time points and displayed a gradual decrease in BPA concentration with progressing dura-tion post dermal exposure. Our study showed a slow absorption rate of BPA through the 
skin into the circulation and greater bioavailability of unconjugated BPA as it bypasses the first-pass metabolism, resulting in prolonged retention in the system with delayed elimination on dermal exposure.

JOURNAL OF 
HAZARDOUS 
MATERIALS 
ADVANCES Vol.9

10.1016/j.hazadv.2022.100207 - 動物 - 1 0 1 1 0 250 mg/kg - - - - - - - - - - - - - - - - - - - - -

統合_2334 J. R. Shoaff, B. Coull, J. Weuve, D. C. Bellinger, 
A. M. Calafat, S. L. Schantz and S. A. Korrick 2020

Association of Exposure to 
Endocrine-Disrupting Chemicals 
During Adolescence With Attention-
Deficit/Hyperactivity Disorder-
Related Behaviors

Question Is exposure to endocrine-disrupting chemicals during adolescence a risk factor for behaviors associated with attention-deficit/hyperactivity disorder (ADHD)? Findings In this cross-sectional analysis of data 
from 205 adolescents participating in a prospective birth cohort study, exposure to select phthalates was associated with an increased risk of ADHD-related behaviors. Associations were strongest for phthalates with 
antiandrogenic activity. Meaning These findings support the potential importance of exposures to endocrine-disrupting chemicals, especially phthalates, during adolescence as correlates of ADHD-related behaviors. 
Importance Attention-deficit/hyperactivity disorder (ADHD) is the most common childhood neurobehavioral disorder. Studies suggest that prenatal and early childhood exposure to endocrine-disrupting chemicals may be 
associated with ADHD, but the association during adolescence has not been studied to date. Objective To evaluate the association between exposure to select endocrine-disrupting chemicals during adolescence and 
ADHD-related behaviors. Design, Setting, and Participants For this cross-sectional analysis, data were collected from 205 adolescents in the New Bedford Cohort, an ongoing prospective birth cohort, between June 18, 
2011, and June 10, 2014. The adolescents provided spot urine samples and underwent neurodevelopmental testing. Statistical analyses performed from January 15 to December 31, 2019, used a repeated-measures 
analysis with multivariate modified Poisson models to estimate the adjusted relative risk of ADHD-related behaviors associated with exposure to endocrine-disrupting chemicals. Exposures Urinary biomarker 
concentrations of endocrine-disrupting chemicals or their metabolites, including phthalates, parabens, phenols, and triclocarban, were quantified. Summary exposure measures were created, combining biomarker 
concentrations of chemicals with a shared mechanism of action, exposure pathway, or chemical class. Main Outcomes and Measures Behaviors related to ADHD were assessed with up to 14 indices from self-, parent-, 
and teacher-completed behavioral checklists using validated and standardized instruments; specifically, the Conners Attention Deficit Scale and the Behavior Assessment System for Children, Second Edition. Scores on 
each index were dichotomized to identify those with evidence of a significant behavioral problem, defined by each scale's interpretive guidelines. Results Among the 205 participants, the mean (SD) age at assessment was 
15.3 (0.7) years, with 112 girls (55%) and 124 non-Hispanic White participants (61%). The median urine concentrations were 0.45 mu mol/L of sigma antiandrogenic phthalates, 0.13 mu mol/L of sigma DEHP metabolites, 
0.49 mu mol/L of sigma personal care product phthalates, 0.35 mu mol/L of sigma parabens, 0.02 mu mol/L of sigma bisphenols, and 0.02 mu mol/L of sigma dichlorophenols. A total of 82 (40%) had scores consistent 
with a significant behavioral problem, whereas 39 (19%) had an ADHD diagnosis. Each 2-fold increase in the sum of antiandrogenic phthalate concentrations was associated with a 1.34 (95% CI, 1.00-1.79) increase in the 
risk of significant ADHD-related behavior problems, whereas a 2-fold increase in the sum of dichlorophenols was associated with a 1.15 (95% CI, 1.01-1.32) increased risk. These associations tended to be stronger in 
male participants, but comparisons of sex-specific differences were imprecise. Conclusions and Relevance Endocrine-disrupting chemicals are used in a wide variety of consumer products resulting in ubiquitous 
exposure. The study findings suggest that exposure to some of these chemicals, particularly certain phthalates, during adolescence may be associated with behaviors characteristic of ADHD. This cross-sectional 
analysis evaluates the association between exposure to select endocrine-disrupting chemicals during adolescence and attention-deficit/hyperactivity (ADHD)-related behaviors.

JAMA Netw Open. 2020 
Aug 3;3(8):e2015041.

10.1001/jamanetworkopen.2020.1
5041
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統合_2335 V. Shivam, A. Boobalan, S. Nallusamy, K. 
Ponnusamy, P. Veluchamy and P. M. Siva 2022

Genomic approach to identify 
association of environmental 
bisphenol-A (BPA) in daily use 
plastics as molecular disruptors in 
breast cancer

Purpose: The present study was aimed to investigate the association of Bisphenol-A (BPA) and MDM2 SNP309 polymorphism with the risk of breast cancer in Indian women. Methods: Blood samples from breast cancer 
patients and healthy controls were analyzed by using UV visible spectrophotometry for structural changes in blood components by BPAQ. MDM2 SNP309 polymorphism was investigated by using TETRA ARMS-PCR. 
Results: On comparing control groups, there is an increased mean absorbance at a range of 250 nm to 300 nm and 360 nm to 450 nm in breast cancer patients. The allele frequencies of case subjects (T, 0.47; G, 0.53) 
were significantly different from those of control subjects (T, 0.66; G, 0.34) (p = 0.011). The proportion of GG genotype of the SNP309 in breast cancer patients (28.88%) was significantly higher than that of control groups 
(13.33%). With TT genotype as reference, the genotypes (TG + GG) containing G allele as dominant form in breast cancer patients (OR, 2.80; 95% CI, 1.12-7.00); p = 0.025) were significantly associated with breast 
cancer. Conclusions: The results revealed that there is an association between active metabolite of Bisphenol-A and MDM2 SNP309 G variant with the risk of breast cancer in Indian population.

Human Gene, Volume 
32, May 2022, 101026

10.1016/j.mgene.2022.101026 - ヒト 発がん - - - - - - 症例対照 1 1 - - - 1 1 1 - - - - - - - - - - - -

統合_2336 Y. M. Shi, X. T. Liu, Q. T. Xie, X. F. Pan and Z. X. 
Mei 2021

Plastic additives and personal care 
products in south China house dust 
and exposure in child-mother pairs*

Indoor environment constitutes an important source of industrial additive chemicals to human exposure. We hypothesized that the influence of residential environment on human exposure varies among different types of 
additive chemicals and differs between children and mothers. This study determined a suite of additive chemicals in house dust from South China dwellings (n = 47) and urine from child mother pairs. Concentrations of 
phthalates (PAEs; median 601 mg/g) were 2-3 orders of magnitude greater than those of parabens (0.82 mg/g), bisphenols (3.31 mg/g), and benzophenone-related chemicals (2.69 mg/g). Urinary concentrations differed 
between children and mothers, but the pattern of differences varied between chemical groups. Children exhibited greater urinary levels of mono-PAEs than mothers (510 versus 395 ng/mL, p = 0.152), while the latter 
population exhibited greater levels of parabens and benzophenones. Regression analyses indicate a lack of association between dust and urinary levels for most chemicals, suggesting that other exposure pathways can 
complicate human exposure scenarios. Indeed, we estimated that the daily intake via dust ingestion only constituted 0.002-0.81% of total daily intake estimated based on urine data for mothers and 0.04-5.61% for 
children. Future efforts are needed to better characterize source-specific exposure for different populations. 0 2020 Published by Elsevier Ltd.

ENVIRONMENTAL 
POLLUTION Vol.281
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統合_2337

B. J. Seewoo, L. M. Goodes, L. Mofflin, Y. R. 
Mulders, E. V. Wong, P. Toshniwal, M. Brunner, 
J. Alex, B. Johnston, A. Elagali, A. Gozt, G. Lyle, 
O. Choudhury, T. Solomons, C. Symeonides and 
S. A. Dunlop

2023

The plastic health map: A 
systematic evidence map of human 
health studies on plastic-associated 
chemicals

Background: The global production and use of plastic materials has increased dramatically since the 1960s and there is increasing evidence of human health impacts related to exposure to plastic-associated chemicals. 
There is, however, no comprehensive, regulatory, post-market monitoring for human health effects of plastic-associated chemicals or particles and it is unclear how many of these have been investigated for effects in 
humans, and therefore what the knowledge gaps are. Objective: To create a systematic evidence map of peer-reviewed human studies investigating the potential effects of exposure to plastic-associated 
particles/chemicals on health to identify research gaps and provide recommendations for future research and regulation policy. Methods: Medline and Embase databases were used to identify peer-reviewed primary 
human studies published in English from Jan 1960 - Jan 2022 that investigated relationships between exposures to included plasticassociated particles/chemicals measured and detected in bio-samples and human health 
outcomes. Plasticassociated particles/chemicals included are: micro and nanoplastics, due to their widespread occurrence and potential for human exposure; polymers, the main building blocks of plastic; plasticizers and 
flame retardants, the two most common types of plastic additives with the highest concentration ranges in plastic materials; and bisphenols and per- or polyfluoroalkyl substances, two chemical classes of known health 
concern that are common in plastics. We extracted metadata on the population and study characteristics (country, intergenerational, sex, age, general/special exposure risk status, study design), exposure (plastic-
associated particle/ chemical, multiple exposures), and health outcome measures (biochemical, physiological, and/or clinical), from which we produced the interactive database 'Plastic Health Map' and a narrative 
summary. Results: We identified 100,949 unique articles, of which 3,587 met our inclusion criteria and were used to create a systematic evidence map. The Plastic Health Map with extracted metadata from included 
studies are freely available at https://osf.io/fhw7d/ and summary tables, plots and overall observations are included in this report. Conclusions: We present the first evidence map compiling human health research on a 
wide range of plasticassociated chemicals from several different chemical classes, in order to provide stakeholders, including researchers, regulators, and concerned individuals, with an efficient way to access published 
literature on the matter and determine knowledge gaps. We also provide examples of data clusters to facilitate systematic reviews and research gaps to help direct future research efforts. Extensive gaps are identified in 
the breadth of populations, exposures and outcomes addressed in studies of potential human health effects of plastic-associated chemicals. No studies of the human health effects of micro and/or nanoplastics were 
found, and no studies were found for 26/1,202 additives included in our search that are of known hazard concern and confirmed to be in active production. Few studies have addressed recent "substitution" chemicals for 
restricted additives such as organophosphate flame retardants, phthalate substitutes, and bisphenol analogues. We call for a paradigm shift in chemical regulation whereby new plastic chemicals are rigorously tested for 
safety before being introduced in consumer products, with ongoing post-introduction biomonitoring of their levels in humans and health effects throughout individuals' life span, including in old age and across generations.
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統合_2338
S. Schildroth, L. A. Wise, A. K. Wesselink, T. N. 
Bethea, V. Fruh, K. W. Taylor, A. M. Calafat, D. 
D. Baird and B. C. Henn

2022

Correlates of non-persistent 
endocrine disrupting chemical 
mixtures among reproductive-aged 
Black women in Detroit, Michigan

Some studies indicate that Black women have higher exposure to multiple non-persistent endocrine disrupting chemicals (EDCs) than white women, but little is known about correlates of exposure to EDC mixtures. Using 
baseline data from a prospective cohort study of reproductive-aged Black women (N = 751), we characterized profiles of EDC mixtures and identified correlates of exposure. At baseline, we quantified biomarkers of 16 
phthalates, 7 phenols, 4 parabens, and triclocarban in urine and collected covariate data through self-administered questionnaires and interviews. We used principal component (PC) analysis and k -means clustering to 
describe EDC mixture profiles. Associations between correlates and PCs were estimated as the mean difference (13) in PC scores, while associations between correlates and cluster membership were estimated as the 
odds ratio (OR) of cluster membership. Personal care product use was consistently associated with profiles of higher biomarker concentrations of non-persistent EDCs. Use of nail polish, menstrual and vaginal products 
(e.g., vaginal powder, vaginal deodorant), and sunscreen was associated with a mixture of phthalate and some phenol biomarkers using both methods. Current vaginal ring use, a form of hormonal contraception placed 
inside the vagina, was strongly associated with higher concentrations of high molecular weight phthalate biomarkers (k -means clustering: OR = 2.42, 95% CI = 1.28, 4.59; PCA: beta =-0.32, 95% CI =-0.71, 0.07). Several 
dietary, reproductive, and demographic correlates were also associated with mixtures of EDC biomarkers. These findings suggest that personal care product use, diet, and contraceptive use may be sources of exposure to 
multiple non -persistent EDCs among reproductive-aged Black women. Targeted interventions to reduce exposure to multiple EDCs among Black women are warranted.
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統合_2339
B. A. Ryva, D. C. Pacyga, K. Y. Anderson, A. M. 
Calafat, J. Whalen, M. T. Aung, J. C. Gardiner, J. 
M. Braun, S. L. Schantz and R. S. Strakovsky

2024

Associations of urinary non-
persistent endocrine disrupting 
chemical biomarkers with early-to-
mid pregnancy plasma sex-steroid 
and thyroid hormones

Background/Objectives: Pregnant women are exposed to numerous endocrine disrupting chemicals (EDCs) that can affect hormonal pathways regulating pregnancy outcomes and fetal development. Thus, we evaluated 
overall and fetal sex-specific associations of phthalate/replacement, paraben, and phenol biomarkers with sex-steroid and thyroid hormones. Methods: Illinois women (n = 302) provided plasma for progesterone, 
estradiol, testosterone, free T4 (FT4), total T4 (TT4), and thyroid stimulating hormone (TSH) at median 17 weeks gestation. Women also provided up-to-five first-morning urine samples monthly across pregnancy (8-40 
weeks), which we pooled to measure 19 phthalate/ replacement metabolites (reflecting ten parent compounds), three parabens, and six phenols. We used linear regression to evaluate overall and fetal sex-specific 
associations of biomarkers with hormones, as well as weighted quantile sum and Bayesian kernel machine regression (BKMR) to assess cumulative associations, nonlinearities, and chemical interactions. Results: In 
women of relatively high socioeconomic status, several EDC biomarkers were associated with select hormones, without cumulative or non-linear associations with progesterone, FT4, or TT4. The biomarker mixture was 
negatively associated with estradiol (only at higher biomarker concentrations using BKMR), testosterone, and TSH, where each 10% mixture increase was associated with -5.65% (95% CI: -9.79, -1.28) lower testosterone 
and -0.09 mu IU/mL (95% CI: -0.20, 0.00) lower TSH. Associations with progesterone, testosterone, and FT4 did not differ by fetal sex. However, in women carrying females, we identified an inverted u -shaped 
relationship of the mixture with estradiol. Additionally, in women carrying females, each 10% increase in the mixture was associated with 1.50% (95% CI: -0.15, 3.18) higher TT4, whereas in women carrying males, the 
mixture was associated with -1.77% (95% CI: -4.08, 0.58) lower TT4 and -0.18 mu IU/mL (95% CI: -0.33, -0.03) lower TSH. We also identified select chemical interactions. Conclusion: Some biomarkers were associated 
with early -to -mid pregnancy hormones. There were some sexspecific and non-linear associations. Future studies could consider how these findings relate to pregnancy/ birth outcomes.
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統合_2340 L. Rytel, M. A. Lozano and S. Gonkowski 2020

NEUREGULIN 1 (NRG-1) AS A 
NEURONAL ACTIVE SUBSTANCE 
IN THE PORCINE INTRAHEPATIC 
NERVE FIBERS IN PHYSIOLOGICAL 
CONDITIONS AND UNDER THE 
INFLUENCE OF BISPHENOLA 
(BPA)

Bisphenol A (BPA) is a substance commonly used in the production of plastics. Previous studies have described that it shows multidirectional harmful effects on the living organism. It is known that BPA causes liver 
damage, but knowledge about the roles of intrahepatic nerves in these mechanisms is extremely scanty. On the other hand, the exact roles of some neuronal substances in the nervous structures located in the liver still 
remain unknown. One of such substance, which is allocated a role in the stimulation of cell survival is neuregulin 1 (NRG-1). The aim of the present study . was to investigate the distribution of NRG-1-like immunoreactive 
(NRG-1-LI) nerves in the liver hi physiological conditions and under the influence of various doses of BPA using routine double inummoiluorescence staining. The results (for the first time) show the presence of NRG-1 in 
the intrahepatic nerves, and co-localization of NGR-1 with neuronal isoform of nitric oxide synthase (nNOS) and vasoactive intestinal polypeptide (VIP). Moreover, it has been observed that high doses of BPA increase the 
density of NRG-1-LI intrahepatic nerves and the degree of co-localization of NRG-1 with VIP. These observations suggest that NRG-1 located in intrahepatic nerves may play . functions in processes connected with liver 
damage and/or regeneration under the impact of BPA.
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統合_2341 A. A. Runkel, D. Mazej, J. S. Tratnik, Z. Tkalec, T. 
Kosjek and M. Horvat 2022

Exposure of men and lactating 
women to environmental phenols, 
phthalates, and DINCH

Phthalates and 1,2-Cyclohexane dicarboxylic acid diisononyl ester (DINCH), bisphenols (BPs), parabens (PBs), and triclosan (TCS) are high-production-volume chemicals of pseudo-persistence that are concerning for the 
environment and human health. This study aims to assess the exposure to 10 phthalates, DINCH, and environ-mental phenols (3 BPs, 7 PBs, and TCS) of Slovenian men (n = 548) and lactating primiparous women (n = 
536). We observed urinary concentrations comparable to studies from other countries and significant differences among the sub-populations. In our study, men had significantly higher levels of phthalates, DINCH, and 
BPs, whereas the concentrations of PBs in urine were significantly higher in women. The most significant determinant of exposure was the area of residence and the year of sampling (2008-2014) that mirrors trends in 
the market. Participants from urban or industrialized sampling locations had higher levels of almost all monitored analytes compared to rural locations. In an attempt to assess the risk of the population, hazard quotient 
(HQ) values were calculated for individual compounds and the chemical mixture. Individual analytes do not seem to pose a risk to the studied population at current exposure levels, whereas the HQ value of the chemical 
mixture is near the threshold of 1 which would indicate a higher risk. We conclude that greater emphasis on the risk resulting from cumulative exposure to chemical mixtures and additional studies are needed to estimate 
the exposure of sus-ceptible populations, such as children.
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統合_2342 Rivera-Núñez Z, Kinkade CW, Zhang Y, Rockson 
A, Bandera EV, Llanos AAM, Barrett ES. 2022

Phenols, Parabens, Phthalates and 
Puberty: a Systematic Review of 
Synthetic Chemicals Commonly 
Found in Personal Care Products 
and Girls' Pubertal Development

Purpose of Review Exposure to endocrine disrupting chemicals through personal care products (PCPs) is widespread and may disrupt hormone-sensitive endpoints, such as timing of puberty. Given the well-documented 
(and ongoing) decline in age at menarche in many populations, we conducted a systematic review of the epidemiological literature on exposure to chemicals commonly found in PCPs (including certain phthalates, phenols, 
and parabens) in relation to girls' pubertal development. Recent Findings The preponderance of research on this topic has examined phthalate exposures with the strongest evidence indicating that prenatal monoethyl 
phthalate (MEP) concentrations may be associated with slightly earlier timing of puberty, including age at menarche. Findings examining peri-pubertal phthalate exposures and pubertal outcomes were less consistent as 
were studies of prenatal and peri-pubertal phenol exposures. Very few studies had examined parabens in relation to girls' pubertal development. Common study limitations included potential exposure misclassification 
related to use of spot samples and/or mistimed biomarker assessment with respect to the outcomes. The role of body size as a mediator in these relationships remains unresolved. Overall, evidence of associations 
between chemical exposures in PCPs and girls' pubertal development was conflicting. When associations were observed, effect sizes were small. Nevertheless, given the many environmental, social, and behavioral 
factors in the modern environment that may act synergistically to accelerate timing of puberty, even marginal changes may be cause for concern, with implications for cancer risk, mental health, and cardiometabolic 
disease in later life.
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統合_2343 V. Rinotas, A. Stamatakis, A. Stergiopoulos, C. 
G. Bornehag, J. R?egg, M. Armaka and E. Kitraki 2024

Prenatal Exposure to a Human 
Relevant Mixture of Endocrine-
Disrupting Chemicals Affects 
Mandibular Development in Mice

Mandible is a bony structure of neuroectodermal origin with unique characteristics that support dentition and jaw movements. In the present study, we investigated the effects of gestational exposure to a mixture of 
endocrine-disrupting chemicals (EDCs) on mandibular growth in mice. The mixture under study (Mixture N1) has been associated with neurodevelopmental effects in both a human cohort and animal studies. Pregnant 
mice were exposed throughout gestation to 0.5x (times of pregnant women's exposure levels), 10x, 100x and 500x of Mixture N1, or the vehicle, and the mandibles of the male offspring were studied in adulthood. Micro-CT 
analysis showed non-monotonic effects of Mixture N1 in the distances between specific mandibular landmarks and in the crown width of M1 molar, as well as changes in the mandibular bone characteristics. The alveolar 
bone volume was reduced, and the trabecular separation was increased in the 500x exposed mice. Bone volume in the condyle head was increased in all treated groups. Tau he Safranin-O-stained area of mature 
hypertrophic chondrocytes and the width of their zones were reduced in 0.5x, 10x and 100x exposed groups. This is the first indication that prenatal exposure to an epidemiologically defined EDC mixture, associated with 
neurodevelopmental impacts, can also affect mandibular growth in mammals.
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統合_2344 A. G. Reznikov, O. V. Sachynska, A. A. Lymareva 
and L. I. Polyakova 2020

Sexual Behavior, Profile of Steroid 
Hormones, and Morphology of the 
Medial Preoptic Nuclei in F1 Male 
Rat Progeny Prenatally Exposed to 
Low-Dose Bisphenol A

Long-term effects of maternal treatment of Wistar rats with low doses of bisphenol A (BPA) on sexual behaviors, morphology of the medial preoptic nuclei (MPNs) of the hypothalamus, and blood plasma levels of steroid 
hormones in adult male offspring (first generation) were studied. Bisphenol was introduced by gavage within the last week of gestation at a daily dose of 25 mu g/kg body mass. Estradiol-17 beta diacetate (E2D) was 
injected at a dose of 10 mu g/kg b.m. subcutaneously as an estrogenic reference drug. Male sexual behavior was characterized by the numbers of mounts, intromissions, ejaculations and latent and refractory periods in 
these events in the presence of a receptive female. Female sexual behavior was evaluated by lordosis reactions in males, which were orchidectomized and subjected to introduction of E2D and progesterone in the 
presence of a normal male. Histological examination and karyometry of MPN neurons were carried out. The results were compared with those in the control offspring group. Transplacentally administered BPA and E2D 
caused a slight increase in the anogenital distance (AGD) in newborn males and did not affect the terms of puberty. The levels of testosterone and estradiol in the blood plasma of 6-month-old BPA-exposed males did not 
differ from those in the controls. At 10 months of age, all BPA-exposed males showed sharply suppressed sexual motivation for mating with females; in four out of five animals, copulative components of sexual behavior 
were completely absent. There were no ejaculations in the fifth male as well, while numbers of the mounts without intromissions and ones with intromissions were significantly reduced. In the BPA group, all descendant 
males showed active lordosis behavior in the presence of a sexually active male. Thus, prenatal low doses of BPA disrupt sexual differentiation of the brain in a form of demasculinization combined with feminization of 
sexual behavior. In contrast to this, prenatal E2D enhanced male sexual activity and tripled the testosterone plasma level at adulthood. According to the histological and karyometric study of the MPN, the activity of 
neurons in the male offspring of BPA-exposed pregnant dams significantly decreased during a critical time of brain sexual differentiation (BSD), and volumes of the nuclei of neurons in this structure and spatial 
distributions of these cells differed from the control. In contrast, MPN neurons of the E2D-exposed males demonstrated signs of increased activity. No changes in the basal or stress-related plasma corticosterone levels 
were found in BPA- or E2D-exposed rats. The results obtained are indicative of epigenetic disorders of the BSD program due to prenatal exposure to BPA at much lower doses than the estimated NOAEL (no-observed 
adverse-effect level) for rodents, and this should be taken into consideration when evaluating the potential hazard of BPA for human health.

NEUROPHYSIOLOGY 
Vol.52 Issue 5 Pages 
388-396

10.1007/s11062-021-09895-4 - 動物 - 1 1 1 1 0 25 µg/kg - - - - - - - - - - - - - - - - - - - - -

統合_2345

M. Puttabyatappa, M. Banker, L. X. Zeng, J. M. 
Goodrich, S. E. Domino, D. C. Dolinoy, J. D. 
Meeker, S. Pennathur, P. X. K. Song and V. 
Padmanabhan

2020

Maternal Exposure to Environmental 
Disruptors and Sexually Dimorphic 
Changes in Maternal and Neonatal 
Oxidative Stress

Context: Early pregnancy exposure to endocrine disrupting chemicals (EDCs) may contribute to poor birth outcomes through oxidative stress (OS)-mediated disruption of the maternal and fetal milieu. Most studies have 
investigated the effect of single EDC exposures on OS. Objective: Assess the association of uniquely weighted mixtures of early pregnancy exposures with the maternal and neonatal OS markers. Design: Prospective 
analysis of mother-infant dyads Setting: University hospital. Participants: 56 mother-infant dyads. Main Outcome Measures: The association of OS markers (nitrotyrosine, dityrosine, chlorotyrosine) in maternal first 
trimester and term, and cord blood plasma with maternal first trimester exposure levels of each of 41 toxicants (trace elements, metals, phenols, and phthalates) from 56 subjects was analyzed using Spearman 
correlations and linear regression. The association of OS markers with inflammatory cytokines and birth outcomes were analyzed by Spearman correlation and linear regression analysis, respectively. Weighted mixtures of 
early pregnancy exposures were created by principal component analysis and offspring sex-dependent and independent associations with oxidative stress markers were assessed. Results: (1) An inverse relationship 
between levels of maternal/cord OS markers and individual EDCs was evident. In contrast, when assessed as EDC mixtures, both direct and inverse associations were evident in a sex-specific manner; (2) the maternal 
term OS marker, nitrotyrosine, was inversely associated with gestational age, and (3) both direct and inverse associations were evident between the 3 OS markers and individual cytokines. Conclusions: Provides proof of 
concept that effects of exposures on OS varies when assessed as EDC mixtures versus individually.

J Clin Endocrinol Metab. 
2020 Feb 1;105(2):492-
505.
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統合_2346 A. Punt, J. Louisse, N. Pinckaers, E. Fabian and 
B. van Ravenzwaay 2022

Predictive Performance of Next 
Generation Physiologically Based 
Kinetic (PBK) Model Predictions in 
Rats Based on In Vitro and In Silico 
Input Data

The goal of the present study was to assess the predictive performance of a minimal generic rat physiologically based kinetic (PBK) model based on in vitro and in silico input data to predict peak plasma concentrations 
(C-max) upon single oral dosing. To this purpose, a dataset was generated of 3960 C-max predictions for 44 compounds, applying different combinations of in vitro and in silico approaches for chemical parameterization, 
and comparison of the predictions to reported in vivo data. Best performance was obtained when (1) the hepatic clearance was parameterized based on in vitro measured intrinsic clearance values, (2) the method of 
Rodgers and Rowland for calculating partition coefficients, and (3) in silico calculated fraction unbound plasma and P-app values (the latter especially for very lipophilic compounds). Based on these input data, the median 
C-max of 32 compounds could be predicted within 10-fold of the observed C-max, with 22 out of these 32 compounds being predicted within 5-fold, and 8 compounds within 2-fold. Overestimations of more than 10-fold 
were observed for 12 compounds, whereas no underestimations of more than 10-fold occurred. Median C-max predictions were frequently found to be within 10-fold of the observed C-max when the scaled unbound 
hepatic intrinsic clearance (Cl-int,Cl-u) was either higher than 20 l/h or lower than 1 l/h. Similar findings were obtained with a test set of 5 in-house BASF compounds. Overall, this study provides relevant insights in the 
predictive performance of a minimal PBK model based on in vitro and in silico input data.
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統合_2347
A. Punt, J. Louisse, K. Beekmann, N. Pinckaers, 
E. Fabian, B. van Ravenzwaay, P. L. Carmichael, 
I. Sorrell and T. E. Moxon

2022

Predictive Performance of Next 
Generation Human Physiologically 
Based Kinetic (PBK) Models Based 
on In Vitro and In Silico Input Data

The goal of the present study was to assess the predictive performance of a generic human physiologically based kinetic (PBK) model based on in vitro and in silica input data and the effect of using different input 
approaches for chemical parameterization on those predictions. For this purpose, a dataset was created of 38,772 C-max predictions for 44 compounds by applying different combinations of in vitro and in silico 
approaches for chemical parameterization, and these predicted C-max values were compared to reported in vivo data. Best results were achieved when the hepatic clearance was parameterized based on in vitro (i.e., 
hepatocytes or liver S9) measured intrinsic clearance values, the method of Rodgers and Rowland for calculating tissue:plasma partition coefficients, and the method of Lobell and Sivarajah for calculating the fraction 
unbound in plasma. With these parameters, the median C-max values of 34 out of the 44 compounds were predicted within 5-fold of the observed C-max, and the C-max values of 19 compounds were predicted within 2-
fold. The median C-max values of 10 compounds were more than 5-fold overestimated. Underestimations (> 5-fold) did not occur. A comparison of the current generic PBK model structure with chemical-specific PBK 
models available in the literature was made to identify possible kinetic processes not included in the generic PBK model that might explain the overestimations. Overall, the results provide crucial insights into the 
predictive performance of PBK models based on in vitro and in silico input and the influence of different input approaches on the model predictions.
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統合_2348
A. Z. Pollack, S. L. Mumford, J. R. Krall, A. 
Carmichael, V. C. Andriessen, K. Kannan and E. 
F. Schisterman

2020

Urinary levels of environmental 
phenols and parabens and 
antioxidant enzyme activity in the 
blood of women

Background: The balance between oxidative stress and antioxidant enzymes is one biological mechanism by which environmental and lifestyle exposures affect health outcomes. Yet, no studies have examined the 
relationship between environmental phenolic compounds and parabens or their mixtures in relation to antioxidant enzyme activity in women of reproductive age. Methods: Sixteen environmental phenols and parabens were 
measured in urine 2-5 times across two months of follow-up in 143 women aged 18-44 years. Four antioxidant enzymes, erythrocyte and plasma glutathione peroxidase (eGPx, pGPx), glutathione reductase (GSHR), 
superoxide dismutase (SOD) were measured in plasma. Linear mixed models were adjusted for age, body mass index, race, and creatinine and were weighted with inverse probability of exposure weights. Multi-chemical 
exposures were estimated using hierarchical principal component analysis (PCA). Results: In line with our hypothesis that environmental phenols and parabens would be associated with decreased antioxidant enzymes, 
butyl, benzyl, ethyl, and propyl parabens were associated with lower levels of eGPx. Methyl paraben, 2,4-dichlorophenol and 2,5-dichlorophenol were associated with reduced SOD. 2,4,6-trichlorophenol was associated 
with increased levels of pGPx and GSHR. Several parabens were associated with modest decreases in eGPx and SOD, biomarkers of antioxidant defense. Increases in pGPx and GSHR were noted in relation to butyl and 
ethyl parabens. Co-exposures to parabens were associated with decreased eGPx (beta = -1.08, 95% CI: -1.74, -0.43) in principal components mixed models, while co-exposure to benzophenones-3 and -1 were associated 
with increased eGPx (beta = 0.92, 95% CI: 0.20, 1.64). Conclusion: These findings indicate that nonpersistent chemicals altered antioxidant enzyme activity. Further human studies are necessary to delineate the 
relationship between environmental phenol and paraben exposures with erythrocyte and plasma activities of antioxidant enzymes.
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統合_2349 A. Pervez, G. S. Tariq, F. Ahmed, S. Bushra and 
S. Kashif 2024

A Systematic Review on the 
Relationship of Bisphenol-A with 
PCOS, with a Focus on Pakistan

The study was done to show the association of high bisphenol-A levels with polycystic ovarian syndrome, keeping Pakistan in focus. Google Scholar, PubMed, ScienceDirect, and DOAJ were used for the literature search. 
Original research articles from 2018 to 2023 were included in this review. A total of 86 articles were extracted. After exclusion, fourteen (16) articles were included in the review. No human studies were found in Pakistan, 
the USA, Canada, Australia, or Europe. All studies included in the review were case-control studies. Most of these studies (14) showed a positive relationship between BPA levels and PCOS, but two studies could not. No 
animal or human studies were found in Pakistan. Only one study was found in humans in Pakistan, which showed a direct relation between BPA levels in urine and insulin resistance in diabetic patients. According to 
global studies, BPA was a possible etiological factor for PCOS. No such data was obtained from Pakistan, but evidence of high levels of BPA in tap water and various canned and bottled drinks in Pakistan was found. BPA 
should be considered an actual threat in Pakistan at the national level. So, studies must be done, and regulations must be made to control BPA use.
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統合_2350 M. Q. Peng, D. Dabelea, J. L. Adgate, W. Perng, 
A. M. Calafat, K. Kannan and A. P. Starling 2024

Associations of urinary biomarkers 
of phthalates, phenols, parabens, 
and organophosphate esters with 
glycemic traits in pregnancy: The 
Healthy Start Study

Background: Certain endocrine-disrupting chemicals (EDCs) are widespread in consumer products and may alter glucose metabolism. However, the impact of EDC exposures on glucose and insulin regulation during 
pregnancy is incompletely understood, despite potential adverse consequences for maternal and infant health. We estimated associations between 37 urinary biomarkers of EDCs and glucose-insulin traits among 
pregnant women. Methods: Seventeen phthalate or phthalate substitute metabolites, six environmental phenols, four parabens, and ten organophosphate ester metabolites were quantified in mid-pregnancy urine from 298 
participants in the Healthy Start Study. Fasting blood glucose, insulin, and hemoglobin A1c were assessed concurrently, and Homeostasis Model Assessment 2-Insulin Resistance (HOMA2-IR) was calculated. 
Gestational diabetes diagnoses and screening results were obtained from medical records for a subset of participants. We estimated associations between each EDC and outcome separately using linear and robust 
Poisson regression models and analyzed EDC mixture effects. Results: The EDC mixture was positively associated with glucose, insulin, and HOMA2-IR, although overall associations were attenuated after adjustment for 
maternal BMI. Two mixture approaches identified di(2ethylhexyl) phthalate (DEHP) metabolites as top contributors to the mixture's positive associations. In singlepollutant models, DEHP metabolites were positively 
associated with fasting glucose, fasting insulin, and HOMA2-IR even after adjustment for maternal BMI. For example, each interquartile range increase in log2transformed mono(2-ethyl-5-oxohexyl) phthalate was 
associated with 2.4 mg/dL (95% confidence interval (CI): 1.1, 3.6) higher fasting glucose, 11.8% (95%CI: 3.6, 20.5) higher fasting insulin, and 12.3% (95%CI: 4.2, 21.1) higher HOMA2-IR. Few EDCs were associated with 
hemoglobin A1c or with a combined outcome of impaired glucose tolerance or gestational diabetes. Discussion: Exposures to phthalates and particularly DEHP during pregnancy are associated with altered glucoseinsulin 
regulation. Disruptions in maternal glucose metabolism during pregnancy may contribute to adverse pregnancy outcomes including gestational diabetes and fetal macrosomia, and associated long-term consequences for 
maternal and child health.

Environ Res. 2024 Dec 
1;262(Pt 1):119810.
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統合_2351 F. J. Peng, P. Palazzi, S. Mezzache, E. Adelin, N. 
Bourokba, P. Bastien and B. M. R. Appenzeller 2023

Association between Environmental 
Exposure to Multiclass Organic 
Pollutants and Sex Steroid Hormone 
Levels in Women of Reproductive 
Age

Organic pollutant exposure may alter sex steroid hormone levels in both animals and humans, but studies on mixture effects have been lacking and mainly limited to persistent organic pollutants, with few hormones being 
investigated. Moreover, measurements from a single blood or urine sample may not be able to reflect long-term status. Using hair analysis, here, we evaluated the relationship between multiclass organic pollutants and 
sex steroid hormones in 196 healthy Chinese women aged 25-45 years. Associations with nine sex steroid hormones, including progesterone, androstenedione (AD), testosterone (T), estrone (E1), and 17 beta-estradiol 
(E2), and eight related hormone ratios were explored on 54 pollutants from polychlorinated biphenyl (PCB), pesticide, and bisphenol families using stability-based Lasso regression analysis. Our results showed that each 
hormone was associated with a mixture of at least 10 examined pollutants. In particular, hair E2 concentration was associated with 19 pollutants, including gamma-hexachlorocyclohexane, propoxur, permethrin, fipronil, 
mecoprop, prochloraz, and carbendazim. There were also associations between pollutants and hormone ratios, with pentachlorophenol, dimethylthiophosphate, 3-phenoxybenzoic acid, and flusilazole being related to both 
E1/AD and E2/T ratios. Our results suggest that exposure to background levels of pesticides PCB180 and bisphenol S may affect sex steroid hormone homeostasis among women of reproductive age.
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統合_2352 J. Park, H. Lee, S. Lee and H. Lee 2022

Interventions on Reducing Exposure 
to Endocrine Disrupting Chemicals 
in Human Health Care Context: A 
Scoping Review

Purpose: Inevitability of exposure to endocrine disrupting chemicals (EDCs) in daily lives of modern society is increasing interests in developing and implementing interventions to prevent or reduce harmful health effects 
of EDCs in various academic areas. This is a scoping review of intervention studies aimed at reducing exposure to EDCs in the text of human health care. Methods: Scoping review methodology was used to explore the 
extent, range, and nature of current literature. A comprehensive systematic search of PubMed, CINAHL, Cochrane, PcycINFO, EMBASE, and RISS was performed for studies published to date. The authors followed Arksey 
and O'Malley's stages; 1) identification of research questions; 2) identification of relevant studies using a total of six electronic databases; 3) study selection; 4) charting the data; and 5) collation, summarization and 
reporting of the data. Results: A total of 2114 articles were retrieved, from which 13 articles were included in the final review. Among the 13 studies, 12 conducted interventions regarding dietary modification or 
replacement of household or personal goods. The duration of interventions ranged from at least three days to a maximum of six months, including six studies with a period of less than ten days. The participants were all 
healthy populations, eight of which were for adults, three for children or adolescents, and two for families. Outcome of the interventions were measured through concentration of EDCs in urine or/and house air. The 
effects of the interventions were inconsistent, with 11 studies showing significant changes of EDC concentration while no significant change was found in two studies. Conclusion: The results indicate a need for 
randomized controlled trials, participant-centered studies promoting active participation and practices of subjects, studies specifying subgroups of participants, and studies including families as units in interventions.

RISK MANAGEMENT 
AND HEALTHCARE 
POLICY Vol.15 Pages 
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統合_2353 B. Park, B. Kim, C. H. Kim, H. J. Oh and B. Park 2024

Association between endocrine-
disrupting chemical mixtures and 
non-alcoholic fatty liver disease with 
metabolic syndrome as a mediator 
among adults: A population-based 
study in Korea

Endocrine -disrupting chemicals (EDCs) may play a role in non-alcoholic fatty liver disease (NAFLD); however, studies on the combined effects of EDC mixtures on NAFLD development are limited. Here, we explored the 
association between exposure to EDC mixtures and NAFLD and investigated the potential mediating role of metabolic syndrome (MetS). We included participants from the Korean National Environmental Health Survey 
Cycle 4 (2018 - 2020) and quantified the urinary concentrations of various EDCs - eight phthalate metabolites, three phenols, one antibacterial compound, four parabens, four polycyclic aromatic hydrocarbons, and one 
pyrethroid pesticide metabolite - as well as serum concentrations of five perfluorinated compounds (PFCs). NAFLD was defined as a hepatic steatosis index (HSI) >= 36 or a fatty liver index (FLI) >= 60. Weighted 
quantile sum (WQS) regression was employed to evaluate the associations between EDC mixtures and the risk of MetS or NAFLD. Causal mediation analysis was conducted to explore the potential mediating effect of 
MetS on the association between mixtures of EDCs and NAFLD risk. All estimates were adjusted for age, sex, educational level, physical activity, smoking status, involuntary smoking, and drinking habits. A total of 2942 
adults were included in the analysis. Moderate -to -high positive correlations were identified between phthalate metabolites and PFCs. Higher WQS scores were associated with an elevated risk of MetS and NAFLD. The 
sex -stratified WQS regression model showed that the interactions between the WQS index and sex were significant for MetS and NAFLD. According to the causal mediation analysis, both the direct and indirect effects 
of EDC mixtures on NAFLD, with MetS as a mediator, were significant in females. Collectively, these findings highlight the need for interventions that could address both EDC mixture exposure and metabolic status to 
effectively reduce the risks associated with NAFLD and its related complications.

ECOTOXICOLOGY AND 
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統合_2354 A. O. Oyabambi, B. B. Aindero, B. E. Fashetan 
and K. T. Oni 2023

Morinda Citrifolia (Noni) attenuated 
transcriptional and degenerative 
markers of cardiac toxicity in 
bisphenol A treated male wistar rats

Bisphenol A (BPA) is an endocrine disruptor that causes metabolic disruption. It is widely used in the manufacturing industry as an internal protective lining for food and beverage cans. Morinda citrifolia (Noni) is a known 
ethno-medicinal plant of Pantropical origin. The aim of this study was to investigate the effect of Noni aqueous extract (NAE) on transcriptional and degenerative markers of cardiac toxicity in Bisphenol A treated male 
Wistar rats. Twenty-four male Wistar rats were randomly assigned into four groups as: Control (Ctr: normal chow + vehicle: Olive oil), BPA (7 g/kg, orally), (NAE:500 mg/kg; orally), and NAE: (500 mg/kg + BPA;7g/kg 
orally). After six weeks of administration, animals were anesthetized with 0.8 mg Phenobarbitone intraperitoneally and blood was collected by cardiac puncture. Plasma and cardiac homogenate were sampled and data 
were analyzed using a one-way ANOVA followed by Bonferroni's Post hoc test. Results are expressed as mean +/- standard error of mean (SEM) and p < 0.05 were accepted as significant. Bisphenol A reduced 
significantly plasma and cardiac histone deacetylate (HDAC), Nitric oxide (NO) and adenosine and increased triglycerides (TG), lipoprotein (a) or Lp(a), tumor necrotic factor alpha (TNF-alpha), uric acid (UA), and 
(malondialdehyde) MDA when compared with control and noni-treated group. NAE increased HDAC and NO significantly compared to the control while reducing significantly TNF-alpha, catalase, MDA, TG, and Lp(a). In 
conclusion, NAE reduced Bisphenol A worsening cardiovascular risks through a significant positive epigenetic HDAC expression and increased neovascularization activities.
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H. E. L. Ouazzani, S. Rouillon, N. Venisse, L. 
Sifer-Rivi?re, A. Dupuis, G. Cambien, S. Ayraud-
Thevenot, A. S. Gourgues, P. Pierre-Eug?ne, F. 
Pierre, S. Rabouan, V. Migeot and M. Albouy-
Llaty

2021

Impact of perinatal environmental 
health education intervention on 
exposure to endocrine disruptors 
during pregnancy-PREVED study: 
study protocol for a randomized 
controlled trial

Background: The suspected or actual effects on health of endocrine-disrupting chemicals (EDC) and their ubiquitous presence in everyday life justify the implementation of health promotion interventions. These 
interventions should ideally be applied during critical windows like pregnancy. Perinatal environmental health education interventions may help to reduce EDC exposure during pregnancy. Methods/design: 4PREVED 
(Pregnancy, PreVention, Endocrine Disruptors) is an open-label randomized controlled trial assessing the impact of environmental health education intervention on EDC exposure during pregnancy. Inclusion, consent, and 
randomization take place during the first trimester. The participants are randomly allocated into three groups: (i) control group (information leaflet on EDCs), (ii) intervention group in neutral location (information leaflet 
and workshops in a meeting room), and (iii) intervention group in contextualized location (information leaflet and workshops in a real apartment). Workshops are organized between the second and third trimesters of 
pregnancy. Main outcome is the percentage of participants who reported consuming manufactured/industrial food. Secondary outcomes are as follows: (i) psycho-social dimensions, (ii) EDC concentrations in urine, (iii) 
EDC concentration in colostrum, and (iv) percentage of participants who reported consuming paraben-free personal care products. Discussion: PREVED is a ground-breaking intervention research project dedicated to 
perinatal environmental health education that aims to identify pollutant sources in daily life and to offer accessible and realistic alternative solutions, by promoting the sharing of know-how and experience in a positive and 
non-alarmist approach.

TRIALS Vol.22 Issue 1 10.1186/s13063-021-05813-5 34863252 ヒト - - - - - - - バイオモニタリング（妊娠中のEDC曝露に対する環境衛⽣教育介⼊の影響） 1 1 - - - - - - - - - - - - - - - - - -
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O. U. Orji, N. J. Awoke, D. E. Uti, O. D. Obasi, P. 
M. Aja, E. N. Nwamaka, G. U. Umoru, P. N. 
Ogbu, M. P. Udoudoh, E. U. Alum, C. O. Ogbu, S. 
I. Oodo and U. A. Ibiam

2024

The Therapeutic Role of Gastrodin 
in Combating Insulin Resistance, 
Inflammation, and Oxidative Stress 
Induced by Bisphenol-A

Objective Insulin resistance is a key feature of, type 2 diabetes mellitus (T2DM), and it has been linked to an environmental pollutant bisphenol-A (BPA). Gastrodin, a derivative of Chinese medicinal herb, has antioxidant 
and anti-inflammatory properties that can potentially ameliorate BPA-induced insulin resistance in albino rats.Method The study involved five groups of six rats each, including normal control, BPA-treated, metformin-
treated, and gastrodin plus BPA-treated groups Insulin sensitivity index, homeostasis model assessment- index of insulin resistance (HOMA IR), and fasting insulin levels were assessed. Using ELISA, the study measured 
protein levels, including High-Sensitivity C-reactive Protein (hs-CRP,) Glucose Transporter 1 (GLUT1), Interleukin-6 (IL-6), Tumor Necrosis Factor-alpha (TNF-alpha), AMP-Activated Protein Kinase (AMPK), Inducible 
Nitric Oxide Synthase (iNOS), caspase-3, and Nuclear factor erythroid 2-related factor 2 (Nrf2), and analyzed factors like thiobarbituric acid reactive substances-malondialdehyde (TBARS-MDA), reduced glutathione, and 
catalase activity.Results BPA administration causes insulin resistance in albino rats, reducing insulin sensitivity. Gastrodin treatment attenuates resistance, improves glucose levels, and increased insulin sensitivity. 
Gastrodin also mitigates oxidative stress.by reducing reactive oxygen species (ROS) production and restoring antioxidant enzyme activities, while TBARS-MDA was reduced. Studied inflammatory indicators included; C-
reactive protein, Tumor necrosis factor (TNF-alpha), and Interleukin 6. Notably, the administration of bisphenol-A caused a 2-3 fold increase in the serum levels of hs-CRP, TNF-alpha, and IL-6. All treatments by 
gastrodin (high and low doses) decreased these observed effects by bisphenol-A to values similar to the standard (metformin) and normal control rats. Gastrodin exerted its protective benefits via activating the 
AMPK/Nrf2 signaling pathway, increasing AMPK phosphorylation and Nrf2 nuclear translocation, resulting in improved cellular defense against oxidative stress. Indicators of possible inflammations on bisphenol-A 
treatment were also investigated.Conclusion This shows that gastrodin might be a promising therapeutic drug for the prevention and treatment of insulin resistance-related problems.

NATURAL PRODUCT 
COMMUNICATIONS 
Vol.19 Issue 12

10.1177/1934578X241310096 - 動物 - 1 1 1 1 0 50 mg/kg - - - - - - - - - - - - - - - - - - - - -

統合_2357 N. T. Omorodion, B. E. Atoigwe-Ogeyemhe, P. U. 
Achukwu and E. B. Odigie 2019

Histopathological changes 
associated with exposure of some 
viscerals and testicular tissues to 
bisephenol A and di(2-
ethylhexyl)phthalate

Purpose: To evaluate the pathological effect associated with the exposure of viscerals and testicular tissues of albino rats to BPA and DEHP. Methods: A total of sixty adult male Wistar rats weighing 200 - 250 g were 
divided into four (4) groups of 15 rats per cage in a sanitized environment. Group I animals received normal rodent pellet and water and served as untreated group. Thereafter, the rats in the second group (II) were 
administered 5 mg/kg per day of BPA mixed with rodent pellet orally; group III received 0.5 mg/kg daily dose of DEHP mixed with rodent pellet; while group IV received orally mixture of 0.5 mg/kg of BPA and 0.5 mg/kg 
DEHP + pelleted rodent feed. The rats were fed and water provided regularly for 30 days; finally, the animals were weighed and sacrificed by cranial dislocation. Result: BPA and DEHP resulted in significant (p < 0.05) 
weight losses, inflammation and fatty deposits in the liver, degenerated bowman capsule and glomeruli of the kidneys, lung oedema, and deteriorated leydig cells in testes. Conclusion: The results suggest that BPA and 
DEHP cause significant weight loss and are injurious to the cellular make-up of rat tissues, which may be the same in higher animals.
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OF PHARMACEUTICAL 
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統合_2358 A. Olivas-Mart?nez, P. S. Ventura-Wischner, M. 
F. Fernandez and C. Freire 2025

Influence of exposure to endocrine 
disruptors and other environmental 
chemicals on breast development in 
girls: A systematic review of human 
studies

Background: Age at thelarche has decreased over recent decades. This change in female puberty timing may be influenced by exposure to endocrine disrupting chemicals (EDCs) during critical periods of development. 
Objective: To review the scientific literature for evidence on the association of exposure to EDCs and other environmental chemicals with the timing of thelarche in girls. Methods: A systematic search for original peer-
reviewed articles published up to July 2023 was conducted in three databases (Medline/PubMed, Scopus, and Web of Science), following the PECO strategy and PRISMA guidelines. The quality of evidence and reporting 
and the risk of bias were evaluated using GRADE, STROBE, and ROBINS-E tools. Results: Out of 3094 articles retrieved in the search, 67 met the review inclusion criteria. Data from 10 out of the 14 studies offering high-
quality suggest that in utero and/or childhood exposure to certain synthetic and natural chemicals is associated with earlier breast development in girls; 8 of these 10 studies described a relationship with exposure to 
organohalogenated compounds in utero and to phthalates in childhood. Conclusions: This systematic review provides the first overview of available human data on the association of EDCs/environmental chemicals with 
the timing of thelarche. Further high-quality research is urgently needed to fully elucidate the influence of this exposure on breast development timing in girls.
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J. Oh, K. Kim, K. Kannan, P. J. Parsons, A. 
Mlodnicka, R. J. Schmidt, J. B. Schweitzer, I. 
Hertz-Picciotto and D. H. Bennett

2024

Early childhood exposure to 
environmental phenols and 
parabens, phthalates, 
organophosphate pesticides, and 
trace elements in association with 
attention deficit hyperactivity 
disorder (ADHD) symptoms in the 
CHARGE study

Background A growing body of literature investigated childhood exposure to environmental chemicals in association with attention-deficit/hyperactivity disorder (ADHD) symptoms, but limited studies considered urinary 
mixtures of multiple chemical classes. This study examined associations of concurrent exposure to non-persistent chemicals with ADHD symptoms in children diagnosed with autism spectrum disorder (ASD), 
developmental delay (DD), and typical development (TD). Methods A total of 549 children aged 2-5 years from the Childhood Autism Risks from Genetics and Environment (CHARGE) case-control study were administered 
the Aberrant Behavior Checklist (ABC). This study focused on the ADHD/noncompliance subscale and its two subdomains (hyperactivity/impulsivity, inattention). Sixty-two chemicals from four classes 
(phenols/parabens, phthalates, organophosphate pesticides, trace elements) were quantified in child urine samples, and 43 chemicals detected in > 70% samples were used to investigate their associations with ADHD 
symptoms. Negative binomial regression was used for single-chemical analysis, and weighted quantile sum regression with repeated holdout validation was applied for mixture analysis for each chemical class and all 
chemicals. The mixture analyses were further stratified by diagnostic group. Results A phthalate metabolite mixture was associated with higher ADHD/noncompliance scores (median count ratio [CR] = 1.10; 2.5th, 97.5th 
percentile: 1.00, 1.21), especially hyperactivity/impulsivity (median CR = 1.09; 2.5th, 97.5th percentile: 1.00, 1.25). The possible contributors to these mixture effects were di-2-ethylhexyl phthalate (DEHP) metabolites and 
mono-2-heptyl phthalate (MHPP). These associations were likely driven by children with ASD as these were observed among children with ASD, but not among TD or those with DD. Additionally, among children with ASD, 
a mixture of all chemicals was associated with ADHD/noncompliance and hyperactivity/impulsivity, and possible contributors were 3,4-dihydroxy benzoic acid, DEHP metabolites, MHPP, mono-n-butyl phthalate, and 
cadmium. Conclusions Early childhood exposure to a phthalate mixture was associated with ADHD symptoms, particularly among children with ASD. While the diverse diagnostic profiles limited generalizability, our 
findings suggest a potential link between phthalate exposure and the comorbidity of ASD and ADHD.
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J. Oh, J. P. Buckley, K. Kannan, E. Pellizzari, R. 
L. Miller, T. M. Bastain, A. L. Dunlop, C. 
Douglas, F. D. Gilliland, J. B. Herbstman, C. Karr, 
C. A. Porucznik, I. Hertz-Picciotto, R. Morello-
Frosch, S. Sathyanarayana, R. J. Schmidt, T. J. 
Woodruff, D. H. Bennett and E. C. Consortium

2025

Exposures to Contemporary and 
Emerging Chemicals among Children 
Aged 2 to 4 Years in the United 
States Environmental Influences on 
the Child Health Outcome (ECHO) 
Cohort

Prenatal and early life exposure to environmental chemicals can increase the risk of multiple adverse child health outcomes. However, biomonitoring data for young children remain limited. This study leveraged the 
nationwide Environmental influences on Child Health Outcomes (ECHO) Cohort to assess chemical exposures in 201 children aged 2-4 years between 2010 and 2021. A total of 111 analytes across multiple chemical 
classes were simultaneously quantified in single spot urine specimens collected from each child and their mother during pregnancy, and concentrations were compared between child and prenatal maternal samples. 
Among the 111 analytes, 96 were detected in at least five children and 48 analytes in over 50% of children. Thirty-four were ubiquitously detected (>90%), nine of which have not been included in U.S. national 
biomonitoring: benzophenone-1, triethyl phosphate, and metabolites of six phthalates and one alternative plasticizer. Concentrations of bisphenol S, three pesticide biomarkers, and two phthalate biomarkers were higher 
in children than in mothers, while those of triclosan and monoethyl phthalate were higher in mothers. This study reveals frequent exposure to multiple chemicals in young U.S. children, often exceeding prenatal levels. 
Expanded biomonitoring of emerging chemicals of concern and studies of their health effects in this vulnerable population are warranted.
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Y. Y. Zhang, B. Zhang, H. H. Yang, M. Liu, J. 
Wang, L. Zhao, W. T. Guo, M. Li, X. F. Lai, L. L. 
Yang, X. Meng, C. J. Wang, Z. H. Zhang and X. 
M. Zhang
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Associations of endocrine-disrupting 
chemicals mixtures with serum lipid 
and glucose metabolism among 
overweight/obese and normal-
weight children: A panel study

Background: Endocrine-disrupting chemicals (EDCs) can disturb lipid and glucose metabolism, but few studies have explored the effects of EDC mixtures and underlying inflammation mechanisms in weight-specific 
children. Methods: We conducted a panel study with 3 repeated visits among 144 children aged 4-12 years. For each visit, participants provided morning urine samples for 4 consecutive days and fasting blood samples on 
day 4. A total of 36 EDCs were measured, including 10 per- and polyfluoroalkyl substances (PFAS), 3 phenols, 3 parabens, 10 phthalates, and 10 polycyclic aromatic hydrocarbons. We used quantile g-computation, 
grouped weighted quantile sum (GWQS) regression, and linear mixed-effect models to evaluate and validate the associations of the mixture and individual effects of EDCs on lipid and fasting blood glucose (FBG). Further, 
mediation models were applied to explore the potential role of cytokines in the relationships of EDCs and outcomes. Results: A quantile increase in EDC mixtures was associated with elevated triglyceride (TG) ((3 = 0.18, 
95 % CI: 0.04, 0.33) and FBG ((3 = 0.02, 95 % CI: 0.01, 0.04). Also, GWQS regression revealed that PFAS contributed the most to the overall effects for TG and FBG, followed by phenols. These associations were more 
pronounced in overweight/obese children. Regarding individual pollutants, we observed positive relationships of several PFAS with TG and FBG. Furthermore, chemokine ligand 2 mediated the associations of PFAS with 
TG among overweight/obese children. Conclusions: The present study suggested that the EDC mixtures were associated with elevated lipid and glucose levels among children, particularly for those with 
overweight/obesity.
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H. L. Zhang, Y. X. Liu, Y. N. Zhao, J. Y. Zhang, L. 
H. Yang, G. L. Zhang, Y. P. Cai, L. Yang, J. Y. Xi, 
Z. L. Wang, H. Liang, M. H. Miao, T. Zhang and 
J. C. Xue

2025

Urinary exposure level of emerging 
chemicals in Chinese pregnant 
women and their associations with 
oxidative stress

Emerging chemicals (ECs), including parabens, bisphenols, bisphenol diglycidyl ethers, N,N '-substituted p-phenylenediamines, and benzotriazoles/benzothiazoles (BTH/BTRs), are widely used in industrial and consumer 
products. This study aimed to determine the urinary concentrations of 33 ECs and three oxidative stress biomarkers in pregnant women from a large birth cohort in Jiashan, China. Among the detected compounds, methyl 
paraben (MeP), bisphenol A (BPA), bisphenol A bis(2,3-dihydroxypropyl) glycidyl ether (BADGE<middle dot>2H(2)O), N-isopropyl-N '-phenyl-1,4-phenylenediamine quinone (IPPDQ), and 1H-benzotriazole (1-H-BTR) were 
the most prevalent, with median concentrations ranging from 0.51 to 9.02 ng/mL. Notably, BTH/BTRs exhibited the highest exposure levels, approximately 4-16 times greater than those of other ECs. Most ECs showed 
elevated concentrations in pregnant women who were exposed to secondhand smoke prior to pregnancy. After model analysis, we found that mixtures of ECs were positively associated with both 8-hydroxy-2 '-
deoxyguanosine (8-OHdG) and 15(R)-prostaglandin F-2 alpha (15-PGF(2 alpha)), while a negative trend was observed between ECs and 8-iso-prostaglandin F-2 alpha (8-PGF(2 alpha)). Specifically, urinary benzyl paraben 
(BzP), BPA, bisphenol S (BPS), N-(1,3-dimethylbutyl)-N '-phenyl-1,4-phenylenediamine quinone (6PPDQ), IPPDQ, 2(3H)-benzothiazole (2-OH-BTH), and 2-methylthio-benzothiazole (2-Me-S-BTH) or 1-H-BTR were 
significantly (p < 0.05) associated with 8-OHdG. MeP, 6PPDQ, and 2-Me-S-BTH were linked to 15-PGF(2 alpha), while only bisphenol A (2,3-dihydroxypropyl) glycidyl ether (BADGE<middle dot>H2O) showed a 
significant positive association with 8-PGF(2 alpha). This study provides a comprehensive evaluation of the exposure characteristics of ECs and their associations with oxidative stress biomarkers in pregnant women, 
offering new insights into the health risks associated with ECs exposure during critical periods of pregnancy.
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統合_2363 Y. I. Zanet, E. M. Hashem, M. N. Dessouky, M. 
H. Megalla and I. S. Dessouky 2023

Study of serum bisphenol-A and the 
mRNA of galactosidase beta 1 and 
tumor necrosis factor alpha in 
Egyptian patients with type 2 
diabetes mellitus

Background The pathogenesis of type 2 diabetes mellitus (T2DM) originates from multiple tissue defects. Environmental pollutants such like endocrine-disrupting chemicals (EDCs) have lately gotten special attention in 
triggering the metabolic abnormalities in relation to insulin resistance and T2DM. Bisphenol-A (BPA), which is one of the EDCs and simulates natural endogenous estrogens, has been implicated in the pathogenesis of 
several diseases, and, over the last decade, it has been revealed to have probable diabetogenic and obesogenic actions.Aim To study the environmental exposure of BPA by measuring its serum level together with the 
relative expression level of galactosidase beta 1 (GLB1), tumor necrosis alpha (TNF-a) mRNAs and malondialdehyde (MDA) as an oxidative stress marker determine the association of these markers with the glycemic 
control of Egyptian patients having T2DM.Patients and methods The present study was conducted on 90 participants categorized into group 1: 60 patients with T2DM and group 2: 30 subjects with normal glucose 
tolerance. Serum BPA levels were measured by enzyme-linked immunosorbent assay (ELISA) kit, and biochemical determinations were done by standard protocols. Because of the pro-oxidizing role of BPA, we measured 
serum level of malondialdehyde (MDA) as an oxidative stress marker. Peripheral blood mononuclear cells (PBMCs) were used for detecting the gene expression changes in GLB1 mRNA, a major marker of cellular 
senescence, and the mRNA of the proinflammatory cytokine, TNF-a.Results Serum levels of BPA in T2DM patients were significantly higher compared to their control group, and they were significantly and positively 
correlated to poor glycemic control and insulin resistance. T2DM patients showed significantly high serum MDA, mRNA levels of GLB1, and TNF-a. There was positive correlation between serum BPA levels and oxidative 
stress marker, senescence indicator, and inflammatory marker; however, there was no statistical significance for this correlation.Conclusion Our study demonstrates that there is a link between increased serum BPA 
levels, poor glycemic control, and insulin resistance in Egyptian patients with T2DM.
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統合_2364
A. N. Zamora, K. E. Peterson, M. M. T?llez-Rojo, 
P. X. K. Song, J. D. Meeker, A. Cantoral, J. M. 
Goodrich, D. C. Dolinoy and E. C. Jansen

2023

Urinary phthalates, phenols, and 
parabens in relation to sleep health 
markers among a cohort of Mexican 
adolescents

Introduction: Emerging research has shed light on the potential impact of environmental toxicants on sleep health, however, it remains unclear if these associations exist during adolescence and whether associations 
differ by sex. This study aimed to examine associations between phthalates, parabens, and phenols on adolescent sleep health using crosssectional data from 470 participants from the Early Life Exposures in Mexico to 
Environmental Toxicants (ELEMENT) study. Material and methods: In 2015, spot urine samples were analyzed for exposure biomarkers of 14 phthalate metabolites, seven phenol, and four paraben analytes. Over seven 
consecutive days, sleep duration, midpoint, and fragmentation were assessed with wrist-actigraphy. We examined associations between summary phthalates, individual phthalate metabolites, and phenol and paraben 
analytes with mean weekday sleep duration, midpoint, and fragmentation using linear regression models adjusted for specific-gravity and sex, age, pubertal status, smoking and alcohol behavior, physical activity, and 
screen time. Results: Mean (SD) age was 13.8 (2.1) years; 53.5 % were female. Sigma Plastic - summary measure for toxicants from plastic sources - and Sigma DEHP and its metabolites, were associated with longer 
sleep duration in the unstratified sample. To illustrate, every 1-unit log increase in Sigma DEHP was associated with 7.7 min (95 % CI: 0.32, 15.1; p < 0.05) longer duration.Summary measures of toxicants from plastic 
sources, personal care products, anti-androgenic toxicants, and multiple individual phthalates, phenols, and parabens were associated with later midpoint. The midpoint associations were largely female-specific. There 
were no associations with sleep fragmentation.Conclusions: Higher EDC exposure may be related to longer sleep duration and later sleep timing during adolescence, and associations may vary by toxicant and according to 
sex.

SCIENCE OF THE 
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A. N. Zamora, E. C. Jansen, M. Tamayo-Ortiz, J. 
M. Goodrich, B. N. S?nchez, D. J. Watkins, J. A. 
Tamayo-Orozco, M. M. T?llez-Rojo, A. Mercado-
Garc?a, A. Baylin, J. D. Meeker and K. E. 
Peterson

2021

Exposure to Phenols, Phthalates, 
and Parabens and Development of 
Metabolic Syndrome Among 
Mexican Women in Midlife

Background: Evidence suggests exposure to endocrine-disrupting chemicals (EDCs) can influence Metabolic Syndrome (MetS) risk in adults, but it is unclear if EDCs impact women during midlife. We examined if EDCs 
measured in adult women were predictive of MetS and its components 9 years later. Methods: We measured urinary phthalate metabolites, phenols, and parabens collected in 2008 among 73 females from the ELEMENT 
study. MetS and its components (Abdominal Obesity, Hypertriglyceridemia, Cholesterolemia, Hypertension, and Hyperglycemia) were assessed in 2017. We regressed log-transformed EDC concentrations on MetS and 
MetS components using logistic regression, adjusting for age and physical activity. Results: At follow-up, the mean (SD) age was 46.6 (6.3) years; the prevalence of MetS was 34.3%. Sum of dibutyl phthalate metabolites 
(sigma DBP), monobenzyl phthalate (MBzP), and monoethyl phthalate (MEP) were associated with an increased odds of hypertriglyceridemia. 2,5-dichlorophenol (2,5 DCP) and 2,4-dichlorophenol (2,4 DCP) were 
associated with increased odds of hypertriglyceridemia. The odds of hypertension were 4.18 (95% CI: 0.98, 17.7, p < 0.10) and 3.77 (95% CI: 0.76, 18.62, p < 0.10) times higher for every IQR increase in MCOP and propyl 
paraben, respectively. The odds of hyperglycemia were 0.46 (95% CI: 0.18, 1.17 p < 0.10) times lower for every IQR increase in the sum of di-2-ethylhexyl phthalate metabolites (sigma DEHP), and the odds of abdominal 
obesity were 0.70 (95% CI: 0.40, 1.21, p < 0.10) lower for every IQR increase in the concentration of triclosan. Conclusion: We found EDCs measured in 2008 were marginally predictive of hypertriglyceridemia and 
hypertension 9 years later. Results suggest that lower exposure to certain toxicants was related to lower markers of metabolic risk among midlife women.

Front Public Health. 
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H. Yu, M. Q. Song, K. Q. Hu, Y. J. Wang, R. F. 
Fan, Z. Y. Yang, H. Glatt, A. Braeuning and Y. G. 
Liu

2021

Influence of Bisphenol Compounds 
at Nanomolar Concentrations on 
Chromosome Damage Induced by 
Metabolically Activated Carcinogens 
in HepG2 Cells

Bisphenol (BP) compounds arc endocrine-disrupting organic pollutants. BPs may increase the messenger RNA (mRNA) transcripts of nuclear receptors (NRs) regulating the expression of xenobiotic-metabolizing 
cytochrome P450 (CYP) enzymes. Their impact on the genotoxicity of metabolically activated carcinogens, however, remains unknown. In this study, effects of the bisphenols A, F, S, and AF on the expression oldie aryl 
hydrocarbon receptor (AhR), the pregnane X receptor (PXR), the constitutive androstane receptor, and individual xenobiotic-metabolizing CYP enzymes in a human hepatoma (HepG2) cell line were investigated, along with 
in silico binding studies of BPs to each receptor. The results indicated that each BP at 1 to 100 nM concentrations increased the mRNA transcripts and protein levels of AhR, PXR, CYP1A1, 1A2, 1B1, 2E1, and 3A4. The 
predicted affinities of the BPs for binding AhR were comparable to those of potent agonists. Pretreatment of HepG2 cells with each BP potentiated the induction of micronuclei by benzo[a]pyrene, aflatoxin B1, benzene, 
and 4-(methylnitrosamino)-1-(3-pyridyl)-1-butanone; this effect was abolished/reduced by inhibitors of NRs and/or CYPs. Our study suggests that BPs at human exposure levels may aggravate chromosome damage by 
several impactful carcinogens in human cells by inducing relevant CYP enzymes, mostly via NR modulation.

Environ Sci Technol. 
2021 Jul 
20;55(14):10001-10011.
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統合_2367 L. S. Yoon, A. M. Binder, A. Pereira, A. M. 
Calafat, J. Shepherd, C. Corval and K. B. Michels 2022

Variability in urinary phthalates, 
phenols, and parabens across 
childhood and relation to adolescent 
breast composition in Chilean girls

Background: Epidemiologic evidence suggests that environmental factors acting as endocrine disrupting chem-icals (EDCs) are associated with mammographic breast density and the risk of breast cancer. Exposure to 
EDCs during puberty, a period of rapid breast development, may affect susceptibility to breast carcinogenesis.Methods: In a cohort of 366 Chilean adolescents from the Growth and Obesity Cohort Study, we evaluated the 
relation between urinary concentrations of 15 suspected EDC biomarkers across three pubertal time points (Tanner breast stage 1 (B1), 4 (B4), and 1-year post-menarche) and breast fibroglandular volume (FGV; percent 
FGV [%FGV] and absolute FGV [aFGV]) and total breast volume (tBV) at 2-years post-menarche. We used linear mixed models to test differences in creatinine-corrected EDC biomarker concentrations at B4 and 1-year 
post -menarche compared to B1 and calculated intraclass correlation coefficients (ICC) of EDC concentrations across time points to appraise the consistency of measurements. We fit multivariable generalized 
estimating equations (GEEs) to evaluate windows of susceptibility for the association between log10-transformed EDCs and log10-transformed breast outcomes. GEEs were adjusted for age, body fat percentage, total 
caloric intake, and maternal education.Results: Urinary EDC biomarker concentrations highly varied across pubertal time points (ICC range 0.01-0.30). For 12 EDCs, biomarker concentrations decreased over time. 
Triclosan measured at 1-year post-menarche was inversely associated with %FGV at 2-years post-menarche (beta =-0.025, 95 % confidence interval =-0.041,-0.008). Mono(2-ethyl-5-carboxypentyl) phthalate and the 
sum of di(2-ethylhexyl) phthalate metabolite con-centrations at B4 were positively associated with aFGV and tBV at 2-years post-menarche. No measured phenols were associated with aFGV and tBV, while no measured 
parabens were associated with %FGV and aFGV. Conclusions: Our study suggests relatively high variability in EDC biomarker concentrations across the peri-pubertal time period. We also found evidence to suggest that 
there may be pubertal windows of susceptibility to select EDCs for the association with adolescent breast density.
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統合_2368 O. Yildiz-Gulay, G. Candan and M. S. Gulay 2020

Punicalagin ameliorates 
spermatological parameters in 
bisphenol A treated New Zealand 
White Rabbits

The ameliorating effects of punicalagin (PUN) were evaluated against some reproductive parameters in male New Zealand White rabbits treated with bisphenol A (BPA). Rabbits (n = 24) were adapted to laboratory 
conditions for 2 weeks before the experiment. After adaptation, rabbits were randomly assigned into 4 groups. The control group received tap water and corn oil. Rabbits in BPA and PUN groups received 20 mg/kg BPA in 
corn oil + tap water, and 2 mg/kg PUN in tap water + corn oil, respectively. Rabbits in the last group received the same amounts of BPA and PUN. All treatments were administered by daily oral gavages for 9 weeks. On d 
63 of the experiment, semen and blood samples were collected. Blood samples were used for the evaluation of some hormones. After blood collection, rabbits were euthanized and the right testis was stored at -80 
degrees C. At the end of the experiment, inhibin, FSH, LH, FSH/LH ratio, FSH/inhibin ratio, and estrogen levels were similar among the groups. However, testosterone levels in serum, and superoxide dismutase, catalase, 
and malondialdehyde levels in testis tissues were negatively affected by BPA. Moreover, sperm concentrations and the percent of progressive motility significantly declined in BPA treated rabbits. PUN treatment 
significantly improved these parameters up to control levels when coupled with BPA. The results indicated that PUN has ameliorating effects in neutralizing the possible toxic effects of BPA in male rabbits.
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統合_2369 M. Yildiz, ?. G?les, M. Boyacioglu and S. Kum 2020
Effect of vitamin E on kidney 
histomorphology in rats exposed to 
bisphenol A

Purpose: The aim of this study was to determine the effects of vitamin E on renal histomorphology in rats exposed to bisphenol A (BPA). Materials and Methods: The rats were randomly divided into four groups as sham, 
vitamin E, BPA and vitamin E+BPA. The applications of vitamin E and BPA were continued for three weeks. Crossman's triple staining method was applied to the sections obtained from kidney tissues for 
histomorphological examinations at the end of the experiment. Also, superoxide dismutase (SOD) activity and malondialdehyde (MDA) level were measured in kidney tissue. Results: The number of corpusculum renis, 
diameters of proximal tubule, distal tubule, ascending limb of Henle's loop and collecting duct as well as SOD activity significantly decreased in BPA group compared to sham group. Also, the number of corpusculum renis, 
diameters of ascending limb of Henle's loop and collecting duct as well as SOD activity significantly increased in vitamin E+BPA group compared to BPA group. On the other hand, MDA level significantly increased in BPA 
group compared to sham group and it significantly decreased in vitamin E+BPA group compared to BPA group. Conclusion: BPA may cause histomorphological and oxidative changes in the kidney. In addition, vitamin E may 
contribute to the preservation of renal tissue by reducing oxidative damage in BPA exposure.
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統合_2370 Z. Y. Yang, J. Zhang, M. B. Wang, X. Wang, H. H. 
Liu, F. Zhang and H. Fan 2024

Prenatal endocrine-disrupting 
chemicals exposure and impact on 
offspring neurodevelopment: A 
systematic review and meta-analysis

Purpose: Considering that endocrine disruptors have certain effects on fetal growth, we conducted a systematic review of epidemiological literature to elucidate the correlation between exposure to endocrine-disrupting 
chemicals during pregnancy and the neurodevelopment of offspring. Method: We systematically explored PubMed, Web of Science, and CINAHL databases from inception to April 4, 2023. References from pertinent studies 
were reviewed, and data regarding the link between maternal prenatal EDC exposure and offspring neurological development were compiled. A domain-based approach was used to evaluate studies of neurodevelopmental 
effects in children <= 3 years old by two reviewers, including cognition, motor, behavior, language, and non-verbal ability. Results: A comprehensive search yielded 45,373 articles, from which 48 articles, involving 26,005 
mother-child pairs, met the criteria and were subsequently included in our analysis. The results revealed that EDC exposure during pregnancy had a significant impact on offspring neurobehavior development, especially in 
cognition, motor, and language. Our findings indicated adverse associations between prenatal exposure to metals and offspring cognition (before 12 months: (3 coefficient: -0.28; 95% CI, -0.50 to -0.06; 1-3 years old: (3 
coefficient: -0.55; 95 % CI: -1.08 to -0.02). Furthermore, metals ((3 coefficient: -0.71; 95 % CI: -1.23 to -0.19) and phthalates ((3 coefficient: -0.69; 95 % CI: -1.05 to -0.33) exposure exhibited detrimental effects on motor 
development from1-3 years old, while poly-fluoroalkyl substances were linked to the disruption of offspring language development ((3 coefficient: -1.01; 95 % CI: -1.90 to -0.11) within this timeframe. Additionally, 
exposure to EDCs during pregnancy had a negative impact on cognition development among girls from 12 to 36 months of age ((3 coefficient: -0.53; 95% CI: -1.01 to -0.06). Conclusion: Prenatal exposure to EDCs, 
especially metals, phthalates and, poly-fluoroalkyl substances, was associated with disrupting the development of offspring neurobehavior in the short and long term. Additionally, cognitive development showed gender 
differences due to prenatal endocrine-disrupting chemicals exposure.
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Cocktail of environmental chemicals 
and early reproductive outcomes of 
IVF: The insight from paternal and 
maternal exposure

Background: Humans are exposed to various chemicals, including organophosphate esters (OPEs), phthalates (PAEs), and phenols. The effects on early reproductive outcomes of in vitro fertilization (IVF) remain unclear. 
Methods: We recruited 192 women and 157 men who underwent IVF treatment. A total of forty-nine urinary chemicals were detected, including six OPEs, fifteen PAEs, six parabens, two chlorophenols, nine bisphenols, 
five benzophenones, and six synthetic phenolic antioxidants. We examined the individual and joint effects of parental chemical exposure on early reproductive outcomes. Results: We found that certain chemicals were 
associated with early reproductive outcomes in Poisson regression models. For example, urinary diphenyl phosphate was negatively associated with high-quality embryos in both female (8:-0.12, 95%CI:-0.17,-0.07) and 
male partners (8:-0.09, 95%CI:-0.15,-0.03). A negative as-sociation was found between mixed chemicals and high-quality embryos in Bayesian kernel machine regression, weighted quantile sum regression (8:-0.34, 
95%CI:-0.60,-0.07), and quantile-based g-computation model (8:-0.69, 95%CI:-1.34,-0.05) among female partners. Paternal mixture exposure was not associated with early reproductive outcomes. Conclusions: Our results 
indicated that increased exposure to environmental chemicals was associated with adverse early reproductive outcomes of IVF, especially female partners.
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2022
Exposure profiles and predictors of a 
cocktail of environmental chemicals 
in Chinese men of reproductive age

Personal care products, such as additives, have raised widespread concerns about the potential threat to male reproductive health. The spermatogenesis in humans lasts for approximately 90 days, the average levels of 
these chemicals remain unclear during spermatogenesis. In our study, we pooled urine samples from each man during the days of 1-15, 16-31, 32-63, and >= 64, and examined exposure to 48 typical additive chemicals. By 
principal component analysis (PCA), k-means clustering, and Spearman's rank correlations, we then identified 6 PC scores and 4 clusters based on profiles of these chemicals. Some industrial, commercial or structural 
similar chemicals (e.g., phthalates) were significantly correlated compared to unrelated chemicals (e.g., benzophenone). PCA scores were associated with individual lifestyles (e.g., household income, tea consumption, 
and drinking tap water). Distinct exposure components and exposure patterns of personal care products may help the reproductive health assessment of men. We suggested more concerns for widespread exposure to 
these chemicals for men.
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統合_2373 B. Q. Yang, J. Y. Sun, S. Y. Zhu, Z. Q. Wang and 
Y. Liu 2024

Exposure to bisphenol compounds 
accelerates the conjugative transfer 
of antibiotic resistance plasmid

Antimicrobial resistance poses the most formidable challenge to public health, with plasmid-mediated horizontal gene transfer playing a pivotal role in its global spread. Bisphenol compounds (BPs), a group of 
environmental contaminants with endocrine-disrupting properties, are extensively used in various plastic products and can be transmitted to food. However, the impact of BPs on the plasmid-mediated horizontal transfer 
of antibiotic resistance genes (ARGs) has not yet been elucidated. Herein, we demonstrate that BPs could promote the conjugative transfer frequency of RP4-7 and clinically multidrug-resistant plasmids. Furthermore, the 
promoting effect of BPs on the plasmid transfer was also confirmed in a murine model. Microbial diversity analysis of transconjugants indicated an increase in alpha diversity in the BPAF-treated group, along with the 
declined richness of some beneficial bacteria and elevated richness of Faecalibaculum rodentium, which might serve as an intermediate repository for resistance plasmids. The underlying mechanisms driving the 
enhanced conjugative transfer upon BPAF treatment include exacerbated oxidative stress, disrupted membrane homeostasis, augmented energy metabolism, and the increased expression of conjugation-related genes. 
Collectively, our findings highlight the potential risk associated with the exacerbated dissemination of AMR both in vitro and in vivo caused by BPs exposure.

Environ Res. 2024 Dec 
15;263(Pt 1):120002.
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統合_2374 L. Y. Xu, Y. Hu, Q. Q. Zhu, C. L. Guibin and G. B. 
Jiang 2022

Several typical endocrine-disrupting 
chemicals in human urine from 
general population in China: 
Regional and demographic-related 
differences in exposure risk

Endocrine-disrupting chemicals (EDCs) are ubiquitous in the environment, and human exposure to these pollutants has caused great public concern. Five groups of EDCs, including parabens, antimicrobials (triclosan 
(TCS) and triclocarban (TCC)), bisphenols (BPs), tetrabromobisphenol A and its alternatives (TBBPAs), and benzophenones, in urines of general populations from three cities with different economic levels in China were 
determined simultaneously to evaluate the coexposure levels of such chemicals. The total concentration of target compounds was approximately two times higher in the urines from Chengdu (a first-tier city; geometric 
mean: 2.50 mu g/L) than that from Nantong (a second-tier city; 1.34 mu g/L), and was one order of magnitude higher than that from Shehong (a fifth-tier city; 0.73 mu g/L). Urinary target compounds were significantly 
correlated with gender, age, body mass index (BMI), education level, occupation, and diet. The estimated daily intakes of target chemicals ranged from 0.002 (benzophenones) to 10.2 mu g/kg-bw/day (parabens). The 
exposure estimate showed that females were more vulnerable to exposure to these EDCs. This study profiles the regional and demographicrelated differences in the concentrations and exposure risks of several typical 
EDCs in urines from general populations in three cities with different economic levels in China.
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N. N. Wu, X. N. Li, F. Y. Xu, C. Tian, S. Q. He, Y. 
Wang, L. Li, Q. Q. Xiong, B. B. Zhang, G. Eskedar 
and C. J. Ying

2020

Effects of exposure to a "safe" dose 
of bisphenol A on male reproductive 
function and the paternal 
contribution to the hypothalamic 
transcriptome profile

The hypothalamus plays key roles in regulating reproduction and energy balance. We determined the transcriptional profile of the hypothalamus (F0 and F1) to identify its relationship with the reproductive function and 
metabolic phenotypes of rats under BPA exposure and the paternal contribution. Male rats received 35 mu g/kg bw/day BPA, 5 mu g/kg bw/day ethinylestradiol (EE2) or vehicle via diet. At PND 170, the sexual behaviour of 
male F0 rats was assessed before mating. The metabolic and reproductive phenotypes and the transcriptional profiles of the testis (F0) and hypothalamus were tested in F0 and F1 rats. Male rats exposed to BPA 
exhibited no changes in fertility, metabolic phenotypes, sperm quality or serum sex hormones, but none of them ejaculated during the test period. Four differentially expressed genes (DEGs) in the F0 hypothalamus and 51 
DEGs in the F0 testis were identified in the BPA group. Paternal BPA and EE2 exposure increased the body weight and food intake of male offspring, and 164 and 3433 DEGs were identified in the hypothalamus of BPA- 
and EE2-treated rats (F1, male), respectively. The highest-ranked function impaired by BPA and EE2 in the F1 hypothalamus was immune function. BPA and EE2 exposure induced alterations in the metabolic phenotype in 
F1-generation males, and this effect may be related to the altered inflammatory-related signalling pathways in the hypothalamus but neither treatment affected the F0 hypothalamus. Hundreds of genes in the F1 
hypothalamus showed changes upon BPA and EE2 treatment. Concern regarding paternal environmental endocrine disruptor exposure should be raised. (C) 2020 Elsevier Ltd. All rights reserved.
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統合_2376 A. H. Wu, A. A. Franke and L. R. Wilkens 2021

Risk of breast cancer and 
prediagnostic urinary excretion of 
bisphenol A, triclosan and parabens: 
The Multiethnic Cohort Study (vol 
149, pg 1426, 2021)

Exposure to bisphenol A (BPA), triclosan and parabens is widespread but their impact on breast cancer risk remains unclear. This nested case-control study investigated endocrine-disrupting chemicals (EDCs) and 
breast cancer risk within the Multiethnic Cohort (MEC). We measured pre-diagnostic urinary BPA, triclosan, and parabens in 1,032 mostly postmenopausal women with breast cancer (48 African American, 77 Latinos, 155 
Native Hawaiian, 478 Japanese American, and 274 White) and 1,030 individually matched controls, using a sensitive and validated liquid chromatography mass spectrometry assay. Conditional logistic regression was used 
to examine risk with these EDCs with adjustment for creatinine and potential confounders. In all women, breast cancer risk was not associated with BPA (Ptrend=0.53) and was inversely associated with triclosan (ORT3 
vsT1= 0.83, 95% CI 0.66‒1.04, Ptrend=0.045) and total parabens (ORT3 vsT1= 0.77, 95% CI 0.62‒0.97, Ptrend=0.03). While risk of hormone receptor (HR+) cancer was 20‒23% lower among women in the upper two 
tertiles of paraben exposure (Ptrend=0.02), risk of HR− was reduced 27% but only among those in the upper tertile of exposure. Although risk associations did not differ significantly by race/ethnicity or by body mass 
index (BMI), the inverse association with triclosan was observed mainly among overweight/obese women (ORT3 vsT1= 0.76, 95% CI 0.56‒1.02, Ptrend=0.02). In summary, breast cancer risk in a multiethnic population 
was unrelated to BPA and was weakly inversely associated with triclosan and paraben exposures. Studies with multiple urine samples collected before breast cancer diagnosis are needed to further investigate these 
EDCs and breast cancer risk.

Int J Cancer. 2021 Oct 
1;149(7):1426-1434.
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統合_2377 L. M. Wise, D. Hern?ndez-Saavedra, S. M. Boas, 
Y. X. Pan and J. M. Juraska 2019

Perinatal High-Fat Diet and 
Bisphenol A: Effects on Behavior 
and Gene Expression in the Medial 
Prefrontal Cortex

Both high-fat diets (HFD) and bisphenol A (BPA), an environmental endocrine disruptor, are prevalent in industrialized societies. Previous studies have detected separate effects of BPA and HFD; however, none have 
assessed possible interactive effects. Here, pregnant dams consumed 0, 40, or 400 mu g BPA/kg/day and were fed either a control (CON; 15.8% kcal fat) or HFD (45% kcal fat) from gestational day 2 through parturition. 
The pups were individually dosed with BPA from postnatal days (P) 1-10, while the dams continued to consume one of the two diets. Maternal behavior increased with the HFD while the offspring's periadolescent social 
play decreased with BPA, but no interactive effects were observed. Neither HFD nor BPA exposure changed performance on a social recognition task, and only BPA had an effect on the elevated plus maze. BPA increased 
several cytokines in the medial prefrontal cortex (mPFC) of P10 males but not females. Expression of several genes related to hormone synthesis and receptors, inflammation, oxidative stress, and apoptosis in the mPFC 
on P10 and P90 were altered due to BPA and/or HFD exposure with rare interactive effects. BPA resulted in an increase in the gene expression of Esr1 in the mPFC of females on both P10 and P90. Epigenetic analysis on 
P90 did not show a change in methylation or in the levels of pre-mRNA or microRNA. Thus, perinatal BPA and HFD have separate effects but rarely interact.
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統合_2378 X. P. Wei, N. Zhang, Q. Q. Zhu, Y. Hu, X. Wang, 
X. Y. Weng, C. Y. Liao and G. B. Jiang 2024

Exposure to Multiple Endocrine-
Disrupting Chemicals and 
Associations with Female Infertility: 
A Case-Control Study

Parabens (PBs) and their metabolites (MBs), triclocarban (TCC), triclosan (TCS), bisphenols (BPs), benzophenones (BzPs), and phthalate metabolites (mPAEs) are typical endocrine-disrupting chemicals (EDCs) used in 
industrial production and daily life. Studies have suggested that these EDCs affect the reproductive system and may cause infertility; however, epidemiological evidence linking EDC exposure to infertility is still lacking. 
Herein, a total of 302 serum samples from women of reproductive age were collected, and six categories of typical EDCs were analyzed. The results revealed that EDCs are ubiquitous in female serum. The geometric 
mean (GM) concentrations of & sum;PBs, & sum;MBs, & sum;(TCS+TCC), & sum;BPs, & sum;BzPs, and & sum;mPAEs were 3.36, 297, 3.87, 4.39, 0.257, and 4.56 ng/mL, respectively. The serum concentrations of & 
sum;PBs, & sum;MBs, & sum;(TCS+TCC), and & sum;mPAEs from infertile women (GM: 4.16, 397, 4.01, and 7.33, respectively) were higher than those from fertile women (2.45, 192, 3.65, and 2.27, respectively) (p < 
0.05). The results of binary logistic regression and random forest suggest that mPAEs, such as mBP/miBP and mEHP, may contribute to infertility. This study provides insight into the relationship between the EDC 
exposure and reproductive outcomes.

Environ Health (Wash). 
2024 Sep 3;2(12):902-
911.
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統合_2379 X. P. Wei, Y. Hu, Q. Q. Zhu, J. Gao, C. Y. Liao 
and G. B. Jiang 2022

Co-exposure and health risks of 
several typical endocrine disrupting 
chemicals in general population in 
eastern China

Human exposure to endocrine disrupting chemicals (EDCs) is a health concern due to their wide use and interference with the human endocrine system. Parabens, bisphenols, benzophenones, triclosan (TCC), 
triclocarban (TCS), and tetrabromobisphenol-A (TBBPA) and its derivatives tetrachlorobisphenol-A (TCBPA) and tetrabromobisphenol-S (TBBPS), are typical EDCs that are frequently detected in environmental and human 
samples. However, only a few studies have assessed the co-exposure of these chemicals in humans. In this study, urine samples were collected from the general population in the city of Wuxi (n = 121) and a county, 
Taishun (n = 120), eastern China, and analyzed for these EDCs. Parabens, bisphenols, TCS, and benzophenones were frequently detected in urine, whereas TBBPA and its derivatives were not detected. The geometric 
mean concentrations of parabens, bisphenols, and benzophenones in urine from the Wuxi population were 25.7, 2.45, and 2.34 ng/mL, respectively, which were substantially higher than those from the Taishun population 
(17.2, 1.70, and 2.65 ng/mL). These results suggest an urban-rural difference in urinary EDCs. The exposure risks to these EDCs were estimated based on the measured urinary concentrations and acceptable daily 
intakes (ADIs). Hazard quotient values for EDCs in humans from both locations were generally less than 1, indicating a low exposure risk of EDCs in these regions. Nonetheless, the health risks caused by co-exposure to 
such EDCs cannot be ignored.
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S. Warkentin, S. M?rquez, H. Vespalcov?, B. 
Knox, M. Gascon, N. G?il-Oumrait, S. Gonz?lez-
Palacios, M. D. G. Roig, C. Lassale, E. Llurba, M. 
Rolland, A. K. Sakhi, C. Thomsen, J. Vioque, M. 
Bustamante, J. Sunyer and M. Vrijheid

2025
Dietary patterns and exposure to 
non-persistent endocrine-disrupting 
chemicals during pregnancy

Background: Exposure to non-persistent endocrine disrupting chemicals (EDCs) is widespread, causing various adverse health effects, especially during pregnancy. Diet is a major source of EDCs and the identification of 
dietary patterns that give rise to higher exposure levels is crucial. We aimed to explore the relationship between dietary patterns during pregnancy and exposure to non-persistent EDCs. Methods: We included 640 
pregnant women from the Barcelona Life Study Cohort (BiSC), Spain. Using food frequency questionnaires (2nd trimester), we estimated ultraprocessed food (UPF) consumption and Mediterranean diet adherence, and 
derived data-driven dietary patterns. Metabolites of phthalates, 1,2-cyclohexane dicarboxylic acid di(isononyl) ester (DINCH), chlorpyrifos and pyrethroid, polycyclic aromatic hydrocarbons (PAHs, including 
phenanthrenes), and organophosphates, and parent compounds of phenols and parabens were measured in weekly urine pools (3rd trimester). Associations between dietary patterns and EDCs were evaluated through 
multivariable linear regressions. Results: Higher compliance with a "Vegetarian" pattern or the Mediterranean diet was associated with lower levels of some of the phthalate metabolites (e.g., di-iso-nonyl phthalates 
[Geometric mean ratio (GMR) per unit increases in the "Vegetarian" score = 0.97, 95 %CI 0.95, 1.00]). Conversely, "Western" and "Animal protein" patterns, and UPF intake were associated with higher PAHs (e.g., 
"Western" and 2-Hydroxynaphthalene [GMR (95 %CI) 1.07(1.01, 1.13)]), pesticides (e.g., "Animal protein" and 3-Phenoxybenzoic acid [1.15(1.01, 1.32]), and phthalates metabolites levels (e.g., UPF and Monoethyl phthalate 
[1.05(1.01, 1.09)]). No association remained significant after correcting for multiple testing. Conclusions: Following a plant-based diet may help reduce the exposure to certain phthalate and organophosphate metabolites, 
whereas higher consumption of foods from animal origin and high in fat/sugar/salt may increase exposure to PAHs, pesticides, and phthalates metabolites in pregnancy.
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統合_2381 T. T. Wang, J. L. Chen, G. Chen and Z. Q. Li 2021

LOW-DOSE BPA PROMOTES 
PROLIFERATION, INVASION, AND 
MIGRATION ON TCA8113 CELLS 
THROUGH REGULATING RIP1

Objective: This in vitro research aimed to investigate the association between BPA exposure with the progression of oral squamous cell carcinoma (OSCC). Methods: Tca8113 cells were exposed to BPA with various 
concentrations (10(-10), 10(-9), 10(-8), 10(-7), 10(-6), and 10(-5) mol/L) to analyze cell proliferation by CCK8. Subsequently, cells were treated with 10(-10) mol/L BPA for 72 h, and Transwell was used to measure the 
cell invasion and migration. Then, cells were co-treated with 10 mu M necrostatin-1 (Nec-1) during 10(-10) mol/L BPA exposure for 72 h. CCK8 and Transwell were used to detect cell proliferation, invasion, and 
migration. Finally, RIP1 was silenced effectively by siRNA, and wild type and mutant cells were exposed to 10(-10) mol/L BPA for 72 h. After that, CCK8 and Transwell were performed to assess cell proliferation, invasion, 
and migration again. Results: 1) 10(-10) mol/L BPA accelerated cell proliferation, invasion, and migration of Tca8113 cells at the exposure time of 72 h. 2) Compared with the BPA exposure group, the cell proliferation, 
invasion, migration, and the expression of the RIP1 gene and protein in the BPA plus Nec-1 group were significantly decreased. 3) RIP1 was silenced effectively by siRNA. Cell proliferation, invasion, and migration in the 
si-RIP1 group reduced substantially as compared with that in the si-NC group. Conclusion: Low-dose BPA can accelerate cell proliferation, invasion, and migration of Tca8113 cells through regulating RIP1.

ACTA MEDICA 
MEDITERRANEA Vol.37 
Issue 4 Pages 2591-
2596

10.19193/0393-6384_2021_4_402 - in vitro - - - - - - - - - - 1 0 1 1 - - - - - - - - - - - - - -
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M. Y. Wang, X. Wang, K. Huang, B. Han, R. F. Li, 
Y. Shen, Z. J. Zhuang, Z. Wang, L. L. Wang, Y. K. 
Zhou and T. Jing

2024

Human Biomonitoring of 
Environmental Chemicals among 
Elderly in Wuhan, China: Prioritizing 
Risks Using EPA's ToxCast 
Database

In line with the "healthy aging" principle, we aim to assess the exposure map and health risks of environmental chemicals in the elderly. Blood samples from 918 elderly individuals in Wuhan, China, were analyzed using the 
combined gas/liquid-mass spectrometry technology to detect levels of 118 environmental chemicals. Cluster analysis identified exposure profiles, while risk indexes and bioanalytical equivalence percentages were 
calculated using EPA's ToxCast database. The detection rates for 87 compounds exceeded 70%. DEHP, DiBP, naphthalene, phenanthrene, DnBP, pyrene, anthracene, permethrin, fluoranthene, and PFOS showed the 
highest concentrations. Fat-soluble pollutants varied across lifestyles. In cluster 2, which was characterized by higher concentrations of fat-soluble substances, the proportion of smokers or drinkers was higher than that 
of nonsmokers or nondrinkers. Pesticides emerged as the most active environmental chemicals in peroxisome proliferator-activated receptor gamma antagonist, thyroid hormone receptor (TR) antagonist, TR agonist, and 
androgen receptor (AR) agonist activity assays. Additionally, PAEs and polycyclic aromatic hydrocarbons played significant roles as active contaminants for the corresponding targets of AR antagonists and estrogen 
receptor alpha. We proposed a list of priority pollutants linked to endocrine-disrupting toxic effects in the elderly, which may provide the groundwork for further research into environmental etiology.
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統合_2383
A. K. R. Vollmar, C. R. Weinberg, D. D. Baird, A. 
J. Wilcox, A. M. Calafat, N. C. Deziel, C. H. 
Johnson and A. M. Z. Jukic

2023
Urinary phenol concentrations and 
fecundability and early pregnancy 
loss

STUDY QUESTION Are urinary phenol concentrations of methylparaben, propylparaben, butylparaben, triclosan, benzophenone-3, 2,4-dichlorophenol or 2,5-dichlorophenol associated with fecundability and early pregnancy 
loss? SUMMARY ANSWER 2,5-dichlorophenol concentrations were associated with an increased odds of early pregnancy loss, and higher concentrations of butylparaben and triclosan were associated with an increase in 
fecundability. WHAT IS KNOWN ALREADY Phenols are chemicals with endocrine-disrupting potential found in everyday products. Despite plausible mechanisms of phenol reproductive toxicity, there are inconsistent 
results across few epidemiologic studies examining phenol exposure and reproductive function in non-fertility treatment populations. STUDY DESIGN, SIZE, DURATION Specimens and data were from the North Carolina 
Early Pregnancy Study prospective cohort of 221 women attempting to conceive naturally from 1982 to 1986. This analysis includes data from 221 participants across 706 menstrual cycles, with 135 live births, 15 clinical 
miscarriages and 48 early pregnancy losses (before 42 days after the last menstrual period). PARTICIPANTS/MATERIALS, SETTING, METHODS Participants collected daily first-morning urine specimens. For each 
menstrual cycle, aliquots from three daily specimens across the cycle were pooled within individuals and analyzed for phenol concentrations. To assess sample repeatability, we calculated intraclass correlation 
coefficients (ICCs) for each phenol. We evaluated associations between phenol concentrations from pooled samples and time to pregnancy using discrete-time logistic regression and generalized estimating equations 
(GEE), and early pregnancy loss using multivariable logistic regression and GEE. MAIN RESULTS AND THE ROLE OF CHANCE ICCs for within-person variability across menstrual cycles in pooled phenol concentrations 
ranged from 0.42 to 0.75. There was an increased odds of early pregnancy loss with 2,5-dichlorophenol concentrations although the CIs were wide (5th vs 1st quintile odds ratio (OR): 4.79; 95% CI: 1.06, 21.59). There was 
an increased per-cycle odds of conception at higher concentrations of butylparaben (OR: 1.62; 95% CI: 1.08, 2.44) and triclosan (OR: 1.49; 95% CI: 0.99, 2.26) compared to non-detectable concentrations. No associations 
were observed between these endpoints and concentrations of other phenols examined. LIMITATIONS, REASONS FOR CAUTION Limitations include the absence of phenol measurements for male partners and a limited 
sample size, especially for the outcome of early pregnancy loss, which reduced our power to detect associations. WIDER IMPLICATIONS OF THE FINDINGS This study is the first to use repeated pooled measures to 
summarize phenol exposure and the first to investigate associations with fecundability and early pregnancy loss. Within-person phenol concentration variability underscores the importance of collecting repeated samples 
for future studies. Exposure misclassification could contribute to differences between the findings of this study and those of other studies, all of which used one urine sample to assess phenol exposure. This study also 
contributes to the limited literature probing potential associations between environmental exposures and early pregnancy loss, which is a challenging outcome to study as it typically occurs before a pregnancy is clinically 
recognized. STUDY FUNDING/COMPETING INTEREST(S) This research was supported by the National Institute of Environmental Health Sciences of the National Institutes of Health (award number F31ES030594), the 
Intramural Research Program of the National Institutes of Health, the National Institute of Environmental Health Sciences (project numbers ES103333 and ES103086) and a doctoral fellowship at the Yale School of Public 
Health. The authors declare they have no competing interests to disclose.
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統合_2384 H. Venkatesan, R. Soundhararajan and H. 
Srinivasan 2022

Interaction of various types of 
bisphenols with enzymes involved in 
melanin synthesis

Objectives Bisphenol is one of the commercial chemical compounds which finds application in the manufacture of phenol, polyesters, polycarbonates, epoxy resins, etc. Bisphenol A is the most commonly found bisphenol 
derivative, although there are various analogues such as Bisphenol S, Bisphenol B, Bisphenol C, Bisphenol E, Bisphenol AF, which vary with their structures. Bisphenols majorly get into us by means of food as they are 
found in food packaging and beverage containers and can be easily absorbed by the body. They can make way into the body systems either by direct means like skin contact or by indirect means through food that is stored 
in a bisphenol-coated containers. Exposure of the human system to this compound may bring about mild to adverse ailments ranging from skin irritations to infertility. Pigmentation disorder is one such health condition 
that occurs due to melanocyte destruction and is caused by bisphenol exposures. They interact with various proteins and enzymes that have been involved in the melanocyte synthesis pathway, thereby disrupting their 
normal functions. Methods In silico analysis has been done to predict the interaction and other descriptive binding parameters when the bisphenol derivatives BPA. BPB, BPC, BPE, BPS and BPAF have been docked with 
some of the essential proteins for melanin synthesis such as tyrosinase, tyrosinase-related protein 1(TRP-1), dopachrome tautomerase/tyrosinase-related protein-2(TRP-2). Results The interaction has been quantified 
with the binding energies, and the interacting amino acid residues have also been identified. The results showed strong interactions for both the proteins TRP-1 and TRP-2 with BPA. BPB, BPC, BPE, BPS and BPAF. 
Conclusions The risk and threats caused by the commercial products made of bisphenol are at higher levels, and thereby, the need for a safe and desirable alternative has been insisted.

TOXICOLOGY AND 
ENVIRONMENTAL 
HEALTH SCIENCES 
Vol.14 Issue 1 Pages 
19-24

10.1007/s13530-021-00111-8 - in silico - - - - - - - - - - - - - - - - - - - - - - - - - - - -

統合_2385

C. van Zwol-Janssens, L. Trasande, A. G. 
Asimakopoulos, M. P. Martinez-Moral, K. 
Kannan, E. M. Philips, F. Rivadeneira, V. W. V. 
Jaddoe and S. Santos

2020

Fetal exposure to bisphenols and 
phthalates and childhood bone 
mass: a population-based 
prospective cohort study

Background: Exposure to bisphenols and phthalates might influence bone health. We hypothesized that exposure to bisphenols and phthalates during fetal life has persistent effects on bone development. Objectives: To 
analyze the associations of fetal exposure to bisphenols and phthalates with bone health in school-aged children. Methods: Among 1,362 mother-child pairs participating in a population-based cohort study, we measured 
maternal urinary concentrations of bisphenols and phthalates at first, second and third trimester with high performance liquid chromatography electrospray ionization-tandem mass spectrometry. Total body bone mineral 
density (BMD) and bone area (BA) were measured using dual-energy X-ray absorptiometry (DXA) at 6 and 10 years, and were both used to calculate bone mineral content (BMC) and area-adjusted BMC (aBMC, a measure 
of volumetric BMD). Results: Maternal bisphenol concentrations were not associated with childhood bone measures at 6 years. After adjustment for covariates and multiple testing correction, an interquartile range 
increase in maternal first trimester bisphenol S (BPS) concentrations was associated with lower BMD and aBMC at 10 years (-6.08 (95% confidence interval (CI), -9.97 to -2.19) mg/cm(2) and -0.12 (95% CI, -0.20 to -
0.04) g). Maternal third trimester low molecular weight (LMW) phthalate concentrations were associated with higher aBMC at 6 years whereas, maternal third trimester di-n-octylphthalate (DNOP) concentrations were 
associated with lower aBMC at 10 years. However, these associations did not remain statistically significant after multiple testing correction. Discussion: Maternal first trimester BPS concentrations are associated with 
lower BMD and aBMC in school-aged children. These findings should be considered as hypothesis generating and need further replication and exploration of potential underlying mechanisms.
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Berkum, I. P. Kema, K. C. Makris, B. H. R. 
Wolffenbuttel and J. V. van Vliet-Ostaptchouk

2021

Endocrine disrupting chemicals 
during diet-induced weight loss - A 
post-hoc analysis of the LOWER 
study

The link between exposure to endocrine disrupting chemicals (EDCs) and the rapid increase in prevalence of obesity has recently been suggested. However, the magnitude and health impact of EDC exposure in at-risk 
populations remain largely unclear. In this study, we investigated the effect of a dietary intervention driven reduction in adipose tissue on the magnitude of urinary EDC exposure and mobilization, and whether higher EDC 
exposure leads to impaired weight loss in obese individuals. In this post-hoc analysis of the Lifestyle, OverWeight, Energy Restriction (LOWER) study from the Netherlands, 218 subjects were included. Five parabens, 
three bisphenols and thirteen metabolites of eight phthalates were measured in 24-h urine using LC-MS/MS, before and after three-months of a calory-restricted weight reduction intervention program. Associations 
between adiposity-related traits and EDCs were tested using multivariable linear regression and linear mixed effects models. A multiple testing correction based on the false discovery rate (FDR) was applied. After the 3-
month intervention, urinary paraben and bisphenol excretions remained similar. Excretions of mono-butyl phthalates and most high-molecular-weight phthalates decreased, whereas mono-ethyl phthalate increased (all 
FDR<0.05). A reduction in adipose tissue was not associated with higher urinary EDC excretions. Higher baseline EDC excretions were associated with higher post-intervention body-mass index (methyl-, propylparaben), 
waist circumference (propylparaben, mono-n-butyl phthalate, mono-benzyl phthalate), and body fat percentage (mono-ethyl phthalate, mono-benzyl phthalate). Associations between parabens and body-mass index, and 
mono-benzyl phthalate and waist circumference and body fat percentage remained after multiple testing correction (all FDR<0.05). In a study of obese participants, we observed a reduction in most phthalates after a 
weight reduction intervention. A reduction in adipose tissue may not lead to mobilization and successively to higher urinary EDC excretions. Higher baseline paraben and phthalate exposures were associated with reduced 
weight loss, suggesting obesogenic properties.

ENVIRONMENTAL 
RESEARCH Vol.192
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M. A. van den Dries, A. P. Keil, H. Tiemeier, A. 
Pronk, S. Spaan, S. Santos, A. G. 
Asimakopoulos, K. Kannan, R. Gaillard, M. 
Guxens, L. Trasande, V. W. V. Jaddoe and K. K. 
Ferguson

2021
Prenatal Exposure to Nonpersistent 
Chemical Mixtures and Fetal 
Growth: A Population-Based Study

BACKGROUND: Prenatal exposure to mixtures of nonpersistent chemicals is universal. Most studies examining these chemicals in association with fetal growth have been restricted to single exposure models, ignoring 
their potentially cumulative impact. OBJECTIVE: We aimed to assess the association between prenatal exposure to a mixture of phthalates, bisphenols, and organophosphate (OP) pesticides and fetal measures of head 
circumference, femur length, and weight. METHODS: Within the Generation R Study, a population-based cohort in Netherlands (n = 776), urinary concentrations of 11 phthalate metabolites, 3 bisphenols, and 5 
dialkylphosphate (DAP) metabolites were measured at 18, 18-25, and 25 weeks of gestation and averaged. Ultrasound measures of head circumference, femur length, and estimated fetal weight (EFW) were taken at 18-
25 and >25 weeks of gestation, and measurements of head circumference, length, and weight were performed at delivery. We estimated the difference in each fetal measurement per quartile increase in all exposures 
within the mixture with quantile g-computation. RESULTS: The average EFW at 18-25 wk and >25 wk was 369 and 1,626 g, respectively, and the average birth weight was 3,451 g. Higher exposure was associated with 
smaller fetal and newborn growth parameters in a nonlinear fashion. At 18-25 wk, fetuses in the second, third, and fourth quartiles of exposure (Q2-Q4) had 26 g [95%confidence intervals oCI thorn : -38, -13], 35 g (95% 
CI: -55, -15), and 27 g (95% CI: -54, 1) lower EFW compared with those in the first quartile (Q1). A similar dose-response pattern was observed at >25 wk, but all effect sizes were smaller, and no association was 
observed comparing Q4 to Q1. At birth, we observed no differences in weight between Q1-Q2 or Q1-Q3. However, fetuses in Q4 had 91 g (95% CI: -258, 76) lower birth weight in comparison with those in Q1. Results 
observed at 18-25 and >25 wk were similar for femur length; however, no differences were observed at birth. No associations were observed for head circumference. DISCUSSION: Higher exposure to a mixture of 
phthalates, bisphenols, and OP pesticides was associated with lower EFW in the midpregnancy period. In late pregnancy, these differences were similar but less pronounced. At birth, the only associations observed 
appeared when comparing individuals from Q1 and Q4. This finding suggests that even low levels of exposure may be sufficient to influence growth in early pregnancy, whereas higher levels may be necessary to affect 
birth weight. Joint exposure to nonpersistent chemicals may adversely impact fetal growth, and because these exposures are widespread, this impact could be substantial. https://doi.org/10.1289/EHP9178

Environ Health 
Perspect. 2021 
Nov;129(11):117008.
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M. A. van den Dries, K. K. Ferguson, A. P. Keil, 
A. Pronk, S. Spaan, A. Ghassabian, S. Santos, V. 
W. V. Jaddoe, L. Trasande, H. Tiemeier and M. 
Guxens

2021

Prenatal Exposure to Nonpersistent 
Chemical Mixtures and Offspring IQ 
and Emotional and Behavioral 
Problems

Prenatal exposure to nonpersistent chemicals such as phthalates, bisphenols, and organophosphate (OP) pesticides is ubiquitous and occurs in mixtures. So far, epidemiological studies investigating neurodevelopmental 
consequences of these exposures have mainly been restricted to single-pollutant models. Thus, we studied the association between prenatal exposure to nonpersistent chemical mixtures and child IQ and emotional and 
behavioral problems. Data came from 782 mother-child pairs. Eleven phthalate, one bisphenol, and five OP pesticide urinary exposure biomarkers were measured three times during pregnancy and averaged. Nonverbal IQ, 
internalizing and attention problems, aggressive behavior, and autistic traits were assessed at child age 6 years. We used quantile g-computation to estimate the change in each outcome per quartile increase in all 
chemicals within the mixture. Higher exposure to the mixture was associated with lower nonverbal IQ (-4.0 points (95%CI = -7.0, -1.0), -5.5 points (95%CI = -10.2, -0.9), and -4.6 points (95%CI = -10.8, 1.5) for the 
second, third, and fourth quartile, respectively, compared to the first quartile). These results were mainly driven by the phthalate mixture. No association was observed with emotional and behavioral problems. Prenatal 
exposure to nonpersistent chemical mixtures was associated with lower nonverbal IQ in children. Exposure to chemical mixtures during gestation is universal and may impact neurodevelopment.

Environ Sci Technol. 
2021 Dec 
21;55(24):16502-16514.
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C. S. Uldbjerg, T. Koch, Y. H. Lim, L. S. 
Gregersen, C. S. Olesen, A. M. Andersson, H. 
Frederiksen, B. A. Coull, R. Hauser, A. Juul and 
E. Br?uner

2022

Prenatal and postnatal exposures to 
endocrine disrupting chemicals and 
timing of pubertal onset in girls and 
boys: a systematic review and meta-
analysis

BACKGROUND Globally, the ages at pubertal onset for girls and boys have been decreasing during recent decades, partly attributed to excess body fat accumulation. However, a growing body of literature has recognized 
that endocrine disrupting chemicals (EDCs) may play an important role in this global trend, but the association has not yet been fully established. OBJECTIVE AND RATIONALE EDCs can interfere with normal hormone 
function and metabolism and play a role in pubertal onset. We aimed to systematically identify and evaluate the current evidence on the timing of pubertal onset in girls and boys following prenatal or postnatal exposures 
to xenobiotic EDCs. SEARCH METHODS Following PRISMA guidelines, we performed a systematic literature search of original peer-reviewed publications in the PubMed database through a block search approach using 
a combination of index MeSH and free text search terms. Publications were considered if they covered biomarkers of prenatal or postnatal exposures to xenobiotic EDCs (European Commission's list of category 1 EDCs) 
measured in maternal or child biospecimen and pubertal onset defined by the progression of the following milestones (and assessed in terms of the following measures): menarche (age), thelarche (Tanner staging) and 
pubarche (Tanner staging), in girls, and genital stage (Tanner staging), testicular volume (ml) and pubarche (Tanner staging), in boys. OUTCOMES The literature search resulted in 703 references, of which we identified 
52 publications fulfilling the eligibility criteria for the qualitative trend synthesis and 23 publications for the meta-analysis. The qualitative trend synthesis provided data on 103 combinations of associations between 
prenatal or postnatal exposure to EDC compounds groups and puberty outcomes and the meta-analysis enabled 18 summary risk estimates of meta-associations. WIDER IMPLICATIONS Statistically significant 
associations in the qualitative trend synthesis suggested that postnatal exposure to phthalates may be associated with earlier thelarche and later pubarche. However, we did not find consistent evidence in the meta-
analysis for associations between timing of pubertal onset in girls and boys and exposures to any of the studied xenobiotic EDCs. We were not able to identify specific pre- or postnatal windows of exposure as 
particularly critical and susceptible for effects of EDCs. Current evidence is subject to several methodological challenges and inconsistencies and evidence on specific exposure-outcome associations remains too scarce 
to firmly confirm EDC exposure as a risk factor for changes in age of pubertal onset in the general child population. To create a more uniform foundation for future comparison of evidence and to strengthen pooled studies, 
we recommend the use of more standardized approaches in the choice of statistical analyses, with exposure transformations, and in the definitions and assessments of puberty outcomes. The impact of mixtures of EDC 
exposures on the association also remains unestablished and would be valuable to elucidate for prenatal and postnatal windows of exposure. Future large, longitudinal epidemiological studies are needed to clarify the 
overall association.

Hum Reprod Update. 
2022 Aug 25;28(5):687-
716.

10.1093/humupd/dmac013 35466359 ヒト ⽣殖発⽣ - - - - - - メタアナリシス 1 1 - - - 1 1 1 - 1 - - - - - - - - - -

統合_2390 Z. N. Zhu, Y. N. Pan, X. Chen, X. Wei, X. Y. 
Zhou, Z. X. Tang, R. L. Yin, X. Y. Jiao and A. J. Li 2024

Cashiers and bisphenols: 
Occupational exposure and health 
implications in south China

Bisphenols are ubiquitous chemicals used in various industries, raising concerns due to their potential to disrupt endocrine systems, particularly among occupational populations. This study concurrently assessed 
bisphenol A (BPA) and its 12 analogues in 325 urine samples from cashiers and non-cashiers residing in South China. Results revealed that BPA was the most prevalent bisphenol in urine, subsequent to bisphenol S 
(BPS), bisphenol F, bisphenol AF (BPAF) and bisphenol E (BPE), with detection frequencies at 60-99%. BPA exhibited the highest median concentration of 1.16 ng/mL. Urine samples from cashiers showed relatively high 
levels of BPA, BPS and BPE, highlighting potential occupational exposure implications. Variations in urinary bisphenol concentrations across gender and age groups were explored. Significant correlations were identified 
between urinary BPA and BPE, as well as BPS and BPAF, indicative of shared exposure sources and pathways. Cashiers had 1.50-13.4 times higher exposure than non-cashiers to these bisphenols. The median exposure 
to five bisphenols exceeded the established tolerable daily intake for BPA, set at 0.2 ng/kg bw/day, by 1.10-180 times. This study underscores the urgent need for assessing the potential health implications of bisphenol 
exposure, especially for highexposure groups like cashiers, and suggests actions to reduce these risks. (c) 2024 The Authors. Publishing services by Elsevier B.V. on behalf of KeAi Communications Co. Ltd. This is an 
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/ 4.0/).
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Y. X. Zhao, J. Wang, G. S. Liu, Y. Ataei, C. G. 
Bornehag, W. Liu, Q. H. Zhang, J. J. Huang, P. Z. 
Sun and Y. X. Sun

2024

The CHECH study: A prospective 
pregnancy cohort study on CHemical 
exposure and children's health in 
Tianjin, China

The CHemical Exposure and Children's Health (CHECH) study is an ongoing pregnancy cohort study in Tianjin, China. This paper describes the background, aim and the study design, which can be followed by future 
researchers to design and conduct similar studies. The abundance and the potential adverse health outcomes of endocrine disrupting chemicals (EDCs) is concerning. More notably, developing fetuses and infants are 
more vulnerable to EDCs exposure. The CHECH study aims to investigate the importance of early life exposure to multiple EDCs (phthalates and their metabolites, bisphenol A and their substitutes, perfluorinated 
compounds and poly brominated diphenyl ethers) for multiple health outcomes in Chinese children, namely sexual development, neurodevelopment, metabolism and growth, as well as asthma and allergy. A total of 2238 
pregnant women were recruited in Tianjin from May 2017 to April 2021 with a response rate of 90 %. Among these women, 2255 children were born with available information, including 47 pairs of twins. Urine samples 
were collected from pregnant women and children, while air and dust samples were obtained from the home environment during pregnancy and infancy periods. Information on children's health was gathered through 
physical examinations and questionnaires. The CHECH study, which collected exposure information and health outcomes at multiple time points, will contribute to the understanding of prenatal exposure to EDCs and their 
impact on children's health, thereby facilitating the development of risk assessments aimed at reducing exposure and associated health risks.

Hygiene and 
Environmental Health 
Advances, Volume 9, 
March 2024, 100084

10.1016/j.heha.2023.100084 - ヒト ⼀般毒性 - - - - - - Cohort profile 1 1 - - - 1 1 1 - - - - - - - - - - - -

統合_2392 J. Zhao, P. Hinton, J. Y. Chen and J. Jiang 2020
Causal inference for the effect of 
environmental chemicals on chronic 
kidney disease

The impacts of environmental chemicals on the decline of kidney function have been suggested by a limited number of statistical and animal studies. Thus, those exposures may be modifiable risk factors for chronic 
kidney disease. Some of the chemicals, such as Perfluoroalkyl acid (PFA), are pervasive throughout our environment, determining their health effects is an important public health concern. In this study, we examined 
cross-sectional data from the 2009-2010 cycle of the National Health and Nutrition Examination Survey (NHANES) using a statistical causal inference method-generalized propensity score method, to determine the links 
between concentrations of several major environmental chemicals and kidney function measured by the estimated glomerular filtration rate (eGFR). Various generalized propensity score estimation methods including 
Hirano-Imbens, additive spline, and a generalized additive model were compared. Among the examined environmental chemicals, each of the statistical models used associated an increase in PFA concentration with a 
decline in eGFR. We conclude that PFA is a modifiable risk factor for chronic kidney disease and the statistical causal method produces credible results in estimating the effect of chemical exposures on a continuous 
measure of kidney functions with an observational dataset. (C) 2019 The Authors. Published by Elsevier B.V. on behalf of Research Network of Computational and Structural Biotechnology.
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統合_2393 H. D. Zhao, M. Liu, J. J. Yang, Y. Y. Chen and M. 
L. Fang 2023

Time-dependent metabolomics 
uncover dynamic metabolic 
adaptions in MCF-7 cells exposed to 
bisphenol A

The biochemical consequences induced by xenobiotic stress are featured in dose-response and time-resolved landscapes. Understanding the dynamic process of cellular adaptations is crucial in conducting the risk 
assessment for chemical exposure. As one of the most phenotype-related omics, metabolome in response to environmental stress can vary from seconds to days. Up to now, very few dynamic metabolomics studies have 
been conducted to provide time-dependent mechanistic interpretations in understanding xenobiotics-induced cellular adaptations. This study aims to explore the time-resolved metabolite dysregulation manner and 
dynamically perturbed biological functions in MCF-7 cells exposed to bisphenol A (BPA), a well-known endocrine-disrupting chemical. By sampling at 11 time points from several minutes to hours, thirty seven significantly 
dysregulated metabolites were identified, ranging from amino acids, fatty acids, carboxylic acids and nucleoside phosphate compounds. The metabolites in different pathways basically showed distinct time-resolved 
changing patterns, while those within the common class or same pathways showed similar and synchronized dysregulation behaviors. The pathway enrichment analysis suggested that purine metabolism, pyrimidine 
metabolism, aminoacyl-tRNA biosynthesis as well as glutamine/glutamate (GABA) metabolism pathways were heavily disturbed. As exposure event continued, MCF-7 cells went through multiple sequential metabolic 
adaptations from cell proliferation to energy metabolism, which indicated an enhancing cellular requirement for elevated energy homeostasis, oxidative stress response and ER-alpha mediated cell growth. We further 
focused on the time-dependent metabolite dysregulation behavior in purine and pyrimidine metabolism, and identified the impaired glycolysis and oxidative phosphorylation by redox imbalance. Lastly, we established a 
restricted cubic spline-based model to fit and predict metabolite's full range dysregulation cartography, with metabolite' sensitivity comparisons retrieved and novel biomarkers suggested. Overall, the results indicated 
that 8 h BPA exposure leaded to global dynamic metabolome adaptions including amino acid, nucleoside and sugar metabolism disorders, and the dysregulated metabolites with interfered pathways at different stages are 
of significant temporal distinctions. (C) Higher Education Press 2023
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統合_2394 Z. Q. Zhang, M. Xiang, H. H. Yang, W. T. Guo, T. 
Bai, R. C. Huang, X. M. Zhang and L. L. Yang 2025

Exposure to phenols mixture, 
oxidative stress, and fasting blood 
glucose: Association and potential 
mediation analyses

Phenols exposure may affect glucose metabolism and increase the risk of type 2 diabetes (T2D). However, the underlying biological mechanisms were poorly understood. In this longitudinal panel study of 122 Chinese 
adults with three repeated measurements, we aimed to evaluate the associations of multiple phenols exposure with fasting blood glucose (FBG), odds of impaired fasting glucose (IFG) and T2D, and further assess the 
mediating role of oxidative stress in the above associations. FBG and urinary concentrations of 6 phenols and 3 oxidative stress biomarkers were repeatedly measured for each participant. Linear mixed-effect (LME) 
models, generalized estimating equations (GEEs), quantile g-computation models, and structural equation models (SEM) were employed to estimate the associations. We observed that urinary methyl paraben (MeP), ethyl 
paraben (EtP), and propyl paraben (PrP) at multiple lag days were independently associated with increased FBG (all P-FDR <0.05). Exposure to phenols mixture at lag 0 day was positively correlated with FBG, and urinary 
PrP was the predominant contributor. Meanwhile, exposure to phenols mixture at lag 1 day or at lag 3 day was marginally linked to increased FBG. No significant relationships of phenols exposure at different lag days with 
risk of IFG and T2D were observed. In addition, we found that 8-hydroxy-deoxyguanosine (8-OHdG) mediated 35.7 % of the association of urinary phenols mixture at lag 1 day with FBG. Our study revealed that phenols 
exposure, either separately or as a mixture, was related to increased FBG, and oxidative stress is a potential mediating mechanism.

Free Radic Biol Med. 
2025 Jul:234:169-177.

10.1016/j.freeradbiomed.2025.04.0
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統合_2395 Qingrong Li, Hongmin Zhang, Jun Zou, Xiang 
Feng, Dan Feng 2019

Bisphenol A induces cholesterol 
biosynthesis in HepG2 cells via 
SREBP-2/HMGCR signaling 
pathway

Bisphenol A (BPA), an environmental chemical to which humans are commonly exposed, has been shown to increase cholesterol level but the molecular mechanism is not clear. Since cholesterol biosynthesis plays an 
important role in elevating cholesterol level, the aim of the present study is to explore the effects of BPA on cholesterol biosynthesis in HepG2 cells and its possible mechanisms. HepG2 cells were treated with different 
concentrations of BPA for 24 hr, the total cholesterol level and the activity of 3-Hydroxy-3-methylglutaryl coenzyme A reductase (HMGCR) were measured using commercial enzymatic assay kits, and the mRNA and 
protein expression levels of sterol regulatory element binding protein-2(SREBP-2) and HMGCR were analyzed by qPCR, Western blotting and immunofluorescence, respectively. After treating HepG2 cells with different 
concentrations (0.1 nM~10 µM) of BPA for 24 hr, we found that BPA at the environmentally relevant concentrations of 1 nM and 10 nM significantly increased the total cholesterol content, the activity and expression of 
HMGCR in HepG2 cells, but at 100 nM, 1 µM and 10 µM doses, BPA had no stimulatory effect on cholesterol biosynthesis. The whole dose-response relationship follows non-monotonic dose responses, such as an 
inverted U-shape. Using human SREBP-2 small interfering RNA, we further discovered that the stimulatory effects of BPA on cholesterol biosynthesis and HMGCR expression could be prevented by blockade of the 
SREBP-2 pathway. This study provides important implications for understanding the potential lipotoxicity of BPA exposure, and it also indicates that low-dose BPA induces hepatic cholesterol biosynthesis through 
upregulating the SREBP-2/HMGCR signaling pathway.

Keywords: 3-Hydroxy-3-methylglutaryl coenzyme A reductase; Bisphenol A; Cholesterol biosynthesis; HepG2 cells; Sterol regulatory element binding protein-2.

J Toxicol Sci. 
2019;44(7):481-491.
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DOHaD, ライフコースアプローチに
よる20年に及ぶ 前向き出⽣コホート
研究の成果: 環境と⼦どもの健康に関
する北海道スタディ

「環境と⼦どもの健康に関する北海道スタディ（通称、北海道スタディ）」は、アウトカムの内容、観察時期、採⾎時期、及び⼈数が異なる2つの前向き出⽣コホートである札幌コホートと北海道コホートから成り⽴つ。本
論⽂の⽬的は、これまでの北海道スタディの研究成果をまとめ、将来の⽅向性を⽰すことである。⺟体⾎と臍帯⾎は、PCB・ダイオキシン類等の環境化学物質と喫煙や飲酒等の⽣活に関連する物質を曝露評価するために収集
された。また、出⽣時体格、⽣後発育、喘息、アレルギー、感染症、精神神経発達、及びホルモンに関する健康アウトカムの評価もおこなった。北海道スタディの研究成果は、妊娠中の環境化学物質及び⽣活に関連する物質
の曝露によって出⽣アウトカム、ホルモン濃度、アレルギー、感染症、及び精神神経発達の遅れに影響を与えることを⽰唆する。さらに、特定の遺伝型は化学物質の曝露による健康影響を変え、エピゲノムは⽣物学的メカニ
ズムの⼀部を説明できる可能性がある。

DOHaD研究2023年 11 
巻 2 号 63-95
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統合_2397 Tetsuya FUJIMOTO, Hiroshi INOUE, Shun-ichiro 
HIRANO, Seiji GODA 2019

Effect of bisphenol A exposure on 
spontaneous behavior using the 
elevated plus maze test

The elevated plus maze (EPM) test is widely used with experimental animals to evaluate anxiety, which is most often indicated by the open‐arm staying time. However, little attention has been focused on general 
spontaneous behaviors (such as locomotor activity, rearing and grooming) using this test. We compared the scores for the same parameter of spontaneous behavior using both the EPM test and the open‐field test (OFT). 
Then, using an exposure model of bisphenol A (BPA), which is an endocrine‐disrupting chemical, we evaluated its impact on the scores for both tests. In control males, a significant positive correlation was confirmed for 
all parameters between the two tests. In females, none of the three parameters reached significance. With the BPA exposure model, locomotor activity and rearing showed similar results to those of the control group for 
both males and females. In grooming, there was a very low correlation between the EPM test and the OFT. When the mean values were compared using the OPT between the control and BPA groups, there was an 
increase in rearing and a decrease in grooming in the BPA males. On the other hand, in females, effects were seen when using the EPM test. In the BPA females, there were high values for locomotor activity and rearing, 
and low values for grooming. In grooming behavior, the OPT score was lower in the BPA males, while the EPM test score was lower in the BPA females. The impact of BPA exposure on spontaneous behavior depended on 
the experimental equipment and gender. (J Osaka Dent Univ 2019; 53: 187‐192)

Journal of Osaka Dental 
University2019年 53 巻 
2 号 187-192
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統合_2398 Hejun Duan, Yixing Feng, Yumin Niu 2024

Estimated levels of xenoestrogens, 
bisphenol A and 4-nonylphenol, in 
human breastmilk in Beijing 
determined by high performance 
liquid chromatography-tandem mass 
spectrometry after derivatization

To aid in the management of high-risk populations, bisphenol A (BPA) and 4-nonylphenol (4-NP) exposure from formula and human breastmilk was estimated in newborns and infants (aged 0‒24 months) in Beijing. 
Derivatization with dansyl chloride coupled with high performance liquid chromatography-tandem mass spectrometry was performed to analyze traces of BPA and 4-NP in human breastmilk. Danyl-BPA and danyl-4-NP 
were easily obtained as a highly selective method, which was applied to 118 human breastmilk samples. The results indicate that newborns and infants (aged 0‒24 months) are safe in terms of dietary exposure when fed 
by breastmilk, but are at higher exposure risk when fed by formula milk at 0‒12 months of age. BPA and NP exposure from human breastmilk is under tolerable daily intake of 4 µg·kg−1 bw.d−1 and 5 µg·kg−1 bw·d−1, 
respectively. These results supplement the estimated exposure database for BPA and 4-NP in Beijing, especially for newborns and infants.

Food Science and 
Technology 
Research2024年 30 巻 3 
号 331-341

10.3136/fstr.fstr-d-23-00097 - ヒト - - - - - - - バイオモニタリング 1 1 - - - - - - - - - - - - - - - - - -

185



別添-2 統合⽂献リスト  

統合No. 著者名 発⾏年 タイトル アブストラクト 書誌情報 doi PMID
ヒト/動物/in vitro/ex 

vivo/in silico
分野

（疫学/動物） 哺乳動物 経⼝投与
BPA

単独ばく露

⼀般的な動物
種及び系統の
無処置動物

対照群と
3⽤量以上の
BPA投与群

10 mg/kg/⽇
以下の

⽤量設定

コホート研究/症例対照研究
/メタアナリシス

全ての
集団

全ての
ばく露経路

BPA
単独ばく露

遺伝毒性
試験

遺伝毒性試験以外
については100nM
以下の濃度設定の

試験

適格性評価基準
通過

（1534報）

信頼性評価対象
⽂献

(1012報)

疫学納品
⽂献(716報)

動物納品
⽂献(299報)

※１報取得不
可を含む

疫学情報
抽出⽂献

（170報）

動物情報
抽出⽂献

（123報）

EFSA
2023

EFSA
2016

EFSA
2015 BfR KEMI ANSES FDA NIFDS

CLARITY
-BPA

 適格性評価（動物）1：該当、0：該当しない  適格性評価（疫学）1：該当、0：該当しない  適格性評価（in vitro）1：該当、0：該当しない
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統合_2399
Takahiro Sasaki, Hirokatsu Saito, Yusuke 
Furukawa, Takashi Tominaga, Satoshi Kitajima, 
Jun Kanno, Kentaro Tanemura

2023

Exposure to bisphenol A or its 
phenolic analogs during early life 
induces different types of anxiety-
like behaviors after maturity in male 
mice

Products used in daily life contain multiple chemicals capable of inducing endocrine disruption in animals, including humans. One such typical substance is bisphenol A (BPA). BPA has been widely used in epoxy resins 
and polycarbonate plastics and can exert several adverse effects. Furthermore, given their structural similarity to BPA, phenolic analogs of BPA, i.e., synthetic phenolic antioxidants (SPAs), are considered to exhibit similar 
toxicity; however, the effects of early SPA exposure on the adult central nervous system remain poorly clarified. In the present study, we aimed to evaluate and compare the neurobehavioral effects of early life exposure to 
BPA and two selected SPAs, 4,4'-butylidenebis (6-tert-butyl-m-cresol) (BB) and 2,2'-methylenebis (6-tert-butyl-p-cresol) (MB). We exposed mice to low levels of these chemicals through drinking water during prenatal 
and postnatal periods. Subsequently, we examined the adverse effects of these chemicals on the central nervous system using a mouse behavioral test battery, comprising the open field test, light/dark transition test, 
elevated plus-maze test, contextual/cued fear conditioning test, and prepulse inhibition test, at 12-13 weeks old. Based on the behavioral analysis, SPAs, like BPA, may cause affective disorders even at low doses, 
although qualitative differences were noted in anxiety-related behaviors. In conclusion, our findings could be valuable for clarifying the potential adverse developmental risks of SPA exposure in early life.

Keywords: Central nervous system; Developmental neurotoxicity; Endocrine disrupting chemicals; Neurobehavioral effect.

The Journal of 
Toxicological 
Sciences2023年 48 巻 4 
号 211-219

10.2131/jts.48.211 37005279 動物 - 1 1 1 1 0 500 µg/kg/day - - - - - - - - - - - - - - - - - - - - -

統合_2400 Haixu Wang, Yan Li, Chuang Liu, Tianxiang Lu, 
Qian Zhai, Hongna Wang, Jianfang Zhang 2023

Inhibition of VDAC1 prevents 
oxidative stress and apoptosis 
induced by bisphenol A in 
spermatogonia via AMPK/mTOR 
signaling pathway

Bisphenol A (BPA), one of the main components of industrial products, is clinically associated with the increased male infertility rate. However, the underlying molecular mechanism of the BPA-resulted reproductive 
toxicity is not fully elucidated. Voltage-dependent anion channel 1 (VDAC1) is a pore protein and located at the outer mitochondrial membrane. As a mitochondrial gatekeeper, VDAC1 controls the release of reactive 
oxygen species (ROS) and the metabolic and energetic functions of mitochondria, and serves as a critical player in mitochondrial-mediated apoptosis. Herein, we explored the role of VDAC1 in BPA-induced apoptosis of 
spermatogonia. The results showed that BPA increased spermatogonia cell line GC-1 spg cell apoptosis and intracellular ROS level, and suppressed AMPK/mTOR signaling pathway at a dose of 80 μM for 48 hr. 
Lentivirus-mediated short hairpin RNA targeting VDAC1 (Lv-shVDAC1) silenced VDAC1 expression and enhanced BPA-restricted cell viability. Knockdown of VDAC1 inhibited the apoptosis of BPA-treated GC-1 spg cells 
determined by with changes of the expressions of pro-apoptotic and anti-apoptotic proteins. Knockdown of VDAC1 also alleviated the BPA-triggered intracellular ROS generation and oxidative stress. Moreover, silence of 
VDAC1 increased AMPKα1/2 phosphorylation and suppressed mTOR phosphorylation under BPA exposure. Dorsomorphin, an AMPK inhibitor, partially abolished the effects of VDAC1 gene silencing on BPA-stimulated 
GC-1 spg cells. In conclusion, inhibition of VDAC1 attenuated the BPA-induced oxidative stress and apoptosis and promoted the cell viability in spermatogonia through modulating AMPK/mTOR signaling pathway.

Keywords: AMPK/mTOR signaling pathway; Apoptosis; Oxidative stress; Spermatogonia; Voltage-dependent anion channel 1.

The Journal of 
Toxicological 
Sciences2023年 48 巻 3 
号 109-119

10.2131/jts.48.109 36858637 in vitro - - - - - - - - - - 1 0 20, 40, 80 µM - - - - - - - - - - - - - - -

統合_2401

Jing Chen, Shiori Minabe, Arisa Munetomo, 
Fumie Magata, Marimo Sato, Sho Nakamura, 
Masumi Hirabayashi, Yasuhiro Ishihara, Takeshi 
Yamazaki, Yoshihisa Uenoyama, Hiroko 
Tsukamura, Fuko Matsuda

2022
Kiss1-dependent and independent 
release of luteinizing hormone and 
testosterone in perinatal male rats

Prenatal and postnatal biphasic increases in plasma testosterone levels derived from perinatal testes are considered critical for defeminizing/masculinizing the brain mechanism that regulates sexual behavior in male 
rats. Hypothalamic kisspeptin neurons are indispensable for stimulating GnRH and downstream gonadotropin, as well as the consequent testicular testosterone production/release in adult male rats. However, it is 
unclear whether kisspeptin is responsible for the increase in plasma testosterone levels in perinatal male rats. The present study aimed to investigate the role of Kiss1/kisspeptin in generating perinatal plasma LH and 
the consequent testosterone increase in male rats by comparing the plasma testosterone and LH profiles of wild-type (Kiss1+/+) and Kiss1 knockout (Kiss1-/-) male rats. A biphasic pattern of plasma testosterone 
levels, with peaks in the prenatal and postnatal periods, was found in both Kiss1+/+ and Kiss1-/- male rats. Postnatal plasma testosterone and LH levels were significantly lower in Kiss1-/- male rats than in Kiss1+/+ 
male rats, whereas the levels in the prenatal embryonic period were comparable between the genotypes. Exogenous kisspeptin challenge significantly increased plasma testosterone and LH levels and the number of c-
Fos-immunoreactive GnRH neurons in neonatal Kiss1-/- and Kiss1+/+ male rats. Kiss1 and Gpr54 (kisspeptin receptor gene) were found in the testes of neonatal rats, but kisspeptin treatment failed to stimulate 
testosterone release in the cultured testes of both genotypes. These findings suggest that postnatal, but not prenatal, testosterone increase in male rats is mainly induced by central kisspeptin-dependent stimulation of 
GnRH and consequent LH release.

Keywords: Hypothalamic-pituitary-gonadal axis; Kisspeptin; Perinatal testosterone surges; Testes.

Endocrine Journal2022
年 69 巻 7 号 797-807

10.1507/endocrj.EJ21-0620 35125377 動物 - 1 0 0 0 0 0 - - - - - - - - - - - - - - - - - - - - -

統合_2402 Kaori Kiso-Farnè, Takeshi Yaoi, Takahiro 
Fujimoto, Kyoko Itoh 2022

Low Doses of Bisphenol A Disrupt 
Neuronal Differentiation of Human 
Neuronal Stem/Progenitor Cells

Bisphenol A (BPA) is an endocrine disrupting chemical. Human epidemiological studies have suggested that adverse neurobehavioral outcomes are induced by fetal exposure to BPA. The remarkable differences in the 
corticogenesis between human and agyrencephalic mammals are an increase in the intermediate progenitor cells (IPCs) and a following increase in the subplate thickness. It is uncertain whether low doses of BPA (low-
BPA) affect human early corticogenesis when basal progenitor cells (BPs) produce IPCs resulting in amplified neurogenesis. In this study, human-derived neuronal stem/progenitor cells were exposed to low-BPA or the 
vehicle only, and the resultant cell type-specific molecular changes and morphology were analyzed. We focused on stem cells immunoreactive for SOX2, BPs for NHLH1, and immature neurons for DCX. SOX2-positive 
cells significantly decreased at day in vitro (DIV) 4 and 7, whereas NHLH1-positive cells tended to be higher, while DCX-positive cells significantly increased at DIV7 when exposed to 100 nM of BPA compared with the 
vehicle. Morphologically DCX-positive cells showed a decrease in unipolar cells and an increase in multipolar cells when exposed to 100 nM of BPA compared with the vehicle. These results provide insights into the in 
vivo effect of low-BPA on neuronal differentiation in the human fetal corticogenesis.

Keywords: Bisphenol A (BPA); corticogenesis; differentiation; endocrine disrupting chemicals; neural stem/progenitor cells.

Acta Histochem 
Cytochem. 2022 Dec 
28;55(6):193-202.

10.1267/ahc.22-00090 36688137 in vitro - - - - - - - - - - 1 0 0.1, 1, 10 and 100 nM 1 - - - - - - - - - - - - - -

統合_2403 Munekazu Komada, Tetsuji Nagao, Nao Kagawa 2020

Prenatal and postnatal bisphenol A 
exposure inhibits postnatal 
neurogenesis in the hippocampal 
dentate gyrus

Bisphenol A (BPA), an endocrine disruptor with estrogenic effects, is widely used as a raw material for manufacturing polycarbonate plastic and epoxy resins. Prenatal and postnatal exposure to BPA affects brain 
morphogenesis. However, the effects of prenatal and postnatal BPA exposure on postnatal neurogenesis in mice are poorly understood. In this study, we developed a mouse model of prenatal and postnatal BPA exposure 
and analyzed its effects on hippocampal neurogenesis. The hippocampal dentate gyrus is vulnerable to chemical exposure, as neurogenesis continues in this region even after birth. Our results showed that in mice, 
prenatal and postnatal BPA exposure decreased the number of type-1, 2a, 2b, and 3 neural progenitor cells, as well as in granule cells, in the hippocampal dentate gyrus on postnatal days 16 and 70. The effect of prenatal 
and postnatal BPA exposure on neural progenitors were affected at all differentiation stages. In addition, prenatal and postnatal BPA exposure affects the maintenance of long-term memory on postnatal day 70. Our 
results suggest that neurodevelopmental toxicity due to prenatal and postnatal BPA exposure might affect postnatal morphogenesis and functional development of the hippocampal dentate gyrus.

Keywords: Bisphenol A; Dentate gyrus; Granule cells; Neural stem cells; Neurogenesis.

J Toxicol Sci. 
2020;45(10):639-650.

10.2131/jts.45.639 33012732 動物 神経 1 1 1 1 1 1 - - - - - - 1 1 - 1 - - - - - - - - - - -

統合_2404 Yang Ling, Zhang Qiongao, Cui Maosheng, 
Zhang Leying, Ma Yong 2024

Effects of bisphenol A and 
tauroursodeoxycholic acid on 
maturation of porcine oocytes and 
parthenogenetic development of 
embryos

Prolonged exposure of bisphenol A (BPA) has adverse effects on in vitro maturation (IVM) of oocytes, but treatment with tauroursodeoxycholic acid (TUDCA) can improve the IVM and development of embryos. The purpose 
of this study was to investigate the effects of BPA and both BPA and TUDCA on IVM and parthenogenetic development of embryos. The results showed that BPA treatment adverse effects on the cumulus expansion index, 
survival rate, polar body rate, mitochondrial distribution of the oocytes after maturation culture, and that it also decreased the cleavage rate and blastocyst rate of embryos after parthenogenetic develpoment. In addition, 
BPA treatment upregulated expression of genes related to endoplasmic reticulum stress and apoptosis and increased the intracellular reactive oxygen species (ROS) level, while it decreased expression of genes related to 
cumulus expansion. However, the supplementation of TUDCA relieved these adverse effects of BPA except polar body rate, blastocyst rate, and expression of BCL2 and PTGS1. In conclusion, the supplementation of 
TUDCA can partly attenuate the negative effects of BPA on IVM and parthenogenetic development of embryos, possibly by modification of the expression of genes related to endoplasmic reticulum stress, apoptosis and 
cumulus expansion, intracellular ROS level, and mitochondrial distribution.

Anim Sci J. 2024 Jan-
Dec;95(1):e13966.

10.1111/asj.13966 38845341 in vitro - - - - - - - - - - 1 0 不明 1 - - - - - - - - - - - - - -

統合_2405
Dagdeviren Gulsah, Arslan Burak, Keles Ayse, 
Celik Oezge Yuecel, Arat Oezguer, Caglar Ali 
Turhan

2023
The evaluation of serum bisphenol A 
in patients with preeclampsia

Aims: High bisphenol A (BPA) concentration may compromise normal placental development. The aim of this study was to determine maternal serum BPA concentrations in pregnant women with complicated preeclampsia 
(PE) and normal pregnant women, to compare BPA concentrations, and to examine pregnancy outcomes.

Methods: This prospective case-control study was conducted between March 2021 and October 2021. Serum BPA levels of preeclamptic pregnancy and normal pregnancy were statistically evaluated. In addition, the PE 
group was divided into three subgroups according to the course of pregnancy. Group 1: patients with non-severe PE who delivered at 37 weeks or later, Group 2: patients with severe PE who delivered at less than 34 
weeks, Group 3: patients with severe PE who delivered between 34 and 37 weeks. The association between BPA levels and pregnancy outcome was investigated.

Results: Forty-six cases in the PE group were compared with 46 cases of normal pregnancies. The median BPA level was 19.46 ng/mL in the PE group and 16.36 ng/mL in the control group. The median BPA levels in the 
PE group were significantly higher than those in the control group (p = 0.007). Serum BPA levels were significantly lower in women who delivered at 37 weeks or later than in women who delivered at less than 34 weeks 
due to severe PE (p ≤ 0.018).

Conclusion: Our study highlights the association between elevated maternal serum levels of BPA and PE. Moreover, knowledge of BPA levels in women with PE may provide information about the prognosis of pregnancy.

Keywords: bisphenol A; non-severe preeclampsia; severe preeclampsia.

J Obstet Gynaecol Res. 
2023 May;49(5):1322-
1327.

10.1111/jog.15616 36806798 ヒト ⽣殖発⽣ - - - - - - 症例対照 1 1 - - - 1 1 1 - - - - - - - - - - - -

統合_2406
Tosirisuk Naruporn, Sakorn Natee, Jantarat 
Chutima, Nosoongnoen Wichit, 
Aroonpakmongkol Suphab, Supornsilchai Vichit

2022
Increased bisphenol A levels in Thai 
children and adolescents with type 1 
diabetes mellitus

Background: The incidence of type 1 diabetes mellitus (T1DM) in children and adolescents continues to increase worldwide. The reason for this is unclear. In addition to the role of genetics, bisphenol A (BPA) has been 
investigated as a possible causal factor for T1DM. This study aimed to determine the correlation between urinary BPA levels and T1DM in Thai children and adolescents.

Methods: A cross-sectional study was conducted in T1DM patients who were followed at the endocrinology clinic at King Chulalongkorn Memorial Hospital from December 2018 to December 2019 and age-matched 
healthy controls. Urinary BPA levels were analyzed by high-performance liquid chromatography and adjusted by urine creatinine. Anthropometric data were measured in all participants and clinical data were collected for 
the T1DM patients. All participants completed a questionnaire regarding possible BPA exposures. Multivariate logistic regression analysis was used to estimate the adjusted odds ratio for T1DM.

Results: Seventy-five T1DM patients and 113 age-matched controls were included in the study. The mean age for T1DM and control groups were 14.8 ± 5.7 and 14.4 ± 6.2 years, respectively. The T1DM group had a 
significantly higher median (interquartile range) level of adjusted urinary BPA compared to the control (31.50 [7.87, 69.45] vs 10.1 [0, 54.01] μg/g creatinine, P = 0.02). Urinary BPA of 17 μg/g creatinine or more was 
significantly associated with TIDM, with adjusted odds ratio (95% Confident interval, CI) of 2.38 (1.27, 4.44), P = 0.006.

Conclusions: Higher urinary BPA level is one of the possible risk factors for T1DM.

Keywords: bisphenol A (BPA); high performance liquid chromatography (HPLC); type 1 diabetes mellitus (T1DM).

Source：Pediatrics 
International(1328-
8067)64巻1号 Page 
ped.14944

10.1111/ped.14944 34342913 ヒト - - - - - - - バイオモニタリング 1 1 - - - - - - - - - - - - - - - - - -

統合_2407 Sugiyama Kei-ichi, Kinoshita Mawo, Gruz Petr, 
Kasamatsu Toshio, Honma Masamitsu 2022

Bisphenol-A reduces DNA 
methylation after metabolic 
activation

Bisphenol-A (BPA) is an important environmental contaminant with adverse health effects suspected to be mediated through epigenetic mechanisms. We had reported that the FLO1-dependent flocculation of transgenic 
yeast expressing human DNA methyltransferase (DNMT yeast) is a useful tool in epigenotoxicology studies. In this report, we have investigated the effects of BPA in the presence of metabolic activation (S-9 mix) on the 
transcription level of the FLO1 gene in the DNMT yeast. In the presence of metabolic activation, BPA inhibited the intensity of green fluorescence reporter protein (GFP) driven by the FLO1 promoter. A metabolite of BPA, 
4-methyl-2,4-bis(p-hydroxyphenyl) pent-1-ene (MBP), also exhibited similar inhibitory effect. Furthermore, BPA in the presence of S-9 mix had only a weak while MBP had no inhibitory effects on the expression of 
modified GFP reporter gene under the control of FLO1 promoter with reduced CpG motifs. Aforementioned behavior was confirmed by the inhibition of flocculation as well as FLO1 gene mRNA expression. In addition, the 
global DNA methylation level in the human HEK293 cells was also reduced by MBP. These results indicate that BPA metabolites have inhibitory effect on DNA methylation. Our approach offers a novel in vitro method for 
screening for chemicals that can alter the epigenome by a mechanism dependent on their metabolic activation.

Genes and 
Environment,2022,Vol44
,Issue1,No.20

10.1186/s41021-022-00249-y 35879744 in vitro - - - - - - - - - - 1 0 2.5〜40 µM - - - - - - - - - - - - - - -

統合_2408

Hirao-Suzuki Masayo, Nagase Keita, Suemori 
Tatsuya, Tsutsumi Kana, Shigemori Egao, 
Tanaka Michitaka, Takiguchi Masufumi, 
Sugihara Narumi, Yoshihara Shin'ichi, Takeda 
Shuso
Source：Biological & Pharmaceutical 
Bulletin(0918-6158)44巻10号 Page1524-
1529(2021.10)

2021

4-methyl-2,4-bis(4-
hydroxyphenyl)pent-1-ene(MBP)は
エストロゲン受容体βを標的として、
Gタンパク質共役型エストロゲン受容
体1アゴニストであるG-1に対するヒ
ト乳癌MCF-7細胞の耐性を誘導する

ビスフェノールA(BPA)の活性代謝物であるMBPが、ERα/ERβ/GPER1陽性のヒト乳癌細胞株MCF-7細胞のGタンパク質共役型エストロゲン受容体1(GPER1)発現に及ぼす影響について検討した。濃度1nMのMBPを24時間間
隔で反復曝露することにより、ERβのアップレギュレーションを介してGPER1 mRNAの発現がダウンレギュレートされた。同じ条件でBPAはGPER1 mRNAの発現に影響を与えなかった。MBPで前処置したMCF-7細胞は、
GPER1アゴニストであるG-1が媒介する抗増殖効果に耐性を⽰した。GPER1は乳癌を含む種々のタイプの癌において腫瘍抑制因⼦として働くことから、MBPによるGPER1発現低下は腫瘍の悪性化に関与している可能性があ
ると考えられた。

- 10.1248/bpb.b21-00417 34602561 in vitro - - - - - - - - - - 1 0 1〜100 µM - - - - - - - - - - - - - - -

統合_2409

Khan Jesmine, Kadir Siti Hamimah Binti Sheikh 
Abdul, Zain Wan Nor I'zzah Wan Mohamad, 
Kamaludin Roziana, Rasdi Zatilfarihah, Rahman 
Amirah Abdul

2021
Effect of Bisphenol-A on the 
Morphology of Small Intestine in 
Pregnant Rats

環境汚染物質でもあるビスフェノールAに妊娠ラットを曝露させ、その⺟体と胎仔の⼩腸の形態への影響を調べ、さらにタイトジャンクション蛋⽩であるクローディン類の発現についても調査した。妊娠Sprague Daleyラッ
ト12匹を実験群と対照群に分け、対照群へは溶媒のみ(Tween 80)、実験群へはビスフェノールA(0.2mg/mL)を飲⽔に混ぜ、妊娠1⽇〜21⽇まで与えた。その後、帝王切開にて胎仔を得て、⺟体と共に腸管を採取した。光学顕
微鏡と画像解析による形態計測の結果、⺟体の空腸と回腸では、絨⽑の⾼さ、陰窩の深さ、杯細胞の数に関して両群間で有意差はみられなかった。免疫組織化学で評価した⺟体⼩腸のクローディン2の発現は両群で同程度で
あり、⺟体の回腸ではクローディン3と4の発現レベルが対照群に⽐べ実験群で低下していた。胎仔の⼩腸には⾁眼的には異常は認められなかったものの、空腸と回腸を識別できず、また⼤変⼩さかったために、形態観察など
の解析が⾏えなかった。妊娠期間中を通じた低⽤量ビスフェノールAへの慢性曝露によって、⺟体の⼩腸の微細形態とクローディン2発現には影響がみられなかったが、回腸ではクローディン3と4の発現が低下した。以上か
ら、同曝露によって腸管バリアが損なわれる可能性が⽰された。

International Medical 
Journal(1341-2051)28巻
2号 Page141-144

- - 動物 - 1 1 1 1 0 要確認 (0.2mg/mL飲⽔) - - - - - - - - - - - - - - - - - - - - -

統合_2410 河村 徳之, 川鍋 仁, 前⽥ 豊信, 福井 和徳 2021
Bisphenol-AがNIH/3T3細胞に及ぼす
影響

当院矯正⻭科において、マルチブラケット装置に矯正治療中にプラークコントロールが良好であるにもかかわらず発⾚を伴わない⻭⾁増殖を⽣じた症例を経験した。2,2-ビス2-ヒドロキシ-3-メタクリロキシプロポキシフェ
ニレンプロパン(Bis-GMA)含有ボンディング材を⽤いてブラケット装着し動的治療開始後、経時的に⻭⾁増殖が観察された。術中のボンディング材の⾶散や重合後の微⼩なビスフェノールA(BPA)漏出が原因と考え、線維芽
細胞NIH/3T3細胞における低濃度BPAとall-trans-retinoic acid(ATRA)の影響を検証した。本検体は全顎的に⻭の隙間が気になることを主訴に来院した18歳11ヵ⽉の男性から採取した。BPAを24時間添加すると、1×10^-6M
もしくは1×10^-5Mで有意に細胞増殖が阻害された。これよりも1000万倍以上薄い濃度で弱い有意な細胞増殖が確認され、この増殖は少なくとも3⽇⽬まで観察された。また、BPA不添加下でATRAはPeroxisome 
proliferator-activated receptor応答配列(PPRE)活性を有意に増加させたが、BPAによって増加したPPRE活性はATRA添加により完全に阻害された。次に、レチノイン酸応答配列(RARE)活性について検討したところ、BPA⾮
存在下においてATRAはRARE活性を有意に増加させた。ATRA⾮存在下において、BPAは⼀切RARE活性に影響しなかったにもかかわらず、ATRAによる活性増加をさらに強調させていた。このほか、低濃度BPAはMmp9遺伝
⼦とMmp13遺伝⼦の発現を抑制することが⽰された。

奥⽻⼤学⻭学誌(0916-
2313)48巻1-2号 Page1-
13

- - in vitro - - - - - - - - - - 1 0 1×10^-6M、1×10^-5M - - - - - - - - - - - - - - -

統合_2411 Kobayashi Yukino, Oguro Ami, Yagi Erina, 
Mitani Akira, Kudoh Suguru N., Imaoka Susumu 2020

Bisphenol A and rotenone induce S-
nitrosylation of protein disulfide 
isomerase (PDI) and inhibit neurite 
outgrowth of primary cultured cells 
of the rat hippocampus and PC12 
cells

Bisphenol A (BPA) interferes the function and development of the central nervous system (CNS), resulting in behavioral abnormalities and memory loss. S-nitrosylation of protein disulfide isomerase (PDI) is increased in 
brains with sporadic Alzheimer's disease and Parkinson's disease. The aim of the present study was to clarify the role of nitric oxide (NO) in BPA-induced neurotoxicity. Since rotenone induces NO-mediated 
neurodegeneration through S-nitrosylation of PDI, it was used as a positive control. First, rats were treated with BPA and rotenone, and S-nitrosylation of PDI was detected in rat brain microsomes. BPA and rotenone 
decreased RNase oxidation activity of PDI concomitant with S-nitrosylation of PDI. Next, to clarify S-nitrosylation of PDI by BPA and rotenone in rat brains, we treated the rat pheochromocytoma cell line PC12 and primary 
cultured neuron cells from the rat hippocampus with BPA (5 and 10 μM) and rotenone (100 or 200 nM). BPA induced S-nitrosylation of PDI, while NG-monomethyl-L-arginine (L-NMMA), a NOS inhibitor, exerted the 
opposite effects. Finally, to evaluate the toxicity of BPA in the CNS, we investigated its effects on neurite outgrowth of PC12 and primary cultured neuron cells. BPA inhibited neurite outgrowth of these cells, while L-
NMMA reversed this inhibition. The involvement of PDI activity in neurite outgrowth was also examined, and bacitracin, a PDI inhibitor, is shown to decrease neurite outgrowth. Furthermore, the overexpression of PDI, but 
not a catalytically inactive PDI mutant, enhanced neurite outgrowth. These results suggested that S-nitrosylation of PDI induced by excessive NO caused BPA-induced neurotoxicity.

Keywords: Bisphenol A; Neurite outgrowth; Protein disulfide isomerase; Rotenone; S-nitrosylation.

The Journal of 
Toxicological 
Sciences(0388-1350)45
巻10-12号 Page783-794

10.2131/jts.45.783 33268678 動物 - 1 0 1 1 0 100 mg/kg/day - - - - - - - - - - - - - - - - - - - - -
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統合_2412 Kagawa Nao, Nagao Tetsuji 2020
Maternal administration of bisphenol 
A alters the microglial profile in the 
neocortex of mouse weanlings

Bisphenol A (BPA) is known to cause abnormal neurogenesis in the developing neocortex. The mechanisms of BPA toxicity concerning neuroinflammatory-related endpoints are incompletely characterized. To evaluate the 
microglial morphology and the gene expression of pro-inflammatory cytokines in the newborn neocortex, ICR mice were exposed to BPA 200 μg/kg/d on gestational day 6 through post-partum day 21. Weanlings exposed 
during prenatal and postnatal period to BPA showed an increased number of amoeboid-type microglia, a microglial differentiation disruption (the M1/M2 microglial ratio), and an abnormal expression of genes encoding 
pro-inflammatory factors. These findings suggest that the well-known neurodevelopmental toxicity of BPA may be related to an increased microglial activation and neuroinflammation in the neocortex.

Keywords: bisphenol A; microglial activation; neocortex; neuroinflammation; pro-inflammatory cytokine.

Congenital 
Anomalies(0914-
3505)60巻5号 Page142-
146

10.1111/cga.12370 32223001 動物 - 1 1 1 ICR 0 200 µg/kg/⽇ - - - - - - - - - - - - - - - - - - - - -

統合_2413
Salehpour Amin, Shidfar Farzad, Hedayati 
Mehdi, Tehrani Asal Neshatbini, Farshad Ali 
Asghar, Mohammadi Saeed

2020
Bisphenol A enhances adipogenic 
signaling pathways in human 
mesenchymal stem cells

BACKGROUND: The endocrine disruptor Bisphenol-A (BPA), has been involved in dysregulating adipose tissue development and increasing the risk of obesity. The objective of this experiment was to investigate whether 
treatment of human mesenchymal stem cells with BPA could modulate adipogenesis and adipocyte differentiation. METHODS: In this experimental study, the human adipose-derived mesenchymal stem cells (hASCs) 
were cultured for 2 weeks with continuous exposure to 10(- 10) M or 10(- 8) M concentrations of BPA. The extent of triglyceride accumulation was visualized by Oil Red O staining. To evaluate BPA effect on the expression 
levels of key adipogenic trascripotion factors and proteins, we used Quantitative reverse transcriptase-polymerase chain reaction (qRT-PCR) and ELISA. RESULTS: The results presented a dose-dependent triglyceride 
accumulation in treated cells with BPA. Additionally, we observed that BPA induced transcription of the Peroxisome proliferator-activated receptor-gamma (PPARγ), CCAAT-enhancer-binding protein-alpha (C/EBPα), 
CCAAT-enhancer-binding protein-beta (C/EBPβ), sterol regulatory element-binding protein-1c (SREBP1c), Fatty acid synthase (FASN), and lipoprotein lipase (LPL); BPA suppressed the expression of Fatty acid binding 
protein-4 (FABP4) and Estrogen receptor-beta (ERβ). CONCLUSIONS: Our findings supported the hypothesis that BPA enhances adipogenic differentiation thereby may play a role in development of obesity and 
dysregulation of metabolic homoeostasis.

Genes Environ. 2020 
Mar 11:42:13.

10.1186/s41021-020-00150-6 32175033 in vitro - - - - - - - - - - 1 0 1 1 - - - - - - - - - - - - - -

統合_2414 Fujimoto Tetsuya, Inoue Hiroshi, Hirano Shun-
ichiro, Goda Seiji 2019

Effect of bisphenol A exposure on 
spontaneous behavior using the 
elevated plus maze test

BACKGROUND: The endocrine disruptor Bisphenol-A (BPA), has been involved in dysregulating adipose tissue development and increasing the risk of obesity. The objective of this experiment was to investigate whether 
treatment of human mesenchymal stem cells with BPA could modulate adipogenesis and adipocyte differentiation. METHODS: In this experimental study, the human adipose-derived mesenchymal stem cells (hASCs) 
were cultured for 2 weeks with continuous exposure to 10(- 10) M or 10(- 8) M concentrations of BPA. The extent of triglyceride accumulation was visualized by Oil Red O staining. To evaluate BPA effect on the expression 
levels of key adipogenic trascripotion factors and proteins, we used Quantitative reverse transcriptase-polymerase chain reaction (qRT-PCR) and ELISA. RESULTS: The results presented a dose-dependent triglyceride 
accumulation in treated cells with BPA. Additionally, we observed that BPA induced transcription of the Peroxisome proliferator-activated receptor-gamma (PPARγ), CCAAT-enhancer-binding protein-alpha (C/EBPα), 
CCAAT-enhancer-binding protein-beta (C/EBPβ), sterol regulatory element-binding protein-1c (SREBP1c), Fatty acid synthase (FASN), and lipoprotein lipase (LPL); BPA suppressed the expression of Fatty acid binding 
protein-4 (FABP4) and Estrogen receptor-beta (ERβ). CONCLUSIONS: Our findings supported the hypothesis that BPA enhances adipogenic differentiation thereby may play a role in development of obesity and 
dysregulation of metabolic homoeostasis.

Journal of Osaka Dental 
University(0475-
2058)53巻2号 Page187-
192

10.18905/jodu.53.2_187 - 動物 - 1 1 1 1 0 ＜50 µg/kg/day - - - - - - - - - - - - - - - - - - - - -

統合_2415 Li Zemin, Lu Qing, Ding Bo, Xu Jingyun, Shen 
Yang 2019

Bisphenol A promotes the 
proliferation of leiomyoma cells by 
GPR30-EGFR signaling pathway

Aim: To study the molecular mechanism of G protein-coupled receptor 30-epidermal growth factor receptor (GPR30-EGFR) signaling pathway on the proliferation of leiomyoma cells exposed with bisphenol A.

Methods: Primary cultures and subcultures of human uterine leiomyoma (UL) cells. The expressions of messenger RNA and proteins of GPR30 and EGFR in 15 leiomyoma tissue specimens and all groups were detected by 
real-time quantitative polymerase chain reaction assay and Western blot assay. The protein of mitogen-activated protein kinases (MAPK)/extracellular signal-regulated kinases (ERK)/c-fos signaling pathway members 
was detected by Western blot assay.

Results: Bisphenol A promoted the growth of UL cells and the expressions of GPR30, EGFR, c-fos and p-ERK1/2.

Conclusion: Bisphenol A was found to be a promoter specifically to proliferate the human UL cells by activating the transcription and translation of GPR30-EGFR and MAPK/ERK/c-fos signaling pathway members.

Keywords: GPR30-EGFR signaling pathway; bisphenol A; uterine leiomyoma.

J Obstet Gynaecol Res. 
2019 Jul;45(7):1277-
1285.

10.1111/jog.13972 31016847 in vitro - - - - - - - - - - 1 0 不明 1 - - - - - - - - - - - - - -

統合_2416 Mao Weifeng, Song Yan, Sui Haixia, Cao Pei, Liu 
Zhaoping 2019

Analysis of individual and combined 
estrogenic effects of bisphenol, 
nonylphenol and diethylstilbestrol in 
immature rats with mathematical 
models

Background: Traditional toxicological studies focus on individual compounds. However, this single-compound approach neglects the fact that the mixture exposed to human may act additively or synergistically to induce 
greater toxicity than the single compounds exposure due to their similarities in the mode of action and targets. Mixture effects can occur even when all mixture components are present at levels that individually do not 
produce observable effects. So the individual chemical effect thresholds do not necessarily protect against combination effects, an understanding of the rules governing the interactive effects in mixtures is needed. The 
aim of the study was to test and analyze the individual and combined estrogenic effects of a mixture of three endocrine disrupting chemicals (EDCs), bisphenol A (BPA), nonylphenol (NP) and diethylstilbestrol (DES) in 
immature rats with mathematical models.

Method: In the present study, the data of individual estrogenic effects of BPA, NP and DES were obtained in uterotrophic bioassay respectively, the reference points for BPA, NP and DES were derived from the dose-
response ralationship by using the traditional no observed adverse effect (NOAEL) or lowest observed adverse effect level (LOAEL) methods, and the benchmark dose (BMD) method. Then LOAEL values and the 
benchmark dose lower confidence limit (BMDL10) of single EDCs as the dose design basis for the study of the combined action pattern. Mixed prediction models, the 3 × 2 factorial design model and the concentration 
addition (CA) model, were employed to analyze the combined estrogenic effect of the three EDCs.

Results: From the dose-response relationship of estrogenic effects of BPA, NP and DES in the model of the prepuberty rats, the BMDL10(NOAEL) of the estrogenic effects of BPA, NP and DES were 90(120) mg/kg body 
weight, 6 mg/kg body weight and 0.10(0.25) μg/kg body weight, and the LOAEL of the the estrogenic effects of three EDCs were 240 mg/kg body weight, 15 mg/kg body weight and 0.50 μg/kg body weight, respectively. 
At BMDL10 doses based on the CA concept and the factorial analysis, the mode of combined effects of the three EDCs were dose addition. Mixtures in LOAEL doses, NP and DES combined effects on rat uterine/body 
weight ratio indicates antagonistic based on the CA concept but additive based on the factorial analysis. Combined effects of other mixtures are all additive by using the two models.

Conclusion: Our results showed that CA model provide more accurate results than the factorial analysis, the mode of combined effects of the three EDCs were dose addition, except mixtures in LOAEL doses, NP and DES 
combined effects indicates antagonistic effects based on the CA model but additive based on the factorial analysis. In particular, BPA and NP produced combination effects that are larger than the effect of each mixture 
component applied separately at BMDL doses, which show that additivity is important in the assessment of chemicals with estrogenic effects. The use of BMDL as point of departure in risk assessment may lead to 
underestimation of risk, and a more balanced approach should be considered in risk assessment.

Keywords: Combined effects; Concentration addition; Endocrine disrupting chemicals; Factorial analysis; Mixture toxicity.

Environmental Health 
and Preventive 
Medicine(1342-078X)24
巻 Page1 of 13-13 of 13

10.1186/s12199-019-0789-5 31084616 in silico - - - - - - - - - - - - - - - - - - - - - - - - - - - -

統合_2417 Kundakovic M et al. 2013

Sex-specific epigenetic disruption 
and behavioral changes following 
low-dose in utero bisphenol A 
exposure

Bisphenol A (BPA) is an estrogenic endocrine disruptor widely used in the production of plastics. Increasing evidence indicates that in utero BPA exposure affects sexual differentiation and behavior; however, the 
mechanisms underlying these effects are unknown. We hypothesized that BPA may disrupt epigenetic programming of gene expression in the brain. Here, we provide evidence that maternal exposure during pregnancy to 
environmentally relevant doses of BPA (2, 20, and 200 µg/kg/d) in mice induces sex-specific, dose-dependent (linear and curvilinear), and brain region-specific changes in expression of genes encoding estrogen receptors 
(ERs; ERα and ERβ) and estrogen-related receptor-γ in juvenile offspring. Concomitantly, BPA altered mRNA levels of epigenetic regulators DNA methyltransferase (DNMT) 1 and DNMT3A in the juvenile cortex and 
hypothalamus, paralleling changes in estrogen-related receptors. Importantly, changes in ERα and DNMT expression in the cortex (males) and hypothalamus (females) were associated with DNA methylation changes in 
the ERα gene. BPA exposure induced persistent, largely sex-specific effects on social and anxiety-like behavior, leading to disruption of sexually dimorphic behaviors. Although postnatal maternal care was altered in 
mothers treated with BPA during pregnancy, the effects of in utero BPA were not found to be mediated by maternal care. However, our data suggest that increased maternal care may partially attenuate the effects of in 
utero BPA on DNA methylation. Overall, we demonstrate that low-dose prenatal BPA exposure induces lasting epigenetic disruption in the brain that possibly underlie enduring effects of BPA on brain function and 
behavior, especially regarding sexually dimorphic phenotypes.

Proc Natl Acad Sci U S 
A. 2013 Jun 
11;110(24):9956-61.

10.1073/pnas.1214056110 23716699 動物 発達神経毒性 1 1 1 1 1 1 - - - - - - 1 1 - 1 - 1 ● - ● - - - - ● -

統合_2418
Rönn M, Kullberg J, Karlsson H, Berglund J, 
Malmberg F, Orberg J, Lind L, Ahlström H, Lind 
PM.

2013
Bisphenol A exposure increases liver 
fat in juvenile fructose-fed Fischer 
344 rats

BACKGROUND: Prenatal exposure to bisphenol A (BPA) has been shown to induce obesity in rodents. To evaluate if exposure also later in life could induce obesity or liver damage we investigated these hypothesises in an 
experimental rat model. METHODS: From five to fifteen weeks of age, female Fischer 344 rats were exposed to BPA via drinking water (0.025, 0.25 or 2.5 mg BPA/L) containing 5% fructose. Two control groups were given 
either water or 5% fructose solution. Individual weight of the rats was determined once a week. At termination magnetic resonance imaging was used to assess adipose tissue amount and distribution, and liver fat 
content. After sacrifice the left perirenal fat pad and the liver were dissected and weighed. Apolipoprotein A-I in plasma was analyzed by western blot. RESULTS: No significant effects on body weight or the weight of the 
dissected fad pad were seen in rats exposed to BPA, and MRI showed no differences in total or visceral adipose tissue volumes between the groups. However, MRI showed that liver fat content was significantly higher in 
BPA-exposed rats than in fructose controls (p=0.04). BPA exposure also increased the apolipoprotein A-I levels in plasma (p<0.0001). CONCLUSION: We found no evidence that BPA exposure affects fat mass in juvenile 
fructose-fed rats. However, the finding that BPA in combination with fructose induced fat infiltration in the liver at dosages close to the current tolerable daily intake (TDI) might be of concern given the widespread use of 
this compound in our environment.

Toxicology. 2013 Jan 
7:303:125-32.

10.1016/j.tox.2012.09.013 23142792 動物 代謝 1 1 1 1 1 1 - - - - - - 1 1 - 1 - - - - ● - - - - - -

統合_2419 Bauer SM et al. 2012
The effects of maternal exposure to 
bisphenol A on allergic lung 
inflammation into adulthood

Bisphenol A (BPA) is a high-production volume chemical classified as an environmental estrogen and used primarily in the plastics industry. BPA's increased usage correlates with rising BPA levels in people and a 
corresponding increase in the incidence of asthma. Due to limited studies, the contribution of maternal BPA exposure to allergic asthma pathogenesis is unclear. Using two established mouse models of allergic asthma, 
we examined whether developmental exposure to BPA alters hallmarks of allergic lung inflammation in adult offspring. Pregnant C57BL/6 dams were gavaged with 0, 0.5, 5, 50, or 500 mug BPA/kg/day from gestational day 
6 until postnatal day 21. To induce allergic inflammation, adult offspring were mucosally sensitized with inhaled ovalbumin containing low-dose lipopolysaccharide or ip sensitized using ovalbumin with alum followed by 
ovalbumin aerosol challenge. In the mucosal sensitization model, female offspring that were maternally exposed to >/= 50 mug BPA/kg/day displayed enhanced airway lymphocytic and lung inflammation, compared with 
offspring of control dams. Peritoneally sensitized, female offspring exposed to </= 50 mug BPA/kg/day presented dampened lung eosinophilia, compared with vehicle controls. Male offspring did not exhibit these 
differences in either sensitization model. Our data demonstrate that maternal exposure to BPA has subtle and qualitatively different effects on allergic inflammation, which are critically dependent upon route of allergen 
sensitization and sex. However, these subtle, yet persistent changes due to developmental exposure to BPA did not lead to significant differences in overall airway responsiveness, suggesting that early life exposure to 
BPA does not exacerbate allergic inflammation into adulthood.

Toxicol Sci. 2012 
Nov;130(1):82-93.

10.1093/toxsci/kfs227 22821851 動物 免疫 1 1 1 1 1 1 - - - - - - 1 1 - 1 - 1 - ● ● ● - - - - -

統合_2420 Chitra KC et al. 2003
Induction of oxidative stress by 
bisphenol A in the epididymal sperm 
of rats

Bisphenol A has been shown to affect the reproduction of male rats and mice. However, the mechanism of action of bisphenol A on the epididymal sperm is not elucidated. The present study was undertaken to evaluate 
the effect of bisphenol A on the antioxidant system of rat epididymal sperm. Bisphenol A was administered orally to male rats at the dose levels of 0.2, 2 and 20 microg/Kg body weight per day for 45 days. After 24 h of the 
last treatment, rats were weighed and killed using anesthetic ether. The body weight of treated rats did not show significant change as compared with the corresponding control groups. In bisphenol A-treated rats there 
was a significant decrease in the weight of the testis and epididymis; the weight of ventral prostate increased significantly whereas there was no significant change in the weight of seminal vesicles as compared with the 
corresponding group of control animals. Sperm collected from the epididymis were used for sperm count and biochemical estimations. Administration of bisphenol A caused a reduction in the epididymal sperm motility and 
sperm count in a dose-dependent manner. The activities of superoxide dismutase, catalase, glutathione reductase and glutathione peroxidase were decreased while the levels of H(2)O(2) and lipid peroxidation increased 
significantly in the treated rats as compared with the corresponding group of control animals. The results suggested that graded doses of bisphenol A elicit depletion of antioxidant defence system and induce oxidative 
stress in epididymal sperm of rats. In conclusion, the adverse effect of bisphenol A on male reproduction may be due to induction of oxidative stress in sperm.

Toxicology. 2003 Mar 
14;185(1-2):119-27.

10.1016/s0300-483x(02)00597-8 12505450 動物 精⼦ 1 1 1 1 1 1 - - - - - - 1 1 - 1 - - - - ● - - ● - - -

統合_2421 D'Cruz SC et al. 2012

Bisphenol A impairs insulin signaling 
and glucose homeostasis and 
decreases steroidogenesis in rat 
testis: an in vivo and in silico study

Bisphenol A (BPA) is a potential endocrine disruptor and testicular toxicant. Recently, we have reported that exposure to BPA increases plasma insulin and glucose levels and decreases the levels of glycolytic enzymes, 
glucose transporter-8 (GLUT-8) and insulin receptor substrate-2 (IRS-2) in rat testis. In the present study we sought to investigate the effects of low doses of BPA on insulin signaling molecules, glucose transporter-2 
(GLUT-2) and steroidogenesis in rat testis. BPA was administered to rats by oral gavage at doses of 0.005, 0.5, 50 and 500 mug/kg body weight/day for 45 days. A positive control was maintained by administering 17-
beta-estradiol (50 mug/kg body weight/day). Decreased levels of insulin, insulin receptor (IR), insulin receptor substrate-1 (IRS-1), phosphoinositide 3-kinase (PI-3 kinase) and GLUT-2 were observed in rat testis 
following BPA administration. Dose-dependent decrease in the activities of antioxidant enzymes, 3-beta-hydroxysteroid dehydrogenase (3beta-HSD), 17-beta-hydroxysteroid dehydrogenase (17beta-HSD), Steroidogenic 
Acute Regulatory Protein (StAR) and testosterone were also observed. Molecular docking of BPA, 17-beta-estradiol, cytochalasin B and glucose with GLUT-2 and GLUT-8 revealed the higher binding affinity of BPA with 
GLUT-2 and GLUT-8. Thus, BPA impairs insulin signaling and glucose transport in rat testis which could consequently lead to impairment of testicular functions.

Food Chem Toxicol. 
2012 Mar;50(3-4):1124-
33.

10.1016/j.fct.2011.11.041 22142692 動物 代謝 1 1 1 1 1 1 - - - - - - 1 1 - 1 - - - - ● - - - - - -

統合_2422 Hassan ZK et al. 2012
Bisphenol A induces hepatotoxicity 
through oxidative stress in rat model

Reactive oxygen species (ROS) are cytotoxic agents that lead to significant oxidative damage. Bisphenol A (BPA) is a contaminant with increasing exposure to it and exerts both toxic and estrogenic effects on mammalian 
cells. Due to limited information concerning the effect of BPA on liver, this study investigates whether BPA causes hepatotoxicity by induction of oxidative stress in liver. Rats were divided into five groups: The first four 
groups, BPA (0.1, 1, 10, 50 mg/kg/day) were administrated orally to rats for four weeks. The fifth group was taken water with vehicle. The final body weights in the 0.1 mg group showed a significant decrease compared 
to control group. Significant decreased levels of reduced glutathione, superoxide dismutase, glutathione peroxidase, glutathione-S-transferase, glutathione reductase and catalase activity were found in the 50 mg BPA 
group compared to control groups. High dose of BPA (50 mg/kg) significantly increased the biochemical levels of ALT, ALP and total bilirubin. BPA effect on the activity of antioxidant genes was confirmed by real time 
PCR in which the expression levels of these genes in liver tissue were significantly decrease compared to control. Data from this study demonstrate that BPA generate ROS and reduce the antioxidant gene expression that 
causes hepatotoxicity.

Oxid Med Cell Longev. 
2012:2012:194829.

10.1155/2012/194829 22888396 動物 肝臓 1 1 1 Wistar rat:1 4⽤量：1 0.1,1,10,50 mg/kg：1 - - - - - - 1 1 - 1 - - - - ● - - - - - -

統合_2423 Howdeshell KL et al. 2008

Gestational and lactational exposure 
to ethinyl estradiol, but not 
bisphenol A, decreases androgen-
dependent reproductive organ 
weights and epididymal sperm 
abundance in the male long evans 
hooded rat

Many chemicals released into the environment are capable of disrupting normal sex steroid balance, including the oral contraceptive ethinyl estradiol (EE) and the plastic monomer bisphenol A (BPA). EE and BPA are 
reported to impair reproductive organ development in laboratory animals; however, effects of lower doses of these chemicals have been debated. The goal of the current study was to determine whether relatively low oral 
doses of EE or BPA would alter male reproductive morphology and associated hormone levels of Long Evans hooded rat. Dams were gavaged with corn oil vehicle, EE (0.05-50 mug/kg/day) or BPA (2, 20, and 200 
mug/kg/day) during pregnancy through lactation from gestational day 7 to postnatal day (PND) 18. Anogenital distance was measured at PND2 and nipple retention was measured at PND14 in male pups. Male offspring 
were euthanized beginning at PND150, and sera and organs were collected for analyses. Adult body weight was significantly decreased in males exposed to 50 mug EE/kg/day. Developmental EE exposure reduced 
androgen-dependent tissue weights in a dose-dependent fashion; for example, seminal vesicle and paired testes weights were reduced with >/= 5 mug EE/kg/day. Epididymal sperm counts were also significantly 
decreased with 50 mug EE/kg/day. In contrast, treatment with 2, 20, or 200 mug BPA/kg/day or EE at 0.05-1.5 mug/kg/day did not significantly affect any male endpoint in the current study. These results demonstrate 
that developmental exposure to oral micromolar doses of EE can permanently disrupt the reproductive tract of the male rat.

Toxicol Sci. 2008 
Apr;102(2):371-82.

10.1093/toxsci/kfm306 18096570 動物 内分泌/精⼦/雄性⽣殖器 1 1 1 1 1 1 - - - - - - 1 1 - 1 - 1 - - ● - - ● - - -
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統合_2424 Jenkins S et al. 2011

Chronic oral exposure to Bisphenol a 
results in a nonmonotonic dose 
response in mammary 
carcinogenesis and metastasis in 
mmtv-erbb2 mice

BACKGROUND: Bisphenol A (BPA) is a synthetic compound used to produce plastics and epoxy resins. BPA can leach from these products in appreciable amounts, resulting in nearly ubiquitous daily exposure to humans. 
Whether BPA is harmful to humans, especially when administered orally in concentrations relevant to humans, is a topic of debate. OBJECTIVES: In this study, we investigated the role of chronic oral exposure to BPA 
during adulthood on mammary carcinogenesis by using a transgenic mouse model that spontaneously develops tumors through overexpression of wild-type erbB2 [mouse mammary tumor virus (MMTV)-erbB2]. METHODS: 
MMTV-erbB2 mice were exposed to 0, 2.5, 25, 250, or 2,500 µg BPA/L drinking water from 56 until 112 days of age (for mechanism of action) or 252 days of age (for tumorigenesis). Cellular and molecular mechanisms of 
BPA action in the mammary gland were investigated via immunohistochemistry and immunoblotting. RESULTS: Only low doses of BPA significantly decreased tumor latency and increased tumor multiplicity, tumor burden, 
and the incidence of metastasis. All BPA doses significantly increased the cell proliferation index, but only the higher doses also increased the apoptotic index in the mammary gland. At the molecular level, 25 µg BPA/L, 
but not 2,500 µg BPA/L, increased phosphorylation of erbB2, erbB3, insulin-like growth factor 1 receptor, and Akt in the mammary gland. DISCUSSION: Low, but not high, BPA doses significantly accelerated mammary 
tumorigenesis and metastasis in MMTV-erbB2 mice. The combined ratio of cell proliferation and apoptosis indices and alterations in protein expression best predicted the ability of each dose of BPA to alter 
tumorigenesis in this model.

Environ Health 
Perspect. 2011 
Nov;119(11):1604-9.

10.1289/ehp.1103850 21988766 動物 発がん(乳がん) 1 1 1 MMTV-erbB2マウス:1（乳がんモデルではある） 4⽤量：1 0.5,5,50,500 µg/kg相当：１ - - - - - - 1 1 - 1 - - - - ● - - - - - -

統合_2425 Jones BA et al. 2011

Pre- and postnatal bisphenol A 
treatment results in persistent 
deficits in the sexual behavior of 
male rats, but not female rats, in 
adulthood

Perinatal administration of the endocrine disruptor bisphenol A (BPA) reportedly inhibits the sexual behavior of sexually naive adult male rats. In order to evaluate the effects of BPA administration during early development 
on later reproductive behavior, we administered one of five doses of bisphenol A daily to pregnant female rats throughout gestation and lactation, and quantified the appetitive and consummatory sexual behaviors of the 
resultant male and female offspring over multiple sexual encounters in adulthood. Males receiving low dose perinatal BPA (50 mug/kg bw/day) showed persistent deficits in sexual behavior in adulthood. Males receiving 
the highest dose (5 mg/kg bw/day), however, were indistinguishable from controls with respect to consummatory sexual behaviors but showed decreased latencies to engage in those behaviors when sexually naive, with 
significant non-linear, or U-shaped, dose-response relationships observed on the first and last day of testing. Adult female sexual behavior was not affected by early BPA administration at any dose tested. These results 
are consistent with previous reports that BPA exerts behavioral effects especially at low doses, and further indicates that BPA can cause lasting impairment of sexual behavior in males, but does not alter the normal 
development of female appetitive or consummatory sexual behaviors. To our knowledge, this is the first report indicating that adult sexual performance is impaired in sexually experienced animals following perinatal 
exposure to bisphenol A.

Horm Behav. 2011 
Feb;59(2):246-51.

10.1016/j.yhbeh.2010.12.006 21185296 動物 発達神経毒性 1 1 1 1 1 1 - - - - - - 1 1 - 1 - 1 - - ● - ● - - - -

統合_2426 Jones BA and Watson NV 2012

Perinatal BPA exposure 
demasculinizes males in measures 
of affect but has no effect on water 
maze learning in adulthood

Bisphenol A (BPA) is an endocrine disrupting agent that can alter the normal gonadal steroid-sensitive sexual differentiation of the brain and behavior. While reproductive behavior and physiology are known to be altered by 
perinatal exposure to this compound, less is known about BPA's effects on sex differences in learning and measures of affect. In order to evaluate the effects of perinatal BPA treatment on learning and affect in 
adulthood, we exposed rats to one of five doses of BPA through gestation and lactation then examined adult behavior in the Morris Water Maze (MWM), the Elevated Plus Maze (EPM) and the Forced Swim Test (FST). No 
effect of BPA was observed in the MWM, but on both the EPM and FST, low doses (5 mug/kg) of BPA eliminated sex differences found between controls; furthermore, a non-monotonic dose-response observed in 
previous studies was confirmed for these tasks. Overall, our study adds to the growing data suggesting that BPA interferes with the normal development of affective behaviors in a non-linear, dose-dependent manner.

Horm Behav. 2012 
Apr;61(4):605-10.

10.1016/j.yhbeh.2012.02.011 22370244 動物 発達神経 1 1 1 1 1 1 - - - - - - 1 1 - 1 - 1 - - ● - ● - - - -

統合_2427 Kim ME et al. 2011
Exposure to bisphenol A appears to 
impair hippocampal neurogenesis 
and spatial learning and memory

Bisphenol A (BPA) is widely used in the manufacture of plastics and epoxy resins, and is known to affect reproductive organ growth and development. However, the effects of BPA on hippocampal neurogenesis are unclear 
in young adult mice. Therefore, the present study was conducted to examine the effects of BPA on hippocampal neurogenesis and learning as well as memory performance in young adult mice. BPA (1, 5, and 20 
mg/kg/day) was administered orally to mice for 2 weeks. It was found that high-dose BPA (20 mg/kg/day) decreased the number of newly generated cells in hippocampus, but that low-dose BPA (1 mg/kg) increased the 
survival of newly generated cells in hippocampi of young mice. Furthermore, high-dose BPA (20mg/kg/day) was found to impair learning and memory performance significantly. However, no significant differences were 
observed between high- and low-dose treated mice in terms of levels of brain-derived neurotrophic factor (BDNF) or reactive oxygen species production in hippocampus. In addition, BPA treatment did not induce neuronal 
loss or damage or astrocyte activation. These data suggest that exposure to BPA causes fluctuations in hippocampal neurogenesis in young adult mice that result in spatial learning and memory impairment via a BDNF-
independent pathway.

Food Chem Toxicol. 
2011 Dec;49(12):3383-
9.

10.1016/j.fct.2011.09.017 21959526 動物 神経 1 1 1 1 1 1 - - - - - - 1 1 - 1 - 1 - - ● - - - - ● -

統合_2428 Kobayashi et al. 2010

Dietary exposure to low doses of 
bisphenol A: effects on reproduction 
and development in two generations 
of C57BL/6J mice

The present study was conducted to examine the effects of low-dose exposure to bisphenol A on reproduction and development in two generations of mice. Pregnant female C57BL/6J mice (F(0)) were fed a diet 
containing low doses of bisphenol A (0, 0.33, 3.3, or 33 ppm) from gestational day 6 through postnatal day 22, and the weanlings (F(1) and F(2)) from each F(0) and F(1) dam group, respectively, were also fed these same 
concentrations of bisphenol A ad libitum until sacrifice. There were no treatment-related changes in body weight, body weight gain, food consumption, gestation length, or the number of live births on postnatal day 1 in 
F(0) dams between the control group and bisphenol A groups. Sex ratio and viability were similar in all F(1) pups. No treatment-related changes were observed in body weight, food consumption, developmental 
parameters, anogenital distance, or weight of any of the organs (liver, kidney, heart, spleen, thymus, testis, ovary, or uterus) in F(1) and F(2) adults in either sex. The epididymis weight was slightly higher with 0.33 and 3.3 
ppm in F(1) males, but this slight increase was neither dose dependent nor seen across generations. There were no treatment-related effects of bisphenol A on cauda epididymal sperm count or sperm motility in F(1) or 
F(2) males. These findings indicate that dietary exposure to bisphenol A between 0.33 and 33 ppm does not adversely affect reproduction or development as assessed in two generations of mice.

Congenit Anom (Kyoto). 
2010 Sep;50(3):159-70.

10.1111/j.1741-4520.2010.00279.x 20507349 動物 ⽣殖発⽣毒性/精⼦ 1 1 1 1 1 1（~0.05, 0.5, or 5 mg/kg/day） - - - - - - 1 1 - 1 - 1 - - - - - ● - - -

統合_2429 Kobayashi K et al. 2012

Lack of effects for dietary exposure 
of bisphenol A during in utero and 
lactational periods on reproductive 
development in rat offspring

The potential for health effects on humans with exposure to bisphenol A (BPA) has raised concerns, and the adverse effects of low-dose exposure to BPA on reproduction have been controversial. The purpose of the 
present study was to investigate the effects of low-dose exposure to BPA on reproductive development in F(1) rat offspring. Pregnant female Sprague-Dawley rats (F(0)) were fed a diet containing low doses of BPA (0, 
0.33, 3.3, or 33 ppm) from gestational day (GD) 6 through postnatal day (PND) 21. The weanlings (F(1)) from all dose groups were fed a normal diet ad libitum after weaning and then were subjected to necropsy at 5 
weeks or 3 months of age. No BPA-related changes were observed in body weight or weight of any of the major reproductive organs in F(1) males and females. Epididymis weight was significantly lower only in 3-month-
old F(1) males exposed to 33 ppm BPA. Anogenital distance (AGD), the ratio of AGD to the cube root of body weight, and relative ovary weight were significantly lower in 5-week-old F(1) females exposed to 3.3 and 33 
ppm BPA, but significant differences were not observed in 3-month-old females. There were no BPA-related effects on cauda epididymal sperm motility in 3-month-old F(1) males. Plasma reproductive steroid hormone 
concentrations were not altered among groups in either sex. These outcomes indicate that low-dose exposure to BPA in the diet does not adversely affect reproductive development in F(1) rat offspring.

J Toxicol Sci. 
2012;37(3):565-73.

10.2131/jts.37.565 22687996 動物 ⽣殖発⽣毒性 1 1 1 1 1 1 - - - - - - 1 1 - 1 - 1 - - ● - - - - - -

統合_2430 Marmugi A et al. 2012

Low doses of bisphenol A induce 
gene expression related to lipid 
synthesis and trigger triglyceride 
accumulation in adult mouse liver

Changes in lifestyle are suspected to have strongly influenced the current obesity epidemic. Based on recent experimental, clinical, and epidemiological work, it has been proposed that some food contaminants may exert 
damaging effects on endocrine and metabolic functions, thereby promoting obesity and associated metabolic diseases such as nonalcoholic fatty liver disease (NAFLD). In this work, we investigated the effect of one 
suspicious food contaminant, bisphenol A (BPA), in vivo. We used a transcriptomic approach in male CD1 mice exposed for 28 days to different doses of BPA (0, 5, 50, 500, and 5,000 mug/kg/day) through food 
contamination. Data analysis revealed a specific impact of low doses of BPA on the hepatic transcriptome, more particularly on genes involved in lipid synthesis. Strikingly, the effect of BPA on the expression of de novo 
lipogenesis followed a nonmonotonic dose-response curve, with more important effects at lower doses than at the higher dose. In addition to lipogenic enzymes (Acc, Fasn, Scd1), the expression of transcription factors 
such as liver X Receptor, the sterol regulatory element binding protein-1c, and the carbohydrate responsive element binding protein that govern the expression of lipogenic genes also followed a nonmonotonic dose-
response curve in response to BPA. Consistent with an increased fatty acid biosynthesis, determination of fat in the liver showed an accumulation of cholesteryl esters and of triglycerides. CONCLUSION: Our work 
suggests that exposure to low BPA doses may influence de novo fatty acid synthesis through increased expression of lipogenic genes, thereby contributing to hepatic steatosis. Exposure to such contaminants should be 
carefully examined in the etiology of metabolic diseases such as NAFLD and nonalcoholic steatohepatitis.

Hepatology. 2012 
Feb;55(2):395-407.

10.1002/hep.24685 21932408 動物 代謝 1 1 1 1 1 1 - - - - - - 1 1 - 1 - 1 - - ● - - - - - -

統合_2431 Martini M et al. 2010

Effects of perinatal administration of 
Bisphenol A on the neuronal nitric 
oxide synthase expressing system in 
the hypothalamus and limbic system 
of CD1 mice

Bisphenol A (BPA) is a well-known plastic-derived pollutant that can bind to oestrogen receptors and is considered an endocrine-disrupting chemical. Its impact on different behaviours in rodents has been largely 
investigated, however, only a few data are available on its effects upon neural circuits. In the present study, we investigated the long-term effects of early exposure of mice of both sexes to BPA on the nitrinergic system, 
one of the neural systems involved in the control of sexual behaviour and under the control of gonadal hormones. Mice of both sexes were exposed for eight prenatal and eight postnatal days to BPA that was administered 
to the mothers. The maternally-exposed mice were sacrificed at the age of 2 months and their brains were sectioned and immunohistochemically treated for the detection of neuronal nitric oxide synthase (nNOS). 
Significant effects of BPA exposure were detected for the number of immunoreactive cells in the medial preoptic nucleus and in the ventromedial subdivision of the bed nucleus of the stria terminalis, in a sex-oriented and 
dose-dependent way. These results indicate that BPA has a powerful effect on specific portions of the nNOS-immunoreactive system belonging to the accessory olfactory system that are particularly important for the 
control of sexual behaviour. In addition, they confirm that perinatal exposure to endocrine-disrupting chemicals, in particular to BPA, may have a high impact on the organisation of specific neural pathways that can later 
affect complex behaviours and functions.

J Neuroendocrinol. 2010 
Sep;22(9):1004-12.

10.1111/j.1365-2826.2010.02043.x 20561153 動物 神経 1 1 1 1 1 1 - - - - - - 1 1 - 1 - 1 - - - - - ● - ● -

統合_2432 Ryan BC et al. 2010

In utero and lactational exposure to 
bisphenol A, in contrast to ethinyl 
estradiol, does not alter sexually 
dimorphic behavior, puberty, fertility, 
and anatomy of female LE rats

Many chemicals released into the environment display estrogenic activity including the oral contraceptive ethinyl estradiol (EE2) and the plastic monomer bisphenol A (BPA). EE2 is present in some aquatic systems at 
concentrations sufficient to alter reproductive function of fishes. Many concerns have been raised about the potential effects of BPA. The National Toxicology Program rated the potential effects of low doses of BPA on 
behavior and central nervous system (CNS) as an area of "some concern," whereas most effects were rated as of "negligible" or "minimal" concern. However, the number of robust studies in this area was limited. The 
current study was designed to determine if maternal exposure to relatively low oral doses of EE2 or BPA in utero and during lactation would alter the expression of well-characterized sexually dimorphic behaviors or alter 
the age of puberty or reproductive function in the female Long-Evans rat offspring. Pregnant rats were gavaged with vehicle, EE2 (0.05-50 microg/kg/day), or BPA (2, 20, and 200 microg/kg/day) from day 7 of gestation to 
postnatal day (PND) 18, and the female offspring were studied. EE2 (50 microg/kg/day) increased anogenital distance and reduced pup body weight at PND2, accelerated the age at vaginal opening, reduced F1 fertility 
and F2 litter sizes, and induced malformations of the external genitalia (5 microg/kg). F1 females exposed to EE2 also displayed a reduced (male-like) saccharin preference (5 microg/kg) and absence of lordosis behavior 
(15 microg/kg), indications of defeminization of the CNS. BPA had no effect on any of the aforementioned measures. These results demonstrate that developmental exposure to pharmacologically relevant dosage levels of 
EE2 can permanently disrupt the reproductive morphology and function of the female rat.

Toxicol Sci. 2010 
Mar;114(1):133-48.

10.1093/toxsci/kfp266 19864446 動物 ⽣殖発⽣毒性 1 1 1 1 1 1 - - - - - - 1 1 - 1 - 1 - - ● - ● ● - - -

統合_2437 Wu JH et al. 2011
Oral exposure to low-dose bisphenol 
A aggravates testosterone-induced 
benign hyperplasia prostate in rats

The declining level of androgen during aging, associated with an inclining level of estrogen, has been hypothesized to be important in the development of benign prostatic hyperplasia (BPH). Within physiologic range, 
increasing estrogen levels can stimulate prostate to develop and permanently increase prostate size. As an estrogenic endocrine disruptor, bisphenol A (BPA) might be stimulatory to prostate development. We further 
hypothesized that low dose BPA could induce hyperplasia prostate to proliferate and aggravate the symptom of BPH in male SD rats. BPH was induced by testosterone and then treated with BPA (10, 30, or 90 mug/kg, i.g., 
daily), 17beta-estradiol (E(2); 50.0 mug/kg, s.c., daily), or vehicle for 4 weeks. We found that weight and volume in rats treated with low dose BPA (10 mug/kg) was higher than that of model control, and BPA significantly 
increased the relative weight of prostate (p < 0.01). For prostate lobes, BPA 10 mug/kg/day significantly increased relative weight of ventral prostate (VP), weight and relative weight of dorsolateral prostate (DLP) (p < 
0.05). And histopathology results showed that height of epithelial cell (HEC) of VP and DLP in BPA group were significantly higher than that of model control (p < 0.01). BPA could also decrease testosterone level and 
increase prostate-specific antigen level. E(2) treatment also showed an obvious effect on relative weight of VP and DLP, HEC, and hormone levels. We concluded that environment exposure to low dose of BPA may induce 
prostate to proliferate and aggravate testosterone-induced benign hyperplasia prostate in rats.

Toxicol Ind Health. 2011 
Oct;27(9):810-9.

10.1177/0748233711399310 21415097 動物 内分泌/前⽴腺 1 1 1 1 1 1 - - - - - - 1 1 - 1 - 1 - - - - - ● - - -

統合_2438 Xu X et al. 2011

Changed preference for sweet taste 
in adulthood induced by perinatal 
exposure to bisphenol A-A probable 
link to overweight and obesity

BACKGROUND: The preference of obesity has risen dramatically worldwide over the past decades. Some latest reports showed significant increase of obesity in men compared to women. Implication of environmental 
endocrine disruptors has been focused more and more. Numerous studies in vitro and vivo implied metabolic actions of bisphenol A (BPA), however much less consideration is given to the possibility of BPA exposure-
induced change in gender-specific behaviors which result in obesity and overweight. OBJECTIVES: To examine whether perinatal exposure to BPA at relative dose to environmental levels can influence sweet preference of 
male and female rats and consequently lead to alteration in bodyweight. METHODS: Rats perinatally exposed to BPA at doses of 0.01, 0.1 and 1.0 mg/L were tested sweet preference for 0.25%, 0.5% saccharin and 15% 
sucrose by two-bottle choice (water vs. saccharin/sucrose). The food intake, liquid consumption and bodyweight of each rat were monitored daily. At the end of the test, the fat percentage and tail blood pressure were 
measured. RESULTS: Significant sex difference of preference for 0.25% and 0.5% saccharin was shown in control and all BPA-treated groups (p < 0.001, female vs. male). 0.1 and 1.0 mg/L BPA treatment induced the 
increase of preference for 0.25% saccharin solution in males, but not in females. 0.1 mg/L BPA treatment increased sucrose preference in males at postnatal day (PND) 70 and 140 (p < 0.05 and p < 0.001, compared to 
control respectively) but decreased sucrose preference in females at PND 140 (p < 0.05, compared to control). The males treated by BPA showed overweight (p < 0.001), high fat percentage (p < 0.001) and tail blood 
pressure (p < 0.05) than control at PND 140. CONCLUSION: Perinatal exposure to a low dose of BPA could increase sweet preference of male rats. Calorie intake may be programmed during early life, leading to changes 
of body weight depending on the gender. Although further researches concerning the mechanism are required, the results of the present study are particularly important with regards to the more significant increasing 
prevalence of obesity in men and the environmental endocrine disruptors.

Neurotoxicol Teratol. 
2011 Jul-Aug;33(4):458-
63.

10.1016/j.ntt.2011.06.002 21704699 動物 代謝 1 1 1 1 1 1 - - - - - - 1 1 - 1 - - - - ● - - - - - -

統合_2439 Zhang HQ et al. 2012

Fetal exposure to bisphenol A 
affects the primordial follicle 
formation by inhibiting the meiotic 
progression of oocytes

Bisphenol A (BPA) is an estrogenic environmental toxin widely used for the production of plastics. Frequent human exposure to this chemical has been proposed to be a potential public health risk. The objective of this 
study was to assess the effects of BPA on germ cell cyst breakdown and primordial follicle formation. Pregnant mice were treated with BPA at doses of 0, 0.02, 0.04, 0.08 mg/kg body weight/day from 12.5 day postcoitum. 
BPA was delivered orally to pregnant female mice. A dose‒response relationship was observed with increased BPA exposure level associated with more oocytes in germ cell cyst and less primordial follicle at postnatal 
day 3 (P\0.01). Progression to meiosis prophase I of oocytes was delayed in the 0.08 mg/kg bw/day treated group (P\0.01). Decreased mRNA expression of specific meiotic genes including Stra8, Dmc1, Rec8 and Scp3 
were observed. In conclusion, BPA exposure can affect the formation of primordial follicle by inhibiting meiotic progression of oocytes.

Mol Biol Rep. 2012 
May;39(5):5651-7.

10.1007/s11033-011-1372-3 22187349 動物 卵巣 1 1 1 1 1 1 - - - - - - 1 1 - 1 - 1 - - ● - - - - - -

統合_2440 Zeng J et al. 2013

Effect of Bisphenol A on Rat 
Metabolic Profiling Studied by Using 
Capillary Electrophoresis Time-of-
Flight Mass Spectrometry

Bisphenol A (BPA), a chemical widely used in the manufacture of polycarbonate plastics, has raised considerable concern in recent decades because of its hormone-like properties. Whether BPA exposure is a health risk 
remains controversial in many countries. A metabolomics study based on capillary electrophoresis time-of-flight mass spectrometry (CE-TOF/MS) was performed to study the urine metabolic profiles of Sprague-Dawley 
rats fed with four dose levels of BPA (0, 1, 10, and 100 μg/kg body weight) for 45 days. Multivariate pattern recognition directly reflected the metabolic perturbations caused by BPA. On the basis of univariate analysis, 42 
metabolites including amino acids, polyamines, nucleosides, organic acids, carbohydrates, pterins, polyphenols, and sugar phosphates were found as the most significantly differential metabolites. The marked 
perturbations were related with valine, leucine and isoleucine biosynthesis, D-glutamine and D-glutamate metabolism, etc. Significant alterations of neurotransmitters (glutamate, gamma-aminobutyric acid, and 
noradrenaline) and neurotransmitter-related metabolites (tyrosine, histamine, valine, and taurine) suggested that the toxic effects of small-dose BPA (below 50 mg/kg/day) may contribute to its interactions with the 
neuromediating system. Our study demonstrated that metabolomics may offer more specific insights into the molecular changes underlying the physiological effects of BPA.

Environ Sci Technol. 
2013 Jul 2;47(13):7457-
65.

10.1021/es400490f 23746042 動物 メカニズム 1 1 1 1 1 1 - - - - - - 1 1 - 1 - - - - - - - - - - -
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統合_2441 Dobrzynska MM and Radzikowska J 2013

Genotoxicity and reproductive 
toxicity of bisphenol A and X-
ray/bisphenol A combination in male 
mice

This study was designed to investigate the effects of 2 weeks of exposure of male mice to bisphenol A (BPA) alone or in a combination with X-rays on the sperm count and quality as well as induction of DNA strand 
breaks in somatic and germ cells. Pzh:SFIS male mice were exposed to X-rays (0.05 and 0.10 Gy) or BPA (5, 10, 20, and 40 mg/kg) or to a combination of both (0.05 Gy + 5 mg/kg body weight of BPA and 0.10 Gy + 10 
mg/kg of BPA). Both X-rays and BPA administered alone decreased sperm count and quality. X-rays induced DNA strand breaks in spleen cells, whereas BPA induced DNA strand breaks in lymphocytes and in cells from 
spleen, kidneys, and lung and in germ cells. After combined exposure to both agents, sperm count and quality were similar as after exposure to each agent alone and significantly reduced, compared to control. Levels of 
DNA damage in somatic and germ cells after combined exposure to lower, as well as higher, doses were significantly reduced, compared to the effects of BPA alone. Results confirmed the mutagenic ability of BPA. 
Combined exposure to X-rays and BPA leads to the prevention of DNA damage in somatic and germ cells of mice.

Drug Chem Toxicol. 
2013 Jan;36(1):19-26.

10.3109/01480545.2011.644561 22263531 動物 精⼦/雄性⽣殖器 1 1 1 1 1 1 - - - - - - 1 1 - 1 - 1 ● - ● ● - - - - -

統合_2442 Kendziorski JA et al. 2012

Strain specific induction of pyometra 
and differences in immune 
responsiveness in mice exposed to 
17alpha-ethinyl estradiol or the 
endocrine disrupting chemical 
bisphenol A

Pyometra is an inflammatory disease of the uterus that can be caused by chronic exposure to estrogens. It is unknown whether weakly estrogenic endocrine disruptors can cause pyometra. We investigated whether 
dietary exposures to the estrogenic endocrine disruptor bisphenol A (BPA) induced pyometra. Pyometra did not occur in CD1 mice exposed to different dietary doses of BPA ranging from 4.1 to >4000mug/kg-d or 17alpha-
ethinyl estradiol (EE; 1.2 to >150mug/kg-d). In the C57BL/6 strain, pyometra occurred in the 15mug/kg-d EE and 33mug/kg-d BPA treatment groups. At the effective concentration of BPA, histological analysis revealed 
pathological alterations of uterine morphology associated with a >5.3-fold increase in macrophage numbers in non-pyometra uteri of C57BL/6 mice exposed to BPA. These results suggest that BPA enhances immune 
responsiveness of the uterus and that heightened responsiveness in C57BL/6 females is related to increased susceptibility to pyometra.

Reprod Toxicol. 2012 
Aug;34(1):22-30.

10.1016/j.reprotox.2012.03.001 22429997 動物 ⼦宮 1 1 1 1 1 1 - - - - - - 1 1 - 1 - - - - ● - - - - - -

統合_2444 Stump DG et al. 2010
Developmental neurotoxicity study 
of dietary bisphenol A in Sprague-
Dawley rats

This study was conducted to determine the potential of bisphenol A (BPA) to induce functional and/or morphological effects to the nervous system of F(1) offspring from dietary exposure during gestation and lactation 
according to the Organization for Economic Cooperation and Development and U.S. Environmental Protection Agency guidelines for the study of developmental neurotoxicity. BPA was offered to female Sprague-Dawley 
Crl:CD (SD) rats (24 per dose group) and their litters at dietary concentrations of 0 (control), 0.15, 1.5, 75, 750, and 2250 ppm daily from gestation day 0 through lactation day 21. F(1) offspring were evaluated using the 
following tests: detailed clinical observations (postnatal days [PNDs] 4, 11, 21, 35, 45, and 60), auditory startle (PNDs 20 and 60), motor activity (PNDs 13, 17, 21, and 61), learning and memory using the Biel water maze 
(PNDs 22 and 62), and brain and nervous system neuropathology and brain morphometry (PNDs 21 and 72). For F(1) offspring, there were no treatment-related neurobehavioral effects, nor was there evidence of 
neuropathology or effects on brain morphometry. Based on maternal and offspring body weight reductions, the no-observed-adverse-effect level (NOAEL) for systemic toxicity was 75 ppm (5.85 and 13.1 mg/kg/day during 
gestation and lactation, respectively), with no treatment-related effects at lower doses or nonmonotonic dose responses observed for any parameter. There was no evidence that BPA is a developmental neurotoxicant in 
rats, and the NOAEL for developmental neurotoxicity was 2250 ppm, the highest dose tested (164 and 410 mg/kg/day during gestation and lactation, respectively).

Toxicol Sci. 2010 
May;115(1):167-82.

10.1093/toxsci/kfq025 20164145 動物 発達神経 1（混餌） 1 1 1 1 1（⺟体への摂取量から計算） - - - - - - 1 1 - 1 - 1 - - ● - ● ● - ● -

統合_2445 Tan W et al. 2013
Bisphenol A differentially activates 
protein kinase C isoforms in murine 
placental tissue

Bisphenol A is utilized to make polycarbonate plastics and is an environmental pollutant. Recent research has indicated that it is an endocrine disruptor and may interfere with reproductive processes. Our lab has 
previously shown that bisphenol A could regulate corticotrophin releasing hormone and aromatase in cultured placental cells. In the present study, the effect of bisphenol A on these two genes in the placenta was 
investigated in mice. Pregnant ICR mice were gavaged with bisphenol A at 2, 20 and 200mg/kg body weight/day from E13 to E16 and were euthanized at E17. Compared to the control mice, increased plasma estrogen and 
corticotrophin releasing hormone were observed in bisphenol A-treated mice. Messenger RNA quantification indicated that placental crh but not cyp19 was induced in mice treated with bisphenol A. Tracking the related 
signaling pathway, we found that protein kinase C ζ/λ and δ were activated in the placentas of bisphenol A-treated mice. As the gene promoter of crh contains CRE and the half site of ERE, either phospho-PKC or 
estrogen could stimulate the gene transactivation. These results indicate that bisphenol A might increase plasma concentrations of estradiol, testosterone, corticotrophin releasing hormone and placental phospho-PKC 
ζ/λ and δ in mice. Ultimately, the incidence of premature birth in these mice could increase.

Toxicol Appl Pharmacol. 
2013 Jun 1;269(2):163-
8.

10.1016/j.taap.2013.03.016 23545179 動物 胎盤 1 1 1 1 1 1 - - - - - - 1 1 - 1 - - - - ● - - - - - -

統合_2446 Christiansen S et al. 2014
Low-dose effects of bisphenol A on 
early sexual development in male 
and female rats

Bisphenol A (BPA) is widely detected in human urine and blood. BPA has been reported to impair many endpoints for reproductive and neurological development; however, it is controversial whether BPA has effects in the 
microgram per kilogram dose range. The aim of the current study was to examine the influence of BPA on early sexual development in male and female rats at dose levels covering both regulatory no observed adverse 
effect levels (NOAELs) (5 and 50 mg/kg bw per day) as well as doses in the microgram per kilogram dose range (0.025 and 0.25 mg/kg bw per day). Time-mated Wistar rats (n=22) were gavaged during pregnancy and 
lactation from gestation day 7 to pup day 22 with 0, 0.025, 0.25, 5 or 50 mg/kg bw per day BPA. From 0.250 mg/kg and above, male anogenital distance (AGD) was significantly decreased, whereas decreased female AGD 
was seen from 0.025 mg/kg bw per day and above. Moreover, the incidence of nipple retention in males appeared to increase dose relatedly and the increase was statistically significant at 50 mg/kg per day. No significant 
changes in reproductive organ weights in the 16-day-old males and females and no signs of maternal toxicity were seen. The decreased AGD at birth in both sexes indicates effects on prenatal sexual development and 
provides new evidence of low-dose adverse effects of BPA in rats in the microgram per kilogram dose range. The NOAEL in this study is clearly below 5 mg/kg for BPA, which is used as the basis for establishment of the 
current tolerable daily intake (TDI) by EFSA; thus a reconsideration of the current TDI of BPA appears warranted.

Reproduction. 2014 Mar 
2;147(4):477-87.

10.1530/REP-13-0377 24298045 動物 発⽣毒性 1 1 1 1 1 1 - - - - - - 1 1 - 1 - 1 - - - ● - - - ● -

統合_2449 Faulk C et al. 2016

Detection of differential DNA 
methylation in repetitive DNA of 
mice and humans perinatally 
exposed to bisphenol A

Developmental exposure to bisphenol A (BPA) has been shown to induce changes in DNA methylation in both mouse and human genic regions; however, the response in repetitive elements and transposons has not been 
explored. Here we present novel methodology to combine genomic DNA enrichment with RepeatMasker analysis on next-generation sequencing data to determine the effect of perinatal BPA exposure on repetitive DNA at 
the class, family, subfamily, and individual insertion level in both mouse and human samples. Mice were treated during gestation and lactation to BPA in chow at 0, 50, or 50,000 ng/g levels and total BPA was measured in 
stratified human fetal liver tissue samples as low (non-detect to 0.83 ng/g), medium (3.5 to 5.79 ng/g), or high (35.44 to 96.76 ng/g). Transposon methylation changes were evident in human classes, families, and 
subfamilies, with the medium group exhibiting hypomethylation compared to both high and low BPA groups. Mouse repeat classes, families, and subfamilies did not respond to BPA with significantly detectable differential 
DNA methylation. In human samples, 1251 individual transposon loci were detected as differentially methylated by BPA exposure, but only 19 were detected in mice. Of note, this approach recapitulated the discovery of a 
previously known mouse environmentally labile metastable epiallele, Cabp(IAP). Thus, by querying repetitive DNA in both mouse and humans, we report the first known transposons in humans that respond to perinatal BPA 
exposure.

Epigenetics.2016;11(7):
489-500

10.1080/15592294.2016.1183856 27267941 動物 - 1 1 1 1 0 1 - - - - - - - - - - - - - - - - - - - - -

統合_2450 Veiga-Lopez A et al. 2015

Impact of Gestational Bisphenol A 
on Oxidative Stress and Free Fatty 
Acids: Human Association and 
Interspecies Animal Testing Studies

Bisphenol A (BPA) is a high production volume chemical and an endocrine disruptor. Developmental exposures to BPA have been linked to adult metabolic pathologies, but the pathways through which these disruptions 
occur remain unknown. This is a comprehensive interspecies association vs causal study to evaluate risks posed by prenatal BPA exposure and to facilitate discovery of biomarkers of relevance to BPA toxicity. Samples 
from human pregnancies during the first trimester and at term, as well as fetal and/or adult samples from prenatally BPA-treated sheep, rats, and mice, were collected to assess the impact of BPA on free fatty acid and 
oxidative stress dynamics. Mothers exposed to higher BPA during early to midpregnancy and their matching term cord samples displayed increased 3-nitrotyrosine (NY), a marker of nitrosative stress. Maternal samples 
had increased palmitic acid, which was positively correlated with NY. Sheep fetuses and adult sheep and rats prenatally exposed to a human-relevant exposure dose of BPA showed increased systemic nitrosative stress. 
The strongest effect of BPA on circulating free fatty acids was observed in adult mice in the absence of increased oxidative stress. This is the first multispecies study that combines human association and animal causal 
studies assessing the risk posed by prenatal BPA exposure to metabolic health. This study provides evidence of the induction of nitrosative stress by prenatal BPA in both the mother and fetus at time of birth and is thus 
supportive of the use of maternal NY as a biomarker for offspring health.

Endocrinology. 2015 
Mar;156(3):911-22.

10.1210/en.2014-1863 25603046 動物 代謝 1 1 1 1 1 1 - - - - - - 1 1 - 1 - - - - - - - - - - -

統合_2451 Arambula SE et al. 2016

Impact of Low Dose Oral Exposure 
to Bisphenol A (BPA) on the 
Neonatal Rat Hypothalamic and 
Hippocampal Transcriptome: A 
CLARITY-BPA Consortium Study

Bisphenol A (BPA) is an endocrine disrupting, high volume production chemical found in a variety of products. Evidence of prenatal exposure has raised concerns that developmental BPA may disrupt sex-specific brain 
organization and, consequently, induce lasting changes on neurophysiology and behavior. We and others have shown that exposure to BPA at doses below the no-observed-adverse-effect level can disrupt the sex-specific 
expression of estrogen-responsive genes in the neonatal rat brain including estrogen receptors (ERs). The present studies, conducted as part of the Consortium Linking Academic and Regulatory Insights of BPA Toxicity 
program, expanded this work by examining the hippocampal and hypothalamic transcriptome on postnatal day 1 with the hypothesis that genes sensitive to estrogen and/or sexually dimorphic in expression would be 
altered by prenatal BPA exposure. NCTR Sprague-Dawley dams were gavaged from gestational day 6 until parturition with BPA (0-, 2.5-, 25-, 250-, 2500-, or 25 000-mug/kg body weight [bw]/d). Ethinyl estradiol was used 
as a reference estrogen (0.05- or 0.5-mug/kg bw/d). Postnatal day 1 brains were microdissected and gene expression was assessed with RNA-sequencing (0-, 2.5-, and 2500-mug/kg bw BPA groups only) and/or 
quantitative real-time PCR (all exposure groups). BPA-related transcriptional changes were mainly confined to the hypothalamus. Consistent with prior observations, BPA induced sex-specific effects on hypothalamic 
ERalpha and ERbeta (Esr1 and Esr2) expression and hippocampal and hypothalamic oxytocin (Oxt) expression. These data demonstrate prenatal BPA exposure, even at doses below the current no-observed-adverse-effect 
level, can alter gene expression in the developing brain.

Endocrinology. 2016 
Oct;157(10):3856-3872.

10.1210/en.2016-1339 27571134 動物 発達神経 1 1 1 1 1 1 - - - - - - 1 1 - 1 - 1 ● - - - - - - - ●

統合_2452 Arambula SE et al. 2017

Effects of perinatal bisphenol A 
exposure on the volume of sexually-
dimorphic nuclei of juvenile rats: A 
CLARITY-BPA consortium study

Bisphenol A (BPA) is a high volume endocrine disrupting chemical found in a wide variety of products including plastics and epoxy resins. Human exposure is nearly ubiquitous, and higher in children than adults. Because 
BPA has been reported to interfere with sex steroid hormone signaling, there is concern that developmental exposure, even at levels below the current FDA No Observed Adverse Effect Level (NOAEL) of 5mg/kg body 
weight (bw)/day, can disrupt brain sexual differentiation. The current studies were conducted as part of the CLARITY-BPA (Consortium Linking Academic and Regulatory Insights on BPA Toxicity) program and tested the 
hypothesis that perinatal BPA exposure would induce morphological changes in hormone sensitive, sexually dimorphic brain regions. Sprague-Dawley rats were randomly assigned to 5 groups: BPA (2.5, 25, or 
2500mug/kgbw/day), a reference estrogen (0.5mug ethinylestradiol (EE2)/kgbw/day), or vehicle. Exposure occurred by gavage to the dam from gestational day 6 until parturition, and then to the offspring from birth 
through weaning. Unbiased stereology was used to quantify the volume of the sexually dimorphic nucleus (SDN), the anteroventral periventricular nucleus (AVPV), the posterodorsal portion of the medial amygdala (MePD), 
and the locus coeruleus (LC) at postnatal day 28. No appreciable effects of BPA were observed on the volume of the SDN or LC. However, AVPV volume was enlarged in both sexes, even at levels below the FDA NOAEL. 
Collectively, these data suggest the developing brain is vulnerable to endocrine disruption by BPA at exposure levels below previous estimates by regulatory agencies.

Neurotoxicology. 2017 
Dec:63:33-42.

10.1016/j.neuro.2017.09.002 28890130 動物 発達神経 1 1 1 1 1 1 - - - - - - 1 1 - 1 - 1 ● - - ● - - - - ●

統合_2453 Arambula SE et al. 2018

Prenatal bisphenol A (BPA) 
exposure alters the transcriptome of 
the neonate rat amygdala in a sex-
specific manner: a CLARITY-BPA 
consortium study

Bisphenol A (BPA) is a widely recognized endocrine disruptor prevalent in many household items. Because experimental and epidemiological data suggest links between prenatal BPA exposure and altered affective 
behaviors in children, even at levels below the current US FDA No Observed Adverse Effect Level (NOAEL) of 5mg/kg body weight (bw)/day, there is concern that early life exposure may alter neurodevelopment. The 
current study was conducted as part of the CLARITY-BPA (Consortium Linking Academic and Regulatory Insights on BPA Toxicity) program and examined the full amygdalar transcriptome on postnatal day (PND) 1, with 
the hypothesis that prenatal BPA exposure would alter the expression of genes and pathways fundamental to sex-specific affective behaviors. NCTR Sprague-Dawley dams were gavaged from gestational day 6 until 
parturition with BPA (2.5, 25, 250, 2500, or 25000mug/kg bw/day), a reference estrogen (0.05 or 0.5mug ethinyl estradiol (EE2)/kg bw/day), or vehicle. PND 1 amygdalae were microdissected and gene expression was 
assessed with qRT-PCR (all exposure groups) and RNAseq (vehicle, 25 and 250mug BPA, and 0.5mug EE2 groups only). Our results demonstrate that that prenatal BPA exposure can disrupt the transcriptome of the 
neonate amygdala, at doses below the FDA NOAEL, in a sex-specific manner and indicate that the female amygdala may be more sensitive to BPA exposure during fetal development. We also provide additional evidence 
that developmental BPA exposure can interfere with estrogen, oxytocin, and vasopressin signaling pathways in the developing brain and alter signaling pathways critical for synaptic organization and transmission.

Neurotoxicology. 2018 
Mar:65:207-220.

10.1016/j.neuro.2017.10.005 29097150 動物 発達神経 1 1 1 1 1 1 - - - - - - 1 1 - 1 - - ● - - - - - - - ●

統合_2454 Belcher SM et al. 2015

Bisphenol A Alters Autonomic Tone 
and Extracellular Matrix Structure 
and Induces Sex-Specific Effects on 
Cardiovascular Function in Male and 
Female CD-1 Mice

The aim of this study was to determine whether bisphenol A (BPA) has adverse effects on cardiovascular functions in CD-1 mice and define sex-specific modes of BPA action in the heart. Dams and analyzed progeny 
were maintained on a defined diet containing BPA (0.03, 0.3, 3, 30, or 300 ppm) that resulted in BPA exposures from 4-5 to approximately 5000 mug/kg . d or a diet containing 17alpha-ethinyl estradiol (EE; approximately 
0.02, 0.2, and 0.15 mug/kg . d) as an oral bioavailable estrogen control. Assessment of electrocardiogram parameters using noninvasive methods found that ventricular functions in both male and female mice were not 
altered by either BPA or EE. However, exposure-related changes in the rates of ventricular contraction, suggestive of a shift in sympathovagal balance of heart rate control toward increased parasympathetic activity, were 
detected in males. Decreased systolic blood pressure was observed in males exposed to BPA above 5 mug/kg . d and in females from the highest BPA exposure group. Morphometric histological measures revealed 
sexually dimorphic changes in the composition of the cardiac collagen extracellular matrix, increases in fibrosis, and evidence of modest exposure-related remodeling. Experiments using the alpha-selective adrenergic 
agonist phenylephrine found that BPA enhanced reflex bradycardia in females, but not males, revealed that BPA and EE exposure sex specifically altered the sympathetic regulation of the baroreflex circuits. Increased 
sensitivity to the cardiotoxic effects of the beta-adrenergic agonist isoproterenol was observed in BPA- and EE-exposed females. This effect was not observed in males, in which BPA or EE exposures were protective of 
isoproterenol-induced ischemic damage and hypertrophy. The results of RNA sequence analysis identified significant sex-specific changes in gene expression in response to BPA that were consistent with the observed 
exposure-related phenotypic changes in the collagenous and noncollagenous extracellular matrix, cardiac remodeling, altered autonomic responses, changes in ion channel and transporter functions, and altered glycolytic 
and lipid metabolism.

Endocrinology. 2015 
Mar;156(3):882-95.

10.1210/en.2014-1847 25594700 動物 ⼼⾎管 1 1 1 1 1 1 - - - - - - 1 1 - 1 - 1 ● - - - - - - - -

統合_2455 Berger A et al. 2016
The effects of in utero bisphenol A 
exposure on the ovaries in multiple 
generations of mice

Bisphenol A is used in polycarbonate plastics and epoxy resins. Previous studies show that in utero BPA exposure inhibits germ cell nest breakdown in the F1 generation of mice, but its effects on germ cell nest 
breakdown and on the ovary in the F2-F3 generations were unknown. Thus, we tested the hypothesis that BPA has transgenerational effects on the ovary. Mice were exposed to BPA in utero (BPA 0.5, 20, or 
50mug/kg/day), and ovaries were collected at postnatal days (PND) 4 and 21 from the F1-F3 generations and subjected to histological evaluation and gene expression analyses. In utero BPA exposure did not have 
transgenerational effects on germ cell nest breakdown and gene expression on PND 4, but it caused transgenerational changes in expression in multiple genes on PND 21. Collectively, these data indicate that in utero 
BPA exposure has some transgenerational effects in mice.

Reprod Toxicol. 2016 
Apr:60:39-52.

10.1016/j.reprotox.2015.12.004 26746108 動物 卵巣 1 1 1 1 1 1 - - - - - - 1 1 - 1 - - ● - - ● - - - - -

統合_2456 Berntsen HF et al. 2018

Decreased macrophage phagocytic 
function due to xenobiotic 
exposures in vitro, difference in 
sensitivity between various 
macrophage models

Both autoimmune disease prevalence and exposure to immunotoxic chemicals have increased the last decades. As a first screening of immunotoxic chemicals possibly affecting development of autoimmunity through 
attenuated macrophage function, we demonstrate a promising model measuring macrophage function in isolated peritoneal macrophages (PCM) from Wistar rats and C57Bl/6 mice. Immunotoxic effects of bisphenol A 
(BPA) and a selection of perfluoroalkyl acids (PFAAs) were analysed in vitro assessing phagocytic function of macrophages from different sources. Phagocytosis was reduced in PCM of C57Bl/6 mice and Wistar rats 
after BPA and perfluoroundecanoic acid (PFUnDA) exposure, but not in macrophages derived from human and rat monocyte derived macrophages (MDM). On the other hand, in vitro exposure to mixtures of persistent 
organic pollutants (POPs) showed similar reductions in rat PCM and rat and human MDM phagocytosis. Reduced phagocytosis was partly due to cytotoxicity. PCM isolated from non-obese diabetic (NOD) mice, 
interleukin 1α/β knockout (IL-1KO) mice and new-born rats were less sensitive to the xenobiotics than PCM from adult wild type rodents. Finally, in vivo studies with NOD mice verified that POP exposure also 
decreased the number of pancreatic macrophages in pancreatic islets, reflecting early signs of autoimmunity development, similarly as previously described for BPA.

Food Chem 
Toxicol.2018;112:86-96

10.1016/j.fct.2017.12.024 29258957 動物 - 1 1 1 1 0 1 - - - - - - - - - - - - ● - - - - - - - -
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統合_2457 Biasiotto G et al. 2016
Municipal wastewater affects 
adipose deposition in male mice and 
increases 3T3-L1 cell differentiation

Trace concentration of EDs (endocrine disrupting compounds) in water bodies caused by wastewater treatment plant effluents is a recognized problem for the health of aquatic organisms and their potential to affect 
human health. In this paper we show that continuous exposure of male mice from early development to the adult life (140 days) to unrestricted drinking of wastewater collected from a municipal sewage treatment plant, is 
associated with an increased adipose deposition and weight gain during adulthood because of altered body homeostasis. In parallel, bisphenol A (BPA) at the administration dose of 5 mug/kg/body weight, shows an 
increasing effect on total body weight and fat mass. In vitro, a solid phase extract (SPE) of the wastewater (eTW), caused stimulation of 3T3-L1 adipocyte differentiation at dilutions of 0.4 and 1 % in the final culture 
medium which contained a concentration of BPA of 40 nM and 90 nM respectively. Pure BPA also promoted adipocytes differentiation at the concentration of 50 and 80 muM. BPA effect in 3T3-L1 cells was associated to 
the specific activation of the estrogen receptor alpha (ERalpha) in undifferentiated cells and the estrogen receptor beta (ERbeta) in differentiated cells. BPA also activated the Peroxisome Proliferator Activated Receptor 
gamma (PPARgamma) upregulating a minimal 3XPPARE luciferase reporter and the PPARgamma-target promoter of the aP2 gene in adipose cells, while it was not effective in preadipocytes. The pure estrogen receptor 
agonist diethylstilbestrol (DES) played an opposite action to that of BPA inhibiting PPARgamma activity in adipocytes, preventing cell differentiation, activating ERalpha in preadipocytes and inhibiting ERalpha and ERbeta 
regulation in adipocytes. The results of this work show that the drinking of chemically-contaminated wastewater promotes fat deposition in male mice and that EDs present in sewage are likely responsible for this effect 
through a nuclear receptor-mediated mechanism.

Toxicol Appl Pharmacol. 
2016 Apr 15:297:32-40.

10.1016/j.taap.2016.02.023 26944108 動物 代謝 1 1 1 1 1 1 - - - - - - 1 1 - 1 - - ● - - - - - - - -

統合_2458 Bodin J et al. 2014
Transmaternal Bisphenol A 
Exposure Accelerates Diabetes Type 
1 Development in NOD Mice

Diabetes mellitus type 1 is an autoimmune disease with a genetic predisposition that is triggered by environmental factors during early life. Epidemiological studies show that bisphenol A (BPA), an endocrine disruptor, 
has been detected in about 90% of all analyzed human urine samples. In this study, BPA was found to increase the severity of insulitis and the incidence of diabetes in female non obese diabetic (NOD) mice offspring after 
transmaternal exposure through the dams' drinking water (0, 0.1, 1, and 10mg/l). Both the severity of insulitis in the pancreatic islets at 11 weeks of age and the diabetes prevalence at 20 weeks were significantly 
increased for female offspring in the highest exposure group compared to the control group. Increased numbers of apoptotic cells, a reduction in tissue resident macrophages and an increase in regulatory T cells were 
observed in islets prior to insulitis development in transmaternally exposed offspring. The detectable apoptotic cells were identified as mostly glucagon producing alpha-cells but also tissue resident macrophages and 
beta-cells. In the local (pancreatic) lymph node neither regulatory T cell nor NKT cell populations were affected by maternal BPA exposure. Maternal BPA exposure may have induced systemic immune changes in 
offspring, as evidenced by alterations in LPS- and ConA-induced cytokine secretion in splenocytes. In conclusion, transmaternal BPA exposure, in utero and through lactation, accelerated the spontaneous diabetes 
development in NOD mice. This acceleration appeared to be related to early life modulatory effects on the immune system, resulting in adverse effects later in life.

Toxicol Sci. 2014 
Feb;137(2):311-23.

10.1093/toxsci/kft242 24189131 動物 代謝 1 1 1 0 1 1 - - - - - - 1 1 - 1 - - ● - - ● - - - - -

統合_2460 Dere E et al. 2018

Effects of continuous bisphenol A 
exposure from early gestation on 90 
day old rat testes function and 
sperm molecular profiles: A 
CLARITY-BPA consortium study

Bisphenol A (BPA) is a ubiquitous industrial chemical that has been identified as an endocrine disrupting compound (EDC). There is growing concern that early life exposures to EDCs, such as BPA, can adversely affect 
the male reproductive tract and function. This study was conducted as part of the Consortium Linking Academic and Regulatory Insights on BPA Toxicity (CLARITY-BPA) to further delineate the toxicities associated with 
continuous exposure to BPA from early gestation, and to comprehensively examine the elicited effects on testes and sperm. NCTR Sprague Dawley rat dams were gavaged from gestational day (GD) 6 until parturition, and 
their pups were directly gavaged daily from postnatal day (PND) 1 to 90 with BPA (2.5, 25, 250, 2500, 25,000, 250,000mug/kg/d) or vehicle control. At PND 90, the testes and sperm were collected for evaluation. The 
testes were histologically evaluated for altered germ cell apoptosis, sperm production, and altered spermiation. RNA and DNA isolated from sperm were assessed for elicited changes in global mRNA transcript abundance 
and altered DNA methylation. Effects of BPA were observed in changes in body, testis and epididymis weights only at the highest administered dose of BPA of 250,000mug/kg/d. Genome-wide transcriptomic and 
epigenomic analyses failed to detect robust alterations in sperm mRNA and DNA methylation levels. These data indicate that prolonged exposure starting in utero to BPA over a wide range of levels has little, if any, impact 
on the testes and sperm molecular profiles of 90day old rats as assessed by the histopathologic, morphometric, and molecular endpoints evaluated.

Toxicol Appl Pharmacol. 
2018 May 15:347:1-9.

10.1016/j.taap.2018.03.021 29596923 動物 精巣 1 1 1 1 1 1 - - - - - - 1 1 - 1 - 1 ● - - ● - - - ● ●

統合_2461 Dobrzynska MM et al. 2018

Reproductive and developmental F1 
toxicity following exposure of 
pubescent F0 male mice to 
bisphenol A alone and in a 
combination with X-rays irradiation

Exposure to environmental toxicants may affect reproduction and development of subsequent generations. This study was aimed at determining the male-mediated F1 effects induced following 8-weeks of subchronic 
exposure of F0 male mice to bisphenol A (BPA) alone and in a combination with X-rays irradiation (IR) started during their puberty. 4.5 weeks old F0 male mice were exposed to BPA dissolved in ethyl alcohol and diluted in 
drinking water at the following doses: 5 mg/kg bw, 10 mg/kg bw, 20 mg/kg bw or irradiated with X-rays (0.05 Gy) or exposed to a combination of low doses of both agents (0.05 Gy + 5 mg/kg bw BPA). Immediately after the 
end of the 8 weeks exposure F0 males were caged with two unexposed females each. Three quarters of the mated females from each group were sacrificed 1 day before expected parturition for examination of prenatal 
development of the offspring. The remainder of the females from each group were allowed to deliver and rear litters. Pups of exposed males were monitored for postnatal development for 8 weeks. At 8-9 weeks of age 6-8 
males from each group of F1 generation were sacrificed to determine sperm count and quality. The current results, compared to the earlier results, showed that exposure of pubescent males to BPA alone or in 
combination with irradiation may be more damaging to their offspring than the exposure of adult males. The exposure of pubescent males to BPA alone and in combination with irradiation significantly increased the 
frequency of abnormal skeletons of surviving fetuses, increased the percent of mortality of pups in the F1 generation, reduced the sperm motility of F1 males and may induce obesity. Additionally, the combined BPA and 
irradiation exposure reduced the number of total and live implantations, whereas the exposure to BPA alone disturbed the male:female sex ratio. The above results may be caused by genetic or by epigenetic mechanisms. 
Limitation of use of products including BPA, especially by children and teenagers, is strongly recommended.

Toxicology. 2018 Dec 
1:410:142-151.

10.1016/j.tox.2018.10.007 30321649 動物 ⽣殖発⽣毒性 1 1 1 0（マウス/Pzh:Sfis） 1 1 - - - - - - 1 1 - 1 - - ● - - ● - - - - -

統合_2462 Dobrzynska MM et al. 2015
Male-mediated F1 effects in mice 
exposed to bisphenol A, either alone 
or in combination with X-irradiation

We investigated the possible transmission of heritable changes via the sperm, following preconceptional exposure of mice to bisphenol A (BPA), either alone or in combination with X-irradiation. Males were exposed for 8 
weeks to BPA, X-rays or both agents, and mated to unexposed females. Pre- and postnatal development of the offspring of exposed males was examined. Both BPA alone and the combined exposure slightly affected 
postnatal development. Combined exposure induced two-fold higher postnatal mortality than BPA the alone, whereas BPA exposure caused reduced body weight and diminished sperm quality in F1 generation.

Mutat Res Genet 
Toxicol Environ 
Mutagen. 2015 
Aug:789-790:36-45.

10.1016/j.mrgentox.2015.06.015 26232256 動物 ⽣殖発⽣毒性 1 1 1 0（マウス/Pzh:Sfis） 1 1 - - - - - - 1 1 - 1 - - ● - - ● - - - - -

統合_2463 Dobrzynska MM et al. 2014

Comparison of the Effects of 
Bisphenol A Alone and in a 
Combination with X-irradiation on 
Sperm Count and Quality in Male 
Adult and Pubescent Mice

Bisphenol A (BPA) is employed in the manufacturing of epoxy, polyester-styrene, and polycarbonate resins, which are used for the production of baby and water bottles and reusable containers, food and beverage packing, 
dental fillings and sealants. The study was designed to examine the effects of 8-week exposure (a full cycle of spermatogenesis) to BPA alone and in a combination with X-irradiation on the reproductive organs and germ 
cells of adult and pubescent male mice. Pzh:Sfis male mice were exposed to BPA (5, 10, and 20 mg/kg) or X-rays (0.05 Gy) or to a combination of both (0.05 Gy + 5 mg/kg bw BPA). The following parameters were 
examined: sperm count, sperm motility, sperm morphology, and DNA damage in male gametes. Both BPA and X-rays alone diminished sperm quality. BPA exposure significantly reduced sperm count in pubescent males 
compared to adult mice, with degenerative changes detected in seminiferous epithelium. This may suggest a higher susceptibility of germ cells of younger males to BPA action. Combined BPA with X-ray treatment 
enhanced the harmful effect induced by BPA alone in male germ cells of adult males, whereas low-dose irradiation showed sometimes protective or additive effects in pubescent mice.

Environ Toxicol. 2014 
Nov;29(11):1301-13.

10.1002/tox.21861 23619965 動物 ⽣殖細胞 1 1 1 0（マウス/Pzh:Sfis） 1 1 - - - - - - 1 1 - 1 - - ● - - ● - - - - -

統合_2464 Eckstrum KS et al. 2018

Effects of Exposure to the 
Endocrine-Disrupting Chemical 
Bisphenol A During Critical Windows 
of Murine Pituitary Development

Critical windows of development are often more sensitive to endocrine disruption. The murine pituitary gland has two critical windows of development: embryonic gland establishment and neonatal hormone cell expansion. 
During embryonic development, one environmentally ubiquitous endocrine-disrupting chemical, bisphenol A (BPA), has been shown to alter pituitary development by increasing proliferation and gonadotrope number in 
females but not males. However, the effects of exposure during the neonatal period have not been examined. Therefore, we dosed pups from postnatal day (PND)0 to PND7 with 0.05, 0.5, and 50 mug/kg/d BPA, 
environmentally relevant doses, or 50 mug/kg/d estradiol (E2). Mice were collected after dosing at PND7 and at 5 weeks. Dosing mice neonatally with BPA caused sex-specific gene expression changes distinct from 
those observed with embryonic exposure. At PND7, pituitary Pit1 messenger RNA (mRNA) expression was decreased with BPA 0.05 and 0.5 mug/kg/d in males only. Expression of Pomc mRNA was decreased at 0.5 
mug/kg/d BPA in males and at 0.5 and 50 mug/kg/d BPA in females. Similarly, E2 decreased Pomc mRNA in both males and females. However, no noticeable corresponding changes were found in protein expression. Both 
E2 and BPA suppressed Pomc mRNA in pituitary organ cultures; this repression appeared to be mediated by estrogen receptor-alpha and estrogen receptor-beta in females and G protein-coupled estrogen receptor in 
males, as determined by estrogen receptor subtype-selective agonists. These data demonstrated that BPA exposure during neonatal pituitary development has unique sex-specific effects on gene expression and that 
Pomc repression in males and females can occur through different mechanisms.

Endocrinology. 2018 Jan 
1;159(1):119-131.

10.1210/en.2017-00565 29092056 動物 内分泌 1 1 1 1 1 1 - - - - - - 1 1 - 1 - 1 ● - - ● - - - - -

統合_2465 Fang ZQ et al. 2015
Effects of Wnt/beta-catenin 
signaling on bisphenol A exposure in 
male mouse reproductive cells

Bisphenol A (BPA) is a chemical used in numerous consumer products that is able to interfere with the mammalian endocrine system. The aim of the present study was to investigate the effects of BPA on male mouse 
reproductive cells following prenatal to postnatal exposure. In addition, the influence of BPA was detected on the expression levels of beta-catenin and dickkopf WNT signaling pathway inhibitor 1 (DKK-1) during the 
differentiation of spermatogenic cells in the mouse testes. beta-catenin and DKK-1 are two important proteins of the Wnt/beta-catenin signaling pathway. On gestational day 1, pregnant ICR mice were randomly divided 
into four groups: A dimethyl sulfoxide group, and three groups treated with various concentrations of BPA (0.5, 10, and 50 microg/kg). BPA was administered from gestational day 1 to weaning on postnatal day (PND) 42. 
The number of murine pups and the male:female ratio was recorded for each group. On PND 42, the male pups were sacrificed and their wet weights and testicular coefficients were measured. Immunohistochemical and 
western blot analyses were used to detect the protein expression of beta-catenin and DKK-1 in the testicular tissue samples of the six-week-old male mice. The results indicated that the number of murine pups, as well 
as the testicular viscera coefficient of the male mice, significantly decreased in the BPA-treated groups, as compared with the control group (P<0.05, P<0.01); however, no significant difference was observed in the 
male/female ratio in the BPA-treated groups, as compared with the control group (P>0.05). The results from the immunohistochemical and western blot analyses indicated that the protein expression of beta-catenin and 
DKK-1 were significantly increased in the BPA-treated groups, as compared with the control group, and the distribution of spermospore and Leydig cells also increased in the testes. These results suggest that high 
expression levels of beta-catenin and DKK-1 may participate in BPA-induced pathogenesis in male mouse reproductive cells.

Mol Med Rep. 2015 
Oct;12(4):5561-7.

10.3892/mmr.2015.4028 26135249 動物 精巣 1 1 1 1 1 1 - - - - - - 1 1 - 1 - 1 - - - ● - - - - -

統合_2466 Folia M et al. 2013
Oral Homeostasis Disruption by 
Medical Plasticizer Component 
Bisphenol A in Adult Male Rats

OBJECTIVES/HYPOTHESIS: Bisphenol A (BPA) is a synthetic estrogen-like chemical mimetic widely used in the manufacture of polycarbonate plastics and epoxy resins found in numerous consumer products including 
food packaging, medical devices, and dental sealants. Because it is recovered in fluids and it can reach high levels in saliva, this study aimed to evaluate its safety on oral homeostasis by examining its effects on salivary 
glands, mouth epithelium, water consumption, and salt preference, each parameter being estrogen sensitive. STUDY DESIGN: Randomized controlled trial involving rats. METHODS: A dose-response study was conducted 
in adult Wistar rats randomized into five groups (n = 12). BPA was administered over 6 weeks via drinking water to obtain daily dose exposures of 0 mug/kg, 5 mug/kg, 50 mug/kg, 5 mg/kg, and 12.5 mg/kg of body weight. 
To evaluate salt preference, 1% NaCl solution and pure water intakes were measured for 3 days by offering two-bottle choices. The rats were then killed; oral biopsies were done and submandibular glands were removed 
for histologic and morphometric analysis. RESULTS: According to the dose-response curve, BPA decreased total drinking but increased salt preference, which was inversely proportional to water consumption (Kruskal-
Wallis, P < .01). It also causes oral dryness and histologic changes in the acinar structures of the submandibular glands at the lowest doses (Kruskal-Wallis, P < .01). CONCLUSIONS: This study shows that oral 
exposure to BPA in the rat disrupts thirst and buccal homeostasis and raises questions about the salivary gland secretions.

Laryngoscope. 2013 
Jun;123(6):1405-10.

10.1002/lary.23791 23686345 動物 ⼀般毒性(唾液腺への影響) 1 1 1 Wistar rat:1 4⽤量：1 0.005,0.05,5,12.5 mg/kg相当：1 - - - - - - 1 1 - 1 - - - - - - - - - - -

統合_2467 Gajowik A et al. 2013
Genotoxic effects of bisphenol A on 
somatic cells of female mice, alone 
and in combination with X-rays

Bisphenol A (BPA), a monomer used in the manufacture of epoxy, polycarbonate, and polystyrene resins, is a xenoestrogen present in many consumer products. We investigated the effects of 2-week exposure to BPA, 
either alone or in combination with X-rays, on the induction of DNA damage in somatic cells of female mice in vivo. The micronucleus and alkaline comet assays were used to evaluate genotoxicity. BPA induced DNA 
strand breaks in lung cells but not in bone marrow lymphocytes, liver, kidney, or spleen cells. Induction of micronuclei was observed only in polychromatic reticulocytes of peripheral blood. Levels of damage following 
combination exposure to ionizing radiation plus BPA depended on tissue, assay, and time.

Mutat Res Genet 
Toxicol Environ 
Mutagen. 2013 Oct 
9;757(2):120-4.

10.1016/j.mrgentox.2013.07.006 23954285 動物 遺伝毒性 1 1 1 1 1 1 - - - - - - 1 1 - 1 - - ● - - - - - - - -

統合_2468 Gear RB et al. 2017
Impacts of Bisphenol A and Ethinyl 
Estradiol on Male and Female CD-1 
Mouse Spleen

The endocrine disruptor bisphenol A (BPA) and the pharmaceutical 17alpha-ethinyl estradiol (EE) are synthetic chemicals with estrogen-like activities. Despite ubiquitous human exposure to BPA, and the wide-spread 
clinical use of EE as oral contraceptive adjuvant, the impact of these estrogenic endocrine disrupting chemicals (EDCs) on the immune system is unclear. Here we report results of in vivo dose response studies that 
analyzed the histology and microstructural changes in the spleen of adult male and female CD-1 mice exposed to 4 to 40,000 mug/kg/day BPA or 0.02 to 2 mug/kg/day EE from conception until 12-14 weeks of age. 
Results of that analysis indicate that both BPA and EE have dose- and sex-specific impacts on the cellular and microanatomical structures of the spleens that reveal minor alterations in immunomodulatory and 
hematopoietic functions. These findings support previous studies demonstrating the murine immune system as a sensitive target for estrogens, and that oral exposures to BPA and EE can have estrogen-like 
immunomodulatory affects in both sexes.

Sci Rep. 2017 Apr 
12;7(1):856.

10.1038/s41598-017-00961-8 28404993 動物 免疫 1 1 1 1 1 1 - - - - - - 1 1 - 1 - 1 ● - - - - - - - -

統合_2470 Hass U et al. 2016
Low-dose effect of developmental 
bisphenol A exposure on sperm 
count and behaviour in rats

Bisphenol A is widely used in food contact materials and other products and is detected in human urine and blood. Bisphenol A may affect reproductive and neurological development; however, opinion of the European 
Food Safety Authority (EFSA) on bisphenol A (EFSA J, 13, 2015 and 3978) concluded that none of the available studies were robust enough to provide a point of departure for setting a tolerable daily intake for bisphenol A. 
In the present study, pregnant Wistar rats (n = 17-21) were gavaged from gestation day 7 to pup day 22 with bisphenol A doses of 0, 25 mug, 250 mug, 5 mg or 50 mg/kg bw/day. In the offspring, growth, sexual maturation, 
weights and histopathology of reproductive organs, oestrus cyclicity and sperm counts were assessed. Neurobehavioural development was investigated using a behavioural testing battery including tests for motor activity, 
sweet preference, anxiety and spatial learning. Decreased sperm count was found at the lowest bisphenol A dose, that is 25 mug/kg/day, but not at the higher doses. Reproductive organ weight and histology were not 
affected and no behavioural effects were seen in male offspring. In the female offspring, exposure to 25 mug/kg bw/day bisphenol A dose resulted in increased body weight late in life and altered spatial learning in a 
Morris water maze, indicating masculinization of the brain. Decreased intake of sweetened water was seen in females from the highest bisphenol A dose group, also a possible sign of masculinization. The other 
investigated endpoints were not significantly affected. In conclusion, the present study using a robust experimental study design, has shown that developmental exposure to 25 mug/kg bw/day bisphenol A can cause 
adverse effects on fertility (decreased sperm count), neurodevelopment (masculinization of spatial learning in females) and lead to increased female body weight late in life. These results suggest that the new EFSA 
temporary tolerable daily intake of 4 mug/kg bw/day is not sufficiently protective with regard to endocrine disrupting effects of bisphenol A in humans.

Andrology. 2016 
Jul;4(4):594-607.

10.1111/andr.12176 27089241 動物 精⼦/精巣/⽣殖毒性/発達神経毒性 1 1 1 1 1 1 - - - - - - 1 1 - 1 - 1 ● - - ● - - - - -

統合_2472 Hu YY et al. 2016

Bisphenol A, an environmental 
estrogen-like toxic chemical, induces 
cardiac fibrosis by activating the 
ERK1/2 pathway

Bisphenol A (BPA) is a widely studied typical endocrine-disrupting chemical. The present study aimed to verify whether BPA could induce proliferation of cardiac fibroblasts and collagen production leading to cardiac 
interstitial fibrosis. After exposure to BPA for 30 consecutive days, decreased cardiac function was observed in rats using echocardiography, and the deposition of collagen was detected by Masson's trichrome staining 
and electron microscope. BPA remarkably stimulated proliferation and migration of cultured cardiac fibroblasts and collagen production in a concentration-dependent manner, as revealed by MTT, wound healing assay and 
collagen assay. Meanwhile, BPA treatment also enhanced phosphorylation of extracellular signal-regulated kinase 1/2 (ERK1/2). In contrast, pretreatment with estrogen receptor inhibitor ICI182780 or ERK inhibitor 
PD98059 prevented the enhanced phosphorylation of ERK1/2, and subsequently inhibited the up-regulation of transforming growth factor-β1 (TGF-β1) expression induced by BPA. As a consequence, these inhibitors 
also decreased proliferation and collagen production, as well as the fibrosis-related genes expression. Taken together, our results indicated that BPA may act as a promoting factor in proliferative process and collagen 
production of cardiac fibroblasts via activating ERK1/2.

Toxicol Lett. 2016 May 
27:250-251:1-9.

10.1016/j.toxlet.2016.03.008 27025157 動物 ⼼臓 1 1 1 1 1 1 - - - - - - 1 1 - 1 - 1 ● - - - - - - - -
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統合_2473 Huang DY et al. 2018

Oral exposure of low-dose bisphenol 
A promotes proliferation of 
dorsolateral prostate and induces 
epithelial-mesenchymal transition in 
aged rats

Bisphenol A (BPA) is a well-known endocrine disruptor compound reported to have prostate toxicity. This study aimed to assess the effect of BPA on the proliferation of dorsolateral prostate (DLP) and the expression of 
epithelial-mesenchymal transition (EMT)-related genes in aged rats. Male aged SD rats were treated with BPA (10.0, 30.0, and 90.0 microg/kg i.g., daily) or vehicle (i.g., daily) for 3 months. Treatment with BPA resulted in 
increased the expression of PCNA, DLP weight and DLP epithelial height compared with the control group (P < 0.01); such effects were more obvious at higher BPA doses. 90 microg/kg BPA significantly increased the 
estrogen to androgen ratio (P < 0.05). The EMT chip showed the BPA induced upregulation of vimentin, Snail, Twist1, and transforming growth factor beta 1, as well as the downregulation of E-cadherin in the DLP. 
Immunohistochemical data showed that the expression of vimentin, estrogen receptor subtypes, and androgen receptor increased and the expression of E-cadherin decreased in 30 and 90 microg/kg BPA groups. It was 
concluded that environmental exposure to low doses of BPA might promote the proliferation of DLP in aged rats by increasing the estrogen to androgen ratio and inducing EMT.

Sci Rep. 2018 Jan 
11;8(1):490.

10.1038/s41598-017-18869-8 29323181 動物 前⽴腺 1 1 1 1 1 1 - - - - - - 1 1 - 1 - 1 ● - - ● - - - - -

統合_2474 Jeong JS et al. 2017

Low-Dose Bisphenol A Increases 
Bile Duct Proliferation in Juvenile 
Rats: A Possible Evidence for Risk of 
Liver Cancer in the Exposed 
Population?

Increasing concern is being given to the association between risk of cancer and exposure to low-dose bisphenol A (BPA), especially in young-aged population. In this study, we investigated the effects of repeated oral 
treatment of low to high dose BPA in juvenile Sprague-Dawley rats. Exposing juvenile rats to BPA (0, 0.5, 5, 50, and 250 mg/kg oral gavage) from post-natal day 9 for 90 days resulted in higher food intakes and increased 
body weights in biphasic dose-effect relationship. Male mammary glands were atrophied at high dose, which coincided with sexual pre-maturation of females. Notably, proliferative changes with altered cell foci and focal 
inflammation were observed around bile ducts in the liver of all BPA-dosed groups in males, which achieved statistical significance from 0.5 mg/kg (ANOVA, Dunnett's test, p<0.05). Toxicokinetic analysis revealed that 
systemic exposure to BPA was greater at early age (e.g., 210-fold in Cmax, and 26-fold in AUC at 50 mg/kg in male on day 1 over day 90) and in females (e.g., 4-fold in Cmax and 1.6-fold in AUC at 50 mg/kg vs. male on 
day 1), which might have stemmed from either age- or gender-dependent differences in metabolic capacity. These results may serve as evidence for the association between risk of cancer and exposure to low-dose BPA, 
especially in young children, as well as for varying toxicity of xenobiotics in different age and gender groups.

Biomol Ther (Seoul). 
2017 Sep 1;25(5):545-
552.

10.4062/biomolther.2017.148 28822992 動物 ⼀般毒性(主に肝臓) 1 1 1 SD rat:1 4⽤量：1 0.5,5,50,250 mg/kg:1 - - - - - - 1 1 - 1 - - ● - - - - - - - -

統合_2475 Jiang X et al. 2018
Bisphenol A induced male germ cell 
apoptosis via IFN beta-XAF1-XIAP 
pathway in adult mice

Bisphenol A (BPA) impairs male fertility by acting as an endocrine disruptor. However, the mechanisms by which BPA cause reproductive toxicity are not fully elucidated. Here, we explored the role of XAF1, a novel pro-
apoptosis molecule, in BPA-induced abnormal spermatogenesis and the transcriptional regulation mechanism of BPA-induced XAF1. BPA exposure detrimentally impacted spermatogenesis by inducing excessive germ cell 
apoptosis. XAF1 was upregulated in germ cells after BPA exposure, which was involved in the apoptosis pathway. In addition, the expression levels of XIAP and XAF1 were inversely correlated after BPA exposure. 
Knockdown of XAF1 expression partially inhibited the apoptosis of GC-2 cells, suppressed the activation of caspase 3 and improved the BPA-induced XIAP expression. Moreover, IFNβ expression levels were significantly 
upregulated after BPA exposure both in vitro and in vivo, and these levels were positively related to the expression of XAF1. Furthermore, IFNβ knockdown reduced the expression of XAF1 and increased the expression of 
XIAP in BPA-treated GC-2 cells. Together, these data indicated that BPA triggers male germ cell apoptosis in mice via the IFNβ-XAF1-XIAP pathway, which may contribute to BPA-induced testis toxicity.

Toxicol Appl Pharmacol. 
2018 Sep 15:355:247-
256.

10.1016/j.taap.2018.07.009 30017639 動物 精⼦ 1 1 1 1 1 1 - - - - - - 1 1 - 1 - - - - - ● - - - - -

統合_2477 Jones BA et al. 2016

The Effects of Bisphenol A Exposure 
at Different Developmental Time 
Points in an Androgen-Sensitive 
Neuromuscular System in Male Rats

The industrial plasticizer bisphenol A (BPA) is a ubiquitous endocrine disruptor to which the general human population is routinely exposed. Although BPA is well known as an estrogenic mimic, there have been some 
suggestions that this compound may also alter activity at the androgen receptor. To determine whether BPA does have antiandrogenic properties, we evaluated BPA effects in the spinal nucleus of the bulbocavernosus 
and dorsolateral nucleus, sexually dimorphic groups of motor neurons in the lumbar spinal cord that are critically dependent on androgens for survival and maintenance, as well as the monomorphic retrodorsolateral 
nucleus. In experiment 1, we administered varying concentrations of BPA to juvenile rats pre- and postnatally and examined both the number and size of motor neurons in adulthood. In experiment 2, different doses of BPA 
were given to adult rats for 28 days, after which the soma size of motor neurons were measured. Although no effect of BPA on neural survival or soma size was noted after perinatal BPA exposure, BPA exposure did result 
in a decrease in soma size in all motor neuron pools after chronic exposure in adulthood. These findings are discussed with regard to putative antiandrogenic effects of BPA; we argue that BPA is not antiandrogenic but is 
acting through nonandrogen receptor-dependent mechanisms.

Endocrinology. 2016 
Aug;157(8):2972-7.

10.1210/en.2015-1574 27022676 動物 神経 1 1 1 1 1 1 - - - - - - 1 1 - 1 - 1 - - - - - - - - -

統合_2478 Kalb AC et al. 2016
Maternal Transfer of Bisphenol A 
During Nursing Causes Sperm 
Impairment in Male Offspring

The health effects of environmental chemicals on animals and humans are of growing concern. Human epidemiological and animal study data indicate that reproductive disorders and diseases begin early during prenatal 
and postnatal development. An increase of human male reproductive disturbance in the past several decades was associated to chemicals called endocrine disruptors (ED). Bisphenol A (BPA) is a ubiquitous organic 
environmental contaminant with ED activity. This study verified the effect of BPA exposure via breast milk during the lactation (early postnatal) period in male mice. Dams were exposed to oral BPA (300, 900, and 3000 µ
g/kg/BW/day) during the breastfeeding period (21 days). BPA at all concentrations significantly impaired sperm parameters in adult mice (8 months old), but mitochondrial functionality was more affected at BPA 3000. 
The acrosome membrane parameter was affected by BPA concentrations from 900 to 3000, and DNA integrity showed pronounced impairment at BPA 900 and 3000. BPA 3000 treatment also induced testicular 
degeneration and complete aplasia in some seminiferous tubules. Testicular oxidative damage was observed, and the total antioxidant capacity was impaired in BPA 900 and 3000 treatment groups. Taken together, the 
present study demonstrated long-term adverse effects of BPA in male mice, including reduced sperm quality, antioxidant capacity, and changes in testicular tissue. Our results clearly demonstrate the danger of BPA 
transferred via lactation on sperm quality registered even after a long time-elapsed from exposure to this harmful chemical.

Arch Environ Contam 
Toxicol. 2016 
May;70(4):793-801.

10.1007/s00244-015-0199-7 26250451 動物 精⼦ 1 1 1 1 1 1 - - - - - - 1 1 - 1 - 1 ● - - ● - - - - -

統合_2479 Kazemi S et al. 2016

Detection of Bisphenol A and 
Nonylphenol in Rat's Blood Serum, 
Tissue and Impact on Reproductive 
System

INTRODUCTION: Bisphenol A (BPA) and Nonylphenol (NP) have estrogen-like activity, and some of their adverse biological effects have been demonstrated. This study was designed to determine the association of 
plasma and tissue concentrations of BPA and NP and changes in the parameters of the reproductive system in rats. METHODS: Male Wistar rats were administered three doses of BPA and NP (5, 25, and 125 mug/kg) by 
gavage for 35 consecutive days in 2014-2015, and a 2-ml blood sample was taken from each treated rat. Concentrations of BPA and NP in the blood were determined using the HPLC-fluorescence detection method. The 
sperm are produced in the epididymis and vas deferens, and they swim up in Ham's F10 solution, and, then, various parameters were evaluated using an invert microscope, and they included the count, motility, and 
morphology of the sperm. RESULTS: The weight of the testes and prostate in the rats receiving BPA and NP treatment showed significant decreases compared to the control group. Similarly, NP created higher 
concentration than BPA in the serum (e.g., 5.48 +/- 0.65 vs. 1.36 +/- 0.25, at 125 mug/kg). Compared to the control group, dose-dependent significant decreases in count and motility in the sperm were observed following 
the administration of BPA (25 and 125 mug/kg) and NP (all three doses). Morphologic aspects of the rats' sperm were changed in various doses of BPA and NP. CONCLUSIONS: According to our findings, BPA and NP 
induced dose-dependent toxic effects on various parameters, i.e., sperm toxicity, weight of the testes, and weight of the prostate gland.

Electron Physician. 2016 
Aug 25;8(8):2772-2780.

10.19082/2772 27757188 動物 精⼦ 1 1 1 1 1 1 - - - - - - 1 1 - 1 - - ● - - ● - - - - -

統合_2480 Kazemi S et al. 2016

Histopathology and 
histomorphometric investigation of 
bisphenol a and nonylphenol on the 
male rat reproductive system

BACKGROUND: Bisphenol A (BPA) and nonylphenol (NP) have harmful effects on the endocrine system of humans and animals. AIM: We sought to investigate the effect of three doses of BPA and NP on the reproductive 
parameters of rats. MATERIALS AND METHODS: Adult Wistar male rats weighing 150-200 g were used for a consecutive 35-day study. BPA and NP were given as gavage in three doses (5, 25, and 125 μg/kg). At the end 
of the study, the rats were anesthetized and 2 ml blood sample was obtained from the auxiliary venous plexus for the assessment of sex hormone levels. The testes were removed and kept in 10% formalin for the 
histomorphometric and histopathologic analyses. RESULTS: BPA and NP significantly decreased the body weight of the animals compared to the controls (P < 0.05). The seminiferous tubule diameter and thickness of the 
seminiferous epithelium were significantly decreased in the groups receiving BPA and NP compared to the control (P < 0.05). The number of seminiferous tubules in every experimental group increased, except for the 
highest dose of NP (125 μg/kg), which showed a significant difference compared to the controls (P < 0.05). The number of spermatocytes and spermatogonia (54.97 ± 5.824, 35.78 ± 3.956, respectively) in the group 
receiving NP (125 μg/kg) was significantly decreased compared to the other groups. Serum levels of luteinizing hormone, Follicle stimulating hormone, and testosterone did not show any significant change compared to 
the controls. CONCLUSION: Based on the results, all three doses of BPA and NP significantly produced weight loss, as well as destruction of the testis tissue and impairment of the spermatogenesis.

N Am J Med Sci. 2016 
May;8(5):215-21.

10.4103/1947-2714.183012 27298816 動物 精巣 1 1 1 1 1 1 - - - - - - 1 1 - 1 - 1 - - - ● - - - - -

統合_2481 Kazemi S et al. 2017
Low dose administration of 
Bisphenol A induces liver toxicity in 
adult rats

BACKGROUND: Bisphenol A (BPA) is one of the most widely used chemicals, often used in epoxy resins, health products and colors. This study aims to investigate the effect of various doses of BPA on hepatotoxicity in 
rats. METHOD: This experimental study was conducted using 20 male adult Wistar rats older than 2 months weighing 150-200 g. (5, 25 and 125 μg/kg) BPA was administered by gavage for 35 consecutive days. The 
animals were weighed at the beginning and the end of the experiment. The level of aspartate aminotransferase, alanine aminotransferase and alkaline phosphatase were determined using colorimetric method. The liver 
tissue was kept in the freezer at -80 °C for histological studies. FINDING: The body weight of rats receiving BPA decreased significantly compared to control group and this weight loss was more evident at doses of 25 
and 125 μg/kg (p < 0.001). Results of the study demonstrated that the level of ALP and AST decreases significantly (p < 0.001 and p < 0.05, respectively), while the level of ALT did not change. The results that BPA 
significantly decreased Beta-2 protein and increased Gama protein serum levels in rats (p < 0.01). CONCLUSION: Results of this study demonstrated that BPA increase gamma globulin protein levels and decreases the 
level of alkaline phosphatase, aspartate aminotransferase and serum protein β2 and causes weight loss in rats after treatment. This research also demonstrated that the toxic effect of BPA on liver is induced by 
oxidative stress.

Biochem Biophys Res 
Commun. 2017 Dec 
9;494(1-2):107-112.

10.1016/j.bbrc.2017.10.074 29050942 動物 肝臓 1 1 1 Wistar rat:1 3⽤量：1 5,25,125 µg/kg:1 - - - - - - 1 1 - 1 - - ● - - - - - - - -

統合_2482 Kazemi S et al. 2016
Induction Effect of Bisphenol A on 
Gene Expression Involving Hepatic 
Oxidative Stress in Rat

Background and Objective. Bisphenol A (BPA) is an abundantly used xenoestrogenic chemical which may cause various disorders in body. In the present study, we sought to investigate the effects of various doses of BPA 
on hepatic oxidative stress-related gene expression in rats. Methods. Male Wistar rats weighing 150-200 g were used in this study. Three doses of the BPA (5, 25, and 125 mug/kg) in corn oil were administered as gavage 
during 35 consecutive days. After the experiment, the rats were expired and the livers were removed and stored at -80 degrees C freezer for RNA extraction. Findings. The Real Time PCR showed increased expression of 
HO-1 in the rats receiving BPA doses compared to the control group. This effect was dose-dependent and higher at doses of 25 and 125 mug/kg than 5 mug/kg of body weight (p < 0.05). It was also demonstrated that 
various doses BPA can increase GADD45B gene expression compared to control group. That expression was significantly dominant in the lowest dose (5 mug/kg) of the BPA (p < 0.05). The final body weights (168.0 +/- 
10.0 gr) in the treatment group [BPA (125 mug/kg)] showed a significant decrease compared to control group (191.60 +/- 6.50 gr). Conclusion. These findings demonstrate that BPA generated ROS and increased the 
antioxidant gene expression that causes hepatotoxicity.

Oxid Med Cell Longev. 
2016:2016:6298515.

10.1155/2016/6298515 27143994 動物 肝臓 1 1 1 Wistar rat:1 3⽤量：1 5,25,125 µg/kg:1 - - - - - - 1 1 - 1 - - ● - - - - - - - -

統合_2483 Kendziorski JA et al. 2015

Strain-specific induction of 
endometrial periglandular fibrosis in 
mice exposed during adulthood to 
the endocrine disrupting chemical 
bisphenol A

The aim of this study was to compare effects of bisphenol A (BPA) on collagen accumulation in uteri of two mouse strains. Adult C57Bl/6N and CD-1 mice were exposed to dietary BPA (0.004-40mg/kg/day) or 17alpha-
ethinyl estradiol (0.00002-0.001mg/kg/day) as effect control. An equine endometrosis-like phenotype with increased gland nesting and periglandular collagen accumulation was characteristic of unexposed C57Bl/6N, but 
not CD-1, endometrium. BPA non-monotonically increased gland nest density and periglandular collagen accumulation in both strains. Increased collagen I and III expression, decreased matrix metalloproteinase 2 (MMP2) 
and MMP14 expression, and increased immune response were associated with the endometrosis phenotype in the C57Bl/6N strain and the 30ppm BPA CD-1 group. The association between the pro-collagen shift in 
increased collagen expression and decreased MMP2 expression and activity implies that strain differences and BPA exposure alter regulation of endometrial remodeling and contribute to increased fibrosis, a component 
of several human uterine diseases.

Reprod Toxicol. 2015 
Dec:58:119-30.

10.1016/j.reprotox.2015.08.001 26307436 動物 ⼦宮 1 1 1 1 1 1 - - - - - - 1 1 - 1 - - ● - - ● - - - - -

統合_2484 Kendziorski JA et al. 2015
Effects of whole life exposure to 
Bisphenol A or 17α-ethinyl estradiol 
in uterus of nulligravida CD1 mice

Bisphenol A (BPA) is an endocrine disrupting chemical (EDC) with known estrogenic activity. Exposure to BPA in adult mice was shown previously to increase uterine pathology with associated alterations in the immune 
response and fibrosis. Reported here are uterine histopathology findings from CD1 mice exposed to BPA or 17alpha-ethinyl estradiol at multiple doses from conception through postnatal day 90. Along with uterine 
pathology, impacts of exposure on collagen accumulation and F4/80 positive macrophage numbers, as an indicator of immune response in the endometrium and myometrium, are presented. These companion data are from 
offspring (F1) of the dams analyzed for effects of adult exposures published in the Reproductive Toxicology manuscript titled "Strain-Specific Induction of Endometrial Periglandular Fibrosis in Mice Exposed during 
Adulthood to the Endocrine Disrupting Chemical Bisphenol A" (doi: 10.1016/j.reprotox.2015.08.001).

Data Brief. 2015 Nov 
3:5:948-53.

10.1016/j.dib.2015.10.034 26702426 動物 ⼦宮 1 1 1 1 1 1 - - - - - - 1 1 - 1 - - - - - ● - - - - -

統合_2486 Klint H et al. 2017

Low-dose exposure to bisphenol A 
in combination with fructose 
increases expression of genes 
regulating angiogenesis and 
vascular tone in juvenile Fischer 344 
rat cardiac tissue

OBJECTIVES: Epidemiological studies report associations between exposure to the high-volume chemical and endocrine disruptor bisphenol A (BPA) and cardiovascular disorders, but there is a lack of experimental 
studies addressing the mechanisms of action of BPA on the cardiovascular system. In the present study, effects on markers for cardiovascular function of exposure to BPA and fructose in vivo in rat cardiac tissues, and of 
BPA exposure in human cardiomyocytes in vitro, were investigated. MATERIALS: Juvenile female Fischer 344 rats were exposed to 5, 50, and 500 mug BPA/kg bodyweight/day in their drinking water from 5 to 15 weeks of 
age, in combination with 5% fructose. Further, cultured human cardiomyocytes were exposed to 10 nM BPA to 1 x 10(4) nM BPA for six hours. Expression of markers for cardiovascular function and BPA target receptors 
was investigated using qRT-PCR. RESULTS: Exposure to 5 mug BPA/kg bodyweight/day plus fructose increased mRNA expression of Vegf, Vegfr2, eNos, and Ace1 in rat heart. Exposure of human cardiomyocytes to 1 x 
10(4) nM BPA increased mRNA expression of eNOS and ACE1, as well as IL-8 and NFkappabeta known to regulate inflammatory response. CONCLUSIONS: . Low-dose exposure of juvenile rats to BPA and fructose 
induced up-regulation of expression of genes controlling angiogenesis and vascular tone in cardiac tissues. The observed effects of BPA in rat heart were in line with our present and previous studies of BPA in human 
endothelial cells and cardiomyocytes. These findings may aid in understanding the mechanisms of the association between BPA exposure and cardiovascular disorders reported in epidemiological studies.

Ups J Med Sci. 2017 
Mar;122(1):20-27.

10.1080/03009734.2016.1225870 27622962 動物 ⼼⾎管 1 1 1 1 1 1 - - - - - - 1 1 - 1 - - - - - - - - - - -

統合_2487 Kuwahara R et al. 2014
Bisphenol A Does Not Affect 
Memory Performance in Adult Male 
Rats

Bisphenol A (BPA) is an estrogenic endocrine disruptor used for producing polycarbonate plastics and epoxy resins. This study investigated the effects of oral BPA administration on memory performance, general activity, 
and emotionality in adult male Sprague Dawley rats using a battery of behavioral tests, including an appetite-motivated maze test (MAZE test) used to assess spatial memory performance. In addition, in order to confirm 
the effects of BPA on spatial memory performance, we examined whether intrahippocampal injection of BPA affects spatial memory consolidation. In the MAZE test, although oral BPA administration at 10 mg/kg 
significantly altered the number of entries into the incorrect area compared to those of vehicle-treated rats, male rats given BPA through either oral administration or intrahippocampal injection failed to show significant 
differences in latencies to reach the reward. Also, oral BPA administration did not affect fear-motivated memory performance in the step-through passive avoidance test. Oral BPA administration at 0.05 mg/kg, the lowest 
dose used in this study, was correlated with a decrease in locomotor activity in the open-field test, whereas oral administration at 10 mg/kg, the highest dose used in this study, was correlated with a light anxiolytic 
effect in the elevated plus-maze test. The present study suggests that BPA in adulthood has little effect on spatial memory performance in male rats.

Cell Mol Neurobiol. 
2014 Apr;34(3):333-42.

10.1007/s10571-013-0017-6 24326521 動物 神経 1 1 1 1 1 1 - - - - - - 1 1 - 1 - - - - - - - - - - -
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統合_2488 Lee HS et al. 2018
Proteomic Biomarkers for Bisphenol 
A-Early Exposure and Women's 
Thyroid Cancer

PURPOSE: For the target treatment and prevention of women's increased thyroid cancer, we focused on risks of environmental exposure to endocrine disrupting chemicals, particularly bisphenol A (BPA), and its high 
susceptible exposure-timing, particularly early exposure in lives. MATERIALS AND METHODS: Female ICR mice were exposed to BPA in utero and in early life (15, 75, and 300 mg/L of drinking water via pregnant mice and 
lactation). We identified BPA-responsive proteins in mice thyroid by two-dimensional gel electrophoresis, image analyses, and electrospray ionization quadrupole time-of-flight mass spectrometry. We further analyzed 
expression of the BPA-responsive proteins in women thyroid cancer patients (n=28). RESULTS: We found the altered 17 proteins in BPA dose-dependent manner among the thyroid tissues of offspring mice and identified 
nine proteins of them, including Anxa6, Atp5b, Hspa5, and Vcp, etc. In addition, we observed the positive association between blood BPA levels and mRNA expression of the ANXA6 and VCP not in normal but thyroid cancer 
tissues. CONCLUSION: Our study provides ANXA6 and VCP as proteomic biomarkers for BPA-early life exposure and their potential for women's thyroid cancer.

Cancer Res Treat. 2018 
Jan;50(1):111-117.

10.4143/crt.2017.001 28279065 動物 メカニズム 1 1 1 1 1 1 - - - - - - 1 1 - 1 - 1 - - - - - - - - -

統合_2489 Lejonklou MH et al. 2016
Low-dose developmental exposure 
to bisphenol A alters the femoral 
bone geometry in wistar rats

BACKGROUND: Bisphenol A (BPA) is a chemical produced in large volumes for use in manufacturing of consumer products and industrial applications, and an endocrine disruptor known to affect several hormonal 
systems. Bone produces hormones and is additionally a sensitive hormone target tissue, and is thus potentially sensitive to low doses of endocrine disruptors such as BPA, especially during development. METHODS: 110 
pregnant Wistar rats were gavaged with 0; 25 μg; 250 μg; 5000 μg or 50,000 μg BPA/kg bodyweight (bw)/day from gestational day 7 until weaning at postnatal day 22. The three-month-old offspring were sacrificed and 
right femurs collected for length measurements, geometrical measurements by peripheral quantitative computed tomography (pQCT), as well as for analyses of biomechanical properties using the three-point-bending 
method. RESULTS: The femur was elongated in female offspring of dams exposed to 25 or 5000 μg BPA/kg bw/day (1.8% and 2.1%, respectively), and increased cortical thickness (4.7%) was observed in male offspring 
of dams exposed to 25 μg BPA/kg bw/day, compared to controls (p < 0.005). The biomechanical properties of the bone were not significantly altered. CONCLUSIONS: In utero and lactational exposure to the lowest BPA 
dose used in this study altered femoral geometry in both male and female offspring. This was observed at 25 μg BPA/kg bw/day, a dose lower than the Human Equivalent Dose (HED) applied by EFSA to set a temporary 
TDI (609 μg BPA/kg bw/day), and far lower than the No-Observed-Adverse-Effect-Level (NOAEL) (5000 μg BPA/kg bw/day) on which the US FDA TDI is based.

Chemosphere. 2016 
Dec:164:339-346.

10.1016/j.chemosphere.2016.08.1
14

27592323 動物 ⾻ 1 1 1 1 1 1 - - - - - - 1 1 - 1 - 1 ● - - - - - - - -

統合_2490 Leung YK et al. 2017
Gestational high-fat diet and 
bisphenol A exposure heightens 
mammary cancer risk

In utero exposure to bisphenol A (BPA) increases mammary cancer susceptibility in offspring. High-fat diet is widely believed to be a risk factor of breast cancer. The objective of this study was to determine whether 
maternal exposure to BPA in addition to high-butterfat (HBF) intake during pregnancy further influences carcinogen-induced mammary cancer risk in offspring, and its dose-response curve. In this study, we found that 
gestational HBF intake in addition to a low-dose BPA (25 microg/kg BW/day) exposure increased mammary tumor incidence in a 50-day-of-age chemical carcinogen administration model and altered mammary gland 
morphology in offspring in a non-monotonic manner, while shortening tumor-free survival time compared with the HBF-alone group. In utero HBF and BPA exposure elicited differential effects at the gene level in PND21 
mammary glands through DNA methylation, compared with HBF intake in the absence of BPA. Top HBF + BPA-dysregulated genes (ALDH1B1, ASTL, CA7, CPLX4, KCNV2, MAGEE2 and TUBA3E) are associated with poor 
overall survival in The Cancer Genomic Atlas (TCGA) human breast cancer cohort (n = 1082). Furthermore, the prognostic power of the identified genes was further enhanced in the survival analysis of Caucasian patients 
with estrogen receptor-positive tumors. In conclusion, concurrent HBF dietary and a low-dose BPA exposure during pregnancy increases mammary tumor incidence in offspring, accompanied by alterations in mammary 
gland development and gene expression, and possibly through epigenetic reprogramming.

Endocr Relat Cancer. 
2017 Jul;24(7):365-378.

10.1530/ERC-17-0006 28487351 動物 発がん(乳がん) 1 1 1 SD rat：1 4⽤量：1 2.5,25,250,2500 µg/kg相当（⺟動物）：1 - - - - - - 1 1 - 1 - - ● - - ● - - - ● -

統合_2491 Li J et al. 2018

CLARITY-BPA: Effects of chronic 
Bisphenol A exposure on the 
immune system: Part 1 - 
Quantification of the relative number 
and proportion of leukocyte 
populations in the spleen and 
thymus

Bisphenol A (BPA) is extensively used in manufacturing of a broad range of consumer products worldwide. Due to its widespread use, human exposure to BPA is virtually ubiquitous. Broad human exposure coupled with a 
large scientific literature describing estrogenic activity of BPA in animals has raised public health concerns. To comprehensively evaluate the health effects of BPA exposure, a chronic toxicity study using a wide-range of 
BPA doses (2.5-25000mug/kgbw/day) was conducted jointly by the NTP, thirteen NIEHS-supported grantees, and the FDA, which is called the Consortium Linking Academic and Regulatory Insights on Toxicity of BPA 
(CLARITY-BPA). As a participant in the CLARITY-BPA project, the objective of the current study was to evaluate the effects of chronic BPA exposure in Sprague-Dawley rats on the relative number and proportion of 
defined leukocyte populations in the spleen and the thymus. Toward this end, lymphoid tissues from a total of 641 rats were assayed after being continuously dosed with BPA or controls for up to one year. To 
comprehensively evaluate the effects of BPA on leukocyte compositions, extensive endpoints that cover major populations of leukocytes were assessed, including B cells, T cells, NK cells, granulocytes, monocytes, 
macrophages and dendritic cells. In total, of the 530 measurements in BPA-treated rats, 10 measurements were statistically different from vehicle controls and were mainly associated with either the macrophage or 
dendritic cell populations. Most, if not all, of these alterations were found to be transient with no persistent trend over the one-year time period. In addition, the observed BPA-associated alterations were mostly moderate 
in magnitude and not dose-dependent. Due to the aforementioned, it is unlikely that the observed BPA-mediated changes alone would adversely affect immune competence.

Toxicology. 2018 Mar 
1:396-397:46-53.

10.1016/j.tox.2018.01.004 29428349 動物 免疫 1 1 1 1 1 1 - - - - - - 1 1 - 1 - 1 ● - - ● - - - ● ●

統合_2492 Li J et al. 2018

CLARITY-BPA: Effects of chronic 
bisphenol A exposure on the 
immune system: Part 2 - 
Characterization of 
lymphoproliferative and immune 
effector responses by splenic 
leukocytes

Bisphenol A (BPA) is commonly used in the manufacturing of a wide range of consumer products, including polycarbonate plastics, epoxy resin that lines beverage and food cans, and some dental sealants. Consumption of 
food and beverages containing BPA represents the primary route of human BPA exposure, which is virtually ubiquitous. An increasing number of studies have evaluated the effects of BPA on immune responses in 
laboratory animals that have reported a variety of effects some of which have been contradictory. To address the divergent findings surrounding BPA exposure, a comprehensive chronic treatment study of BPA was 
conducted in Sprague-Dawley rats, termed the Consortium Linking Academic and Regulatory Insights on Toxicity of BPA (CLARITY-BPA). As a participant in the CLARITY-BPA project, our studies evaluated the effects of 
BPA on a broad range of immune function endpoints using spleen cells isolated from BPA or vehicle treated rats. This comprehensive assessment included measurements of lymphoproliferation in response to mitogenic 
stimuli, immunoglobulin production by B cells, and cellular activation of T cells, NK cells, monocytes, granulocytes, macrophages and dendritic cells. In total, 630 different measurements in BPA treated rats were 
performed of which 35 measurements were statistically different from vehicle controls. The most substantive alteration associated with BPA treatment was the augmentation of lymphoproliferation in response to 
pokeweed mitogen stimulations in 1year old male rats, which was also observed in the reference estrogen ethinyl estradiol treated groups. With the exception of the aforementioned, the statistically significant changes 
associated with BPA treatment were mostly sporadic and not dose-dependent with only one out of five BPA dose groups showing a statistical difference. In addition, the observed BPA-associated alterations were mostly 
moderate in magnitude and showed no persistent trend over the one-year time period. Based on these findings, we conclude that the observed BPA-mediated changes observed in this study are unlikely to alter immune 
competence in adult rats.

Toxicology. 2018 Mar 
1:396-397:54-67.

10.1016/j.tox.2018.02.004 29427786 動物 免疫 1 1 1 1 1 1 - - - - - - 1 1 - 1 - 1 - - - ● - - - ● ●

統合_2493 Li Q et al. 2018

Bisphenol A and phthalates 
modulate peritoneal macrophage 
function in female mice involving 
SYMD2-H3K36 dimethylation

Ample evidence suggests that environmental and occupational exposure to bisphenol A (BPA) and phthalate, two chemicals widely used in the plastics industry, disturbs homeostasis of innate immunity and causes 
inflammatory diseases. However, the underlying molecular mechanisms of these toxicants in the regulation of macrophage inflammatory functions remain poorly understood. In this study, we addressed the effect of 
chronic exposure to BPA or phthalate at levels relevant to human exposure, either in vitro or in vivo, on the inflammatory reprograming of peritoneal macrophages. Our studies revealed that BPA and phthalates adversely 
affected expression levels of the proinflammatory cytokines and mediators in response to lipopolysaccharide stimulation. Exposure to these toxicants also affected gene expression of scavenger receptors and phagocytic 
capacity of peritoneal macrophages. Our studies revealed that the epigenetic inhibitors differentially modulated target gene expression in these cells. Further analysis revealed that certain histone modification enzymes 
were aberrantly expressed in response to BPA or phthalate exposure, leading to alteration in the levels of H3K36 acetylation and dimethylation, two chromatin modifications that are critical for transcriptional efficacy and 
accuracy. Our results further revealed that silencing of H3K36-specific methyltransferase Smyd2 expression or inhibition of SMYD2 enzymatic activity attenuated H3K36 dimethylation and enhanced interleukin-6 and 
tumor necrosis factor-alpha expression but dampened the phagocytic capacity of peritoneal macrophages. In summary, our results indicate that peritoneal macrophages are vulnerable to BPA or phthalate at levels relevant 
to human exposure. These environmental toxicants affect phenotypic programming of macrophages via epigenetic mechanisms involving SMYD2-mediated H3K36 modification.

Endocrinology. 2018 
May 1;159(5):2216-
2228.

10.1210/en.2017-03000 29718165 動物 免疫 1 1 1 1 1 1 - - - - - - 1 1 - 1 - 1 ● - - - - - - ● -

統合_2494 Liu XL et al. 2013

Effects of exposure to bisphenol A 
during pregnancy and lactation on 
the testicular morphology and 
caspase-3 protein expression of ICR 
pups

Bisphenol A (BPA), a xenoestrogen and endocrine-disrupting chemical, is a cause for concern due to its being a potential human carcinogen. The aim of this study was to investigate the effects of continued maternal 
exposure to BPA on the testicular structures and expression of caspase-3 protein in male ICR offspring during pregnancy and lactation and explore its possible mechanism. Pregnant ICR mice were divided into two control 
groups, which were either given or not given the solvent dimethyl sulfoxide (DMSO) and three treatment groups, which were gavaged with water-soluble BPA dissolved in DMSO at three different concentrations from 
gestational day 0 to weaning on postnatal day (PND) 21. The number of mice pups and ratios of males to females were recorded. On PND 21, male offspring were sacrificed to measure their wet weights and testicular 
coefficients. Electron microscopy was used to observe testicular morphological changes, Hoechst 33258 staining to detect cell apoptosis and immunohistochemistry to measure caspase-3 expression. Although there was 
no significant difference between offspring of the control group and the treatment group in litter size and male-female ratio (P>0.05), the testicular viscera coefficient in the latter decreased (P<0.01). Specifically, 
compared with offspring of the control group, in addition to increased cell apoptosis, those of the treatment groups were found to have changes in mitochondrial and endoplasmic reticulum in their spermatogenous, 
Sertoli, Leydig and peritubular myoid cells, which were concomitant with an elevated expression of caspase-3 in the cytoplasm (P<0.01). In conclusion, exposure of pregnant mice to BPA during pregnancy and lactation 
has some toxic effects on the testes of male ICR offspring and these may originate from increased apoptosis.

Biomed Rep. 2013 
May;1(3):420-424.

10.3892/br.2013.79 24648961 動物 精巣 1 1 1 1 1 1 - - - - - - 1 1 - 1 - 1 - - - ● - - - - -

統合_2496 Lv Q et al. 2017
Bisphenol A promotes hepatic lipid 
deposition involving Kupffer cells 
M1 polarization in male mice

Bisphenol A (BPA), one of the most common environmental endocrine disruptors, is considered to promote hepatic lipid deposition. However, the mechanism has not been fully elucidated. The polarization of Kupffer cells 
(KCs) plays an important role in hepatic inflammation by promoting pro-inflammatory M1 phenotype (M1KCs), which contributes to dysregulated lipid metabolism. The purpose of this study is to investigate the role of KC 
polarization in BPA-induced hepatosteatosis in male mice. In this study, we examined hepatic lipid contents and quantified M1KC in BPA-treated CD1 mice, and further explored the interaction between KCs and 
hepatocytes using conditional HepG2 cell culture. BPA treatment significantly increased hepatic fat contents in CD1 mice, accompanied by increased number of pro-inflammatory M1KCs and enhanced secretion of 
inflammatory cytokines. Increased lipid contents were also observed in HepG2 cells treated with BPA. Interestingly, higher TG contents were observed in HepaG2 cells treated with conditional media from BPA-treated 
KCs, compared with those treated with BPA directly. Incubation of KCs with BPA promoted the polarization of KCs to pro-inflammatory M1 dominant subtypes, which was blocked by estrogen antagonist ICI182780. Taken 
together, our results revealed that M1KCs polarization is involved in BPA-induced hepatic fat deposition, which is possibly associated with the estrogen receptor signaling pathway.

J Endocrinol. 2017 
Aug;234(2):143-154.

10.1530/JOE-17-0028 28500084 動物 メカニズム 1 1 1 1 1 1 - - - - - - 1 1 - 1 - - ● - - - - - - - -

統合_2497 Mahalingam S et al. 2017

The effects of in utero bisphenol A 
exposure on ovarian follicle numbers 
and steroidogenesis in the F1 and 
F2 generations of mice

Bisphenol A (BPA) is a commonly used plasticizer. Previous studies show that in utero exposure to BPA affects reproductive outcomes in the F1-F3 generations of mice. However, its multigenerational effects on ovarian 
histology and steroidogenesis over the reproductive lifespan are unknown. Thus, we tested the hypothesis that BPA has multigenerational effects on follicle numbers and steroidogenesis. Mice were exposed in utero to 
vehicle control or BPA (0.5, 20, and 50mug/kg/day). Ovaries were collected for histological and gene expression analyses and sera were collected for hormone assays. In utero BPA exposure decreased preantral follicle 
numbers, cytochrome P450 aromatase mRNA levels, and estradiol levels in the F1 generation, whereas it decreased testosterone levels and altered steroidogenic acute regulatory protein, cytochrome P450 cholesterol 
side-chain cleavage, 3beta-hydroxysteroid dehydrogenase 1, and cytochrome P450 aromatase mRNA levels in the F2 generation. These data suggest that BPA has multigenerational effects on the ovary in mice.

Reprod Toxicol. 2017 
Dec:74:150-157.

10.1016/j.reprotox.2017.09.013 28970132 動物 卵巣 1 1 1 1 1 1 - - - - - - 1 1 - 1 - - ● - - ● - - - - -

統合_2499 Marmugi A et al. 2014

Adverse effects of long-term 
exposure to bisphenol A during 
adulthood leading to hyperglycaemia 
and hypercholesterolemia in mice

Bisphenol A (BPA) is a suspected endocrine disruptor highly prevalent in our environment since it is used as monomer of polycarbonate plastics and epoxy resins. Recent epidemiological and animal studies have suggested 
that BPA exposure may influence the development of obesity and related pathologies such as type 2 diabetes, and cardiovascular diseases. However, experimental studies have often focused on short-term exposures. In 
this study, we investigated the effect of several months of BPA exposure on hepatic and plasma metabolic markers in adult mice. Male CD1 mice were exposed during 8 months to five different BPA doses below or 
equivalent to the current no observed adverse effect level (NOAEL: 5000 μg/kg/day) through drinking water. Plasma lipid profiles and liver transcriptomic analysis were performed in control and BPA-treated animals. We 
report a specific impact of BPA exposure on glycaemia, glucose tolerance and cholesterolemia. Consistent with the hypercholesterolemia in BPA-treated animals, RT-qPCR performed on hepatic mRNA from same animals 
demonstrated an overexpression of key genes involved in cholesterol biosynthesis, namely, Mvd, Lss Hmgcr, and Sqle. BPA also induced the expression of the sterol regulatory element-binding proteins 2, a master 
regulator of hepatic cholesterol biosynthesis. As shown by the plasma lathosterol to cholesterol ratio, a surrogate marker for cholesterol biosynthesis, whole body cholesterol de novo synthesis was also increased in 
BPA-exposed animals. These original results are consistent with many epidemiological studies reporting on a link between BPA exposure and the onset of cardiovascular diseases.

Toxicology. 2014 Nov 
5:325:133-43.

10.1016/j.tox.2014.08.006 25168180 動物 代謝 1 1 1 1 BPA/kg bw/day 1 - - - - - - 1 1 - 1 - 1 ● - - - - - - - -

統合_2500 Mathisen GH et al. 2013

Prenatal exposure to bisphenol A 
interferes with the development of 
cerebellar granule neurons in mice 
and chicken

In mice, prenatal exposure to low doses of bisphenol A has been shown to affect neurogenesis and neuronal migration in cortex, resulting in disturbance of both neuronal positioning and the network formation between 
thalamus and cortex in the offspring brain. In the present study we investigated whether prenatal exposure to bisphenol A disturbs the neurodevelopment of the cerebellum. Two different model systems were used; 
offspring from two strains of mice from mothers receiving bisphenol A in the drinking water before mating, during gestation and lactation, and chicken embryos exposed to bisphenol A (in the egg) on embryonic day 16 for 
24h before preparation of cerebellar granule cell cultures. In the cerebellum, tight regulation of the level of transcription factor Pax6 is critical for correct development of granule neurons. During the development, the Pax6 
level in granule neurons is high when these cells are located in the external granule layer and during their migration to the internal granule layer, and it is then reduced. We report that bisphenol A induced an increase in the 
thickness of the external granule layer and also an increase in the total cerebellar Pax6 level in 11 days old mice offspring. In cultured chicken cerebellar granule neurons from bisphenol A injected eggs the Pax6 level was 
increased day 6 in vitro. Together, these findings indicate that bisphenol A may affect the granule neurons in the developing cerebellum and thereby may disturb the correct development of the cerebellum.

Int J Dev Neurosci. 2013 
Dec;31(8):762-9.

10.1016/j.ijdevneu.2013.09.009 24091367 動物 発達神経 1 1 1 1 1 1 - - - - - - 1 1 - 1 - 1 - - - - - - - - -

統合_2501 Menard S et al. 2014
Food intolerance at adulthood after 
perinatal exposure to the endocrine 
disruptor bisphenol A

The food contaminant bisphenol A (BPA) is pointed out as a risk factor in development of food allergy and food intolerance, two adverse food reactions increasing worldwide. We evaluated the consequences of perinatal 
exposure to low doses of BPA on immune-specific response to the food antigen ovalbumin (OVA) at adulthood. Perinatal exposure to BPA (0.5, 5, or 50 mug/kg/d) from 15th day of gravidity to pups weaning resulted in an 
increase of anti-OVA IgG titers at all BPA dosages in OVA-tolerized rats, and at 5 mug/kg/d in OVA-immunized rats compared to control rats treated with vehicle. In BPA-treated and OVA-tolerized rats, increased anti-
OVA IgG titers were associated with higher IFNgamma secretion by the spleen. This result is in accordance with the increase of activated CD4(+)CD44(high)CD62L(low) T lymphocytes observed in spleen of BPA-
exposed rats compared to controls. Finally, when BPA-treated OVA-tolerized rats were orally challenged with OVA, colonic inflammation occurred, with neutrophil infiltration, increased IFNgamma, and decreased 
TGFbeta. We show that perinatal exposure to BPA altered oral tolerance and immunization to dietary antigens (OVA). In summary, the naive immune system of neonate is vulnerable to low doses of BPA that trigger food 
intolerance later in life.

FASEB J. 2014 
Nov;28(11):4893-900.

10.1096/fj.14-255380 25085925 動物 免疫 1 1 1 1 1 1 - - - - - - 1 1 - 1 - 1 - ● - - - - - - -

統合_2503 Nowicki BA et al. 2016

Adverse effects of bisphenol A 
(BPA) on the dopamine system in 
two distinct cell models and corpus 
striatum of the Sprague-Dawley rat

The aim of this study was to examine the effects of bisphenol A (BPA) on the brain dopamine (DA) system utilizing both in vitro models (GH3 cells, a rat pituitary cell line, and SH-SY5Y cells, a human neuroblastoma cell 
line) and an animal model such as Sprague-Dawley (SD) rats. First, cellular DA uptake was measured 2 or 8 h following BPA exposure (0.1?400 ?M) in SH-SY5Y cells, where a significant increase in DA uptake was noted. 
BPA exerted no marked effect on dopamine active transporter levels in GH3 cells exposed for 8 or 24 h. However, SH-SY5Y cells displayed an increase in dopamine transporter (DAT) levels following 24 h of exposure to 
BPA. In contrast to DAT levels, BPA exposure produced no marked effect on DA D1 receptor levels in SH-SY5Y cells, yet a significant decrease in GH3 cells following both 8- and 24-h exposure periods was noted, 
suggesting that BPA exerts differential effects dependent upon cell type. BPA produced no significant effects on prolactin levels at 2 h, but a marked fall occurred at 24 h of exposure in GH3 cells. Finally, to examine the 
influence of dietary developmental exposure to BPA on brain DA levels in F1 offspring, SD rats were exposed to BPA (0.5?20 mg/kg) through maternal transfer and/or diet and striatal DA levels were measured on postnatal 
day (PND) 60 using high-performance liquid chromatography (HPLC). Data demonstrated that chronic exposure to BPA did not significantly alter striatal DA levels in the SD rat.

J Toxicol Environ Health 
A. 2016;79(20):912-24.

10.1080/15287394.2016.1204577 27494678 動物 神経 1 1 1 1 1 1 - - - - - - 1 1 - 1 - - - - - - - - - - -
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統合_2505 O'Brien E et al. 2014

Perinatal bisphenol A exposure 
beginning before gestation 
enhances allergen sensitization, but 
not pulmonary inflammation, in adult 
mice

Bisphenol A (BPA), a monomer of polycarbonate plastics and epoxide resin, is a high-production-volume chemical implicated in asthma pathogenesis when exposure occurs to the developing fetus. However, few studies 
have directly examined the effect of in utero and early-life BPA exposure on the pathogenesis of asthma in adulthood. This study examines the influence of perinatal BPA exposure through maternal diet on allergen 
sensitization and pulmonary inflammation in adult offspring. Two weeks before mating, BALB/c dams were randomly assigned to a control diet or diets containing 50 ng, 50 mug or 50 mg BPA/kg of rodent chow. Dams 
remained on the assigned diet throughout gestation and lactation until postnatal day (PND) 21 when offspring were weaned onto the control diet. Twelve-week-old offspring were sensitized to ovalbumin (OVA) and 
subsequently challenged with aerosolized OVA. Sera, splenocytes, bronchoalveolar lavage fluid and whole lungs were harvested to assess allergen sensitization and pulmonary inflammation after OVA challenge. Serum 
anti-OVA IgE levels were increased two-fold in offspring exposed to 50 mug and 50 mg BPA/kg diet, compared with control animals. In addition, production of interleukin-13 and interferon-gamma were increased in OVA-
stimulated splenocytes recovered from BPA-exposed mice. Pulmonary inflammation, as indicated by total and differential leukocyte counts, cytokines, chemokines and pulmonary histopathology inflammatory scores, 
however, was either not different or was reduced in offspring exposed to BPA. Although these data suggest that perinatal BPA exposure beginning before gestation enhances allergen sensitization by increasing serum IgE 
and splenocyte cytokine production, a substantial impact of BPA on OVA-induced pulmonary inflammation in adulthood was not observed.

J Dev Orig Health Dis. 
2014 Apr;5(2):121-31.

10.1017/S204017441400004X 24847698 動物 免疫 1 1 0 1 1 1 - - - - - - 1 1 - 1 - - ● - - ● - - - - -

統合_2506 O'Brien E et al. 2014

Perinatal bisphenol A exposures 
increase production of pro-
inflammatory mediators in bone 
marrow-derived mast cells of adult 
mice

Bisphenol A (BPA) is a widely used monomer of polycarbonate plastics and epoxide resin that has been implicated in asthma pathogenesis when exposure occurs to the developing fetus. However, few studies have 
examined the relationship between perinatal BPA exposure and asthma pathogenesis in adulthood. This study used an isogenic mouse model to examine the influence of perinatal BPA exposure via maternal diet on 
inflammatory mediators associated with asthma in 6-month-old adult offspring by measuring bone marrow-derived mast cell (BMMC) production of lipid mediators (cysteinyl leukotrienes and prostaglandin D2), cytokines 
(interleukin [IL]-4, IL-5, IL-6, IL-13, and tumor necrosis factor [TNF]-alpha), and histamine. Global DNA methylation levels in BMMCs from adult offspring were determined to elucidate a potential regulatory mechanism 
linking perinatal exposure to mast cell phenotype later in life. Four BPA exposure doses were tested: low (50 ng BPA/kg diet, n = 5), medium (50 mug BPA/kg diet, n = 4), high (50 mg BPA/kg diet, n = 4), and control (n = 
3). Following BMMC activation, increases in cysteinyl leukotriene (p < 0.01) and TNFalpha (p < 0.05) production were observed in all BPA-exposure groups, and increases in prostaglandin D2 (p < 0.01) and IL-13 (p < 
0.01) production were observed in the high exposure group. Additionally, BMMCs from adult mice in all exposure groups displayed a decrease in global DNA methylation compared to control animals. Thus, perinatal BPA 
exposure displayed a long-term influence on mast cell-mediated production of pro-inflammatory mediators associated with asthma and global DNA methylation levels, suggesting a potential for mast cell dysregulation, 
which could affect pulmonary inflammation associated with allergic airway disease into adulthood.

J Immunotoxicol. 2014 
Jul-Sep;11(3):205-12.

10.3109/1547691X.2013.822036 23914806 動物 免疫 1 1 1 1 1 1 - - - - - - 1 1 - 1 - - ● - - - - - - ● -

統合_2507 Özaydın T, Öznurlu Y, Sur E, Çelik İ, Uluışık D. 2018

The effects of bisphenol A on some 
plasma cytokine levels and 
distribution of CD8(+) and CD4(+) 
T lymphocytes in spleen, ileal 
Peyer's patch and bronchus 
associated lymphoid tissue in rats

The effects of bisphenol A on the some plasma cytokine levels and distribution of CD8(+) and CD4(+) T lymphocytes in spleen, ilealPeyer's patch and bronchus-associated lymphoid tissue in rats were investigated. A 
total of fourty male Wistar Albino rats were divided into five groups including 8 rats in each one: control, vehicle, BPA 5, BPA 50 and BPA 500 groups. Doses of 5, 50 and 500 mug/kg BPA were dissolved in ethanol, then 
mixed with corn oil. The control group received no treatment. The vehicle group was given the ethanol-corn oil mixture. BPA 5, BPA 50 and BPA 500 groups were given, respectively, 5, 50, and 500 mug/kg/day orally. In 
blood samples, IL-4, IL-6, IL-10 and TNF-alpha plasma levels were determined with ELISA. Tissue samples (spleen, ileal Peyer's patches and lung) were processed by means of routine histological techniques. CD4 and 
CD8 were stained immunohistochemically. Data obtained from this study showed that, BPA causes the alteration on immune parameters including cytokine profile, distribution of CD8(+) and CD4(+) T lymhpocytes in 
spleen and ileal Peyer's patches. Present study indicated that BPA may affect immune systems even at lower doses.Disruption of immun system cells and cytokine levels can result in harmful outcomes triggering 
autoimmune diseases and immunodeficiencies.

Acta Histochem. 2018 
Nov;120(8):728-733.

10.1016/j.acthis.2018.08.002 30107890 動物 免疫 1 1 1 1 1 1 - - - - - - 1 1 - 1 - 1 ● - - - - - - - -

統合_2508 Ozaydin T et al. 2018
Effects of bisphenol A on 
antioxidant system and lipid profile 
in rats

We investigated the effects of bisphenol A (BPA) on antioxidant system enzymes, blood lipid profile and histologic structure of liver and pancreas in rats. We used 40 8-week-old male Wistar albino rats. The animals were 
divided into five groups of eight: control, vehicle, BPA-5, BPA-50 and BPA-500. BPA was dissolved in ethanol, then mixed with corn oil. The control group was untreated. The vehicle group was given the ethanol-corn oil 
mixture. The BPA 5, BPA 50 and BPA 500 groups were given 5, 50, and 500 microg/kg body weights/day, respectively. After 8 weeks, blood and tissue samples were obtained from the animals and plasma GSH, TBARS, 
SOD, GPx, CAT, NO, total cholesterol, triglyceride, HDL, LDL, insulin and glucose were measured. The sections were stained using histochemical and immunohistochemical methods. BPA significantly decreased the 
levels of GSH, SOD, GPx and CAT, and increased the levels of TBARS and NO in plasma. There was no significant difference among the groups in plasma insulin and glucose levels. The percentage of insulin 
immunoreactive cells in islets increased significantly in the BPA-500 group. The H-score of the BPA-5 and BPA-50 groups decreased significantly compared to controls. We found that BPA caused oxidative stress and 
disruption of pancreatic beta-cell function. Therefore, BPA is a risk factor for animal and human health.

Biotech Histochem. 
2018;93(4):231-238.

10.1080/10520295.2017.1420821 29388445 動物 代謝 1 1 1 1 1 1 - - - - - - 1 1 - 1 - 1 ● - - - - - - - -

統合_2512 Rashid H et al. 2018

Bisphenol A-Induced Endocrine 
Toxicity and Male Reprotoxicopathy 
are Modulated by the Dietary Iron 
Deficiency

INTRODUCTION: Bisphenol A (BPA) is suspected to cause hormonal imbalance in humans. Dietary factors are known to bring changes in hormonal profile. In order to study chemico-biological interaction of iron deficiency 
on toxicity outcome of BPA exposure, we studied the modulatory effects of iron deficiency on the hormone levels in rats chronically-exposed to BPA. METHODS: Weanling rats maintained on normal and iron-deficient diets 
were exposed to low level of BPA at 0, 1, 5 and 10 ppm for six months through drinking water. The serum levels of thyroidstimulating hormone (TSH), testosterone, progesterone and estradiol were measured in the animals 
by enzyme-linked immunosorbent assay kit. Histopathology was performed to check the pathological changes in gonads. RESULTS: No significant change was observed in TSH, progesterone and estradiol levels at 1 and 
5 ppm BPA. However, at 10 ppm BPA a significant increase in TSH level was observed in the animals maintained on an iron-deficient diet of either sex. BPA caused a significant change in testosterone level even at 5 and 
10 ppm doses in animals of either sex. However, in male rats 1 ppm dose also showed a significant effect in the animals maintained on iron deficient diet. Changes in the histoarchitecture of the testes at high dose of 
BPA (10 ppm) were more remarkable in anemic rats. CONCLUSION: These results suggest that iron deficiency has no generalized effect on hormonal levels in BPA-treated animals and trends indicate a more remarkable 
effect in male animals at hormonal and tissue levels.

Endocr Metab Immune 
Disord Drug Targets. 
2018;18(6):626-636.

10.2174/187153031866618052109
5443

29779488 動物 ホルモンレベル 1 1 1 1 1 飲⽔中濃度（1, 5, 10 ppm) - - - - - - 1 1 - 1 - - ● - - ● - - - - -

統合_2513 Rebuli ME et al. 2015

Impact of Low-Dose Oral Exposure 
to Bisphenol A (BPA) on Juvenile 
and Adult Rat Exploratory and 
Anxiety Behavior: A CLARITY-BPA 
Consortium Study

Bisphenol A (BPA) is a high volume production chemical and has been identified as an endocrine disruptor, prompting concern that developmental exposure could impact brain development and behavior. Rodent and human 
studies suggest that early life BPA exposure may result in an anxious, hyperactive phenotype but results are conflicting and data from studies using multiple doses below the no-observed-adverse-effect level are limited. 
To address this, the present studies were conducted as part of the CLARITY-BPA (Consortium Linking Academic and Regulatory Insights on BPA Toxicity) program. The impact of perinatal BPA exposure (2.5, 25, or 2500 
microg/kg body weight (bw)/day) on behaviors related to anxiety and exploratory activity was assessed in juvenile (prepubertal) and adult NCTR Sprague-Dawley rats of both sexes. Ethinyl estradiol (0.5 microg/kg 
bw/day) was used as a reference estrogen. Exposure spanned gestation and lactation with dams gavaged from gestational day 6 until birth and then the offspring gavaged directly through weaning (n = 12/sex/group). 
Behavioral assessments included open field, elevated plus maze, and zero maze. Anticipated sex differences in behavior were statistically identified or suggested in most cases. No consistent effects of BPA were 
observed for any endpoint, in either sex, at either age compared to vehicle controls; however, significant differences between BPA-exposed and ethinyl estradiol-exposed groups were identified for some endpoints. 
Limitations of this study are discussed and include suboptimal statistical power and low concordance across behavioral tasks. These data do not indicate BPA-related effects on anxiety or exploratory activity in these 
developmentally exposed rats.

Toxicol Sci. 2015 
Dec;148(2):341-54.

10.1093/toxsci/kfv163 26209558 動物 発達神経 1 1 1 1 1 1 - - - - - - 1 1 - 1 - - ● - - - - - - - ●

統合_2514 Rebuli ME et al. 2014

Investigation of the Effects of 
Subchronic Low Dose Oral Exposure 
to Bisphenol A (BPA) and Ethinyl 
Estradiol (EE) on Estrogen Receptor 
Expression in the Juvenile and Adult 
Female Rat Hypothalamus

Concerns have been raised regarding the long-term impacts of early life exposure to the ubiquitous environmental contaminant bisphenol A (BPA) on brain organization. Because BPA has been reported to affect estrogen 
signaling, and steroid hormones play a critical role in brain sexual differentiation, there is also concern that BPA exposure could alter neural sex differences. Here, we examine the impact of subchronic exposure from 
gestation to adulthood to oral doses of BPA below the current no-observed-adverse-effect level (NOAEL) of 5 mg/kg body weight (bw)/day on estrogen receptor (ESR) expression in sexually dimorphic brain regions of 
prepubertal and adult female rats. The dams were gavaged daily with vehicle (0.3% carboxymethylcellulose), 2.5, 25, 260, or 2700 mug BPA/kg bw/day, or 0.5 or 5.0 mug ethinyl estradiol (EE)/kg bw/day from gestational 
day 6 until labor began. Offspring were then gavaged directly from the day after birth until the day before scheduled sacrifice on postnatal days 21 or 90. Using in situ hybridization, one or more BPA doses produced 
significant decreases in Esr1 expression in the juvenile female rat anteroventral periventricular nucleus (AVPV) of the hypothalamus and significant decreases in Esr2 expression in the adult female rat AVPV and medial 
preoptic area (MPOA), relative to vehicle controls. BPA did not simply reproduce EE effects, indicating that BPA is not acting solely as an estrogen mimic. The possible consequences of long-term changes in hypothalamic 
ESR expression resulting from subchronic low dose BPA exposure on neuroendocrine effects are discussed and being addressed in ongoing, related work.

Toxicol Sci. 2014 
Jul;140(1):190-203.

10.1093/toxsci/kfu074 24752507 動物 発達神経 1 1 1 1 1 1 - - - - - - 1 1 - 1 - 1 - - - - - - - - -

統合_2515 Rebuli ME et al. 2016

Sex differences in microglial 
colonization and vulnerabilities to 
endocrine disruption in the social 
brain

During development, microglia, the resident immune cells of the brain, play an important role in synaptic organization. Microglial colonization of the developing brain is sexually dimorphic in some regions, including nuclei 
critical for the coordination of social behavior, suggesting steroid hormones have an influencing role, particularly estrogen. By extension, microglial colonization may be vulnerable to endocrine disruption. Concerns have 
been raised regarding the potential for endocrine disrupting compounds (EDCs) to alter brain development and behavior. Developmental exposure to Bisphenol A (BPA), a ubiquitous EDC, has been associated with altered 
sociosexual and mood-related behaviors in various animal models and children. Through a comparison of the promiscuous Wistar rat (Rattus norvegicus) and the socially monogamous prairie vole (Microtus ochrogaster), 
we are the first to observe that developmental exposure to the synthetic estrogen ethinyl estradiol (EE) or BPA alters the sex-specific colonization of the hippocampus and amygdala by microglia.

Gen Comp Endocrinol. 
2016 Nov 1:238:39-46.

10.1016/j.ygcen.2016.04.018 27102938 動物 発達神経 1 1 1 1 1 1 - - - - - - 1 1 - 1 - - - - - - - - - - -

統合_2516 Sadowski RN et al. 2014

Effects of perinatal bisphenol A 
exposure during early development 
on radial arm maze behavior in adult 
male and female rats

Previous work has shown that exposure to bisphenol A (BPA) can affect anxiety behavior. However, no studies have examined whether administration of this endocrine disruptor during the perinatal period has the potential 
to induce alterations in cognitive behavior in both adult males and females as assessed in an appetitive task. The goal of the current study was to determine whether exposure to different doses of BPA during early 
development alters performance on the 17-arm radial maze in adulthood in Long-Evans rats. Oral administration of corn oil (vehicle), 4 mug/kg, 40 mug/kg, or 400 mug/kg BPA to the dams occurred daily throughout 
pregnancy, and the pups received direct oral administration of BPA between postnatal days 1-9. Blood was collected from offspring at weaning age to determine levels of several hormones (thyroxine, thyroid stimulating 
hormone, follicle stimulating hormone, luteinizing hormone). One male and one female from each litter were evaluated on the 17-arm radial maze, a working/reference memory task, in adulthood. Results indicated that 
after exposure to BPA at both 4 and 400 mug/kg/day, rats of both sexes had decreased levels of FSH at weaning. There were no significant effects of BPA on performance on the radial arm maze in males or females. In 
conclusion, exposure to BPA during early development had modest effects on circulating hormones but did not affect performance on a spatial learning and memory task.

Neurotoxicol Teratol. 
2014 Mar-Apr:42:17-24.

10.1016/j.ntt.2014.01.002 24440629 動物 内分泌、発達神経 1 1 1 1 1 1 - - - - - - 1 1 - 1 - 1 ● - - - - - - - -

統合_2517 Sadowski RN et al. 2014

Early exposure to bisphenol A alters 
neuron and glia number in the rat 
prefrontal cortex of adult males, but 
not females

Previous work has shown that exposure to bisphenol A (BPA) during early development can alter sexual differentiation of the brain in rodents, although few studies have examined effects on areas of the brain associated 
with cognition. The current study examined if developmental BPA exposure alters the total number of neurons and glia in the medial prefrontal cortex (mPFC) in adulthood. Pregnant Long-Evans rats were orally exposed to 
0, 4, 40, or 400-mug/kg BPA in corn oil throughout pregnancy. From postnatal days 1 to 9, pups were given daily oral doses of oil or BPA, at doses corresponding to those given during gestation. Brains were examined in 
adulthood, and the volume of layers 2/3 and layers 5/6 of the mPFC was parcellated. The density of neurons and glia in these layers was quantified stereologically with the optical disector, and density was multiplied by 
volume for each animal. Males exposed to 400-mug/kg BPA were found to have increased numbers of neurons and glia in layers 5/6. Although there were no significant effects of BPA in layers 2/3, the pattern of increased 
neuron number in males exposed to 400-mug/kg BPA was similar to that seen in layers 5/6. No effects of BPA were seen in females or in males exposed to the other doses of BPA. This study indicates that males are 
more susceptible to the long-lasting effects of BPA on anatomy of the mPFC, an area implicated in neurological disorders.

Neuroscience. 2014 Oct 
24:279:122-31.

10.1016/j.neuroscience.2014.08.03
8

25193849 動物 発達神経 1 1 1 1 1 1 - - - - - - 1 1 - 1 - 1 ● - - - - - - - -

統合_2518 Saura M et al. 2014

Oral administration of bisphenol A 
induces high blood pressure through 
angiotensin II/CaMKII-dependent 
uncoupling of eNOS

Bisphenol A (BPA) is found in human urine and fat tissue. Higher urinary BPA concentrations are associated with arterial hypertension. To shed light on the underlying mechanism, we orally administered BPA (4 nM to 400 
muM in drinking water) to 8-wk-old CD11 mice over 30 d. Mice developed dosage-dependent high blood pressure (systolic 130 +/- 12 vs. 170 +/- 12 mmHg; EC50 0.4 muM), impairment of acetylcholine (AcH)-induced 
carotid relaxation (0.66 +/- 0.08 vs. 0.44 +/- 0.1 mm), a 1.7-fold increase in arterial angiotensin II (AngII), an 8.7-fold increase in eNOS mRNA and protein, and significant eNOS-dependent superoxide and peroxynitrite 
accumulation. AngII inhibition with 0.5 mg/ml losartan reduced oxidative stress and normalized blood pressure and endothelium-dependent relaxation, which suggests that AngII uncouples eNOS and contributes to the 
BPA-induced endothelial dysfunction by promoting oxidative and nitrosative stress. Microarray analysis of mouse aortic endothelial cells revealed a 2.5-fold increase in expression of calcium/calmodulin-dependent protein 
kinase II-alpha (CaMKII-alpha) in response to 10 nM BPA, with increased expression of phosphorylated-CaMKII-alpha in carotid rings of BPA-exposed mice, whereas CaMKII-alpha inhibition with 100 nM autocamptide-
2-related inhibitor peptide (AIP) reduced BPA-mediated increase of superoxide. Administration of CaMKII-alpha inhibitor KN 93 reduced BPA-induced blood pressure and carotid blood velocity in mice, and reverted BPA-
mediated carotid constriction in response to treatment with AcH. Given that CaMKII-alpha inhibition prevents BPA-mediated high blood pressure, our data suggest that BPA regulates blood pressure by inducing 
AngII/CaMKII-alpha uncoupling of eNOS.

FASEB J. 2014 
Nov;28(11):4719-28.

10.1096/fj.14-252460 25103225 動物 ⼼⾎管 1 1 1 1 1 1 - - - - - - 1 1 - 1 - 1 ● - - - - - - - -

統合_2519 Shi M et al. 2018
Prenatal exposure to bisphenol A 
analogues on male reproductive 
functions in mice

This study was performed to examine whether prenatal exposure to bisphenol (BP) A analogues, BPE and BPS, negatively impacts male reproductive functions and testis development using mice as a model. CD-1 mice 
were orally exposed to control treatment (corn oil), BPA, BPE, and BPS (0.5, 20, or 50 microg/kg/day) from gestational day 11 (the presence of vaginal plug = 1) to birth. Although sperm counts were significantly reduced 
by BPA, BPE, or BPS on postnatal day (PND) 60, only BPE or BPS exposure remained low for sperm motility. Exposure to BPA, BPE, and BPS disrupted the progression of germ cell development, as morphometric analyses 
exhibited an abnormal distribution of the stages of spermatogenesis. Furthermore, BPS with a dose of 50 microg/kg/day increased a level of serum estradiol-17beta in adult males. On PND12, BPE and BPS significantly 
increased TUNEL positive cells in neonatal testis, following disruption of the expression of apoptosis, autophagy, and oxidative stress-related factors. In addition, the expression of methyltransferases for DNA 
methylation and histone modification was also affected by prenatal exposure to BPA, BPE, or BPS in neonatal testis. These results suggest that prenatal exposure to BPE and BPS with physiologically relevant doses 
affects male reproductive functions probably due to spermatogenic defect in the developing testis.

Toxicol Sci. 2018 Jun 
1;163(2):620-631.

10.1093/toxsci/kfy061 29741722 動物 精巣 1 1 1 1 1 1 - - - - - - 1 1 - 1 - 1 ● - - ● - - - - -

統合_2520 Srivastava S and Gupta P 2016
Genotoxic and infertility effects of 
bisphenol a on wistar albino rats

The plastic monomer and plasticizer bisphenol A (BPA) is one of the highest volume chemicals produced worldwide. It is used in the production of polycarbonate plastics and epoxy resins used in many consumer products. 
The study was designed to determine genotoxic and infertility effect of BPA. Adult male wistar albino rats were orally administered with various doses of BPA (5 µg, 50 µg and 100 µg/100g bw) and vitamin E (4 mg/100g 
bw) once a day for 90 days. Decline in testicular protein and LDH level and increases in the frequency of micronucleus in polychromatic erythrocytes and normochromatic erythrocyte were observed at various dose treated 
groups as compared to control and vitamin E intervention groups. Study concludes that, BPA exposure partly inhibit the reproductive function in male rat and cause genotoxicity whereas, supplementation of vitamin E 
during BPA exposure have certain protective effect on reproductive inhibition caused by BPA exposure.

International Journal of 
Pharmaceutical 
Sciences Review and 
Research.2016;41(1):12
6-131
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統合_2522 Sullivan AW et al. 2014

A Novel Model for Neuroendocrine 
Toxicology: Neurobehavioral Effects 
of BPA Exposure in a Prosocial 
Species, the Prairie Vole (Microtus 
ochrogaster)

Impacts on brain and behavior have been reported in laboratory rodents after developmental exposure to bisphenol A (BPA), raising concerns about possible human effects. Epidemiological data suggest links between 
prenatal BPA exposure and altered affective behaviors in children, but potential mechanisms are unclear. Disruption of mesolimbic oxytocin (OT)/vasopressin (AVP) pathways have been proposed, but supporting evidence 
is minimal. To address these data gaps, we employed a novel animal model for neuroendocrine toxicology: the prairie vole (Microtus ochrogaster), which are more prosocial than lab rats or mice. Male and female prairie 
vole pups were orally exposed to 5-mug/kg body weight (bw)/d, 50-mug/kg bw/d, or 50-mg/kg bw/d BPA or vehicle over postnatal days 8-14. Subjects were tested as juveniles in open field and novel social tests and for 
partner preference as adults. Brains were then collected and assessed for immunoreactive (ir) tyrosine hydroxylase (TH) (a dopamine marker) neurons in the principal bed nucleus of the stria terminalis (pBNST) and TH-ir, 
OT-ir, and AVP-ir neurons in the paraventricular nucleus of the hypothalamus (PVN). Female open field activity indicated hyperactivity at the lowest dose and anxiety at the highest dose. Effects on social interactions 
were also observed, and partner preference formation was mildly inhibited at all dose levels. BPA masculinized principal bed nucleus of the stria terminalis TH-ir neuron numbers in females. Additionally, 50-mg/kg bw 
BPA-exposed females had more AVP-ir neurons in the anterior PVN and fewer OT-ir neurons in the posterior PVN. At the 2 lowest doses, BPA eliminated sex differences in PVN TH-ir neuron numbers and reversed this 
sex difference at the highest dose. Minimal behavioral effects were observed in BPA-exposed males. These data support the hypothesis that BPA alters affective behaviors, potentially via disruption of OT/AVP pathways.

Endocrinology. 2014 
Oct;155(10):3867-81.

10.1210/en.2014-1379 25051448 動物 発達神経 1 1 1 1 1 1 - - - - - - 1 1 - 1 - 1 ● - - - - - - - -

統合_2523 Tarapore P et al. 2016
Data on spermatogenesis in rat 
males gestationally exposed to 
bisphenol A and high fat diets

This data article contains supporting information regarding the research article entitled "High butter-fat diet and bisphenol A additively impair male rat spermatogenesis" (P. Tarapore, M. Hennessy, D. Song, J. Ying, B. 
Ouyang, V. Govindarajah, et al.,) [1]. Sprague-Dawley females were fed AIN, high fat butter, 17alpha-ethinyl estradiol, or high fat butter plus four bisphenol A doses (2500 microg/kg bw-d, 250 microg/kg bw-d, 25 
microg/kg bw-d, and 2.5 microg/kg bw-d) before and during pregnancy. All diets were switched to AIN after the pups were born. Male offspring received testosterone (T)- and estradiol-17beta (E2)-filled implants from 
postnatal day 70-210 for 20 weeks (T+E2 rat model). The testes were weighed, and examined for impairments in spermatogenesis.

Data in 
Brief.2016;9:812-817

10.1016/j.dib.2016.10.025 27872877 動物 - 1 1 1 1 1 1 - - - - - - - - - - - - - - - ● - - - - -

統合_2524 Thilagavathi S et al. 2018

Monotonic Dose Effect of 
Bisphenol-A, an Estrogenic 
Endocrine Disruptor, on Estrogen 
Synthesis in Female Sprague-
Dawley Rats

Bisphenol-A (BPA) is a ubiquitous environmental chemical that produces adverse effect on reproduction system due to its potent estrogenic endocrine disruptive activity. The present study was aimed to investigate the 
monotonic dose effect of BPA on estrogen synthesis in female Sprague-Dawley rats. For this purpose, we administered three different doses of BPA (10, 50, 100 µg/kg bw/day) into rats and analyzed various biochemical, 
hormonal, molecular and histological parameters. 10 µg BPA treated rats showed significantly decreased levels of phase I detoxification agents (CYP450, Cyt-b5). Overexpression of eNOS with decreased expression of 
StAR and steroidogenic enzymes (CYP11A1, aromatase) indicate decreased production of estrogen. Increased levels of serum gonadotropins (FSH, LH) and decreased levels of estradiol suggest mimetic action of BPA 
and its feedback inhibition. Increased body weight, lipid profile status of 10 µg BPA treated rats and histological analysis of ovary and mammary tissue support the study. Overall, our results suggest that BPA exerts its 
estrogen mimetic effects in a monotonic manner.

Indian J Clin Biochem. 
2018 Oct;33(4):387-396.

10.1007/s12291-017-0696-8 30319184 動物 性ホルモン 1 1 1 1 1 1 - - - - - - 1 1 - 1 - 1 ● - - ● - - - - -

統合_2525 Tiwari KS et al. 2015

Inhibitory Effects of Bisphenol-A on 
Neural Stem Cells Proliferation and 
Differentiation in the Rat Brain Are 
Dependent on Wnt/beta-Catenin 
Pathway

Neurogenesis, a process of generation of new neurons, occurs throughout the life in the hippocampus and sub-ventricular zone (SVZ). Bisphenol-A (BPA), an endocrine disrupter used as surface coating for packaged food 
cans, injures the developing and adult brain. However, the effects of BPA on neurogenesis and underlying cellular and molecular mechanism(s) are still unknown. Herein, we studied the effect(s) of prenatal and early 
postnatal exposure of low dose BPA on Wnt/β-catenin signaling pathway that controls different steps of neurogenesis such as neural stem cell (NSC) proliferation and neuronal differentiation. Pregnant rats were treated 
with 4, 40, and 400 μg BPA/kg body weight orally daily from gestational day 6 to postnatal day 21. Both in vivo and in vitro studies showed that BPA alters NSC proliferation and differentiation. BPA impaired NSC 
proliferation (5'-bromo-2'-deoxyuridine (BrdU(+)) and nestin(+) cells) and neuronal differentiation (BrdU/doublecortin(+) and BrdU/neuronal nuclei (NeuN(+)) cells) in the hippocampus and SVZ as compared to control. It 
significantly altered expression/protein levels of neurogenic genes and the Wnt pathway genes in the hippocampus. BPA reduced cellular β-catenin and p-GSK-3β levels and decreased β-catenin nuclear translocation, 
and cyclin-D1 and TCF/LEF promoter luciferase activity. Specific activation and blockage of the Wnt pathway suggested involvement of this pathway in BPA-mediated inhibition of neurogenesis. Further, blockage of 
GSK-3β activity by SB415286 and GSK-3β small interfering RNA (siRNA) attenuated BPA-induced downregulation of neurogenesis. Overall, these results suggest significant inhibitory effects of BPA on NSC 
proliferation and differentiation in the rat via the Wnt/β-catenin signaling pathway.

Mol Neurobiol. 2015 
Dec;52(3):1735-1757.

10.1007/s12035-014-8940-1 25381574 動物 発達神経 1 1 1 1 1 1 - - - - - - 1 1 - 1 - 1 ● - - - - - - - -

統合_2526 Tucker DK et al. 2018

Evaluation of Prenatal Exposure to 
Bisphenol Analogues on 
Development and Long-Term Health 
of the Mammary Gland in Female 
Mice

BACKGROUND: Continued efforts to phase out bisphenol A (BPA) from consumer products have been met with the challenges of finding safer alternatives. OBJECTIVES: This study aimed to determine whether early-life 
exposure to BPA and its related analogues, bisphenol AF (BPAF) and bisphenol S (BPS), could affect female pubertal mammary gland development and long-term mammary health in mice. METHODS: Timed pregnant CD-1 
mice were exposed to vehicle, BPA (0.5, 5, 50 mg/kg), BPAF (0.05, 0.5, 5 mg/kg), or BPS (0.05, 0.5, 5 mg/kg) via oral gavage between gestation days 10-17. Mammary glands were collected from resulting female offspring 
at postnatal day (PND) 20, 28, 35, and 56, and at 3, 8, and 14 months for whole mount, histopathological evaluation, and quantitative real-time polymerase chain reaction (qPCR); serum steroid concentrations were also 
measured at these time points. RESULTS: In the bisphenol-exposed mice, accelerated mammary gland development was evident during early puberty and persisted into adulthood. By late adulthood, mammary glands from 
bisphenol-exposed female offspring exhibited adverse morphology in comparison with controls; most prominent were undifferentiated duct ends, significantly more lobuloalveolar hyperplasia and perivascular inflammation, 
and various tumors, including adenocarcinomas. Effects were especially prominent in the BPAF 5 mg/kg and BPS 0.5 mg/kg groups. Serum steroid concentrations and mammary mRNA levels of Esr1, Pgr, Ar, and Gper1 
were similar to controls. CONCLUSIONS: These data demonstrate that prenatal exposure of mice to BPAF or BPS induced precocious development of the mammary gland, and that siblings were significantly more 
susceptible to spontaneous preneoplastic epithelial lesions and inflammation, with an incidence greater than that observed in vehicle- and BPA-exposed animals. https://doi.org/10.1289/EHP3189.

Environ Health 
Perspect. 2018 Aug 
10;126(8):087003.

10.1289/EHP3189 30102602 動物 乳腺 1 1 1 1 1 1 - - - - - - 1 1 - 1 - 1 ● - - ● - - - ● -

統合_2528 Ullah A et al. 2018

Impact of low-dose chronic 
exposure to bisphenol A and its 
analogue bisphenol B, bisphenol F 
and bisphenol S on hypothalamo-
pituitary-testicular activities in adult 
rats: A focus on the possible 
hormonal mode of action

Bisphenol A an estrogen-mimic endocrine disrupting chemical, used to manufacture polycarbonate plastics and epoxy resins with toxic effects for male reproduction. Due to its toxicity, industries have started to replace it 
with other bisphenols. In this study, the toxicity of BPA analogues (BPB, BPF and BPS) was evaluated in a chronic study. We investigated whether the chronic exposure to low bisphenols doses affects spermatogenesis 
with outcomes on oxidative stress and male reproductive system. Male rats (22 day old) were exposed to water containing 0.1% ethanol for control or different concentrations of BPA and its analogues BPB, BPF and BPS 
(5, 25 and 50 μg/L) in drinking water for 48 weeks. Results of the present study showed a significant alteration in the gonadosomatic index (GSI) and relative reproductive organs weights. Oxidative stress in the testis 
was significantly elevated while sperm motility, Daily sperm production (DSP) and number of sperm in epididymis were reduced. Plasma testosterone, LH and FSH concentrations were reduced and estradiol levels were 
high in 50 μg/L exposed group. These results suggest that exposure to BPA and its analogues for chronic duration can induce structural changes in testicular tissue and endocrine alterations in the male reproductive 
system.

Food Chem Toxicol. 
2018 Nov:121:24-36.

10.1016/j.fct.2018.08.024 30120946 動物 精巣 1 1 1 1 1 1 - - - - - - 1 1 - 1 - 1 ● - - ● - - - ● -

統合_2529 van Esterik JCJ et al. 2014

Programming of metabolic effects in 
C57BL/6JxFVB mice by exposure to 
bisphenol A during gestation and 
lactation

The global rise in prevalence of obesity is not fully explained by genetics or life style factors. The developmental origins of health and disease paradigm suggests that environmental factors during early life could play a 
role. In this perspective, perinatal exposure to bisphenol A (BPA) has been indicated as a programming factor for obesity and related metabolic disorders later in life. Here we study early life programming by BPA using an 
experimental design that is relevant for human exposure. C57BL/6JxFVB hybrid mice were exposed during gestation and lactation via maternal feed to 8 non-toxic doses (0‒3000μg/kg body weight/day (μg/kg bw/d)) of 
BPA. After weaning, offspring were followed for 20 weeks without further exposure. Adult male offspring showed dose-dependent increases of body and liver weights, no effects on fat pad weights and a dose-dependent 
decrease in circulating glucagon. Female offspring showed a dose-dependent decrease in body weight, liver, muscle and fat pad weights, adipocyte size, serum lipids, serum leptin and adiponectin. Physical activity was 
decreased in exposed males and suggested to be increased in exposed females. Brown adipose tissue showed slightly increased lipid accumulation in males and lipid depletion in females, and ucp1 expression was dose-
dependently increased in females. The effects in females were more reliable and robust than in males due to wide confidence intervals and potential confounding by litter size for male data. The lowest derived BMDL 
(lower bound of the (two-sided) 90%-confidence interval for the benchmark dose) of 233μg/kg bw/d (for interscapular weight in females) was below the proposed BMDL of 3633μg/kg bw/d as a basis for tolerable daily 
intake. Although these results suggest that BPA can program for an altered metabolic phenotype, the sexual dimorphism of effects and diversity of outcomes among studies similar in design as the present study do not 
mark BPA as a specific obesogen. The consistency within the complex of observed metabolic effects suggests that upstream key element(s) in energy homeostasis are modified. Sex-dependent factors contribute to the 
final phenotypic outcome.

Toxicology. 2014 Jul 
3:321:40-52.

10.1016/j.tox.2014.04.001 24726836 動物 代謝 1 1 1 1 1 1 - - - - - - 1 1 - 1 - 1 ● - - - - - - - -

統合_2530 Vijaykumar T et al. 2017
Bisphenol A-induced ultrastructural 
changes in the testes of common 
marmoset

BACKGROUND & OBJECTIVES: Bisphenol A (BPA) is an endocrine disruptor that is widely used in the manufacture of polycarbonate plastics, epoxy resins and dental sealants. It is known to have adverse effects on 
spermatogenesis in rodents. This study was aimed to evaluate the effects of BPA in adult common marmoset owing to its similarities with human spermatogenesis. METHODS: Sixteen marmosets were divided into four 
groups (n=4 per group) and given oral doses of BPA (2.5, 12.5 and 25 mug/kg BW/day) for 70 days to cover two spermatogenic cycles, and the control group received only vehicle (honey). Testes were processed for 
histological and transmission electron microscopy studies. RESULTS: Histology of the testis showed sloughing of germ cells into the lumen, increase in interstitial space and vacuolation of Sertoli cell cytoplasm. 
Ultrastructural analysis of the testis revealed several degenerative effects on the basement membrane, Sertoli cells, Leydig cells and other developing germ cells in the 12.5 and 25 mug/kg BW/day groups as compared to 
control. INTERPRETATION & CONCLUSIONS: The observed ultrastructural changes caused by BPA in testicular morphology might be indicative of a perturbed sperm production. Considering the genetic and 
spermatogenic similarities of common marmoset (Callithrix jacchus) and humans, the study findings are of significance. Further studies are, however, needed to elucidate the mechanism of action.

Indian J Med Res. 2017 
Jul;146(1):126-137.

10.4103/ijmr.IJMR_927_15 29168469 動物 精巣 1 1 1 1 1 1 - - - - - - 1 1 - 1 - 1 ● - - ● - - - - -

統合_2531 Vilela J et al. 2014
Sperm impairments in adult vesper 
mice (Calomys laucha) caused by in 
utero exposure to bisphenol A

This study aimed to evaluate the effects of in utero administration of bisphenol A (BPA) on semen parameters of vesper mice. Sixty female Calomys laucha were divided into six groups and received by gavage during 
gestation the following substances: Water (negative control), Olive Oil (vehicle control), Diethylstilbestrol (DES - positive control - 6.5 μg kg(-1) bw) and BPA (40, 80 and 200 μg kg(-1) bw). Male offspring were 
euthanised at 70 days of age, and sperm parameters were analysed. BPA reduced normal sperm morphology (water = 96.1 ± 0.65; BPA200 = 96.8 ± 2.3%), sperm membrane integrity (water = 88.8 ± 1,65; BPA200 = 70.6 
± 4,15%), sperm motility (water = 87.5 ± 1.71; BPA200 = 51.3 ±9.9%) and in vitro penetration rates (water = 55.0 ± 7.14; BPA200 = 7.47 ±2.96%), but it did not affect body weight, anogenital distance, sperm DNA 
integrity and acrosome integrity. In conclusion, in utero exposure to BPA caused a reduction in sperm parameters of adult C. laucha. Natural mating studies should be conducted to verify the effects of BPA on fertility of 
the animals.

Andrologia. 
2014;46(9):971-8.

10.1111/and.12182 24147964 動物 精⼦ 1 1 1 1 1 1 - - - - - - 1 1 - 1 - 1 - - - ● - - - ● -

統合_2532 Wang C et al. 2016

Impairment of object recognition 
memory by maternal bisphenol A 
exposure is associated with 
inhibition of Akt and 
ERK/CREB/BDNF pathway in the 
male offspring hippocampus

Bisphenol A (BPA) is a commonly used endocrine-disrupting chemical used as a component of polycarbonates plastics that has potential adverse effects on human health. Exposure to BPA during development has been 
implicated in memory deficits, but the mechanism of action underlying the effect is not fully understood. In this study, we investigated the effect of maternal exposure to BPA on object recognition memory and the 
expressions of proteins important for memory, especially focusing on the ERK/CREB/BDNF pathway. Pregnant Sprague-Dawley female rats were orally treated with either vehicle or BPA (0.05, 0.5, 5 or 50 mg/kg BW/day) 
during days 9-20 of gestation. Male offspring were tested on postnatal day 21 with the object recognition task. Recognition memory was assessed using the object recognition index (index=the time spent exploring the 
novel object/(the time spent exploring the novel object+the time spent exploring the familiar object)). In the test session performed 90 min after the training session, BPA-exposed male offspring not only spent more time 
in exploring the familiar object at the highest dose than the control, but also displayed a significantly decreased the object recognition index at the doses of 0.5, 5 and 50 mg/kg BW/day. During the test session performed 
24h after the training session, BPA-treated males did not change the time spent exploring the familiar object, but had a decreased object recognition index at 5 and 50 mg/kg BW/day, when compared to control group. 
These findings indicate that object recognition memory was susceptible to maternal BPA exposure. Western blot analysis of hippocampi from BPA-treated male offspring revealed a decrease in Akt, phospho-Akt, p44/42 
MAPK and phospho-p44/42 MAPK protein levels, compared to controls. In addition, BPA significantly inhibited the levels of phosphorylation of CREB and BDNF in the hippocampus. Our results show that maternal BPA 
exposure may full impair object recognition memory, and that impairment may be related to a decrease in Akt activation and an inhibition of the ERK/CREB/BDNF pathway in the hippocampus. This study also adds new 
evidence that suggests BPA has an antagonistic effect on the action of estrogen in the brain.

Toxicology. 2016 Feb 
3:341-343:56-64.

10.1016/j.tox.2016.01.010 26827910 動物 発達神経 1 1 1 1 1 1 - - - - - - 1 1 - 1 - 1 ● - - - - - - - -

統合_2533 Wang C et al. 2014
Changes in memory and synaptic 
plasticity induced in male rats after 
maternal exposure to bisphenol A

Bisphenol A (BPA), a component of polycarbonate and epoxy resins, has been reported to adversely impact the central nervous system, especially with respect to learning and memory. However, the precise effect and 
specific mechanisms have not been fully elucidated. In the present study, pregnant Sprague-Dawley rats were orally administered with BPA at 0.05, 0.5, 5 or 50mg/kg·body weight (BW) per day from embryonic day 9 (E 9) 
to E 20. We examined the effects of maternal BPA exposure on memory and synaptic structure in the hippocampus of male offspring at postnatal day (PND) 21. Maternal BPA exposure significantly affected locomotor 
activity, exploratory habits, and emotional behavior in open field test, and increased reference and especially working memory errors in the radial arm maze during the postnatal developing stage. Maternal BPA exposure 
had an adverse effect on synaptic structure, including a widened synaptic cleft, a thinned postsynaptic density (PSD), unclear synaptic surface and disappeared synaptic vesicles. Furthermore, maternal BPA exposure 
decreased the mRNA and protein expressions of synaptophysin, PSD-95, spinophilin, GluR1 and NMDAR1 in the hippocampus of male offspring on PND 21. These results showed that fetal growth and development was 
more sensitive to BPA exposure. The decreased learning and memory induced by maternal exposure to BPA in this study may be involved in synaptic plasticity alteration.

Toxicology. 2014 Aug 
1:322:51-60.

10.1016/j.tox.2014.05.001 24820113 動物 発達神経 1 1 1 1 1 1 - - - - - - 1 1 - 1 - 1 ● - - - - - - - -

統合_2535 Wang W et al. 2014

In utero bisphenol A exposure 
disrupts germ cell nest breakdown 
and reduces fertility with age in the 
mouse

Bisphenol A (BPA) is a known reproductive toxicant in rodents. However, the effects of in utero BPA exposure on early ovarian development and the consequences of such exposure on female reproduction in later 
reproductive life are unclear. Thus, we determined the effects of in utero BPA exposure during a critical developmental window on germ cell nest breakdown, a process required for establishment of the finite primordial 
follicle pool, and on female reproduction. Pregnant FVB mice (F0) were orally dosed daily with tocopherol-striped corn oil (vehicle), diethylstilbestrol (DES; 0.05 mug/kg, positive control), or BPA (0.5, 20, and 50 mug/kg) 
from gestational day 11 until birth. Ovarian morphology and gene expression profiles then were examined in F1 female offspring on postnatal day (PND) 4 and estrous cyclicity was examined daily after weaning for 30 days. 
F1 females were also subjected to breeding studies with untreated males at three to nine months. The results indicate that BPA inhibits germ cell nest breakdown via altering expression of selected apoptotic factors. 
BPA also significantly advances the age of first estrus, shortens the time that the females remain in estrus, and increases the time that the females remain in metestrus and diestrus compared to controls. Further, F1 
females exposed to low doses of BPA exhibit various fertility problems and have a significantly higher percentage of dead pups compared to controls. These results indicate that in utero exposure to low doses of BPA 
during a critical ovarian developmental window interferes with early ovarian development and reduces fertility with age.

Toxicol Appl Pharmacol. 
2014 Apr 15;276(2):157-
64.

10.1016/j.taap.2014.02.009 24576723 動物 卵巣 1 1 1 1 1 1 - - - - - - 1 1 - 1 - - ● - - ● - - - ● -

統合_2536 Wang XL et al. 2014

Bisphenol A enhances kisspeptin 
neurons in anteroventral 
periventricular nucleus of female 
mice

Bisphenol-A (BPA), an environmental estrogen, adversely affects female reproductive health. However, the underlying mechanisms remain largely unknown. We found that oral administration (p.o.) of BPA (20 mug/kg) to 
adult female mice at proestrus, but not at estrus or diestrus, significantly increased the levels of plasma E(2), LH and FSH, and Gnrh mRNA within 6 h. The administration of BPA at proestrus, but not at diestrus, could 
elevate the levels of Kiss1 mRNA and kisspeptin protein in anteroventral periventricular nucleus (AVPV) within 6 h. In contrast, the level of Kiss1 mRNA in arcuate nucleus (ARC) was hardly altered by BPA administration. 
In addition, at proestrus, a single injection (i.c.v.) of BPA dose-dependently enhanced the AVPV-kisspeptin expression within 6 h, this was sensitive to E(2) depletion by ovariectomy and an estrogen receptor alpha 
(ERalpha) antagonist. Similarly, the injection of BPA (i.c.v.) at proestrus could elevate the levels of plasma E(2), LH, and Gnrh mRNA within 6 h in a dose-dependent manner, which was blocked by antagonists of GPR54 or 
ERalpha. Injection of BPA (i.c.v.) at proestrus failed to alter the timing and peak concentration of LH-surge generation. In ovariectomized mice, the application of E(2) induced a dose-dependent increase in the AVPV-
Kiss1 mRNA level, indicating 'E(2)-induced positive feedback', which was enhanced by BPA injection (i.c.v.). The levels of Eralpha (Esr1) and Erbeta (Esr2) mRNAs in AVPV and ARC did not differ significantly between 
vehicle-and BPA-treated groups. This study provides in vivo evidence that exposure of adult female mice to a low dose of BPA disrupts the hypothalamic-pituitary-gonadal reproductive endocrine system through enhancing 
AVPV-kisspeptin expression and release.

J Endocrinol. 2014 Apr 
22;221(2):201-13.

10.1530/JOE-13-0475 24532816 動物 内分泌 1 1 1 1 0 1 - - - - - - 1 1 - 1 - - ● - - - - - - - -
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統合_2537 Weinhouse C et al. 2015

Stat3 is a candidate epigenetic 
biomarker of perinatal Bisphenol A 
exposure associated with murine 
hepatic tumors with implications for 
human health

Bisphenol A (BPA) is an endocrine disrupting chemical (EDC) that has been implicated as a potential carcinogen and epigenotoxicant. We have previously reported dose-dependent incidence of hepatic tumors in 10-
month-old isogenic mice perinatally exposed to BPA. Here, we evaluated DNA methylation at 3 candidate genes (Esr1, Il-6st, and Stat3) in liver tissue of BPA-exposed mice euthanized at 2 time points: post-natal day 22 
(PND22; n = 147) or 10-months of age (n = 78, including n = 18 with hepatic tumors). Additionally, DNA methylation profiles were analyzed at human homologs of murine candidate genes in human fetal liver samples (n = 
50) with known liver tissue BPA levels. Candidate genes were chosen based on reported expression changes in both rodent and human hepatocellular carcinoma (HCC). Regions for bisulfite sequencing were chosen by 
mining whole genome next generation sequencing methylation datasets of both mice and human liver samples with known perinatal BPA exposures. One of 3 candidate genes, Stat3, displayed dose-dependent DNA 
methylation changes in both 10-month mice with liver tumors as compared to those without liver tumors and 3-week sibling mice from the same exposure study, implicating Stat3 as a potential epigenetic biomarker of 
both early life BPA exposure and adult disease in mice. DNA methylation profiles within STAT3 varied with liver tissue BPA level in human fetal liver samples as well, suggesting STAT3 may be a translationally relevant 
candidate biomarker. These data implicate Stat3 as a potential early life biomarker of adult murine liver tumor risk following early BPA exposure with early evidence of relevance to human health.

Epigenetics. 
2015;10(12):1099-110.

10.1080/15592294.2015.1107694 26542749 動物 メカニズム 1 1 1 1 1 1 - - - - - - 1 1 - 1 - 1 - - - - - - - - -

統合_2538 Weinhouse C et al. 2016

Epigenome-wide DNA methylation 
analysis implicates neuronal and 
inflammatory signaling pathways in 
adult murine hepatic tumorigenesis 
following perinatal exposure to 
bisphenol A

Developmental exposure to the endocrine-active compound bisphenol A (BPA) has been linked to epigenotoxic and potential carcinogenic effects in rodent liver, prostate, and mammary glands. A dose-dependent increase 
in hepatic tumors in 10-month mice perinatally exposed to one of three doses of BPA (50 ng, 50 microg, or 50 mg BPA/kg chow) was previously reported. These tumors represent early-onset disease and lack classical 
sexual dimorphism in incidence. Here, adult epigenome-wide liver DNA methylation profiles to identify gene promoters associated with perinatal BPA exposure and disease in 10-month mice with and without liver tumors 
were investigated. Mice with hepatic tumors showed 12,822 (1.8%) probes with differential methylation as compared with non-tumor animals, of which 8,656 (67.5%) were hypomethylated. A significant enrichment of 
differential methylation in Gene Ontology (GO) terms and biological processes related to morphogenesis and development, and epigenomic alteration were observed. Pathway enrichment revealed a predominance of 
hypermethylated neuronal signaling pathways linked to energy regulation and metabolic function, supporting metabolic consequences in the liver via BPA-induced disruption of neuronal signaling pathways. Hypothesis-
driven pathway analysis revealed mouse and human genes linked to BPA exposure related to intracellular Jak/STAT and MAPK signaling pathways. Taken together, these findings are indicators of the relevance of the 
hepatic tumor phenotype seen in BPA-exposed mice to human health. This work demonstrated that epigenome-wide discovery experiments in animal models were effective tools for identification and understanding of 
paralagous epimutations salient to human disease. Environ. Mol. Mutagen. 57:435-446, 2016. (c) 2016 Wiley Periodicals, Inc.

Environ Mol Mutagen. 
2016 Jul;57(6):435-46.

10.1002/em.22024 27334623 動物 メカニズム 1 1 1 1 1 1 - - - - - - 1 1 - 1 - - - - - - - - - - -

統合_2539 Wise LM et al. 2016

Long-term effects of adolescent 
exposure to bisphenol A on neuron 
and glia number in the rat prefrontal 
cortex: Differences between the 
sexes and cell type

Bisphenol A (BPA), an endocrine disruptor used in a variety of consumer products, has been found to alter the number of neurons in multiple brain areas in rats following exposure in perinatal development. Both the number 
of neurons and glia also change in the medial prefrontal cortex (mPFC) during adolescence, and this process is known to be influenced by gonadal hormones which could be altered by BPA. In the current study, we 
examined Long-Evans male and female rats that were administered BPA (0, 4, 40, or 400mug/kg/day) during adolescent development (postnatal days 27-46). In adulthood (postnatal day 150), the number of neurons and 
glia in the mPFC were stereologically assessed in methylene blue/azure II stained sections. There were no changes in the number of neurons, but there was a significant dose by sex interaction in number of glia in the 
mPFC. Pairwise comparisons between controls and each dose showed a significant increase in the number of glia between 0 and 40mug/kg/day in females, and a significant decrease in the number of glia between 0 and 
4mug/kg/day in males. In order to determine the type of glial cells that were changing in these groups in response to adolescent BPA administration, adjacent sections were labelled with S100beta (astrocytes) and IBA-1 
(microglia) in the mPFC of the groups that differed. The number of microglia was significantly higher in females exposed to 40mug/kg/day than controls and lower in males exposed to 4mug/kg/day than controls. There 
were no significant effects of adolescent exposure to BPA on the number of astrocytes in male or females. Thus, adolescent exposure to BPA produced long-term alterations in the number of microglia in the mPFC of rats, 
the functional implications of which need to be explored.

Neurotoxicology. 2016 
Mar:53:186-192.

10.1016/j.neuro.2016.01.011 26828634 動物 発達神経 1 1 1 1 1 1 - - - - - - 1 1 - 1 - 1 ● - - - - - - - -

統合_2540 Wong RLY et al. 2015

Identification of Secretaglobin 
Scgb2a1 as a target for 
developmental reprogramming by 
BPA in the rat prostate

Secretoglobins are a superfamily of secreted proteins thought to participate in inflammation, tissue repair, and tumorigenesis. Secretoglobin family 2A member 1 (Scgb2a1) is a component of prostatein, a major androgen-
binding protein secreted by the rat prostate. Using a rat model for developmental reprogramming of susceptibility to prostate carcinogenesis, we identified, by RNA-seq, that Scgb2a1 is significantly upregulated (>100-
fold) in the prostate of adult rats neonatally exposed to bisphenol A (BPA), with increased gene expression confirmed by quantitative RT-PCR and chromatin immunoprecipitation for histone H3 lysine 9 acetylation. 
Bisulfite analysis of both CpG islands located within 10 kb of the Scgb2a1 promoter identified significant hypomethylation of the CpG island upstream of the transcription start site of this gene in the reprogrammed 
prostate. These data suggest that expression of Scgb2a1 in the adult prostate could be epigenetically reprogrammed by BPA exposure during prostate development, with potential implications for cancer risk and response 
to chemotherapeutics associated with prostatein binding.

Epigenetics. 
2015;10(2):127-34.

10.1080/15592294.2015.1009768 25612011 動物 メカニズム 1 1 1 1 1 1 - - - - - - 1 1 - 1 - - ● - - ● - - - - -

統合_2541 Wu JH et al. 2016

Oral administration of low-dose 
bisphenol A promotes proliferation 
of ventral prostate and upregulates 
prostaglandin D-2 synthase 
expression in adult rats

This study aims to assess the effect of low oral dose of bisphenol A (BPA) on proliferation of ventral prostate (VP) and expression of related genes in adult rats. Three-month-old male Sprague Dawley rats were treated 
daily with BPA (10, 30, or 90 microg/kg, per os), 17beta-estradiol (E2, 10.0 microg/kg, subcutaneously), or vehicle for 4 weeks. Treatment with 10 microg/kg BPA resulted in increased animal weight and VP epithelial 
height compared with the controls ( p < 0.01), while such effects were less pronounced in higher BPA doses. Treatment with E2 showed opposite effects, with significantly decreased animal weight and VP epithelial 
height ( p < 0.01). Interestingly, BPA increased serum E2 and reduced testosterone levels and significantly increased the estrogen to androgen ratio ( p < 0.05). In addition, BPA slightly increased dihydrotestosterone 
(DHT) levels. Immunohistochemistry data showed that BPA significantly upregulated proliferating cell nuclear antigen expression ( p < 0.01). Furthermore, microarray and reverse transcription polymerase chain reaction 
analyses showed that BPA induced upregulation of prostaglandin D2 synthase ( Ptgds), Fas, Pbef1, and complement factor B ( Cfb)as well as downregulation of Pttg1 and Fabp4 in the VP. These results indicated that 
environmental exposure to low doses of BPA may induce proliferation of VP in adult rats by increasing the estrogen to androgen ratio and upregulating expression of Ptgds to promote production of DHT.

Toxicol Ind Health. 2016 
Nov;32(11):1848-1858.

10.1177/0748233715590758 26088557 動物 前⽴腺 1 1 1 1 1 1 - - - - - - 1 1 - 1 - 1 ● - - ● - - - - -

統合_2542 Wyatt BS et al. 2016
Sex- and Strain-dependent Effects 
of Bisphenol: A Consumption in 
Juvenile Mice

Children are directly exposed to bisphenol A (BPA) and other putative environmental obesogens through both diet and household products. The purpose of this study was to investigate sex- and genetic-dependent effects 
of BPA consumption on traits relevant to obesity and Type 2 diabetes in juveniles, using mice as models. Two strains of mice (C57BL/6J and DBA/2J) were chosen to represent distinct genetic backgrounds that differ in 
susceptibility to obesity and insulin resistance. Male and female mice of each strain consumed BPA at three doses in drinking water from four to eleven weeks of age. Male but not female mice of each strain consuming 
BPA were significantly fatter than controls. BPA induced corresponding changes in adipose tissue gene expression and metabolite abundance that indicate effects on adipogenesis and energy utilization. BPA consumption 
also altered the synthesis of adipokines, circulating factors that modulate insulin sensitivity and atherogenesis, in C57BL/6J but not DBA/2J males. Conversely, effects of BPA on plasma insulin were only observed in 
female mice, and with opposite effects in the two strains. These results suggest that dietary BPA may exacerbate childhood obesity and its consequences, and that sex and genetic background are important determinants 
of the physiological impact of BPA.

Journal of Diabetes & 
Metabolism.2016;7(8):1
0

10.4172/2155-6156.1000694 - 動物 代謝 1 1 1 1 1 1 - - - - - - 1 1 - 1 - 1 ● - - - - - - - -

統合_2544 Yang ML et al. 2016

Bisphenol A Promotes Adiposity and 
Inflammation in a Nonmonotonic 
Dose-response Way in 5-week-old 
Male and Female C57BL/6J Mice 
Fed a Low-calorie Diet

A growing body of epidemiological research show that Bisphenol A (BPA) is positively correlated with obesity and metabolic disorders. However, the mechanisms of BPA on adiposity remain largely unknown. In this study, 
we found that 5-week-old male and female C57BL/6J mice exposed to four dosages of BPA (5, 50, 500, and 5000 mug/kg/d) by oral intake for 30 days showed significantly increased body weight and fat mass in a 
nonmonotonic dose-dependent manner when fed a chow diet. The effect occurred even at the lowest concentration (5mug/kg/d), lower than the tolerable daily intake of 50 mug/kg/day for BPA. However, no significant 
difference in body weight and fat mass was observed in either male or female mice fed a high-fat diet, suggesting that BPA may interact with diet in promoting obesity risk. In vitro study showed that BPA treatment drives 
the differentiation of white adipocyte progenitors from the stromal vascular fraction, partially through glucocorticoid receptor. BPA exposure increased circulating inflammatory factors and the local inflammation in white 
adipose tissues in both genders fed a chow diet, but not under high-fat diet. We further found that BPA concentration was associated with increased circulating inflammatory factors, including leptin and TNFalpha, in lean 
female subjects (body mass index < 23.0 kg/m(2)) but not in lean male subjects or in both sexes of overweight/obese subjects (body mass index > 25.0 kg/m(2)). In conclusion, we demonstrated the nonmonotonic dose 
effects of BPA on adiposity and chronic inflammation in 5-week-old mice, which is related to caloric uptake.

Endocrinology. 2016 
Jun;157(6):2333-45.

10.1210/en.2015-1926 27145005 動物 代謝 1 1 1 1 1 1 - - - - - - 1 1 - 1 - 1 ● - - - - - - - -

統合_2545 Yang SM et al. 2017

Dysregulated Autophagy in 
Hepatocytes Promotes Bisphenol A-
Induced Hepatic Lipid Accumulation 
in Male Mice

Accumulating evidence suggests that bisphenol A (BPA) exposure is associated with nonalcoholic fatty liver disease. Disruption of autophagy causes lipid accumulation in hepatocytes. Whether and how BPA regulates 
autophagy remains to be explored. We investigated the effect of BPA on autophagy in hepatocytes and examined the influence of BPA-regulated autophagy on hepatic lipid accumulation. Male CD1 mice were treated with 
BPA for 8 weeks, followed by histological and biochemical evaluation of liver lipids and autophagy. Also, the effects of BPA on autophagy and hepatic lipid accumulation were examined in primary hepatocytes and HepG2 
cells. Lipid content in HepG2 cells and/or primary hepatocytes was increased obviously after BPA exposure. In addition, BPA exposure caused accumulation of autophagosomes in HepG2 cells and enhanced colocalization 
of Bodipy 493/503 with microtubule associated protein light-chain 3. These changes were accompanied with increased expression levels of p-mammalian target of rapamycin, p-p70S6 kinase, p-ULK1 and decreased 
expression levels of Atg5. BPA exposure also downregulated the expression of cathepsin L and decreased cytoplasmic retention of acridine orange in HepG2 cells. The impaired autophagic degradation was further 
evidenced by increased levels of p62 in BPA-treated HepG2 cells. At the whole animal level, BPA treatment induced lipid accumulation in livers of male CD1 mice, which was accompanied with changes in hepatic 
autophagy-related proteins. Moreover, induction of autophagy by Torin1 protected against BPA-induced lipid accumulation whereas suppression of autophagy by chloroquine exacerbated BPA-induced lipid accumulation in 
HepG2 cells. BPA dysregulates autophagy in hepatocytes, which is linked to BPA-induced hepatic lipid accumulation.

Endocrinology. 2017 
Sep 1;158(9):2799-
2812.

10.1210/en.2016-1479 28323964 動物 代謝 1 1 1 1 1 1 - - - - - - 1 1 - 1 - - ● - - - - - - - -

統合_2546 Ye Y et al. 2019

Bisphenol A exposure alters 
placentation and causes 
preeclampsia-like features in 
pregnant mice involved in 
reprogramming of DNA methylation 
of WNT2

Preeclampsia leads to adverse outcomes for pregnant women. Bisphenol A (BPA) is an environmental endocrine disruptor and has been shown to be positively associated with increased risk of preeclampsia in human 
studies. We investigated whether BPA exposure causes preeclampsia-like features in pregnant mice and the associated underlying mechanisms. Experiments were performed in animal models and cell cultures. In 
pregnant mice, BPA-exposed mice exhibited preeclampsia-like features including hypertension, disruption of the circulation, and the placental angiogenesis biomarkers fms-related tyrosine kinase 1 and placenta growth 
factor, and glomerular atrophy; urinary protein was not affected. These preeclampsia-like features correlated with increased retention of smooth muscle cells and reduced vessel areas at the junctional zone of the 
placenta. In addition, there were disrupted expression of invasion-related genes including increased tissue inhibitors of metalloproteinases, decreased metalloproteinases, and Wnt family member WNT2/beta-catenin, 
which correlated with increased DNA methylation in its promoter region and upregulation of DNA methyltransferase (Dnmt)1. BPA exposure impeded the interaction between the human cytotrophoblast cell line, HTR-
8/SVneo, and endothelium cells. BPA exposure down-regulated WNT2 expression, and elevated the DNA methylation of WNT2; these results were consistent with in vivo observations. Inhibition of DNMT in HTR-8/SVneo 
cells resulted in reduced DNA methylation and increased expression of WNT2. Taken together, these data demonstrate that BPA exposure alters trophoblast cell invasion and causes abnormal placental vessel remodeling, 
both of which lead to the development of preeclampsia-like features in pregnant mice. Our results suggest that this phenomenon involves the epigenetic reprogramming and down-regulation of WNT2 mediated by 
DNMT1.-Ye, Y., Tang, Y., Xiong, Y., Feng, L., Li, X. Bisphenol A exposure alters placentation and causes preeclampsia-like features in pregnant mice involved in reprogramming of DNA methylation of WNT2.

FASEB J. 2019 
Feb;33(2):2732-2742.

10.1096/fj.201800934RRR 30303745 動物 ⽣殖発⽣毒性 1 1 1 1 1 1: 飲⽔中濃度4µM→182.5  µg/kg/d最低濃度0.4µM - - - - - - 1 1 - 1 - - - - - ● - - - - -

統合_2547 Yin L et al. 2017

The regulation of cellular apoptosis 
by the ROS-triggered PERK/EIF2 
alpha chop pathway plays a vital 
role in bisphenol A-induced male 
reproductive toxicity

Bisphenol A (2,2-bis(4-hydroxyphenyl)propane, BPA) is ubiquitous in the environment, wildlife, and humans. Evidence from past studies suggests that BPA is associated with decreased semen quality. However, the 
molecular basis for the adverse effect of BPA on male reproductive toxicity remains unclear. We evaluated the effect of BPA on mouse spermatocytes GC-2 cells and adult mice, and we explored the potential mechanism 
of its action. The results showed that BPA inhibited cell proliferation and increased the apoptosis rate. The testes from BPA-treated mice showed fewer spermatogenic cells and sperm in the seminiferous tubules. In 
addition, BPA caused reactive oxygen species (ROS) accumulation. Previous study has verified that mitochondrion was the organelle affected by the BPA-triggered ROS accumulation. We found that BPA induced damage 
to the endoplasmic reticulum (ER) in addition to mitochondria, and most ER stress-related proteins were activated in cellular and animal models. Knocking down of the PERK/EIF2α/chop pathway, one of the ER stress 
pathways, partially recovered the BPA-induced cell apoptosis. In addition, an ROS scavenger attenuated the expression of the PERK/EIF2α/chop pathway-related proteins. Taken together, these data suggested that the 
ROS regulated PERK/EIF2α/chop pathway played a vital role in BPA-induced male reproductive toxicity.

Toxicol Appl Pharmacol. 
2017 Jan 1:314:98-108.

10.1016/j.taap.2016.11.013 27894913 動物 精巣 1 1 1 1 1 1 - - - - - - 1 1 - 1 - 1 ● - - ● - - - - -

統合_2548 Yuan M et al. 2018

Environmentally relevant levels of 
bisphenol A affect uterine 
decidualization and embryo 
implantation through the estrogen 
receptor/serum and glucocorticoid-
regulated kinase 1/epithelial sodium 
ion channel alpha-subunit pathway 
in a mouse model

OBJECTIVE: To investigate whether bisphenol A (BPA) exposure is associated with uterine decidualization and embryo implantation failure in mice. DESIGN: Experimental animal study and in vitro study. SETTING: 
University-based infertility center. ANIMAL(S): ICR mice. INTERVENTION(S): Mice treated with different doses of BPA; Ishikawa cells cultured in medium of different concentrations of BPA. MAIN OUTCOME 
MEASURE(S): Embryo implantation sites, uterine weight, quantitative real-time reverse transcriptase-polymerase chain reaction, Western blot analysis, hematoxylin and eosin staining, and immunohistochemical, cell 
proliferation, and statistical analyses. RESULT(S): In the experiment of mouse model, administration of 1-100 mug/kg/day of BPA by gavage led to reduction of the number of embryo implantation sites in a dose-
dependent manner; 100 mug/kg/day of BPA statistically significantly reduced the number of implantation sites compared with the control group. The uterine weight change (the wet weight of the decidualized uterine horn 
divided by the wet weight of the undecidualized uterine horn of the mouse) in groups exposed to BPA (100-10,000 mug/kg/day) were statistically significantly lower compared with the control group. Immunohistochemical 
analysis demonstrated that administration of 100, 1,000, or 10,000 mug/kg/day of BPA by gavage statistically significantly down-regulated the expression of epithelial Na(+) channel alpha-subunit (ENaCalpha) in the 
luminal epithelial cells and desmin in decidual cells of the oil-induced decidualized uterine horns. Administration of 100 mug/kg/day BPA on embryo days 0.5-3.5 by gavage statistically significantly decreased the level of 
uterine serum and glucocorticoid-regulated kinase 1 (SGK1) protein expression on embryo days 4 and 6. After treatment with 0.001, 0.01, 0.1, or 1.0 mug/mL of BPA for 48 hours, the SGK1, ENaCalpha, and phospho-SGK1 
protein expression of Ishikawa cells was down-regulated, and the effect of BPA on SGK1 could be abrogated by fulvestrant. CONCLUSION(S): Our study provides the first indication that BPA exposure at levels as low as 
100 mug/kg/day can impair embryo implantation in mice and BPA can affect decidualization of the uterus in mouse model. Our results suggest that BPA can down-regulate SGK1 and ENaCalpha protein expression through 
estrogen receptors in Ishikawa cells.

Fertil Steril. 2018 
Apr;109(4):735-744.e1.

10.1016/j.fertnstert.2017.12.003 29605410 動物 ⼦宮 1 1 1 1 1 1 - - - - - - 1 1 - 1 - 1 ● - - ● - - - - -

統合_2549 Zhang Q et al. 2014
Exposure to bisphenol-A affects fear 
memory and histone acetylation of 
the hippocampus in adult mice

Bisphenol-A (BPA), an environmental endocrine disruptor, has been reported to possess weak estrogenic, anti-estrogenic, and anti-androgen properties. Previous evidence indicates that perinatal exposure to low levels of 
BPA affects anxiety-like and cognitive behaviors in adult rodents. The present study aims to investigate the effect of BPA on emotional memory using the contextual fear conditioning of male mice in adulthood exposed to 
BPA for 90days. The results indicated that exposure to BPA increased the freezing time 1h and 24h after fear conditioning training. Furthermore, western blot analyses showed that BPA exposure decreased the level of N-
methyl-d-aspartic acid (NMDA) receptor subunit NR1 and increased the expression of histone deacetylase 2 (HDAC2) before fear conditioning training in the hippocampus of male mice. One and twenty-four hours after 
fear conditioning training, BPA enhanced the changes of the expressions of NR1, phosphorylated extracellular regulated protein kinases (ERK1/2), and histone acetylation induced by contextual fear conditioning in the 
hippocampus. These results suggest that long term exposure to BPA enhanced fear memory by the concomitant increased level of NMDA receptor and/or the enhanced histone acetylation in the hippocampus, which may 
be associated with activation of ERK1/2 signaling pathway.

Horm Behav. 2014 
Feb;65(2):106-13.

10.1016/j.yhbeh.2013.12.004 24333847 動物 神経 1 1 1 1 1 1 - - - - - - 1 1 - 1 - 1 - - - - - - - - -

統合_2551 Ziv-Gal A et al. 2015
The effects of in utero bisphenol A 
exposure on reproductive capacity in 
several generations of mice

In utero bisphenol A (BPA) exposure affects reproductive function in the first generation (F1) of mice; however, not many studies have examined the reproductive effects of BPA exposure on subsequent generations. In this 
study, pregnant mice (F0) were orally dosed with vehicle, BPA (0.5, 20, and 50 mug/kg/day) or diethylstilbestrol (DES; 0.05 mug/kg/day) daily from gestation day 11 until birth. F1 females were used to generate the F2 
generation, and F2 females were used to generate the F3 generation. Breeding studies at the ages of 3, 6, and 9 months were conducted to evaluate reproductive capacity over time. Further, studies were conducted to 
evaluate pubertal onset, litter size, and percentage of dead pups; and to calculate pregnancy rate, and mating, fertility, and gestational indices. The results indicate that BPA exposure (0.5 and 50 mug/kg/day) significantly 
delayed the age at vaginal opening in the F3 generation compared to vehicle control. Both DES (0.05 mug/kg/day) and BPA (50 mug/kg/day) significantly delayed the age at first estrus in the F3 generation compared to 
vehicle control. BPA exposure reduced gestational index in the F1 and F2 generations compared to control. Further, BPA exposure (0.5 mug/kg/day) compromised the fertility index in the F3 generation compared to control. 
Finally, in utero BPA exposure reduced the ability of female mice to maintain pregnancies as they aged. Collectively, these data suggest that BPA exposure affects reproductive function in female mice and that some 
effects may be transgenerational in nature.

Toxicol Appl Pharmacol. 
2015 May 1;284(3):354-
62.

10.1016/j.taap.2015.03.003 25771130 動物 ⽣殖発⽣毒性 1 1 1 1 1 1 - - - - - - 1 1 - 1 - 1 ● - - ● - - - - -
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EFSA
2016

EFSA
2015 BfR KEMI ANSES FDA NIFDS

CLARITY
-BPA

 適格性評価（動物）1：該当、0：該当しない  適格性評価（疫学）1：該当、0：該当しない  適格性評価（in vitro）1：該当、0：該当しない

適格性評価はタイトル及び要旨の情報に基づ
き可能な範囲で実施。明らかに適格性基準不
適合と判断されるもの以外を信頼性評価へ進
め、信頼性評価段階で原著に基づき精査。

引⽤評価機関
●：該当

統合_2552 Vahdati HF et al. 2017

Protective effect of crocin on BPA-
induced liver toxicity in rats through 
inhibition of oxidative stress and 
downregulation of MAPK and 
MAPKAP signaling pathway and 
miRNA-122 expression

Bisphenol A (BPA) is an artificial environmental endocrine disrupting chemical and commonly used as a monomer of polycarbonate plastics and epoxy resins. The aim of the present study is to investigate the 
hepatoprotective effects of crocin, a constituent of saffron, against BPA-induced liver toxicity. We showed that treatment of male Wistar rats with 0.5 mg/kg BPA for 30 days increased the level of 8-isoprostane, 
decreased the level of reduced glutathione, elevated serum levels of aspartate aminotransferase, lactate dehydrogenase, triglyceride, and glucose, and induced periportal inflammation. Western blot results revealed that 
BPA increased the phosphorylation of c-Jun N-terminal kinase (JNK), extracellular signal-regulated kinase (ERK1/2), and mitogen-activated protein kinase-activated protein kinase (MAPKAPK), but not p38. BPA also 
reduced the Akt signaling activation and upregulated microRNA (miR-122) expression. Moreover, we showed here that crocin 20 mg/kg administration ameliorated liver damage and improved elevated levels of TG and liver 
enzymes of BPA-treated rats possibly though antioxidant activity, downregulation of miR-122 transcript level and lowering the phosphorylation of JNK, ERK1/2, and MAPKAPK and subsequently their activities. Overall, the 
findings suggest that crocin possesses hepatoprotective effects against BPA-induced liver toxicity by enhancing the antioxidative defense system and regulation of important signaling pathway activities and miR-122 
expression.

Food Chem Toxicol. 
2017 Sep;107(Pt 
A):395-405.

10.1016/j.fct.2017.07.007 28689058 動物 肝毒性 1 1 単独あり：1 Wistar rat:1 3⽤量：1 0.5,5,50 mg/kg：1 - - - - - - 1 1 - 1 - - ● - - - - - - - -

統合_2553 Weinhouse C et al. 2014

Dose-Dependent incidence of 
hepatic tumors in adult mice 
following perinatal exposure to 
Bisphenol A

BACKGROUND: Bisphenol A (BPA) is a high production volume chemical with hormone-like properties that has been implicated as a potential carcinogen. Early-life exposure has been linked to increased risk for 
precancerous lesions in mammary and prostate glands and the uterus, but no prior study has shown a significant association between BPA exposure and cancer development. OBJECTIVE: We explored the effects of BPA 
exposure during gestation and lactation on adult incidence of hepatic tumors in mice. METHODS: Isogenic mice were perinatally exposed to BPA through maternal diets containing one of four environmentally relevant 
doses of BPA (0, 50 ng, 50 mug, or 50 mg per kilogram of diet), and we followed approximately one male and one female per litter until they were 10 months of age. Animals were tested for known risk factors for 
hepatocellular carcinoma, including bacterial and viral infections. RESULTS: We found dose-dependent incidence of hepatic tumors in 10-month-old BPA-exposed mice. Of the offspring examined, 23% presented with 
hepatic tumors or preneoplastic lesions. We observed a statistically significant dose-response relationship, with an odds ratio for neoplastic and preneoplastic lesions of 7.23 (95% CI: 3.23, 16.17) for mice exposed to 50 
mg BPA/kg diet compared with unexposed controls. Observed early disease onset, absence of bacterial or viral infection, and lack of characteristic sexual dimorphism in tumor incidence support a nonclassical etiology. 
CONCLUSIONS: To our knowledge, this is the first report of a statistically significant association between BPA exposure and frank tumors in any organ. Our results link early-life exposure to BPA with the development of 
hepatic tumors in rodents, and have potential implications for human health and disease.

Environ Health 
Perspect. 2014 
May;122(5):485-91.

10.1289/ehp.1307449 24487385 動物 発がん(肝がん) 1 1 1 バイアブルイエローアグーチマウスマウス：1（エピジェネティクス研究には⽤いられる） 3⽤量：1 餌中濃度（50 ng, 50 µg, 50 mg/kg diet）摂取量不明 - - - - - - 1 1 - 1 - 1 - - - - - - - - -

統合_2554 Churchwell MI et al. 2014

Comparison of life-stage-dependent 
internal dosimetry for bisphenol A, 
ethinyl estradiol, a reference 
estrogen, and endogenous estradiol 
to test an estrogenic mode of action 
in Sprague Dawley rats

Bisphenol A (BPA) was administered by gavage (2.5-300,000 mug/kg body weight (bw)/day) to pregnant Sprague Dawley dams, newborn pups, and continuing into adulthood. Aglycone (i.e., unconjugated and active) and 
conjugated (i.e., inactive) BPA were evaluated by liquid chromatography electrospray tandem mass spectrometry (LC-ES/MS/MS) in serum to better interpret toxicological endpoints measured in the study. Ethinyl 
estradiol (EE2, 0.5 and 5 mug/kg bw/day) and the endogenous hormones, 17beta-estradiol (E2) and testosterone, were similarly evaluated. Mean BPA aglycone levels in vehicle and naive control rat serum (0.02-0.5 ng/ml) 
indicated sample processing artifact, consistent with literature reports of a propensity for postexposure blood contamination by BPA. Direct measurements of BPA-glucuronide in vehicle and naive control serum (2-10nM) 
indicated unintentional exposure and metabolism at levels similar to those produced by 2.5 mug/kg bw/day BPA (7-10nM), despite careful attention to potential BPA inputs (diet, drinking water, vehicle, cages, bedding, 
and dust) and rigorous dosing solution certification and delivery. The source of this exposure could not be identified, but interpretation of the toxicological effects, observed only at the highest BPA doses, was not 
compromised. Internal exposures to BPA and EE2 aglycones were highest in young rats. When maximal serum concentrations from the two highest BPA doses and both EE2 doses were compared with concurrent levels of 
endogenous E2, the ERalpha binding equivalents were similar to or above those of endogenous E2 in male and female rats of all ages tested. Such evaluations of estrogenic internal dosimetry and comprehensive 
evaluation of contamination impact should aid in extrapolating risks from human BPA exposures.

Toxicol Sci. 2014 
May;139(1):4-20

10.1093/toxsci/kfu021 24496641 動物 ADME 1 1 1 1 1 1 - - - - - - 1 1 - 1 - - ● - - - - - - - -

統合_2555 Srivastava S et al. 2019
Dose exposure of Bisphenol- A on 
female Wistar rats fertility

Background 2, 2-Bis (4-hydroxyphenyl propane [bisphenol A (BPA)] is one of the major environmental pollutants and has the adverse effects on human health. BPA mimics the structure of estrogen and binds to estrogen 
receptors and alters the secretion of the hormone. It is ingested in humans through the regular use of plastic containers, bottles and food cans. Materials and methods Female Wistar rats were exposed orally to 5, 50, 300, 
600 and 800 mg BPA/kg body weight (bd. wt.)/week mixed in olive oil and administered every 168 h for 3 months continuing through the mating, gestation and lactation and its effects on fertility, reproductive organ weight 
and hormones [LH (luteinizing hormone), FSH (follicle stimulating hormone), estradiol (E2), progesterone (PROG) and PRL (prolactin)] were evaluated. Results The findings revealed that females exposed to BPA exhibited 
a decrease in female fertility rate and weight of reproductive organs (ovary and uterus) with significant decreased levels of LH, FSH, E2, PROG and PRL in the non-pregnancy phase whereas in cesarean and post-term 
females, no significance difference was found in fertility rate, reproductive organ weight and hormonal levels. Conclusions These data indicate an increased sensitivity to BPA needs careful evaluation of the current levels 
of exposure.

Horm Mol Biol Clin 
Investig. 2019 
May7;38(2):/j/hmbci.20
19.38.issue-2/hmbci-
2018-0061/hmbci-
2018-0061.xml.

10.1515/hmbci-2018-0061 31063457 動物 ホルモンレベル 1 1 1 1 1 1 - - - - - - 1 1 - 1 - - - - - ● - - - - -

統合_2556 Luo S et al. 2017

Effects of bisphenol A on 
inflammation and Th17 cells in 
adipose tissue of high-fat fed 
mice[Article in Chinese]

OBJECTIVE: To study the effects of bisphenol A( BPA) on inflammation and Th17 cells in adipose tissue of high-fat fed mice. METHODS: 4-week-old male C57 BL /6mice were fed on high fat diet( HFD) and were 
administered 10, 100 and 1000 nmol / L BPA by drinking water. The normal diet( ND) and HFD control groups were set as well. Body weight of mice was recorded weekly. Mice were sacrificed at eighth and sixteenth 
week and epididymal fat pad was obtained. Hematoxylin-eosin( HE) staining was used to observe the cells morphological changes and inflammation in epididymal adipose tissue. Enzyme linked immunosorbent assay( 
ELISA) was used to detect TNF-α level in epididymal adipose tissue. Flow cytometry( FCM) was used to detect the proportion of Th17 cells in epididymal fat pad stromal vascular fractions( SVF). Immunohistochemistry( 
IHC) was used to detect the expression of IL-17 in epididymal adipose tissue. RESULTS: Compared with ND control groups, HFD increased body weight of mice, enhanced theinfiltration of inflammatory cells and the 
expression of TNF-α in adipose tissue. Also, the proportion of Th17 cells and the expression of IL-17 in adipose tissue were elevated. Compared with HFD control groups, BPA exposure enhanced the infiltration of 
inflammatory cells and the expression of TNF-α in adipose tissue. Also, the proportion of Th17 cells and the expression of IL-17 in adipose tissue were elevated in a dose-dependent way. And the effects at sixteenth 
week was more obvious than that at eighth week. CONCLUSION: BPA exposure can promote inflammation in adipose tissue of high-fat fed mice and elevate the proportion of Th17 cells and the expression of IL-17. Th17 
cells may play an important role in the effects BPA on adipose tissue inflammation.

Wei Sheng Yan Jiu. 
2017 Jan;46(1):7-12.

- 29903144 動物 免疫 - - - - - - - - - - - - 1 1 - 1 - - - - - - - - - - -

統合_2557 Prins GS et al. 2018

Evaluation of Bisphenol A (BPA) 
Exposures on Prostate Stem Cell 
Homeostasis and Prostate Cancer 
Risk in the NCTR-Sprague-Dawley 
Rat: An NIEHS/FDA CLARITY-BPA 
Consortium Study

BACKGROUND: Previous work determined that early life exposure to low-dose Bisphenol A (BPA) increased rat prostate cancer risk with aging. Herein, we report on prostate-specific results from CLARITY-BPA 
(Consortium Linking Academic and Regulatory Insights on BPA Toxicity), which aims to resolve uncertainties regarding BPA toxicity. OBJECTIVES: We sought to a) reassess whether a range of BPA exposures drives 
prostate pathology and/or alters prostatic susceptibility to hormonal carcinogenesis, and b) test whether chronic low-dose BPA targets prostate epithelial stem and progenitor cells. METHODS: Sprague-Dawley rats 
were gavaged daily with vehicle, ethinyl estradiol (EE) or [Formula: see text] BPA/kg-BW during development or chronically, and prostate pathology was assessed at one year. One developmentally exposed cohort was 
given testosterone plus estradiol ([Formula: see text]) implants at day 90 to promote carcinogenesis with aging. Epithelial stem and progenitor cells were isolated by prostasphere (PS) culture from dorsolateral prostates 
(DLP) of rats continuously exposed for six months to [Formula: see text] BPA/kg-BW. Gene expression was analyzed by quantitative real time reverse transcription polymerase chain reaction (qRT-PCR). RESULTS: 
Exposure to BPA alone at any dose did not drive prostate pathology. However, rats treated with EE, 2.5, 250, or [Formula: see text] BPA/kg-BW plus [Formula: see text] showed greater severity of lateral prostate 
intraepithelial neoplasia (PIN), and DLP ductal adenocarcinoma multiplicity was markedly elevated in tumor-bearing rats exposed to [Formula: see text]-BW. DLP stem cells, assessed by PS number, doubled with chronic 
EE and [Formula: see text] exposures. PS size, reflecting progenitor cell proliferation, was greater at 25 and [Formula: see text] BPA doses, which also shifted lineage commitment toward basal progenitors while reducing 
luminal progenitor cells. CONCLUSIONS: Together, these results confirm and extend previous evidence using a rat model and human prostate epithelial cells that low-dose BPA augments prostate cancer susceptibility 
and alters adult prostate stem cell homeostasis. Therefore, we propose that BPA exposures may contribute to the increased carcinogenic risk in humans that occurs with aging. https://doi.org/10.1289/EHP3953.

Environ Health 
Perspect. 2018 
Nov;126(11):117001.

10.1289/EHP3953 30387366 動物 前⽴腺 1 1 1 1 1 1 - - - - - - 1 1 - 1 - 1 ● - - - - - - ● ●

統合_2558 Liu Y et al. 2019
Food up-take and reproduction 
performance of Daphnia magna 
under the exposure of Bisphenols

Because the application of Bisphenol A (BPA) was restricted, many substitutes, such as Bisphenol F (BPF) and Bisphenol S (BPS), were developed as BPA substitutes. Therefore, environmental impacts of BPA and its 
substitutes on aquatic organisms should be concerned, especially their combined toxicity. In this study, the impacts of BPA, BPF, BPS and their mixture on the feeding behavior, reproduction and physiological function of 
daphnids were synthetically evaluated, involving the duration and mode of exposure. In short-term exposure tests, feeding rates of D. magna decreased after exposure to BPA, BPF, BPS and their mixture, while the 
inhibition reversed into stimulation in the recovery period. It may benefit from overcompensation of D. magna. In long-term exposure tests, the inhibition effect on the reproduction and growth of the exposed D. magna was 
difficult to recover, and only some experimental groups have a certain recovery. In conclusion, environmental risk of BPA, BPF, BPS and their mixture on the behavior of D. magna increased with prolonged exposure time. 
Moreover, relative activities of trypsin, amylase (AMS), acetylcholinesterase (AChE), carbonic anhydrase (CA), glutathione peroxidase (GPx) and super oxidase dimutase (SOD) of the exposed daphnids decreased in most 
treatment groups, indicating the disorder of digestive, nervous and antioxidative system of D. magna. Interestingly, inhibition of enzymes activities decreased with the increase of the exposure time, which implied the 
tolerance may be occurred.

Ecotoxicology and 
environmental 
safety.2019;170:47-54

10.1016/j.ecoenv.2018.11.106 30522006 動物 - 0 1 1 1 1 餌中濃度（要確認） - - - - - - - - - - - - - - - - - - - - -

統合_2559 Nagao T et al. 2014

Neurobehavioral evaluation of 
mouse newborns exposed prenatally 
to low-dose bisphenol A (出⽣前に低
⽤量ビスフェノールAに曝露した新⽣
仔マウスの神経⾏動学的評価)(英語)

There have been few neurobehavioral toxicology studies on newborn animals. Thus, we developed a mouse newborn behavioral testing method for evaluating the risk of neurotoxicity of environmental toxicants, by means 
of determining the newborn's motor activity applying the tare function of an analytical balance. Motor activities including crawling, pivoting, righting or tremors of mouse newborns were evaluated. Tremors of newborns of 
dams exposed to bisphenol A at 2, 20 or 200 µg/kg/day on days 5 through 18 of gestation were significantly increased when evaluated on postnatal day 1, as well as those of newborns exposed prenatally to 
diethylstilbestrol at 0.5 µg/kg/day. We suggest that our developed testing method may provide a useful addition to neurobehavioral assessment in very young rodents exposed to environmental hormone mimics.

J Toxicol Sci. 2014 
Apr;39(2):231-5.

10.2131/jts.39.231 24646703 動物 発達神経 1 1 1 1 1 1 - - - - - - 1 1 - 1 - 1 ● - - - - - - - -

統合_2560 Docea AO et al. 2018

Six months exposure to a real life 
mixture of 13 chemicals' below 
individual NOAELs induced non 
monotonic sex-dependent 
biochemical and redox status 
changes in rats

This study assessed the potential adverse health effects of long-term low-dose exposure to chemical mixtures simulating complex real-life human exposures. Four groups of Sprague Dawley rats were administered 
mixtures containing carbaryl, dimethoate, glyphosate, methomyl, methyl parathion, triadimefon, aspartame, sodium benzoate, calcium disodium ethylene diamine tetra-acetate, ethylparaben, butylparaben, bisphenol A, and 
acacia gum at doses of 0, 0.25, 1 or 5 times the respective Toxicological Reference Values (TRV): acceptable daily intake (ADI) or tolerable daily intake (TDI) in a 24 weeks toxicity study. Body weight gain, feed and water 
consumption were evaluated weekly. At 24 weeks blood was collected and biochemistry parameters and redox status markers were assessed. Adverse effects were observed on body weight gain and in hepatotoxic 
parameters such as the total bilirubin, alanine aminotransferase (ALT) and alkaline phosphatase (ALP), especially in low dose and affecting mainly male rats. The low dose group showed increased catalase activity both 
in females and males, whereas the high dose group exhibited decreased protein carbonyl and total antioxidant capacity (TAC) levels in both sex groups. Non-monotonic effects and adaptive responses on liver function 
tests and redox status, leading to non-linear dose-responses curves, are probably produced by modulation of different mechanisms.

Food and chemical 
toxicology : an 
international journal 
published for the British 
Industrial Biological 
Research 
Association.2018;115:47
0-481

10.1016/j.fct.2018.03.052 29621577 動物 - 1 1 0 1 1 飲⽔中濃度（要確認） - - - - - - - - - - - - - - - - - - - - -

統合_2561 Uchtmann KS et al. 2019

Fetal bisphenol A and 
ethinylestradiol exposure alters male 
rat urogenital tract morphology at 
birth: Confirmation of prior low-dose 
findings in CLARITY-BPA

Bisphenol A (BPA) is a contaminant in virtually all Americans. To examine BPA's adverse effects, the FDA-NCTR, NIEHS, and 14 groups of academic scientists formed a consortium: CLARITY-BPA. The purpose of our 
study was to investigate the effects of a wide range of doses of BPA on fetal development of the NCTR CD-SD male rat urogenital sinus (UGS). Pregnant rats were administered BPA or positive control ethinylestradiol 
(EE2) daily, via oral gavage, from gestational day 6 through parturition. Tissues were collected on postnatal day 1 and the UGS was analyzed using computer-assisted 3-D reconstruction. Importantly, only low doses of 
BPA, as well as EE2, significantly changed birth weight and UGS morphology, including an increased size of the colliculus and decreased size of the urethra, consistent with prior reported BPA and EE2 effects. Our 
findings provide further evidence that BPA mediates nonmonotonic developmental effects on the fetal urogenital sinus.

Reprod Toxicol. 2020 
Jan:91:131-141.

10.1016/j.reprotox.2019.11.007 31756437 動物 ⽣殖発⽣毒性 1 1 1 1 1 1 - - - - - - 1 1 - 1 - - ● - - ● - - - - ●

統合_2562 Witchey SK et al. 2019

Perinatal bisphenol A (BPA) 
exposure alters brain oxytocin 
receptor (OTR) expression in a sex- 
and region- specific manner: A 
CLARITY-BPA consortium follow-up 
study

Bisphenol A (BPA) is a well-characterized endocrine disrupting chemical (EDC) used in plastics, epoxy resins and other products. Neurodevelopmental effects of BPA exposure are a major concern with multiple rodent and 
human studies showing that early life BPA exposure may impact the developing brain and sexually dimorphic behaviors. The CLARITY-BPA (Consortium Linking Academic and Regulatory Insights on BPA Toxicity) program 
was established to assess multiple endpoints, including neural, across a wide dose range. Studies from our lab as part of (and prior to) CLARITY-BPA have shown that BPA disrupts estrogen receptor expression in the 
developing brain, and some evidence of oxytocin (OT) and oxytocin receptor (OTR) disruption in the hypothalamus and amygdala. While BPA disruption of steroid hormone function is well documented, less is known about 
its capacity to alter nonapeptide signals. In this CLARITY-BPA follow up study, we used remaining juvenile rat tissues to test the hypothesis that developmental BPA exposure affects OTR expression across the brain. 
Perinatal BPA exposure (2.5, 25, or 2500mug/kg body weight (bw)/day) spanned gestation and lactation with dams gavaged from gestational day 6 until birth and then the offspring gavaged directly through weaning. 
Ethinyl estradiol (0.5mug/kg bw/day) was used as a reference estrogen. Animals of both sexes were sacrificed as juveniles and OTR expression assessed by receptor binding. Our results demonstrate prenatal exposure 
to BPA can eliminate sex differences in OTR expression in three hypothalamic regions, and that male OTR expression may be more susceptible. Our data also identify a sub-region of the BNST with sexually dimorphic OTR 
expression not previously reported in juvenile rats that is also susceptible to BPA.

Neurotoxicology. 2019 
Sep:74:139-148.

10.1016/j.neuro.2019.06.007 31251963 動物 発達神経 1 1 1 1 1 1 - - - - - - 1 1 - 1 - - ● - - ● - - - - ●

統合_2563 Harley KG et al. 2013
Prenatal and early childhood 
bisphenol A concentrations and 
behavior in school-aged children

INTRODUCTION: Early life exposure to bisphenol A (BPA), an endocrine disrupting chemical used in some food and beverage containers, receipts, and dental sealants, has been associated with anxiety and hyperactivity in 
animal studies. A few human studies also show prenatal and childhood BPA exposure to be associated with behavior problems in children. METHODS: We measured BPA in urine from mothers during pregnancy and 
children at 5 years of age (N=292). Child behavior was assessed by mother and teacher report at age 7 years and direct assessment at age 9 years. RESULTS: Prenatal urinary BPA concentrations were associated with 
increased internalizing problems in boys, including anxiety and depression, at age 7. No associations were seen with prenatal BPA concentrations and behaviors in girls. Childhood urinary BPA concentrations were 
associated with increased externalizing behaviors, including conduct problems, in girls at age 7 and increased internalizing behaviors and inattention and hyperactivity behaviors in boys and girls at age 7. CONCLUSIONS: 
This study adds to the existing literature showing associations of early life BPA exposure with behavior problems, including anxiety, depression, and hyperactivity in children. Additional information about timing of exposure 
and sex differences in effect is still needed.

Environ Res. 2013 
Oct:126:43-50.

10.1016/j.envres.2013.06.004 23870093 ヒト 発達神経 - - - - - - コホート研究 1 1 - - - 1 1 1 - - - - - ● - - - - - -

統合_2564 Hong SB et al. 2013
Bisphenol A in relation to behavior 
and learning of school-age children

BACKGROUND: Bisphenol A (BPA) has been shown to affect brain and behavior in rodents and nonhuman primates, but there are few studies focusing on its relationship to human neurobehavior. We aimed to investigate 
the relationship between environmental exposure to BPA and childhood neurobehavior. METHODS: Urinary BPA concentrations and behavioral and learning characteristics were assessed in a general population of 1,089 
children, aged 8-11 years. The main outcome measures were the Child Behavior Checklist (CBCL) and the Learning Disability Evaluation Scale (LDES). RESULTS: Urinary levels of BPA were positively associated with the 
CBCL total problems score and negatively associated with the learning quotient from the LDES. The linear association with the CBCL anxiety/depression score and the quadratic association with the LDES listening 
score were significant after correction for multiple comparisons. CONCLUSIONS: Environmental exposure to BPA might be associated with childhood behavioral and learning development. The results suggest possible 
nonmonotonic relationships.

J Child Psychol 
Psychiatry 2013, 
54(8):890-9.

10.1111/jcpp.12050 23445117 ヒト - - - - - - - 横断研究 1 1 - - - - - - - - - - - ● - - - - - -
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統合_2565 Snijder CA et al. 2013
Fetal growth and prenatal exposure 
to bisphenol A: the generation R 
study

BACKGROUND: Prenatal exposure to bisphenol A (BPA) has been associated with adverse birth outcomes, but findings of previous studies have been inconsistent. OBJECTIVE: We investigated the relation of prenatal 
BPA exposure with intrauterine growth and evaluated the effect of the number of measurements per subject on observed associations. METHODS: This study was embedded in a Dutch population-based prospective 
cohort study, with urine samples collected during early, mid-, and late pregnancy. The study comprised 219 women, of whom 99 had one measurement, 40 had two measurements, and 80 had three measurements of 
urinary BPA. Fetal growth characteristics were repeatedly measured by ultrasound during pregnancy and combined with measurements at birth. Linear regression models for repeated measurements of both BPA and fetal 
growth were used to estimate associations between urinary concentrations of creatinine-based BPA (BPACB) and intrauterine growth. RESULTS: The relationship between BPACB and fetal growth was sensitive to the 
number of BPA measurements per woman. Among 80 women with three BPA measurements, women with BPACB > 4.22 mug/g crea (creatinine) had lower growth rates for fetal weight and head circumference than did 
women with BPACB < 1.54 mug/g crea, with estimated differences in mean values at birth of -683 g (20.3% of mean) and -3.9 cm (11.5% of mean), respectively. When fewer measurements were available per woman, the 
exposure-response relationship became progressively attenuated and statistically nonsignificant. CONCLUSION: Our findings suggest that maternal urinary BPA may impair fetal growth. Because previous studies have 
shown contradictory findings, further evidence is needed to corroborate these findings in the general population.

Environ Health 
Perspect. 2013 
Mar;121(3):393-8.

10.1289/ehp.1205296 23459363 ヒト ⽣殖発⽣ - - - - - - コホート研究 1 1 - - - 1 1 1 - 1 - - - ● - - - - ● -

統合_2566 Lee et al. 2014

Prenatal bisphenol A and birth 
outcomes: MOCEH (Mothers and 
Children's Environmental Health) 
study

Bisphenol A (BPA) is used primarily in the production of polycarbonate plastics and epoxy resins. Widespread exposure to BPA has created a great deal of concern regarding its potential adverse effects on human health. 
This study examined the relationship between prenatal BPA exposure and birth outcomes, including birth weight, birth length, and ponderal index considering gender difference. A multi-center birth cohort study, Mothers 
and Children's Environmental Health (MOCEH) has been established in Korea since 2006. Study subjects are 757 pregnant women from the original cohort, who had their urinary BPA level measured during the third 
trimester, as well as information on birth outcome, prior medical history, psychosocial status, health behavior, environmental exposure as well as socio-demographic characteristics. Regression analysis was performed to 
assess the effect of BPA on birth outcome. The geometric mean concentration of BPA in pregnant women was 1.29 mug/L (1.87 mug/g creatinine) during late pregnancy. Urinary BPA concentrations were shown to be 
higher in women with a higher income level. Univariate regression analysis revealed a significant association between BPA levels and birth weight. In adjusted analysis, the second tertile of maternal BPA exposure 
exhibited an increase in birth weight, relative to the first tertile (p=0.04). These relationships were more pronounced in male neonates. Also, prenatal exposure to BPA was associated with an increase of ponderal index in 
total, and especially female neonates. This study shows that the association of prenatal exposure to BPA with anthropometric measures, such as birth weight and birth length, differed by gender. Further study is required 
to more fully elaborate this relationship between prenatal BPA exposure and birth outcome.

Int J Hyg Environ 
Health. 2014 
Mar;217(2-3):328-34.

10.1016/j.ijheh.2013.07.005 23911140 ヒト ⽣殖発⽣ - - - - - - コホート研究 1 1 - - - 1 1 1 - 1 - - - - - - - - - -

統合_2567 Braun JM, Yolton K, Dietrich KN, Hornung R, Ye 
X, Calafat AM, et al. 2009

Prenatal bisphenol A exposure and 
early childhood behavior

BACKGROUND: Prenatal exposure to bisphenol A (BPA) increases offspring aggression and diminishes differences in sexually dimorphic behaviors in rodents. OBJECTIVE: We examined the association between prenatal 
BPA exposure and behavior in 2-year-old children. METHODS: We used data from 249 mothers and their children in Cincinnati, Ohio (USA). Maternal urine was collected around 16 and 26 weeks of gestation and at birth. 
BPA concentrations were quantified using high-performance liquid chromatography-isotope-dilution tandem mass spectrometry. Child behavior was assessed at 2 years of age using the second edition of the Behavioral 
Assessment System for Children (BASC-2). The association between prenatal BPA concentrations and BASC-2 scores was analyzed using linear regression. RESULTS: Median BPA concentrations were 1.8 (16 weeks), 
1.7 (26 weeks), and 1.3 (birth) ng/mL. Mean (+/- SD) BASC-2 externalizing and internalizing scores were 47.6 +/- 7.8 and 44.8 +/- 7.0, respectively. After adjustment for confounders, log(10)-transformed mean prenatal 
BPA concentrations were associated with externalizing scores, but only among females [beta = 6.0; 95% confidence interval (CI), 0.1-12.0]. Compared with 26-week and birth concentrations, BPA concentrations collected 
around 16 weeks were more strongly associated with externalizing scores among all children (beta = 2.9; 95% CI, 0.2-5.7), and this association was stronger in females than in males. Among all children, measurements 
collected at <or= 16 weeks showed a stronger association (beta = 5.1; 95% CI, 1.5-8.6) with externalizing scores than did measurements taken at 17-21 weeks (beta = 0.6; 95% CI, -2.9 to 4.1). CONCLUSIONS: These 
results suggest that prenatal BPA exposure may be associated with externalizing behaviors in 2-year-old children, especially among female children.

Environ Health 
Perspect. 2009 
Dec;117(12):1945-52.

10.1289/ehp.0900979 20049216 ヒト 発達神経 - - - - - - コホート研究 1 1 - - - 1 1 1 - - - - - ● - ● ● - ● -

統合_2568 Braun JM, Kalkbrenner AE, Calafat AM, Yolton 
K, Ye X, Dietrich KN, et al. 2011

Impact of early-life bisphenol A 
exposure on behavior and executive 
function in children

OBJECTIVES: To estimate the impact of gestational and childhood bisphenol A (BPA) exposures on behavior and executive function at 3 years of age and to determine whether child gender modified those associations. 
METHODS: We used a prospective birth cohort of 244 mothers and their 3-year-old children from the greater Cincinnati, Ohio, area. We characterized gestational and childhood BPA exposures by using the mean BPA 
concentrations in maternal (16 and 26 weeks of gestation and birth) and child (1, 2, and 3 years of age) urine samples, respectively. Behavior and executive function were measured by using the Behavior Assessment 
System for Children 2 (BASC-2) and the Behavior Rating Inventory of Executive Function-Preschool (BRIEF-P). RESULTS: BPA was detected in >97% of the gestational (median: 2.0 mug/L) and childhood (median: 4.1 
mug/L) urine samples. With adjustment for confounders, each 10-fold increase in gestational BPA concentrations was associated with more anxious and depressed behavior on the BASC-2 and poorer emotional control 
and inhibition on the BRIEF-P. The magnitude of the gestational BPA associations differed according to child gender; BASC-2 and BRIEF-P scores increased 9 to 12 points among girls, but changes were null or negative 
among boys. Associations between childhood BPA exposure and neurobehavior were largely null and not modified by child gender. CONCLUSIONS: In this study, gestational BPA exposure affected behavioral and emotional 
regulation domains at 3 years of age, especially among girls. Clinicians may advise concerned patients to reduce their exposure to certain consumer products, but the benefits of such reductions are unclear.

Pediatrics. 2011 
Nov;128(5):873-82.

10.1542/peds.2011-1335 22025598 ヒト 発達神経 - - - - - - コホート研究 1 1 - - - 1 1 1 - - - - - ● - ● - - - -

統合_2569 Chou WC et al. 2011

Biomonitoring of bisphenol A 
concentrations in maternal and 
umbilical cord blood in regard to 
birth outcomes and adipokine 
expression: a birth cohort study in 
Taiwan

BACKGROUND: Bisphenol A (BPA) is a sealant and flux of plastic materials and has been determined to be an endocrine-disrupting chemical. Prenatal exposure to BPA can lead to substantial adverse effects on fetal 
growth and development. This study was conducted to assess BPA concentration in pregnant women and umbilical cord blood, and to investigate whether maternal BPA exposure affected fetal outcomes including lower 
birth weight (LBW), smaller size for gestational age (SGA), and high leptin (HLP) and low adiponectin (LAD) secretion. METHODS: We measured the BPA levels of maternal blood (n = 97) and umbilical cord blood (n = 97) 
with a high-performance liquid chromatography/UV detector. The protein secretion of leptin and adiponectin were separately determined using enzyme-linked immunosorbent assay. A logistic regression was performed to 
estimate the effects of maternal exposure to BPA on LBW, SGA, and adverse action of adipokines in newborns. RESULTS: The geometric means of BPA concentration in maternal blood and fetal cord blood were 2.5 ng/ml 
and 0.5 ng/ml, respectively. Elevated risks of LBW (OR 2.42, 95% confidence interval (CI) 1.72-3.36), SGA (OR 2.01, 95% CI 1.39-3.01), and adverse action of leptin (OR 1.67, 95% CI 1.12-2.25) and adiponectin (OR 1.25, 
95% CI 1.52-3.97) were observed in male neonates in the highest quartile of maternal BPA exposure. CONCLUSIONS: Elevated prenatal BPA exposure increased the risk of LBW, SGA, and adverse actions of adipokines in 
neonates, especially in male infants. These results provide further evidence that maternal exposure is correlated with adverse birth outcomes.

Environ Health. 2011 
Nov 3:10:94.

10.1186/1476-069X-10-94 22050967 ヒト ⽣殖発⽣ - - - - - - コホート研究 1 1 - - - 1 1 1 - 1 - - - ● - - - - ● -

統合_2570 Cobellis L et al. 2009

Measurement of bisphenol A and 
bisphenol B levels in human blood 
sera from healthy and endometriotic 
women

A sensitive HPLC method with fluorescence detection was developed for the determination of bisphenol A (BPA) and bisphenol B (BPB) in human blood serum. The detection limits of the method were 0.18 and 0.20 ng/mL 
for BPA and BPB, respectively. A single-step liquid-liquid extraction was used for the pre-treatment of serum samples. The recoveries of BPA and BPB spiked to sera were 85.6 and 87.7%, respectively. The analyses of 
sera from both healthy and endometriotic women emphasized the absence of bisphenols in all the control cases (11 women), whereas BPA was found in 30 sera (51.7%) and BPB was found in 16 sera (27.6%) in the group 
of 58 patients with endometriosis; in nine of such sera BPA and BPB were present simultaneously. Only relatively to the sera quantitated, BPA concentrations ranged from 0.79 to 7.12 ng/mL (mean concentration 2.91 +/- 
1.74 ng/mL), whereas BPB concentrations ranged from 0.88 to 11.94 ng/mL (mean concentration 5.15 +/- 4.16 ng/mL). Therefore, the presence of at least one of the two bisphenols was verified in a percentage as high 
as 63.8% in the sera from endometriotic women, suggesting the existence of a relationship between endometriosis and BPA and/or BPB exposure. Indeed, it is well known that bisphenols can work as xenoestrogens, 
owing to their structural similarity to natural and synthetic estrogens (e.g. estradiol and dietilstilbestrol). However, further studies are necessary to confirm this hypothesis and to assess the actual dose at which 
exposures to bisphenols are able to increase the sensitivity of the endometriotic cells to estradiol.

Biomed Chromatogr. 
2009 Nov;23(11):1186-
90.

10.1002/bmc.1241 19444800 ヒト ⼦宮 - - - - - - 症例対照研究 1 1 - - - 1 1 1 - - - - - ● - - ● - - -

統合_2571 Fujimoto VY et al. 2011

Serum unconjugated bisphenol A 
concentrations in women may 
adversely influence oocyte quality 
during in vitro fertilization

Bisphenol A (BPA) is an endocrine disruptor with estrogenic properties that can adversely affect meiotic spindle assemblies. Our data indicate that BPA exposure in female patients may interfere with oocyte quality during 
IVF, as suggested by the inverse association between serum unconjugated BPA concentration and normal fertilization.

Fertil Steril. 2011 
Apr;95(5):1816-9.

10.1016/j.fertnstert.2010.11.008 21122836 ヒト 卵巣 - - - - - - コホート研究 1 1 - - - 1 1 1 - 1 - - - ● - - ● - - -

統合_2572 Galloway T et al. 2010

Daily bisphenol A excretion and 
associations with sex hormone 
concentrations: results from the 
InCHIANTI adult population study

BACKGROUND: Bisphenol A (BPA) is a high production volume chemical widely used in packaging for food and beverages. Numerous studies have demonstrated that BPA can alter endocrine function in animals, yet 
human studies remain limited. OBJECTIVE: We estimated daily excretion of BPA among adults and examined hypothesized associations with serum estrogen and testosterone concentrations. METHODS: We conducted 
cross-sectional analyses using data from the InCHIANTI Study, a prospective population-based study of Italian adults. Our study included 715 adults between 20 and 74 years old. BPA concentrations were measured by 
liquid chromatography-mass spectrometry in 24-hr urine samples. The main outcome measures were serum concentrations of total testosterone and 17beta-estradiol. RESULTS: Geometric mean urinary BPA 
concentration was 3.59 ng/mL [95% confidence interval (CI), 3.42-3.77 ng/mL], and mean excretion was 5.63 microg/day (5th population percentile, 2.1 microg/day; 95th percentile, 16.4 microg/day). We found higher 
excretion rates among men, younger respondents, and those with increasing waist circumference (p = 0.013) and weight (p = 0.003). Higher daily BPA excretion was associated with higher total testosterone 
concentrations in men, in models adjusted for age and study site (p = 0.044), and in models additionally adjusted for smoking, measures of obesity, and urinary creatinine concentrations (beta = 0.046; 95% CI, 0.015-0.076; 
p = 0.004). We found no associations with the other serum measures. We also found no associations with the primary outcomes among women, but we did find an association between BPA and SHBG concentrations in 
the 60 premenopausal women. CONCLUSION: Higher BPA exposure may be associated with endocrine changes in men. The mechanisms involved in the observed cross-sectional association with total testosterone 
concentrations need to be clarified.

Environmental Health 
Perspectives.2010;118:1
603-1608

10.1289/ehp.1002367 20797929 ヒト - - - - - - - 横断研究 1 1 - - - - - - - - - - - ● - - ● - ● -

統合_2573 Itoh H et al. 2007

Urinary bisphenol-A concentration in 
infertile Japanese women and its 
association with endometriosis: A 
cross-sectional study

OBJECTIVES: Bisphenol A (BPA), a raw material commonly used in the manufacture of resins such as polycarbonate and epoxy, is a possible xenoestrogen that is hypothesized to disrupt the human endocrine system. 
Humans are widely exposed to BPA. We investigated the urinary concentration of BPA in infertile Japanese women and its possible association with endometriosis. MATERIALS AND METHODS: We recruited 166 women 
(aged 20-45) who had complained of infertility and visited a university hospital in Tokyo. The subjects were interviewed and their urine samples were obtained prior to a laparoscopic diagnosis of endometriosis between 
January 2000 and December 2001. Urinary total BPA concentration in 140 eligible urine samples was then measured using enzymatic deconjugation of glucuronide and sulfate and high-performance liquid chromatography 
isotope-dilution tandem mass spectrometry. RESULTS: Median (25th-75th percentile) unadjusted and creatinine-adjusted urinary BPA concentrations were 1.6 (0.69-2.8) μg/L and 0.80 (0.45-1.3) μg/g creatinine. No 
significant monotonic association of endometriosis with urinary BPA concentration was observed. Median urinary BPA concentration in women with stage 0-1 endometriosis (0.74 μg/g creatinine) did not significantly 
differ from that in those with stage II-IV endometriosis (0.93 μg/g creatinine) (p for difference=0.24). CONCLUSIONS: This study, based on a larger number of samples than those in previous studies in Japan and using 
the most reliable analytical method currently available, showed that urinary concentrations of BPA in women who consulted a physician for infertility were not higher than those in other populations. Moreover, no 
association between urinary BPA concentration and endometriosis was found in this cross-sectional study.

Environ. Health Prev. 
Med..2007;12:258-264

10.1007/BF02898033 21432072 ヒト - - - - - - - 横断研究 1 1 - - - - - - - - - - - ● - - ● - ● -

統合_2574 Li DK et al. 2011
Urine bisphenol-A (BPA) level in 
relation to semen quality

OBJECTIVE: To determine whether urine bisphenol-A (BPA) levels are associated with lower semen quality. DESIGN: Cohort study. SETTING: Four regions in China where high exposure to BPA in the workplace existed. 
PATIENT(S): 218 men with and without BPA exposure in the workplace. INTERVENTION(S): None. MAIN OUTCOME MEASURE(S): Semen parameters. RESULT(S): After adjustment for potential confounders using linear 
regression, increasing urine BPA level was statistically significantly associated with [1] decreased sperm concentration, [2] decreased total sperm count, [3] decreased sperm vitality, and [4] decreased sperm motility. 
Compared with men who did not have detectable urine BPA levels, those with detectable urine BPA had more than three times the risk of lowered sperm concentration and lower sperm vitality, more than four times the 
risk of lower sperm count, and more than twice the risk of lower sperm motility. The urine BPA level was not associated with semen volume or abnormal sperm morphology. Similar dose-response associations were 
observed among men with environmental BPA exposure at levels comparable with those in the U.S population. Despite a markedly reduced sample size, the inverse correlation between increased urine BPA levels and 
decreased sperm concentration and total sperm count remained statistically significant. CONCLUSION(S): These results provide the first epidemiologic evidence of an adverse effect of BPA on semen quality.

Fertil Steril. 2011 
Feb;95(2):625-30.e1-4.

10.1016/j.fertnstert.2010.09.026 21035116 ヒト 精巣 - - - - - - 横断研究 1 1 - - - 1 1 1 - - - - - ● - - ● - - -

統合_2575 Meeker JD et al. 2010

Urinary bisphenol a concentrations 
in relation to serum thyroid and 
reproductive hormone levels in men 
from an infertility clinic

Human exposure to bisphenol A (BPA) is widespread. Animal studies have demonstrated that BPA can alter endocrine function, but human studies are limited. For the present study, we measured urinary BPA 
concentrations and serum thyroid and reproductive hormone levels in 167 men recruited through an infertility clinic. BPA was detected in 89% of urine samples with a median (range) of 1.3 (<0.4 - 36.4) ng/mL. In 
multivariable regression models adjusted for potential confounders, BPA concentrations in urine collected on the same day as a blood sample were inversely associated with serum levels of inhibin B and 
estradiol:testosterone ratio (E(2):T) and positively associated with follicle-stimulating hormone (FSH) and FSH:inhibin B ratio. Because BPA is metabolized quickly and multiple urine measures may better reflect exposure 
than a single measure, we also considered among a subset of the men the BPA concentrations in repeated urine samples collected weeks or months following serum sample collection. In these analyses, the effect 
estimates remained consistent for FSH and E(2):T but were somewhat weakened for inhibin B. In addition, we observed inverse relationships between urinary BPA concentrations and free androgen index (ratio of 
testosterone to sex hormone binding globulin), estradiol, and thyroid stimulating hormone. Our results suggest that urinary BPA concentrations may be associated with altered hormone levels in men, but these findings 
need to be substantiated through further research.

Environmental Science 
and Technology 44, 
1458-1463

10.1021/es9028292 20030380 ヒト - - - - - - - 横断研究 1 1 - - - - - - - - - - - ● - - ● - - -

統合_2576 Meeker JD et al. 2010

Semen quality and sperm DNA 
damage in relation to urinary 
bisphenol A among men from an 
infertility clinic

Bisphenol A (BPA) impairs spermatogenesis in animals, but human studies are lacking. We measured urinary BPA concentrations, semen quality, and sperm DNA damage (comet assay) in 190 men recruited through an 
infertility clinic. BPA was detected in 89% of samples, with a median (interquartile range [IQR]) concentration of 1.3 (0.8-2.5) ng/mL. Urinary BPA concentration was associated with slightly elevated, though not 
statistically significant, odds for below reference sperm concentration, motility, and morphology. When modeled as continuous dependent variables, an IQR increase in urinary BPA concentration was associated with 
declines in sperm concentration, motility, and morphology of 23% (95%CI -40%, -0.3%), 7.5% (-17%, +1.5%), and 13% (-26%, -0.1%), respectively, along with a 10% (0.03%, 19%) increase in sperm DNA damage measured 
as the percentage of DNA in comet tail. In conclusion, urinary BPA may be associated with declined semen quality and increased sperm DNA damage, but confirmatory studies are needed.

Reproductive 
Toxicology, 30(4):532-
539

10.1016/j.reprotox.2010.07.005 20656017 ヒト - - - - - - - 横断研究 1 1 - - - - - - - - - - - ● - - ● - - -

統合_2577 Melzer D et al. 2010
Association of urinary bisphenol a 
concentration with heart disease: 
evidence from NHANES 2003/06

BACKGROUND: Bisphenol A (BPA) is a high production volume chemical widely used in food and drinks packaging. Associations have previously been reported between urinary BPA concentrations and heart disease, 
diabetes and liver enzymes in adult participants of the National Health and Nutrition Examination Survey (NHANES) 2003/04. We aimed to estimate associations between urinary BPA concentrations and health measures 
in NHANES 2005/06 and in data pooled across collection years. METHODOLOGY AND FINDINGS: A cross-sectional analysis of NHANES: subjects were n = 1455 (2003/04) and n = 1493 (2005/06) adults aged 18-74 
years, representative of the general adult population of the United States. Regression models were adjusted for age, sex, race/ethnicity, education, income, smoking, BMI, waist circumference, and urinary creatinine 
concentration. Main outcomes were reported diagnoses of heart attack, coronary heart disease, angina and diabetes and serum liver enzyme levels. Urinary BPA concentrations in 2005/06 (geometric mean 1.79 ng/ml, 
95% CI: 1.64 to 1.96) were lower than in 2003/04 (2.49 ng/ml, CI: 2.20 to 2.83, difference p-value = 0.00002). Higher BPA concentrations were associated with coronary heart disease in 2005/06 (OR per z-score increase 
in BPA = 1.33, 95%CI: 1.01 to 1.75, p = 0.043) and in pooled data (OR = 1.42, CI: 1.17 to 1.72, p = 0.001). Associations with diabetes did not reach significance in 2005/06, but pooled estimates remained significant (OR = 
1.24, CI: 1.10 to 1.40, p = 0.001). There was no overall association with gamma glutamyl transferase concentrations, but pooled associations with alkaline phosphatase and lactate dehydrogenase remained significant. 
CONCLUSIONS: Higher BPA exposure, reflected in higher urinary concentrations of BPA, is consistently associated with reported heart disease in the general adult population of the USA. Studies to clarify the 
mechanisms of these associations are urgently needed.

PLoS One 5, e8673 10.1371/journal.pone.0008673 20084273 ヒト - - - - - - - 横断研究 1 1 - - - - - - - - - - - ● - - ● - - -
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統合_2578 Melzer D et al. 2012

Urinary bisphenol A concentration 
and risk of future coronary artery 
disease in apparently healthy men 
and women

BACKGROUND: The endocrine-disrupting chemical bisphenol A (BPA) is widely used in food and beverage packaging. Higher urinary BPA concentrations were cross-sectionally associated with heart disease in National 
Health and Nutrition Examination Survey (NHANES) 2003-2004 and NHANES 2005-2006, independent of traditional risk factors. METHODS AND RESULTS: We included 758 incident coronary artery disease (CAD) cases 
and 861 controls followed for 10.8 years from the European Prospective Investigation of Cancer-Norfolk UK. Respondents aged 40 to 74 years and free of CAD, stroke, or diabetes mellitus provided baseline spot urine 
samples. Urinary BPA concentrations (median value, 1.3 ng/mL) were low. Per-SD (4.56 ng/mL) increases in urinary BPA concentration were associated with incident CAD in age-, sex-, and urinary creatinine-adjusted 
models (n=1919; odds ratio=1.13; 95% confidence interval, 1.02-1.24; P=0.017). With CAD risk factor adjustment (including education, occupational social class, body mass index category, systolic blood pressure, lipid 
concentrations, and exercise), the estimate was similar but narrowly missed 2-sided significance (n=1744; odds ratio=1.11; 95% confidence interval, 1.00-1.23; P=0.058). Sensitivity analyses with the fully adjusted 
model, excluding those with early CAD (<3-year follow-up), body mass index >30, or abnormal renal function or with additional adjustment for vitamin C, C-reactive protein, or alcohol consumption, all produced similar 
estimates, and all showed associations at P≤0.05. CONCLUSIONS: Associations between higher BPA exposure (reflected in higher urinary concentrations) and incident CAD during >10 years of follow-up showed trends 
similar to previously reported cross-sectional findings in the more highly exposed NHANES respondents. Further work is needed to accurately estimate the prospective exposure-response curve and to establish the 
underlying mechanisms.

Circulation. 2012 Mar 
27;125(12):1482-90.

10.1161/CIRCULATIONAHA.111.0
69153

22354940 ヒト ⼼⾎管 - - - - - - nested case-control 1 1 - - - 1 1 1 - - - - - ● - - - - - -

統合_2579 Mendiola J et al. 2010

Are Environmental Levels of 
Bisphenol A Associated with 
Reproductive Function in Fertile 
Men?

BACKGROUND: Rodent and in vitro studies have demonstrated the estrogenicity of bisphenol A (BPA). However, few studies have examined the relationship between human exposure to BPA and male reproductive 
function. OBJECTIVES: We investigated the relationships between environmental BPA exposure and reproductive parameters, including semen quality and male reproductive hormones, in prospectively recruited fertile 
men. METHODS: Participants (n = 375) were partners of pregnant women who participated in the Study for Future Families in four U.S. cities, and all of the men provided blood, semen, and urine samples. BPA was 
measured in urine. Serum samples were analyzed for reproductive hormones, including follicle-stimulating hormone, luteinizing hormone (LH), testosterone, inhibin B, estradiol, and sex hormone-binding globulin (SHBG), 
as well as the free androgen index (FAI). Semen analyses were performed according to World Health Organization criteria. Pearson correlations were used for unadjusted analyses, and multiple linear regression analyses 
were used to examine associations controlling for age, body mass index, smoking, ethnicity, urinary creatinine concentration, time of sample collection, and duration of abstinence. RESULTS: After multivariate 
adjustment, we observed no significant associations between any semen parameter and urinary BPA concentration. However, a significant inverse association was found between urinary BPA concentration and FAI levels 
and the FAI/LH ratio, as well as a significant positive association between BPA and SHBG. CONCLUSIONS: Our results suggest that, in fertile men, exposure to low environmental levels of BPA may be associated with a 
modest reduction in markers of free testosterone, but any effects on reproductive function are likely to be small, and of uncertain clinical significance.

Environ Health Perspect 
118,1286-1291

10.1289/ehp.1002037 20494855 ヒト - - - - - - - 横断研究 1 1 - - - - - - - - - - - ● - - ● - - -

統合_2580 Miao M et al. 2011
In utero exposure to bisphenol-A 
and its effect on birth weight of 
offspring

To examine the effect of in utero BPA exposure on the birth weight of offspring, a total of 587 children from families in which parent(s) did or did not have occupational exposure to BPA were examined. Their birth weights 
were obtained by an in-person interview of the mother. Parental BPA exposure level during the index pregnancy was determined through personal air sampling measurements and exposure history. After controlling for 
potential confounders, parental exposure to BPA in the workplace during pregnancy was associated with decreased birth weight. The association was stronger for maternal exposure which is statistically significant 
(P=0.02). A dose-response relationship was observed with increased BPA exposure levels in pregnancy associated with greater magnitude of decrease of birth weight in offspring (P=0.003). Our findings provide the new 
epidemiologic evidence suggesting that in utero exposure to BPA during pregnancy may be associated with decreased birth weight in offspring.

Reprod Toxicol. 2011 
Jul;32(1):64-8.

10.1016/j.reprotox.2011.03.002 21440056 ヒト ⽣殖発⽣ - - - - - - コホート研究 1 1 - - - 1 1 1 - - - - - ● - - - - - -

統合_2581 Miodovnik A et al. 2011
Endocrine disruptors and childhood 
social impairment

Prenatal exposure to endocrine disruptors has the potential to impact early brain development. Neurodevelopmental toxicity in utero may manifest as psychosocial deficits later in childhood. This study investigates 
prenatal exposure to two ubiquitous endocrine disruptors, the phthalate esters and bisphenol A (BPA), and social behavior in a sample of adolescent inner-city children. Third trimester urines of women enrolled in the 
Mount Sinai Children's Environmental Health Study between 1998 and 2002 (n=404) were analyzed for phthalate metabolites and BPA. Mother-child pairs were asked to return for a follow-up assessment when the child 
was between the ages of 7 and 9 years. At this visit, mothers completed the Social Responsiveness Scale (SRS) (n=137), a quantitative scale for measuring the severity of social impairment related to Autistic Spectrum 
Disorders (ASD) in the general population. In adjusted general linear models increasing log-transformed low molecular weight (LMW) phthalate metabolite concentrations were associated with greater social deficits 
(beta=1.53, 95% CI 0.25-2.8). Among the subscales, LMWP were also associated with poorer Social Cognition (beta=1.40, 95% CI 0.1-2.7); Social Communication (beta=1.86, 95% CI 0.5-3.2); and Social Awareness 
(beta=1.25, 95% CI 0.1-2.4), but not for Autistic Mannerisms or Social Motivation. No significant association with BPA was found (beta=1.18, 95% CI -0.75, 3.11). Prenatal phthalate exposure was associated with 
childhood social impairment in a multiethnic urban population. Even mild degrees of impaired social functioning in otherwise healthy individuals can have very important adverse effects over a child's lifetime. These results 
extend our previous finding of atypical neonatal and early childhood behaviors in relation to prenatal phthalate exposure.

Neurotoxicology. 2011 
Mar;32(2):261-7.

10.1016/j.neuro.2010.12.009 21182865 ヒト 発達神経 - - - - - - コホート研究 1 1 - - - 1 1 1 - - - - - ● - - ● - ● -

統合_2582 Padmanabhan V et al. 2008
Maternal bisphenol-A levels at 
delivery: a looming problem?

OBJECTIVE: The objective was to determine whether bisphenol-A (BPA) is found in maternal circulation of pregnant women in the US population and is related to gestational length and birth weight. METHOD: Circulating 
levels of BPA were quantified by high performance liquid chromatography-tandem mass spectrometry at delivery in 40 southeastern Michigan mothers and correlated with gestational length and birth weight of offspring. 
RESULT: Maternal levels of unconjugated BPA ranged between 0.5 and 22.3 ng ml(-1) in southeastern Michigan mothers. There was no correlation between BPA concentrations and gestational length or birth weight of 
offspring. CONCLUSION: This is the first study to document measurable levels of BPA in maternal blood of the US population. Long-term follow-up studies of offspring are needed to validate or refute concerns over 
human fetal exposure to synthetic exogenous steroids.

J. Perinatol. 2008; 
28:258-63.

10.1038/sj.jp.7211913 18273031 ヒト - - - - - - - 横断研究 1 1 - - - - - - - - - - - ● - - ● - - -

統合_2583 Perera F et al. 2012
Prenatal bisphenol a exposure and 
child behavior in an inner-city cohort

BACKGROUND: Experimental laboratory evidence suggests that bisphenol A (BPA), an endocrine disruptor, is a neurodevelopmental toxicant. However, there have been limited and inconclusive results with respect to sex-
specific BPA effects on child behavior. OBJECTIVE: We examined the association between prenatal BPA exposure and child behavior, adjusting for postnatal BPA exposure and hypothesizing sex-specific effects. 
METHODS: We followed African-American and Dominican women and their children from pregnancy to child's age 5 years, collecting spot urine samples from the mothers during pregnancy (34 weeks on average) and from 
children between 3 and 4 years of age to estimate BPA exposure. We assessed child behavior between 3 and 5 years of age using the Child Behavior Checklist (CBCL) and used generalized linear models to test the 
association between BPA exposure and child behavior, adjusting for potential confounders. RESULTS: The analysis was conducted on 198 children (87 boys and 111 girls). Among boys, high prenatal BPA exposure 
(highest quartile vs. the lowest three quartiles) was associated with significantly higher CBCL scores (more problems) on Emotionally Reactive [1.62 times greater; 95% confidence interval (CI): 1.13, 2.32] and Aggressive 
Behavior syndromes (1.29 times greater; 95% CI: 1.09, 1.53). Among girls, higher exposure was associated with lower scores on all syndromes, reaching statistical significance for Anxious/Depressed (0.75 times as high; 
95% CI: 0.57, 0.99) and Aggressive Behavior (0.82 times as high; 95% CI: 0.70, 0.97). CONCLUSION: These results suggest that prenatal exposure to BPA may affect child behavior, and differently among boys and girls.

Environ Health 
Perspect. 2012 
Aug;120(8):1190-4.

10.1289/ehp.1104492 22543054 ヒト 発達神経 - - - - - - コホート研究 1 1 - - - 1 1 1 - - - - - ● - ● - - - -

統合_2584 Philippat C et al. 2012
Exposure to phthalates and phenols 
during pregnancy and offspring size 
at birth

BACKGROUND: Data concerning the effects of prenatal exposures to phthalates and phenols on fetal growth are limited in humans. Previous findings suggest possible effects of some phenols on male birth weight. 
OBJECTIVE: Our aim was to assess the relationships between prenatal exposures to phthalates and phenols and fetal growth among male newborns. METHODS: We conducted a case-control study on male 
malformations of the genitalia nested in two French mother-child cohorts with recruitment between 2002 and 2006. We measured, in maternal urinary samples collected between 6 and 30 gestational weeks, the 
concentrations (micrograms per liter) of 9 phenol (n = 191 pregnant women) and 11 phthalate metabolites (n = 287). Weight, length, and head circumference at birth were collected from maternity records. Statistical 
analyses were corrected for the oversampling of malformation cases. RESULTS: Adjusted birth weight decreased by 77 g [95% confidence interval (CI): -129, -25] and by 49 g (95% CI: -86, -13) in association with a 1-unit 
increase in ln-transformed 2,4-dichlorophenol (DCP) and 2,5-DCP urinary concentrations, respectively. Benzophenone-3 (BP3) ln-transformed concentrations were positively associated with weight (26 g; 95% CI: -2, 54) 
and head circumference at birth (0.1 cm; 95% CI: 0.0, 0.2). Head circumference increased by 0.3 cm (95% CI: 0.0, 0.7) in association with a 1-unit increase in ln-transformed BPA concentration. For phthalate metabolites 
there was no evidence of monotonic associations with birth weight. CONCLUSIONS: Consistent with findings of a previous study, we observed evidence of an inverse association of 2,5-DCP and a positive association of 
BP3 with male birth weight.

Environ Health 
Perspect. 2012 
Mar;120(3):464-70.

10.1289/ehp.1103634 21900077 ヒト ⽣殖発⽣ - - - - - - 症例対照研究 1 1 - - - 1 1 1 - 1 - - - ● - - - - - -

統合_2585 Teeguarden JG et al. 2011
Twenty-Four Hour Human Urine 
and Serum Profiles of Bisphenol A 
during High-Dietary Exposure

By virtue of its binding to steroid hormone receptors, bisphenol A (BPA, the unconjugated bioactive monomer) is hypothesized to be estrogenic when present in sufficient quantities in the body, raising concerns that 
widespread exposure to BPA may impact human health. To better understand the internal exposure of adult humans to BPA and the relationship between the serum and urinary pharmacokinetics of BPA, a clinical exposure 
study was conducted. Blood and urine samples were collected approximately hourly over a 24-h period from 20 adult volunteers who ingested 100% of one of three specified meals comprising standard grocery store food 
items for breakfast, lunch, and dinner. The volunteers' average consumption of BPA, estimated from the urinary excretion of total BPA ((TOT)BPA = conjugated BPA + BPA), was 0.27 mug/kg body weight (range, 0.03-
0.86), 21% greater than the 95th percentile of aggregate exposure in the adult U.S. population. A serum time course of (TOT)BPA was observable only in individuals with exposures 1.3-3.9 times higher than the 95th 
percentile of aggregate U.S. exposure. The (TOT)BPA urine concentration T(max) was 2.75 h (range, 0.75-5.75 h) post-meal, lagging the serum concentration T(max) by approximately 1 h. Serum (TOT)BPA area under the 
curve per unit BPA exposure was between 21.5 and 79.0 nM*h*kg/mug BPA. Serum (TOT)BPA concentrations ranged from less than or equal to limit of detection (LOD, 1.3 nM) to 5.7 nM and were, on average, 42 times 
lower than urine concentrations. During these high dietary exposures, (TOT)BPA concentrations in serum were undetectable in 83% of the 320 samples collected and BPA concentrations were determined to be less than 
or equal to LOD in all samples.

Toxicological Sciences, 
123, 48-57

10.1093/toxsci/kfr160 21705716 ヒト - - - - - - - 臨床曝露試験 1 1 - - - - - - - - - - - ● - - - - ● -

統合_2586 Wolff MS et al.  et al. 2010

Investigation of relationships 
between urinary biomarkers of 
phytoestrogens, phthalates, and 
phenols and pubertal stages in girls

BACKGROUND: Hormonally active environmental agents may alter the course of pubertal development in girls, which is controlled by steroids and gonadotropins. OBJECTIVES: We investigated associations of concurrent 
exposures from three chemical classes (phenols, phthalates, and phytoestrogens) with pubertal stages in a multiethnic longitudinal study of 1,151 girls from New York City, New York, greater Cincinnati, Ohio, and 
northern California who were 6-8 years of age at enrollment (2004-2007). METHODS: We measured urinary exposure biomarkers at visit 1 and examined associations with breast and pubic hair development (present or 
absent, assessed 1 year later) using multivariate adjusted prevalence ratios (PR) and 95% confidence intervals (CIs). Modification of biomarker associations by age-specific body mass index percentile (BMI%) was 
investigated, because adipose tissue is a source of peripubertal hormones. RESULTS: Breast development was present in 30% of girls, and 22% had pubic hair. High-molecular-weight phthalate (high MWP) metabolites 
were weakly associated with pubic hair development [adjusted PR, 0.94 (95% CI, 0.88-1.00), fifth vs. first quintile]. Small inverse associations were seen for daidzein with breast stage and for triclosan and high MWP with 
pubic hair stage; a positive trend was observed for low-molecular-weight phthalate biomarkers with breast and pubic hair development. Enterolactone attenuated BMI associations with breast development. In the first 
enterolactone quintile, for the association of high BMI with any development, the PR was 1.34 (95% CI, 1.23-1.45 vs. low BMI). There was no BMI association in the fifth, highest quintile of enterolactone. CONCLUSIONS: 
Weak hormonally active xenobiotic agents investigated in this study had small associations with pubertal development, mainly among those agents detected at highest concentrations.

Environ Health 
Perspect. 2010 
Jul;118(7):1039-46.

10.1289/ehp.0901690 20308033 ヒト ⽣殖発⽣ - - - - - - コホート研究 1 1 - - - 1 1 1 - 1 - - - - - - ● - ● -

統合_2587 Wolff MS et al. 2008
Environmental exposures and 
puberty in inner-city girls

BACKGROUND: Hormonally active environmental exposures are suspected to alter onset of puberty in girls, but research on this question has been very limited. OBJECTIVE: We investigated pubertal status in relation to 
hormonally active environmental exposures among a multiethnic group of 192 healthy 9-year-old girls residing in New York City. METHODS: Information was collected on breast and pubic hair stages, weight and height. 
Phytoestrogen intake was estimated from a food-frequency questionnaire. Three phytoestrogens and bis-phenolA (BPA) were measured in urine. In a subset, 1,1'-dichloro-2,2'-bis(4-chlorophenyl)ethylene (DDE), 
polychlorinated biphenyls (PCBs) were measured in blood plasma and lead (Pb) in blood. Associations of exposures with pubertal stages (present=stage 2+ vs absent=stage 1) were examined using t-tests and Poisson 
multivariate regression to derive prevalence ratios (PR, 95%-confidence limits [CI]). RESULTS: Breast development was present in 53% of girls. DDE, Pb, and dietary intakes of phytoestrogens were not significantly 
associated with breast stage. Urinary phytoestrogen biomarker concentrations were lower among girls with breast development compared with no development. In multivariate models, main effects were strongest for two 
urinary isoflavones, daidzein (PR 0.89 [0.83-0.96] per ln microg/g creatinine) and genistein (0.94 [0.88-1.01]). Body mass index (BMI) is a hormonally relevant, strong risk factor for breast development. Therefore, BMI-
modification of exposure effects was examined, and associations became stronger. Delayed breast development was observed among girls with below-median BMI and third tertile (high exposure) of urinary daidzein (PR 
0.46 [0.26-0.78]); a similar effect was seen with genistein, comparing to girls >or= median BMI and lowest two tertiles (combined) of these isoflavones. With urinary enterolactone a phytoestrogen effect was seen only 
among girls with high BMI, where breast development was delayed among those with high urinary enterolactone (PR 0.55 [0.32-0.96] for the upper tertile vs lower two combined). There was no main effect of PCBs on 
breast stage, but girls with below-median BMI and >or= median PCB levels had reduced risk for breast development (any vs none) compared with other BMI-PCB groups. No biomarkers were associated with hair 
development, which was present in 31% of girls. CONCLUSIONS: Phytoestrogens and PCBs are environmental exposures that may delay breast development, especially in conjunction with BMI, which governs the 
endogenous hormonal milieu. Further research to confirm these findings may improve our understanding of the role of early life development in breast cancer risk and other chronic diseases related to obesity.

Environmental 
Research, 107, 393-400

10.1016/j.envres.2008.03.006 18479682 ヒト - - - - - - - 横断研究 1 1 - - - - - - - - - - - ● - - ● - ● -

統合_2588 Yang YJ et al. 2009

Bisphenol A exposure is associated 
with oxidative stress and 
inflammation in postmenopausal 
women

Bisphenol A (BPA) is widely used in the production of polycarbonate plastics and epoxy resins. There is increasing health concerns regarding low-level exposure to BPA among the general population. The aim of this study 
was to determine the association between BPA exposure with oxidative stress and inflammation in adult populations. A cross-sectional study was conducted. This study included 485 adults (259 men, 92 premenopausal 
women, and 134 postmenopausal women) living in general communities within large cities. Urinary concentrations of BPA, malondialdehyde (MDA), and 8-hydroxydeoxyguanosine (8-OHdG), white blood cell (WBC) count, 
and C-reactive protein (CRP) were measured. Multivariate analyses were applied to determine the associations of BPA exposure with oxidative stress and inflammation. The geometric means of urinary BPA for men, 
premenopausal women, and postmenopausal women were 0.53, 0.61, and 0.58 microg/g cr, respectively. The urinary BPA concentrations were positively associated with MDA, 8-OHdG, and CRP levels in the 
postmenopausal women; however, such associations did not exist in men and premenopausal women. The findings of this study suggest that BPA exposure would promote oxidative stress and inflammation, in which 
postmenopausal women are likely to be more susceptible to BPA-induced health effects.

Environ. Res. 2009; 
6:797-801.

10.1016/j.envres.2009.04.014 19464675 ヒト - - - - - - - 横断研究 1 1 - - - - - - - - - - - ● - - - - - -

統合_2589 Yolton K et al. 2011
Prenatal exposure to bisphenol A 
and phthalates and infant 
neurobehavior

OBJECTIVE: To examine the association of prenatal exposure to bisphenol A and select common phthalates with infant neurobehavior measured at 5 weeks. METHODS: We compared the concentration of maternal urinary 
metabolites of bisphenol A and phthalates at two distinct time points in pregnancy (16w, 26w) with scores on the NICU Network Neurobehavioral Scale (NNNS) at 5 weeks of age in a cohort of 350 mother/infant pairs. 
RESULTS: Prenatal exposure to BPA was not significantly associated with neurobehavioral outcomes at 5 weeks. Significant associations between prenatal exposure to measured phthalates and infant neurobehavioral 
outcomes differed by type of phthalate and were only seen with exposure measured at 26 weeks. Higher total di-butyl phthalate (DBP) metabolites at 26w were associated with improved behavioral organization evidenced 
by decreased arousal (p=.04), increased self-regulation (p=.052), and decreased handling (p=.02). In males, higher total di-2-ethylhexyl phthalate (DEHP) metabolites at 26w were associated with more nonoptimal 
reflexes (p=.02). CONCLUSION: The association between prenatal phthalate exposure and infant neurobehavior differed by type of phthalate and was evident only with exposure measured at 26w. Prenatal exposure to 
DBP was associated with improved behavioral organization in 5-week-old infants. Prenatal exposure to DEHP was associated with nonoptimal reflexes in male infants. There was no evidence of an association between 
prenatal BPA exposure and infant neurobehavior.

Neurotoxicol Teratol. 
2011 Sep-
Oct;33(5):558-66.

10.1016/j.ntt.2011.08.003 21854843 ヒト 発達神経 - - - - - - コホート研究 1 1 - - - 1 1 1 - - - - - ● - ● - - - -

統合_2590 Melzer D et al. 2012
Urinary bisphenol a concentration 
and angiography-defined coronary 
artery stenosis

BACKGROUND: Bisphenol A is widely used in food and drinks packaging. There is evidence of associations between raised urinary bisphenol A (uBPA) and increased incidence of reported cardiovascular diagnoses. 
METHODOLOGY/PRINCIPAL FINDINGS: To estimate associations between BPA exposure and angiographically graded coronary atherosclerosis. 591 patients participating in The Metabonomics and Genomics in 
Coronary Artery Disease (MaGiCAD) study in Cambridgeshire UK, comparing urinary BPA (uBPA) with grades of severity of coronary artery disease (CAD) on angiography. Linear models were adjusted for BMI, 
occupational social class and diabetes status. Severe (one to three vessel) CAD was present in 385 patients, 86 had intermediate disease (n=86) and 120 had normal coronary arteries. The (unadjusted) median uBPA 
concentration was 1.28 ng/mL with normal coronary arteries, and 1.53 ng/mL with severe CAD. Compared to those with normal coronary arteries, uBPA concentration was significantly higher in those with severe CAD 
(OR per uBPA SD=5.96 ng/ml OR=1.43, CI 1.03 to 1.98, p=0.033), and near significant for intermediate disease (OR=1.69, CI 0.98 to 2.94, p=0.061). There was no significant uBPA difference between patients with severe 
CAD (needing surgery) and the remaining groups combined. CONCLUSIONS/SIGNIFICANCE: BPA exposure was higher in those with severe coronary artery stenoses compared to those with no vessel disease. Larger 
studies are needed to estimate true dose response relationships. The mechanisms underlying the association remain to be established.

PLoS One. 
2012;7(8):e43378.

10.1371/journal.pone.0043378 22916252 ヒト ⼼⾎管 - - - - - - 横断研究 1 1 - - - 1 1 1 - - - - - ● - - - - - -
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統合_2591 Mok-Lin E et al. 2010
Urinary bisphenol A concentrations 
and ovarian response among women 
undergoing IVF

Bisphenol A (BPA) is a synthetic chemical used in the manufacture of materials present in many common consumer products. In experimental animals, BPA caused oocyte aneuploidy and reduced production of oestradiol. 
In a prospective cohort study, we investigated the association between urinary BPA concentrations and ovarian response among women undergoing in vitro fertilization (IVF) at the Massachusetts General Hospital (MGH) 
Fertility Center. The geometric mean of two specific-gravity (SG) adjusted urinary BPA concentrations collected during each IVF cycle was used as the cycle-specific BPA exposure level. BPA concentrations were 
measured using online solid phase extraction coupled to isotope dilution-high-performance liquid chromatography-tandem mass spectrometry. Peak serum oestradiol was measured using the Elecsys Estradiol II 
immunoassay kit. Multivariable mixed effect models and Poisson regression models adjusting for correlation between multiple IVF cycles in the same woman were used to evaluate the association between urinary BPA 
concentrations and ovarian response, adjusting for age, BMI and day 3 follicle stimulating hormone (FSH) levels, a clinical measure of ovarian reserve. Urinary BPA concentrations were measured in 84 women (mean age 
35.6 years) undergoing 112 IVF cycles; 23 women (27%) contributed more than one IVF cycle. BPA concentrations ranged from <0.4 to 25.5 microg/L (geometric mean 2.52 +/- SD 3.2); 15% of urine samples had 
concentrations <0.4 microg/L. Peak serum oestradiol levels correlated with the total number of oocytes retrieved per cycle (r = 0.65, p < 0.001). For each log unit increase in SG-BPA, there was an average decrease of 
12% (95% CI: 4, 23%; p = 0.007) in the number of oocytes retrieved and an average decrease of 213 pg/ml (95% CI: -407, -20; p = 0.03) in peak oestradiol. BPA was detected in the urine of the majority of women 
undergoing IVF, and was inversely associated with number of oocytes retrieved and peak oestradiol levels.

Int J Androl. 2010 
Apr;33(2):385-93.

10.1111/j.1365-2605.2009.01014.x 20002217 ヒト ⽣殖発⽣ - - - - - - 横断研究 1 1 - - - 1 1 1 - - - - - ● - - ● - - -

統合_2592 Caserta D et al. 2013

Correlation of Endocrine Disrupting 
Chemicals Serum Levels and White 
Blood Cells Gene Expression of 
Nuclear Receptors in a Population of 
Infertile Women

Significant evidence supports that many endocrine disrupting chemicals could affect female reproductive health. Aim of this study was to compare the internal exposure to bisphenol A (BPA), perfluorooctane sulphonate 
(PFOS), perfluorooctanoic acid (PFOA), monoethylhexyl phthalate (MEHP), and di(2-ethylhexyl) phthalate (DEHP) in serum samples of 111 infertile women and 44 fertile women. Levels of gene expression of nuclear 
receptors (ER alpha , ER beta , AR, AhR, PXR, and PPAR gamma ) were also analyzed as biomarkers of effective dose. The percentage of women with BPA concentrations above the limit of detection was significantly 
higher in infertile women than in controls. No statistically significant difference was found with regard to PFOS, PFOA, MEHP and DEHP. Infertile patients showed gene expression levels of ER alpha , ER beta , AR, and 
PXR significantly higher than controls. In infertile women, a positive association was found between BPA and MEHP levels and ER alpha , ER beta , AR, AhR, and PXR expression. PFOS concentration positively correlated 
with AR and PXR expression. PFOA levels negatively correlated with AhR expression. No correlation was found between DEHP levels and all evaluated nuclear receptors. This study underlines the need to provide special 
attention to substances that are still widely present in the environment and to integrate exposure measurements with relevant indicators of biological effects.

Int J Endocrinol. 
2013:2013:510703.

10.1155/2013/510703 23710174 ヒト ⽣殖発⽣ - - - - - - 横断研究 1 1 - - - 1 1 1 - - - ● - - - - - - - -

統合_2593 Chen MJ et al. 2013
Association of exposure to phenols 
and idiopathic male infertility

Widespread human exposure to phenols has been documented recently, and some phenols which are potential endocrine disruptors have demonstrated adverse effects on male reproduction in animal and in vitro studies. 
However, implications about exposure to phenols and male infertility are scarce in humans. Case-control study of 877 idiopathic infertile men and 713 fertile controls was conducted. Urinary levels of bisphenol A, 
benzophenone-3, pentachlorophenol, triclosan, 4-tert-octylphenol (4-t-OP), 4-n-octylphenol (4-n-OP) and 4-n-nonylphenol (4-n-NP) and semen parameters were measured. After multivariate adjustment, we found 4-t-OP, 
4-n-OP and 4-n-NP exposure was associated with idiopathic male infertility (p-value for trend: <0.0001, 0.014 and 0.001, respectively). Aside from these associations, 4-t-OP and 4-n-NP exposure was also associated 
with idiopathic male infertility with abnormal semen parameters. Moreover, we observed significant associations between sum alkylphenols (APs) exposure and idiopathic male infertility. There were no relationships 
between exposure to other phenols and idiopathic male infertility in the present study. Our study provides the first evidence that exposure to APs (4-t-OP, 4-n-OP and 4-n-NP) is associated with idiopathic male infertility.

J Hazard Mater. 2013 
Apr 15:250-251:115-21.

10.1016/j.jhazmat.2013.01.061 23435201 ヒト 精巣 - - - - - - 症例対照研究 1 1 - - - 1 1 1 - - - - - - - - - - - -

統合_2594 Chen XJ et al. 2013

Parental phenols exposure and 
spontaneous abortion in Chinese 
population residing in the middle 
and lower reaches of the Yangtze 
River

Widespread use of phenols has led to ubiquitous exposure to phenols. In experimental animals, phenols increased resorptions, reduced live litter size and fetal body weights. However, there are limited epidemiological 
evidences of the relationships between exposure to phenols and pregnancy outcomes. We evaluated the associations between parental urinary levels of various phenols and spontaneous abortion in a Chinese population 
residing in the middle and lower reaches of the Yangtze River. A case-control study was conducted that included 70 case couples with medically unexplained spontaneous abortion and 180 control couples who did not 
have a history of spontaneous abortion and had at least one living child. Both parental urinary phenols were measured by ultra-high performance liquid chromatography-tandem mass spectrometry including bisphenol A 
(BPA), benzophenone-3 (BP-3), 2,3,4-trichlorophenol (2,3,4-TCP), pentachlorophenol (PCP), 4-n-octylphenol (4-n-OP) and 4-n-nonylphenol (4-n-NP). Compared with the low exposure group, there was an increased risk of 
spontaneous abortion with high paternal urinary PCP concentration [odds ratio (OR)=2.09, 95% Confidence Interval (CI), 1.05-4.14], and maternal exposure to 4-n-OP and alkylphenol(s) also significantly increased the risk 
of spontaneous abortion (OR=2.21, 95% CI, 1.02-4.80; OR=2.81, 95% CI, 1.39-5.65, respectively). Our study firstly provides the evidence that paternal PCP exposure, maternal 4-n-OP and alkylphenol(s) exposure are 
associated with spontaneous abortion in humans.

Chemosphere. 2013 
Sep;93(2):217-22.

10.1016/j.chemosphere.2013.04.0
67

23714150 ヒト ⽣殖発⽣ - - - - - - 横断研究 1 1 - - - 1 1 1 - - - - - - - - - - - -

統合_2595 Ehrlich S et al. 2013

Urinary bisphenol A concentrations 
and cytochrome P450 19 A1 (Cyp19) 
gene expression in ovarian 
granulosa cells: An in vivo human 
study

BACKGROUND: Exposure to bisphenol A (BPA), a chemical widely used in consumer products, has been associated with in vitro Cyp19 gene expression. OBJECTIVE: To evaluate an in vivo human model of Cyp19 gene 
expression in granulosa cells. STUDY DESIGN: A subset of an ongoing prospective cohort study of women undergoing in vitro fertilization (IVF) at Massachusetts General Hospital. METHODS: Mixed effect models were 
used to evaluate the association of urinary BPA concentrations with granulosa cell Cyp19 mRNA expression. RESULTS: In 61 women undergoing 76 IVF cycles, adjusted changes in mean Cyp19 expression (beta estimate 
(95% CI)) for quartiles 2, 3 and 4 as compared to the lowest quartile were: -0.97 (-2.22, 0.28); -0.97 (-2.18, 0.24) and -0.38 (-1.58, 0.82). CONCLUSIONS: An in vivo model for evaluation of Cyp19 gene expression was 
developed for use in epidemiologic studies. In this pilot study, we found no statistically significant linear association between urinary BPA concentrations and Cyp19 expression.

Reprod Toxicol. 2013 
Dec:42:18-23.

10.1016/j.reprotox.2013.06.071 23850856 ヒト ⽣殖発⽣ - - - - - - 横断研究 1 1 - - - 1 1 1 - - - - - ● - - - - - -

統合_2596 Louis GMB et al. 2013

Bisphenol A and phthalates and 
endometriosis: the Endometriosis: 
Natural History, Diagnosis and 
Outcomes Study

OBJECTIVE: To explore the relation between bisphenol A and 14 phthalate metabolites and endometriosis. DESIGN: Matched cohort design. SETTING: Fourteen clinical centers. PATIENT(S): The operative cohort 
comprised 495 women undergoing laparoscopy/laparotomy, whereas the population cohort comprised 131 women matched on age and residence. INTERVENTION(S): None. MAIN OUTCOME MEASURE(S): Surgically 
visualized or pelvic magnetic resonance imaging diagnosed endometriosis in the two cohorts, respectively. RESULT(S): Odds ratios (OR) and 95% confidence intervals (CIs) were estimated using logistic regression 
adjusting for age, body mass index, and creatinine. In the population cohort, six phthalate metabolites-mono-n-butyl phthalate, mono-[(2-carboxymethyl) hexyl] phthalate, mono (2-ethyl-5-carboxyphentyl) phthalate, mono 
(2-ethylhexyl) phthalate, mono (2-ethyl-5-hydroxyhexyl) phthalate, and mono (2-ethyl-5-oxohexyl) phthalate-were significantly associated with an approximately twofold increase in the odds of an endometriosis diagnosis. 
Two phthalates were associated with endometriosis in the operative cohort when restricting to visualized and histologic endometriosis (monooctyl phthalate; OR 1.38; 95% CI 1.10-1.72) or when restricting comparison 
women to those with a postoperative diagnosis of a normal pelvis [mono (2-ethylhexyl) phthalate; OR 1.35; 95% CI 1.03-1.78]. CONCLUSION(S): Select phthalates were associated with higher odds of an endometriosis 
diagnosis for women with magnetic resonance imaging-diagnosed endometriosis. The lack of consistency of findings across cohorts underscores the impact of methodology on findings.

Fertil SFertil Steril. 2013 
Jul;100(1):162-9.e1-
2.teril

10.1016/j.fertnstert.2013.03.026 23579005 ヒト ⼦宮 - - - - - - 横断研究 1 1 - - - 1 1 1 - - - - - - - - - - - -

統合_2597 Donohue KM et al. 2013
Prenatal and postnatal bisphenol a 
exposure and asthma development 
among inner-city children

BACKGROUND: Bisphenol A (BPA) is used widely to manufacture food container linings. Mouse models suggest exposure to BPA might increase allergic inflammation. OBJECTIVES: We hypothesized that BPA exposure, 
as assessed based on urinary BPA concentrations, would be associated with increased odds of wheeze and asthma and increased fraction of exhaled nitric oxide (Feno) values in children. METHODS: The Columbia 
Center for Children's Environmental Health recruited pregnant women for a prospective birth cohort study (n = 568). Mothers during the third trimester and children at ages 3, 5, and 7 years provided spot urine samples. 
Total urinary BPA concentrations were measured by using online solid-phase extraction, high-performance liquid chromatography, isotope-dilution tandem mass spectrometry. Wheeze in the last 12 months was measured 
by using questionnaires at ages 5, 6, and 7 years. Asthma was determined by a physician once between ages 5 and 12 years. Feno values were measured at ages 7 to 11 years. RESULTS: Prenatal urinary BPA 
concentrations were associated inversely with wheeze at age 5 years (odds ratio [OR], 0.7; 95% CI, 0.5-0.9; P = .02). Urinary BPA concentrations at age 3 years were associated positively with wheeze at ages 5 years 
(OR, 1.4; 95% CI, 1.1-1.8; P = .02) and 6 years (OR, 1.4; 95% CI, 1.0-1.9; P = .03). BPA concentrations at age 7 years were associated with wheeze at age 7 years (OR, 1.4; 95% CI, 1.0-1.9; P = .04) and Feno values (beta = 
0.1; 95% CI, 0.02-0.2; P = .02). BPA concentrations at ages 3, 5, and 7 years were associated with asthma (OR, 1.5 [95% CI, 1.1-2.0], P = .005; OR, 1.4 [95% CI, 1.0-1.9], P = .03; and OR, 1.5 [95% CI, 1.0-2.1], P = .04, 
respectively). CONCLUSIONS: This is the first report of an association between postnatal urinary BPA concentrations and asthma in children.

J Allergy Clin Immunol. 
2013 Mar;131(3):736-
42.

10.1016/j.jaci.2012.12.1573 23452902 ヒト 免疫 - - - - - - コホート研究 1 1 - - - 1 1 1 - 1 - ● - ● - - - - - -

統合_2598 Sprague BL et al. 2013
Circulating serum xenoestrogens 
and mammographic breast density

INTRODUCTION: Humans are widely exposed to estrogenically active phthalates, parabens, and phenols, raising concerns about potential effects on breast tissue and breast cancer risk. We sought to determine the 
association of circulating serum levels of these chemicals (reflecting recent exposure) with mammographic breast density (a marker of breast cancer risk). METHODS: We recruited postmenopausal women aged 55 to 70 
years from mammography clinics in Madison, Wisconsin (N = 264). Subjects completed a questionnaire and provided a blood sample that was analyzed for mono-ethyl phthalate, mono-butyl phthalate, mono-benzyl 
phthalate, butyl paraben, propyl paraben, octylphenol, nonylphenol, and bisphenol A (BPA). Percentage breast density was measured from mammograms by using a computer-assisted thresholding method. RESULTS: 
Serum BPA was positively associated with mammographic breast density after adjusting for age, body mass index, and other potentially confounding factors. Mean percentage density was 12.6% (95% confidence interval 
(CI), 11.4 to 14.0) among the 193 women with nondetectable BPA levels, 13.7% (95% CI, 10.7 to 17.1) among the 35 women with detectable levels below the median (<0.55 ng/ml), and 17.6% (95% CI, 14.1 to 21.5) among 
the 34 women with detectable levels above the median (>0.55 ng/ml; Ptrend = 0.01). Percentage breast density was also elevated (18.2%; 95% CI, 13.4 to 23.7) among the 18 women with serum mono-ethyl phthalate 
above the median detected level (>3.77 ng/ml) compared with women with nondetectable BPA levels (13.1%; 95% CI, 11.9 to 14.3; Ptrend = 0.07). No other chemicals demonstrated associations with percentage breast 
density. CONCLUSIONS: Postmenopausal women with high serum levels of BPA and mono-ethyl phthalate had elevated breast density. Further investigation of the impact of BPA and mono-ethyl phthalate on breast 
cancer risk by using repeated serum measurements or other markers of xenoestrogen exposure are needed.

Breast Cancer 
Research.2013;15(3):8

10.1186/bcr3432 23710608 ヒト - - - - - - - 横断研究 1 1 - - - - - - - - - - - - - - - - - -

統合_2599 Tang R et al. 2013
Associations of prenatal exposure to 
phenols with birth outcomes

Many phenols are known to mimic or antagonize hormonal activities and may adversely affect fetal growth. A study of 567 pregnant women was conducted to investigate the relationship between prenatal phenol exposure 
and birth outcomes, including birth weight, length, and gestational age. We measured the concentrations of bisphenol A, benzophenone-3, 4-n-octylphenol and 4-n-nonylphenol in maternal urine and examine their 
association with birth outcomes. Categories of urinary benzophenone-3 concentration were associated with decreased gestational age in all infants (p for trend = 0.03). Between middle and low exposure groups, we also 
found bisphenol A was negatively associated with gestational duration (betaadjusted = -0.48 week; 95% confidence interval: -0.91, -0.05). After stratification by gender, we found the consistent results in infant boys with 
those in all infants, but we did not observe significant association for girls. In conclusion, we found prenatal phenol exposure was sex-specifically related to birth outcomes.

Environmental 
Pollution.2013;178:115-
120

10.1016/j.envpol.2013.03.023 23562958 ヒト - - - - - - - 横断研究 1 1 - - - - - - - - - ● - - - - - - - -

統合_2600 Weinberger B et al. 2014
Effects of maternal exposure to 
phthalates and bisphenol A during 
pregnancy on gestational age

OBJECTIVE: Phthalates and bisphenol A (BPA) are ubiquitous environmental toxicants, present in high concentrations in numerous consumer products. We hypothesized that maternal exposure to phthalates and BPA in 
pregnancy is associated with shortened gestation. METHODS: Urinary phthalate and BPA metabolites from 72 pregnant women were measured at the last obstetric clinic visit prior to delivery. Using linear regression 
models, we estimated the change in gestational age associated with each interquartile range (IQR) increase in phthalate and BPA metabolite concentration. RESULTS: IQR increases in urinary mono(2-ethyl-5-
hydroxyhexyl) phthalate (MEHHP) and BPA concentrations were associated with 4.2 and 1.1 d decreases in gestation, respectively. When stratified by gender, these alterations were found only in male infants. 
CONCLUSIONS: We conclude that MEHHP and BPA (free + glucuronide) are associated with reductions in gestation, with effects observed only in males. Our findings are consistent with the idea that these agents 
induce gender-specific alterations in signaling via PPAR-gamma transcription factor, androgen precursors and/or inflammatory mediators during the initiation of labor.

Journal of Maternal-
Fetal & Neonatal 
Medicine.2014;27(4):32
3-327

10.3109/14767058.2013.815718 23795657 ヒト - - - - - - - 横断研究 1 1 - - - - - - - - - ● - - - - - - - -

統合_2601 Yi B et al. 2013
Association between Endocrine 
Disrupting Phenols in Colostrums 
and Maternal and Infant Health

Bisphenol A (BPA) and alkylphenols (APs) are well-known endocrine disrupting chemicals (EDCs) which may threat the next generations' health. We performed biomonitoring of these phenols in colostrums to assess risk 
of the phenols in breast-fed neonates. Study subjects were the lactating mothers who delivered babies within 2 weeks (N = 325; 30.67 +/- 3.45 years) and their neonates (N = 326; embryonic period, 39.1 +/- 1.5 weeks). 
BPA, nonylphenol (NP), and octylphenol (OP) in colostrums were quantified with LC/MS/MS. Information for environmental exposure sources of the phenols was obtained by questionnaires. As results, median level of 
BPA in colostrums was 7.8 ng/mL, while most NP or OP was not detected. Regarding health risks of phenols, levels of total NP in colostrums were elevated among sick mothers with toxemia, thyroid disorders, gastritis, 
and so forth than health mothers (3.51 +/- 4.98 versus 2.04 +/- 3.71 ng/mL, P = 0.02). Dairy products intake and detergents use were positively correlated with total BPA levels (Ps < 0.05). In conclusion, we estimate 
most neonates who are exposed to BPA rather than NP or OP via colostrums and recommend continuous biomonitoring of the phenols to clarify their suspected health risk on neonates and pregnant or gestation mothers.

International Journal of 
Endocrinology.2013;:7

10.1155/2013/282381 23737772 ヒト - - - - - - - バイオモニタリング 1 1 - - - - - - - - - - - ● - - - - - -

統合_2602 Krieter DH et al. 2013
Bisphenol A in Chronic Kidney 
Disease

The estrogenic endocrine-disrupting substance bisphenol A (BPA) is extensively used as a starting material for a variety of consumer plastic products including dialyzer materials. The present study was performed to 
explore plasma BPA levels in patients with impaired renal function and to investigate if dialyzers differing in elutable BPA influence plasma levels in patients on maintenance hemodialysis. In vitro BPA was eluted from 
high-flux polyethersulfone (PUREMA H, referred as PUR-H), high-flux polysulfone (referred as HF-PSu), and low-flux polysulfone (referred as LF-PSu) dialyzers by recirculation with water for 180 min. In a cross-sectional 
clinical study, plasma BPA levels of outpatients with different stages of chronic kidney disease (CKD) from four different centers were determined. Furthermore, in a prospective, randomized, and crossover setting, 18 
maintenance dialysis patients were subjected successively to 4 weeks of thrice-weekly hemodialysis with each LF-PSu, HF-PSu, and PUR-H. In addition, the fractions of protein-bound and free BPA were determined in a 
subset of dialysis patients. The mass of BPA eluted from the blood compartments in vitro under aqueous conditions varied for the three dialyzers being very low for PUR-H (6.2 +/- 2.5 ng; P < 0.001), intermediate for HF-
PSu (48.1 +/- 7.7 ng), and highest for LF-PSu (140.8 +/- 38.7 ng; P < 0.01). In 152 prevalent patients with CKD enrolled in the cross-sectional trial, plasma BPA started to rise after stage 3. Maintenance hemodialysis 
patients had more than six times higher BPA concentrations than patients with CKD stage 5 not yet on dialysis (10.0 +/- 6.6 vs. 1.6 +/- 1.8 ng/mL; P < 0.001). The BPA concentrations highly and inversely correlated with 
renal function. In the randomized controlled study, the plasma BPA concentrations were highly elevated compared with healthy controls (range 9.1 +/- 4.5-12.0 +/- 6.0 ng/mL vs. </=0.2 +/- 0.1 ng/mL; P < 0.001), but no 
change of the plasma levels was observed during hemodialysis with any of the three dialyzers in the course of a single treatment and over a period of 4 weeks. The protein-bound fraction of plasma BPA in the dialysis 
patients was 74 +/- 5%. Renal function and, most likely, the total quantity of ingested BPA are essential parameters affecting plasma BPA concentrations. Dialyzers are one additional source of BPA, but differences in the 
elutable BPA content are not associated with a significant effect on BPA plasma levels in Western European maintenance dialysis patients. Due to high protein binding, the removal of BPA by hemodialysis is limited.

Artificial 
Organs.2013;37(3):283-
290

10.1111/j.1525-1594.2012.01556.x 23145999 ヒト - - - - - - - 横断研究 1 1 - - - - - - - - - - - - - - - - - -

統合_2603 Sabanayagam C et al. 2013
Relationship between urinary 
bisphenol A levels and prediabetes 
among subjects free of diabetes

Bisphenol A (BPA) is a high volume production chemical used in the manufacture of polycarbonate plastics and epoxy resins. Recent experimental studies have suggested that BPA affects glucose metabolism through 
diverse mechanisms including insulin resistance, pancreatic β-cell dysfunction, adipogenesis, inflammation and oxidative stress. Prediabetes is a stage earlier in the hyperglycemia continuum associated with increased 
future risk of developing diabetes. Therefore, we examined the association between BPA exposure and prediabetes among subjects free of diabetes. We examined the association between urinary BPA levels and 
prediabetes in 3,516 subjects from the National Health and Nutritional Examination Survey 2003-2008. Urinary BPA levels were examined in tertiles. Prediabetes was defined as fasting glucose concentration 100-125 
mg/dL or 2-h glucose concentration of 140-199 mg/dL or an A1C value of 5.7-6.4 %. Overall, we observed a positive association between higher levels of urinary BPA and prediabetes, independent of potential confounders 
including body mass index, alcohol intake, blood pressure and serum cholesterol levels. Compared to tertile 1 (referent), the multivariate-adjusted odds ratio (95 % confidence interval) of prediabetes associated with 
tertile 3 of BPA was 1.34 (1.03-1.73), p-trend = 0.02. In subgroup analysis, this association was stronger among women and obese subjects. Higher urinary BPA levels are found to be associated with prediabetes 
independent of traditional diabetes risk factors. Future prospective studies are needed to confirm or disprove this finding.

Acta 
Diabetologica.2013;50(4
):625-631

10.1007/s00592-013-0472-z 23636267 ヒト - - - - - - - 横断研究 1 1 - - - - - - - - - ● - ● - - - - - -
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統合_2604 Sriphrapradang C et al. 2013
Association between bisphenol A 
and abnormal free thyroxine level in 
men

Bisphenol A (BPA) is a chemical that is used in a variety of consumer products, and exposure to BPA is widespread among the general population. Recent studies have suggested that BPA may affect the thyroid and 
related pathways. However, human studies are still limited. The aim of this study was to determine the relationship between BPA exposure and thyroid function. We obtained survey data and blood samples from The Thai 
National Health Examination Survey IV 2009, a nationally representative cross-sectional survey using a multistage, stratified sampling of the Thai population. A total of 2,340 subjects aged 18-94 years were sampled for 
the present study. Serum BPA, TSH, FT4, and related covariates were measured. BPA was log-transformed prior to analysis. BPA was detected in 52.8 % of serum samples with a median concentration of 0.33 (range 0-
66.91) ng/mL. We excluded subjects who tested positive for thyroid autoantibody and then stratified the remaining subjects by gender; the analysis showed a significantly negative correlation between serum BPA and FT4 
levels in males (r = -0.14, P < 0.001). In contrast, no association was observed in females. BPA was not associated with TSH in either gender. This gender-related discrepancy is possibly related to androgen-related 
differences in the metabolism of BPA. Our preliminary results provide evidence of a negative association between BPA and FT4 levels. Additional detailed studies are needed to investigate the temporal relationship and 
potential public health implications of such an association.

Endocrine.2013;44(2):44
1-447

10.1007/s12020-013-9889-y
Full text linksCite

23377699 ヒト - - - - - - - 横断研究 1 1 - - - - - - - - - ● - ● - - - - - -

統合_2605 Wang TG et al. 2013
Urinary Bisphenol A Concentration 
and Thyroid Function in Chinese 
Adults

BACKGROUND: Bisphenol A (BPA) is an endocrine disruptor that in animal studies can bind to the thyroid hormone receptor and affect thyroid function. Relevant epidemiologic studies are limited and results are 
inconsistent. We explored the relationship between urinary BPA and thyroid function in a Chinese population. METHODS: The study population included 3394 subjects age 40 years or older who were enrolled in a 
population-based study from Songnan Community, Baoshan District, Shanghai, China, from June through August 2009. We analyzed the association between urinary BPA and thyroid function using multivariate linear 
regression. Participants were further divided according to thyroid function status, and logistic regression was applied to determine the relationship between urinary BPA and thyroid function. RESULTS: Each one-quartile 
increase in BPA was related to an increase of 0.068 pmol/l (95% confidence interval = 0.065- 0.071) in free triiodothyronine and a 0.084 μIU/ml decline (-0.099 to -0.069) in thyroid-stimulating hormone (TSH) in men. For 
women, there was a 0.10 pmol/l (0.09 to 0.11) increase in free triiodothyronine and a 0.13 μIU/ml decline (-0.14 to -0.11) in TSH. High urinary BPA level was associated with increased thyroid function (adjusted odds 
ratio= 1.71 [1.26 to 2.32]). CONCLUSIONS: Our results support previous reports of associations between BPA exposure and altered thyroid hormones in animal models and epidemiologic studies. Because our study is 
cross-sectional, no causal relationships can be established.

Epidemiology.2013;24(2
):295-302

10.1097/EDE.0b013e318280e02f 23337242 ヒト - - - - - - - 横断研究 1 1 - - - - - - - - - ● - ● - - - - - -

統合_2606 Wells EM et al. 2014

Association between bisphenol A 
and waist-to-height ratio among 
children: National Health and 
Nutrition Examination Survey, 2003-
2010

Epidemi010gic studies have found cross-sectional associations between bisphenol A (BPA), obesity, and related outcomes among adults;Π^I and more recently among children 17-91. These
are important6ndings given ⾎e increased vulnenbili司10fchildren to BPA n01.1n these pediatric studies invesugators dehned obesity
by using body mass index-based cr北eria; however. measures Of central obesity are suggested to be better discriminators of Cardiovascular risk [11,121. Therefore. our objecuve was to determine whether there is a 
relauonship between BPA and waistto-height ratio (VVHR), a measure of central obesity. among Children

Annals of 
Epidemiology.2014;24(2
):165-167

10.1016/j.annepidem.2013.06.002 23830935 ヒト - - - - - - - 横断研究 1 1 - - - - - - - - - ● - - - - - - - -

統合_2607 Ahmadkhaniha R et al. 2014
Association of urinary bisphenol a 
concentration with type-2 diabetes 
mellitus

BACKGROUND: Bisphenol A as an endocrine-disrupting chemical is widely used chemical in the manufacture of polycarbonate plastics and epoxy resin and has become ubiquitous environmental contaminants. Human 
exposure to Bisphenol A is widespread and recent studies have been shown to be associated with a higher risk for self-reported adverse health outcomes that may lead to insulin resistance and the development of type-2 
diabetes mellitus. In this context, we sought to confirm the association between Bisphenol A and diabetes in a community-based analysis of Bisphenol A urinary concentrations investigation in adult population of Iran. 
METHODS: Regression models were adjusted for age, sex, Body Mass Index, serum triglyceride level and serum cholesterol level and serum creatinine concentration. Main outcomes were reported diagnoses of diabetes 
that defined according the latest American Diabetes Association guidelines. RESULTS: The median age of the 239 participants was 51.65 years and 119 people had type-2 diabetes mellitus. Urinary Bisphenol A was 
categorized into two groups based on the median for Bisphenol A (≤0. 85 to >0.85 μg/L). The results of statistical analysis revealed a clear association between hypertension, and type 2 diabetes (P < 0.05). The multi 
variable-adjusted odds ratio for type-2 diabetes mellitus associated with the group 1 (referent), of urinary Bisphenol A was 57.6 (95% confidence interval: 21.10-157.05; P-value < 0.001). A positive correlation between 
HbA1c and urinary BPA concentration was observed (r = 0.63, P = 0.001). CONCLUSIONS: Urinary Bisphenol A levels are found to be associated with diabetes independent of traditional diabetes risk factors. Higher 
Bisphenol A exposure, reflected in higher urinary concentrations of Bisphenol A, is consistently associated with diabetes in the general adult population of the Iran. Studies to clarify the mechanisms of these associations 
are urgently needed.

J Environ Health Sci 
Eng. 2014 Mar 
13;12(1):64.

10.1186/2052-336X-12-64 24625016 ヒト 代謝 - - - - - - 横断研究 1 1 - - - 1 1 1 - - - ● - - - - - - - -

統合_2608 Al-Daghri NM et al. 2017
BPA exposure is related to metabolic 
changes in obese Saudi children

BACKGROUND AND OBJECTIVE: Bisphenol A (BPA) disturbs the metabolism in animals and humans through effecting endocrine system. The role of BPA in obesity is not studied well. Therefore, current study is 
conducted to investigate its association with childhood obesity. METHODS: Using gas chromatography-mass spectrometry (GC-MS/MS) serum BPA level was measured in 177 (120 normal and 57 obese) Saudi children. 
RESULTS: The analyses of the data revealed an elevated level of serum BPA, leptin, systolic blood pressure, triglyceride, insulin and vitamin D in obese children as compare to normal controls. An elevated serum BPA did 
not show association with increased vitamin D and insulin while positively associated with some of the key markers of obesity. BPA was also positively associated with laptin, insulin and diastolic blood pressure in 
individuals of both normal and obese groups but with little statistical differences. CONCLUSION: Higher BPA level in obese children reveals that it may involve in the childhood obesity as it has shown a significant 
association with the key makers of the obesity in obese children especially in boys.

Int J Clin Exp Pathol. 
2017 Sep 1;10(9):9910-
9916. eCollection 2017.

- 31966880 ヒト 代謝 - - - - - - 横断研究 1 1 - - - 1 1 1 - - - - - - - - - - - -

統合_2609 Andrianou XD et al. 2016

Human Exposures to Bisphenol A, 
Bisphenol F and Chlorinated 
Bisphenol A Derivatives and Thyroid 
Function

Although the increasing prevalence of thyroid nodular disease (TND) has been partially attributed to the more frequent usage of improved diagnostics, environmental factors, such as exposures to thyroid-disrupting 
chemicals may contribute to TND and altered thyroid function. We investigated the association between exposures to bisphenol A (BPA), its chlorinated derivatives (ClxBPA), and bisphenol F (BPF) with TND and thyroid 
measures in adult women. A case-control study in Cyprus and Romania (n = 212) was conducted, where cases were those with thyroid nodules (diameter >3mm), and controls without nodules. Serum TSH and free 
thyroxine and urinary levels of BPA, BPF and ClxBPA were measured using immunoassays and tandem mass spectrometry, respectively. The association between exposures to BPA compounds and TND, adjusting for age, 
BMI, thyroid hormones and urinary iodine was assessed using logistic regression. Linear regression was used to explore associations between urinary BPA, BPF and ClxBPA and serum thyroid hormones. With the 
exception of a chlorinated BPA compound (30%), the rest of bisphenols were quantified in 100% of urine samples. A positive and significant (p<0.05) association was observed between urinary BPA and serum TSH that 
remained after adjusting for urinary creatinine, age, BMI, study site and disease status; there was no significant association between BPF or ClxBPA with TSH. None of the BPA compounds were associated with higher 
odds of TND. Our study found associations of urinary BPA with TSH but not with BPF or ClxBPA. A larger study would be justified.

PLoS One. 2016 Oct 
26;11(10):e0155237.

10.1371/journal.pone.0155237 27783680 ヒト 甲状腺 - - - - - - 症例対照研究 1 1 - - - 1 1 1 - - - - - - - - - - - -

統合_2610 Aung MT et al. 2017

Thyroid hormone parameters during 
pregnancy in relation to urinary 
bisphenol A concentrations: A 
repeated measures study

BACKGROUND: Maternal supply of thyroid hormones during pregnancy serves a critical role in fetal development. Although animal and in vitro studies provide evidence for thyroid hormone disruption as a result of 
bisphenol A (BPA) exposure, there is still a lack of evidence in human studies, particularly in the context of pregnancy. OBJECTIVES: We aimed to explore the associations between urinary BPA concentrations and plasma 
thyroid hormone parameters during gestation in pregnant women, and also investigated potential windows of vulnerability during gestation. METHODS: Our study population included 116 cases of preterm birth and 323 
controls from a nested case-control study. We measured BPA in urine and thyroid hormone parameters in plasma samples collected at up to four study visits during pregnancy (median for each visit: 9.64, 17.9, 26.0, and 
35.1weeks gestation). We used linear mixed models for repeated measures analyses, and multivariate linear regression models stratified by study visit to explore potential windows of susceptibility. RESULTS: In our 
repeated measures analysis, BPA and thyrotropin (TSH) were inversely associated. An interquartile range (IQR) increase in BPA was associated with an 8.21% decrease in TSH (95% confidence interval [CI]: -14.2, -1.83), 
and a 4.79% increase in free T4 (95% CI: 0.82, 8.92). BPA and TSH were also inversely associated in our cross-sectional analyses at visits 3 and 4. CONCLUSIONS: Our results suggest that TSH is inversely associated 
with urinary BPA in a consistent manner across pregnancy. Disruption of TSH levels during pregnancy can potentially impact child development and interfere with normal birth outcomes.

Environ Int. 2017 
Jul:104:33-40.

10.1016/j.envint.2017.04.001 28410473 ヒト 甲状腺 - - - - - - 症例対照研究 1 1 - - - 1 1 1 - - - ● - - - - - - - -

統合_2611 Behnia F et al. 2016

High bisphenol A (BPA) 
concentration in the maternal, but 
not fetal, compartment increases the 
risk of spontaneous preterm delivery

Objective: The objective of this study is to determine if BPA exposure, as measured by maternal plasma (MP) and amniotic fluid (AF) BPA concentrations is associated with an increased risk of spontaneous preterm birth 
(PTB) and preterm premature rupture of membranes (pPROM).

Methods: In this nested case-control study, MP samples from women in term labor (n = 30), preterm labor that ended with preterm delivery (n = 25), or who had pPROM (n = 30) and amniotic fluid samples from term labor 
(n= 45), preterm labor (n = 60), and pPROM (n = 35) were assayed for BPA by enzyme immunoassay.

Results: BPA was detectible in 100% of MP and AF samples. Women with MP BPA concentrations in the fourth quartile were at increased risk of PTB (cOR = 4.12, 95% CI = 1.32-12.87; aOR = 4.78, 95% CI = 1.14-20) but 
not pPROM. High (fourth quartile) AF BPA values also tended to increase the risk of pPROM (cOR = 2.47, 95% CI = 0.96-6.37) but results were not statistically significant.

Conclusions: Increased BPA concentration is associated with an increased risk for PTB or pPROM depending on the maternal-fetal compartment(s) affected. High MP plasma BPA concentrations are associated with PTB 
with intact membranes but high AF BPA concentrations may weakly be associated with pPROM.

Keywords: Amniotic fluid; bisphenol A; maternal plasma; preterm birth.

J Matern Fetal Neonatal 
Med. 2016 
Nov;29(22):3583-9.

10.3109/14767058.2016.1139570 26911979 ヒト ⽣殖(流早産) - - - - - - 横断研究 1 1 - - - 1 1 1 - - - - - - - - - - - -

統合_2612 Bosch-Panadero E et al. 2016
The Choice of Hemodialysis 
Membrane Affects Bisphenol A 
Levels in Blood

Bisphenol A (BPA), a component of some dialysis membranes, accumulates in CKD. Observational studies have linked BPA exposure to kidney and cardiovascular injury in humans, and animal studies have described a 
causative link. Normal kidneys rapidly excrete BPA, but insufficient excretion may sensitize patients with CKD to adverse the effects of BPA. Using a crossover design, we studied the effect of dialysis with BPA-
containing polysulfone or BPA-free polynephron dialyzers on BPA levels in 69 prevalent patients on hemodialysis: 28 patients started on polysulfone dialyzers and were switched to polynephron dialyzers; 41 patients 
started on polynephron dialyzers and were switched to polysulfone dialyzers. Results were grouped for analysis. Mean BPA levels increased after one hemodialysis session with polysulfone dialyzers but not with 
polynephron dialyzers. Chronic (3-month) use of polysulfone dialyzers did not significantly increase predialysis serum BPA levels, although a trend toward increase was detected (from 48.8+/-6.8 to 69.1+/-10.1 ng/ml). 
Chronic use of polynephron dialyzers reduced predialysis serum BPA (from 70.6+/-8.4 to 47.1+/-7.5 ng/ml, P<0.05). Intracellular BPA in PBMCs increased after chronic hemodialysis with polysulfone dialyzers (from 
0.039+/-0.002 to 0.043+/-0.001 ng/10(6) cells, P<0.01), but decreased with polynephron dialyzers (from 0.045+/-0.001 to 0.036+/-0.001 ng/10(6) cells, P<0.01). Furthermore, chronic hemodialysis with polysulfone 
dialyzers increased oxidative stress in PBMCs and inflammatory marker concentrations in circulation. In vitro, polysulfone membranes released significantly more BPA into the culture medium and induced more cytokine 
production in cultured PBMCs than did polynephron membranes. In conclusion, dialyzer BPA content may contribute to BPA burden in patients on hemodialysis.

Journal of the American 
Society of 
Nephrology.2016;27(5):
1566-1574

10.1681/ASN.2015030312 26432902 ヒト - - - - - - - 横断研究 1 1 - - - - - - - - - - - - - - - - - -

統合_2613 Bulus AD et al. 2016
The evaluation of possible role of 
endocrine disruptors in central and 
peripheral precocious puberty

Exposure to environmental chemicals can affect genetic and epigenetic molecular pathways and may cause altered growth and development. Among those exposures, endocrinedisrupting chemicals (EDCs) are of 
particular concern as humans are abundantly exposed to these chemicals by various means in every period of life. Several well-known environmental chemicals, including phthalates and bisphenol A (BPA), are classified 
as EDCs. These EDCs are suggested to play roles in early onset of puberty in girls. The aim of this study is to determine plasma phthalate (di(2-ethylhexyl)phthalate [DEHP] and its main metabolite 
mono(2ethylhexyl)phthalate [MEHP]) and urinary BPA levels in girls with idiopathic central precocious puberty (CPP) and peripheral precocious puberty (PPP). This study was performed on newly diagnosed idiopathic 
central precocious puberty (CPP) patients (n¼42) and peripheral precocious puberty (PPP) (n¼42) patients, who were admitted to Kec¸io¨ren Training and Research Hospital, Clinic of Pediatric Endocrinology between 
August 2012 and ‒July 2013. Nonobese healthy girls (n¼50) were used as the control group. Urinary BPA levels were not statistically different in control, PPP and CPP groups (medians 10.91, 10.63 and 10.15 mg/g 
creatinine, respectively; p40.05). Plasma DEHP levels were significantly higher in PPP group when compared to control. Plasma MEHP levels were not significantly different in control and PPP groups (p40.05). However, in 
CPP group, both plasma DEHP and MEHP levels were significantly higher than control and PPP groups. This study showed that phthalates might play a role in the occurence of CPP in girls.

Toxicology Mechanisms 
and 
Methods.2016;26(7):493
-500

10.3109/15376516.2016.1158894 27451808 ヒト - - - - - - - 横断研究 1 1 - - - - - - - - - - - - - - - - - -

統合_2614 Burstyn I et al. 2013
Maternal Exposure to Bisphenol-A 
and Fetal Growth Restriction: A 
Case-Referent Study

We conducted a case-referent study of the effect of exposure to bisphenol-A on fetal growth in utero in full-term, live-born singletons in Alberta, Canada. Newborns <10 percentile of expected weight for gestational age 
and sex were individually matched on sex, maternal smoking and maternal age to referents with weight appropriate to gestational age. Exposure of the fetus to bisphenol-A was estimated from maternal serum collected at 
15‒ 16 weeks of gestation. We pooled sera across subjects for exposure assessment, stratified on case-referent status and sex. Individual 1:1 matching was maintained in assembling 69 case and 69 referent pools 
created from 550 case-referent pairs. Matched pools had an equal number of aliquots from individual women. We used an analytical strategy conditioning on matched set and total pool-level values of covariates to 
estimate individual-level effects. Pools of cases and referents had identical geometric mean bisphenol-A concentrations (0.5 ng/mL) and similar geometric standard deviations (2.3‒2.5). Mean difference in concentration 
between matched pools was 0 ng/mL, standard deviation: 1 ng/mL. Stratification by sex and control for confounding did not suggest bisphenol-A increased fetal growth restriction. Our analysis does not provide evidence 
to support the hypothesis that bisphenol-A contributes to fetal growth restriction in full-term singletons.
Keywords: BPA; endocrine disruption; small for gestation age; birth weight; epidemiology

Int J Environ Res Public 
Health. 2013 Dec 
11;10(12):7001-14.

10.3390/ijerph10127001 24336026 ヒト ⽣殖発⽣ - - - - - - 症例対照研究 1 1 - - - 1 1 1 - 1 - ● - - - - - - - -

統合_2615 Cantonwine DE et al. 2015
Urinary Bisphenol A Levels during 
Pregnancy and Risk of Preterm Birth

BACKGROUND: Preterm birth (PTB), a leading cause of infant mortality and morbidity, has a complex etiology with a multitude of interacting causes and risk factors. The role of environmental contaminants, particularly 
bisphenol A (BPA), is understudied with regard to PTB. OBJECTIVES: In the present study we examined the relationship between longitudinally measured BPA exposure during gestation and PTB. METHODS: A nested 
case-control study was performed from women enrolled in a prospective birth cohort study at Brigham and Women's Hospital in Boston, Massachusetts, during 2006-2008. Urine samples were analyzed for BPA 
concentrations at a minimum of three time points during pregnancy on 130 cases of PTB and 352 randomly assigned controls. Clinical classifications of PTB were defined as "spontaneous," which was preceded by 
spontaneous preterm labor or preterm premature rupture of membranes, or "placental," which was preceded by preeclampsia or intrauterine growth restriction. RESULTS: Geometric mean concentrations of BPA did not 
differ significantly between cases and controls. In adjusted models, urinary BPA averaged across pregnancy was not significantly associated with PTB. When examining clinical classifications of PTB, urinary BPA late in 
pregnancy was significantly associated with increased odds of delivering a spontaneous PTB. After stratification on infant's sex, averaged BPA exposure during pregnancy was associated with significantly increased odds 
of being delivered preterm among females, but not males. CONCLUSIONS: These results provide little evidence of a relationship between BPA and prematurity, though further research may be warranted given the 
generalizability of participant recruitment from a tertiary teaching hospital, limited sample size, and significant associations among females and within the clinical subcategories of PTB. CITATION: Cantonwine DE, 
Ferguson KK, Mukherjee B, McElrath TF, Meeker JD. 2015. Urinary bisphenol A levels during pregnancy and risk of preterm birth. Environ Health Perspect 123:895-901; http://dx.doi.org/10.1289/ehp.1408126.

Environ Health 
Perspect. 2015 
Sep;123(9):895-901.

10.1289/ehp.1408126 25815860 ヒト ⽣殖(流早産) - - - - - - 症例対照研究 1 1 - - - 1 1 1 - 1 - ● - - - - - - - -

統合_2616 Cao YM et al. 2018
The correlation between exposure to 
BPA and the decrease of the ovarian 
reserve

OBJECTIVE: This study aimed to evaluate whether exposure to bisphenol A (BPA) affects the ovarian reserve. METHODS: Follicular fluid (FF) was collected from diminished ovarian reserve (DOR) and non-DOR patients 
who underwent in vitro fertilization or intracytoplasmic sperm injection. ELISA was used to detect the BPA and hormones levels in 54 cases of DOR and 67 cases of non-DOR. A total of 64, five-week-old SPF C57BL/6 
mice were randomly divided into four groups, of which three were exposed to 5, 50, and 500 µg/kg/day of BPA solution, and one was exposed to con oil only as the control. The weight and estrus of each mouse were 
recorded daily, and the E2 hormone and anti-Müllerian hormone (AMH) in the serum were detected by ELISA. The expression levels of AMH mRNA and protein were also detected. RESULTS: The BPA levels in the FF of 
DOR patients were significantly higher than those of non-DOR patients (234.048±81.736 ng/L vs. 193.300±67.225 ng/L, P<0.01); The AMH and E2 levels in the FF of DOR patients were lower than those of non-DOR 
patients ([555.689+74.224] pg/ml vs. [587.178+77.731] pg/ml, P<0.05, [209.720+31.556] pg/ml vs. [221.845+32.632] pg/ml, P<0.05). The BPA concentration was correlated with the AMH and E2 levels in the FF (r(BPA & 
AMH)=-0.312, P<0.05; r(BPA & E2)=-0.290, P<0.05); in the animal experiment, the levels of serum AMH and E2 as well as the expression levels of the AMH gene and protein in the BPA treatment group displayed 
downward trends. The concentrations of the 5 and 500 µg/kg/day groups decreased significantly (P<0.05). CONCLUSION: The increased BPA in the FF may promote the pathogenesis of DOR. BPA did not present a 
single-dose effect on the mouse ovary. Sub-chronic exposure to a low dose of BPA can reduce the ovarian reserve in female mice.

Int J Clin Exp Pathol. 
2018 Jul 1;11(7):3375-
3382. eCollection 2018.
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統合_2617 Charisiadis P et al. 2018
Possible Obesogenic Effects of 
Bisphenols Accumulation in the 
Human Brain

Evidence of bisphenols' obesogenic effects on humans is mixed and inconsistent. We aimed to explore the presence of bisphenol A (BPA), bisphenol F (BPF) and chlorinated BPA (ClBPA), collectively called the bisphenols, 
in different brain regions and their association with obesity using post-mortem hypothalamic and white matter brain material from twelve pairs of obese (body mass index (BMI) >30 kg/m(2)) and normal-weight individuals 
(BMI <25 kg/m(2)). Mean ratios of hypothalamus:white matter for BPA, BPF and ClBPA were 1.5, 0.92, 0.95, respectively, suggesting no preferential accumulation of the bisphenols in the grey matter (hypothalamic) or 
white matter-enriched brain areas. We observed differences in hypothalamic concentrations among the bisphenols, with highest median level detected for ClBPA (median: 2.4 ng/g), followed by BPF (2.2 ng/g) and BPA 
(1.2 ng/g); similar ranking was observed for the white matter samples (median for: ClBPA-2.5 ng/g, BPF-2.3 ng/g, and BPA-1.0 ng/g). Furthermore, all bisphenol concentrations, except for white-matter BPF were 
associated with obesity (p < 0.05). This is the first study reporting the presence of bisphenols in two distinct regions of the human brain. Bisphenols accumulation in the white matter-enriched brain tissue could signify 
that they are able to cross the blood-brain barrier.

Sci Rep. 2018 May 
29;8(1):8186.

10.1038/s41598-018-26498-y 29844501 ヒト 代謝 - - - - - - 横断研究 1 1 - - - 1 1 1 - - - ● - - - - - - - -

統合_2618 Chen LH et al. 2015
Serum Bisphenol A Concentration 
and Premature Thelarche in Female 
Infants Aged 4-month to 2-year

Aims To estimate the association between serum bisphenol A and premature thelarche in female infants aged 4-month to 2-year old.
Methods We set a case-control study, a total of 251 female infants (aged 4 months to 2 years) with premature thelarche and 33 healthy age-matched control subjects were enrolled. Test the serum bisphenol A (serum 
BPA) concentration by liquid-liquid extraction coupled with ultra-performance liquid chromatography tandem mass spectrometry.
Results The mean serum BPA levels in the normal and premature thelarche groups were 1.70 ng/ml and 3.48 ng/ml respectively. Serum BPA concentration in the premature thelarche group was significantly greater than 
that in the control group. There was no correlation between age and serum BPA level. Univariate logistic regression analysis showed that serum BPA concentration positively associated with premature thelarche, and the 
effect of BPA falls down as the age growing.
Conclusions This hospital-based study implies that the association between serum BPA concentrations and premature thelarche. Additionally, the serum BPA levels are much higher than we ever thought in infants, and 
much more concerns should be raised in infants aged 4-month to 2-year old.

Indian J Pediatr. 2015 
Mar;82(3):221-4.

10.1007/s12098-014-1548-7 25120062 ヒト 乳房 - - - - - - 学会抄録 1 1 - - - 1 1 1 - - - - - - - - - - - -

統合_2619 Chen Y et al. 2018

Association between bisphenol a 
exposure and idiopathic central 
precocious puberty (ICPP) among 
school-aged girls in Shanghai, China

BACKGROUND: Bisphenol A (BPA) is a well-known and widely used endocrine disrupter, but data on its association with childhood reproductive development are limited. OBJECTIVES: We investigated the possible 
relationship between exposure to BPA and idiopathic central precocious puberty (ICPP) in school-aged girls. METHODS: We conducted a 1:1 matched case-control study in Shanghai, China, between July 2011 and 
September 2012. This study included 136 school-aged (6 to 9 years old) girls diagnosed with ICPP and 136 controls matched for age and body mass index (BMI). We measured the urinary BPA concentrations of all the girls 
and examined the association with odds of having ICPP. Laboratory examinations including serum estradiol (E2) levels, basal and gonadotropin-releasing hormone (GnRH)-stimulated luteinizing hormone (LH), and follicle-
stimulating hormone (FSH) levels, bone ages (BA), and uterine and ovarian sizes were conducted in the ICPP girls. RESULTS: Median concentrations of urinary BPA in the ICPP and control groups were 6.35 and 1.17 μg/g 
creatinine (Cr), respectively (p < 0.001). After adjustment for confounders, compared to those with the lowest concentrations of BPA, the highest concentrations were associated with a 9.08-fold increased odds of having 
ICPP [odds ratio (OR) = 9.08, (95% confidence interval (CI): 2.83-29.15)]. In the ICPP group, modest negative correlation was present between urinary BPA concentrations (μg/g Cr) and peak FSH levels [β = -0.090 (95% 
CI: -0.178, -0.003), p = 0.044]. CONCLUSIONS: Our findings suggest that BPA exposure is associated with increased odds of having ICPP in school-aged girls, and the potential mechanism may be attributable to the 
relatively low FSH levels.

Environ Int. 2018 
Jun:115:410-416.

10.1016/j.envint.2018.02.041 29650233 ヒト ⽣殖発⽣ - - - - - - 横断研究 1 1 - - - 1 1 1 - - - - - - - - - - - -

統合_2620 Chevalier N et al. 2015

A negative correlation between 
insulin-like peptide 3 and bisphenol 
A in human cord blood suggests an 
effect of endocrine disruptors on 
testicular descent during fetal 
development

STUDY QUESTION: Does a relationship exist between insulin-like peptide 3 (INSL3) and selected environmental endocrine disruptors (EEDs) in human cord blood (cb)? SUMMARY ANSWER: In the whole population 
(cryptorchid and control boys) cbINSL3 correlated negatively with cb free bisphenol A (BPA) providing indirect evidence for an impact of EEDs on fetal Leydig cell INSL3 production. WHAT IS KNOWN ALREADY: INSL3 is 
a major regulator of testicular descent. This hormone has been shown to be decreased in cord blood from boys with idiopathic cryptorchidism, the most frequent male malformation. Fetal exposure to several EEDs has 
been suspected to be involved in the occurrence of idiopathic cryptorchidism. STUDY DESIGN, SIZE, DURATION: Correlations between cb INSL3 or testosterone and cb free bioactive BPA and maternal milk 
polychlorinated biphenyls (PCB153), dichlorodiphenyldichloroethylene (DDE), and monobutyl phthalate (mBP) were assessed in newborn boys in a prospective case-control study. All boys (n = 6246) born after 34 weeks of 
gestation were systematically screened at birth for cryptorchidism over a 3-year period (2002-2005), and a diagnosis of cryptorchidism confirmed by a senior paediatrician. PARTICIPANTS/MATERIALS, SETTING, 
METHODS: We studied 52 cryptorchid (26 transient, 26 persistent) and 128 control boys born at two hospitals in southern France. INSL3 was assayed in CB by a modified validated enzyme-linked immunosorbent assay. 
Testosterone was measured in CB after diethyl-ether extraction by means of ultra-pressure liquid chromatography-tandem mass spectrometry. Free cbBPA was measured after an extraction step with a 
radioimmunoassay validated after comparison of values obtained by high-pressure liquid chromatography-mass spectrometry. The xenobiotic analysis in mothers' milk was performed after fat extraction by gas 
chromatography-mass spectrometry. MAIN RESULTS AND THE ROLE OF CHANCE: EED concentrations were not increased in the cryptorchid versus control group although a trend for increased mBP (P = 0.09) was 
observed. In the whole study population, cb levels of BPA correlated negatively with INSL3 (P = 0.01; R(2) = 0.05) but not with testosterone. No other EED correlated with INSL3 or with testosterone. LIMITATIONS, 
REASONS FOR CAUTION: The levels of BPA and INSL3 in cb may not reflect chronic fetal exposure to EEDs. The deleterious impact of EEDs on fetal testicular descent during specific windows of development has yet to 
be demonstrated. WIDER IMPLICATIONS OF THE FINDINGS: The negative correlation between cb free BPA and INSL3 provides indirect evidence for an impact of EEDs on human fetal Leydig cell INSL3 production and 
points to cbINSL3 as a possible target of EED action during fetal testis development.

Hum Reprod. 2015 
Feb;30(2):447-53.

10.1093/humrep/deu340 25527819 ヒト ⽣殖発⽣ - - - - - - 症例対照研究 1 1 - - - 1 1 1 - - - ● - - - - - - - -

統合_2621 Dallio M et al. 2018

Role of bisphenol A as 
environmental factor in the 
promotion of non-alcoholic fatty liver 
disease: in vitro and clinical study

BACKGROUND: Bisphenol A is an endocrine disrupting chemical associated with type 2 diabetes mellitus (T2DM), cardiovascular disease and liver enzyme abnormalities. AIM: To evaluate bisphenol A plasma and urine 
levels in non-alcoholic fatty liver disease (NAFLD) patients compared to healthy subjects. Furthermore, we evaluated, in human HepG2 cells, the effects of exposure to different concentrations of bisphenol A on both 
oxidative stress induction and cell proliferation. METHODS: We enrolled 60 patients with histological diagnosis of NAFLD with or without T2DM and sixty healthy subjects. In vitro, the proliferation of bisphenol A-exposed 
HepG2 cells at two different concentrations (0.025 and 0.05 muM) was evaluated, both at high (H-HepG2) and at low (L-HepG2) glucose concentrations for 48 h. Lipoperoxidation was assessed by thiobarbituric acid 
reactive substances (TBARS) assay. RESULTS: Bisphenol A levels were significantly higher in 60 NAFLD subjects, both in urine and in plasma (P < 0.0001) when compared to controls and, in this group, it appeared to be 
higher in 30 non-alcoholic steatohepatitis patients compared to 30 simple steatosis subjects (P < 0.05), independently from the presence of T2DM. After a bisphenol A-free diet for 1 month, NAFLD patients showed a 
significant reduction in bisphenol A circulating levels (P < 0.05), without a significant reduction in urine levels. H-HepG2 cells treated with bisphenol A (0.05 muM) increased proliferation compared to controls at 48 h (P < 
0.0001). Bisphenol A increased TBARS levels at 48 h versus controls. CONCLUSIONS: Our study reveals a possible role of bisphenol A as an environmental factor involved in the promotion of NAFLD, particularly in T2DM 
patients.

Aliment Pharmacol 
Ther. 2018 
Mar;47(6):826-837.

10.1111/apt.14499 29322544 ヒト 代謝 - - - - - - 横断研究 1 1 - - - 1 1 1 - - - ● - - - - - - - -

統合_2622 D'Aniello R et al. 2015
Emerging Pathomechanisms 
Involved in Obesity

OBJECTIVE: Overweight/obesity prevalence has increased dramatically worldwide. Recent evidence suggests sleep deprivation/fragmentation, fructose-exceedingly rich diets, and exposure to endocrine disruptors (eg, 
bisphenol A, BPA) as emerging additional factors involved in pathomechanisms and in the treatment resistance of obesity and its complications. Our study focuses on these factors for further preventive/therapeutic 
approaches in paediatric obesity. METHODS: Fifty-four Italian children (cases: n = 31 overweight/obese; controls: n = 23 normal weight) were clinically/anthropometrically characterised. Parents completed 
questionnaires on the relation between obesogenic factors and childhood obesity. BPA was measured by gas chromatography/tandem mass spectrometry on early morning urine samples. Correlations between the 
continuous variables were analysed using Spearman rank correlation. RESULTS: Sleep deprivation/fragmentation, nocturnal breathing problems, and daytime sleepiness increased with increasing body mass index, 
correlating with the presence of clinical markers of metabolic syndrome (eg, acanthosis nigricans). Frequency of sugar-enriched drink consumption and the amount of fructose per portion and/or per week increased, 
paralleling the ponderal excess and all the other anthropometric parameters. In the entire sample population, free and total BPA levels increased paralleling the body mass index increase (r > 0.8), whereas the conjugate 
demonstrated the opposite trend. The re-use of disposable plastic showed a positive correlation with urinary BPA levels. CONCLUSIONS: Despite its exploratory nature, the results of our pilot study confirm the close 
relation between certain factors and paediatric obesity, underscoring their role as emerging targets for prevention and therapy.

J Pediatr Gastroenterol 
Nutr. 2015 
Jan;60(1):113-9.

10.1097/MPG.0000000000000559 25199037 ヒト 代謝 - - - - - - 横断研究 1 1 - - - 1 1 1 - - - - - - - - - - - -

統合_2623 De Felice B et al. 2015
Genome-wide microRNA expression 
profiling in placentas from pregnant 
women exposed to BPA

BACKGROUND: Bisphenol A (BPA) is an environmental compounds is known to possess endocrine disruption potentials. Bisphenol A has epigenetic effects as deregulated expression of microRNAs; such epigenetic 
marks can induce up/down alterations in gene expression that may persist throughout a lifetime. Bisphenol A (BPA) exposure has been documented in pregnant women, but consequences for development of offspring 
after BPA exposure during pregnancy are not yet widely studied. Therefore, the aim of this study was to gain a comprehensive understanding of microRNAs changes in the placenta transcriptome from pregnant women 
subjected to therapeutic abortion for fetal malformation and correlate the impact of gestational exposure to BPA on these developmental changes. METHODS: We performed a comparative analysis of genome wide miRNA 
expression in placentas from pregnant women exposed to BPA using microarray technology to identify miRNAs which were aberrantly expressed in placentas from malformed fetuses. The expression changes of 
differential expressed miRNAs in the samples used for microarray were confirmed by qPCR . Beside, we applied various bioinformatics tools to predict the target genes of the identified miR-146a and explore their 
biological function and downstream pathways. RESULTS: We found that miR-146a was significant overexpressed and correlated significantly with BPA accumulation in the placenta from pregnant women living in a 
polluted area and undergoing therapeutic abortion due to fetal malformations. Beside, we applied various bioinformatics tools to predict the target genes of miR-146a and explore their biological function and downstream 
pathways. CONCLUSIONS: For the first time, we found, in humans, that miR-146a was significant over-expressed and correlated significantly with BPA accumulation in the placenta. Our results lead to the suggestion 
that miRNAs could be potential biomarkers to clarify the mechanisms of environmental diseases.

BMC Med Genomics. 
2015 Sep 7:8:56.

10.1186/s12920-015-0131-z 26345457 ヒト ⽣殖発⽣ - - - - - - 横断研究 1 1 - - - 1 1 1 - - - ● - - - - - - - -

統合_2624 Den Hond E et al. 2015

Human exposure to endocrine, 
disrupting chemicals and fertility: A 
case-control study in male 
subfertility patients

BACKGROUND: Dioxins, PCBs, chlorinated pesticides, brominated flame retardants, bisphenol A, triclosan, perfluorinated compounds and phthalates are known as endocrine disrupting chemicals (EDCs). OBJECTIVES: 
The aim of our study was to investigate whether higher exposure to EDCs is associated with increased subfertility in men. METHODS: We measured biomarkers of exposure in 163 men, recruited through four fertility 
clinics. According to WHO guidelines, we used a total motility count (TMC) of 20 million as cut-off value. We assigned patients to the case group when two semen samples - collected at least one week apart - had a 
TMC<20 and to the control group when both samples had a TMC≥20. To estimate the risk of subfertility and alteration in sex hormone concentrations we used multivariable-adjusted analysis, using logistic and linear 
regressions, respectively. RESULTS: For an IQR increase in serum oxychlordane, the odds ratio for subfertility was 1.98 (95% CI: 1.07; 3.69). Furthermore, men with serum levels of BDE209 above the quantification limit 
had an odds of 7.22 (1.03; 50.6) for subfertility compared with those having values below the LOQ. Urinary levels of phthalates and triclosan were negatively associated with inhibin B and positively with LH. Urinary 
bisphenol A correlated negatively with testosterone levels. CONCLUSIONS: Our study in men showed that internal body concentrations of endocrine disrupting chemicals are associated with an increased risk of 
subfertility together with alterations in hormone levels. The results emphasize the importance to reduce chemicals in the environment in order to safeguard male fertility.

Environment 
International.2015;84:15
4-160

10.1016/j.envint.2015.07.017 26292060 ヒト - - - - - - - 横断研究 1 1 - - - - - - - - - - - - - - - - - -

統合_2625 Durmaz E et al. 2014
Urinary Bisphenol A Levels in Girls 
with Idiopathic Central Precocious 
Puberty

OBJECTIVE: Bisphenol A (BPA) is an industrial chemical, particularly used to harden plastics. BPA is thought to have negative health effects on both laboratory animals and humans. Consider ing the decline in age of onset 
of puberty noted in recent years, particularly among girls, the importance of BPA as an estrogenic endocrine disruptor has increased. In this study, we aimed to determine urinary BPA levels in girls with idiopathic central 
precocious puberty (ICPP). METHODS: Non-obese girls newly diagnosed with ICPP (n=28, age 4-8 years) constituted the study group. The control group consisted of 25 healthy age-matched girls with no history of ICPP 
or any other endocrine disorder. Urinary BPA levels were measured by using high-performance liquid chromatography. RESULTS: In the ICPP group, urinary BPA levels were significantly higher compared to the control 
group [median 8.34 (0.84-67.35) μg/g creatinine and 1.62 (0.3-25.79) μg/g creatinine, respectively (OR=8.68, 95% CI:2.03-32.72, p=0.001)]. There was no marked correlation between urinary BPA levels and body mass 
index in either group. In the ICPP group, no significant correlations were found between urinary BPA levels and serum luteinizing hormone, follicle-stimulating hormone and estradiol levels. CONCLUSIONS: To our 
knowledge, this is the first study evaluating the urinary BPA levels in Turkish girls with ICPP. Our results indicate that the estrogenic effects of BPA may be an etiologic factor in ICPP.

J Clin Res Pediatr 
Endocrinol. 
2014;6(1):16-21.

10.4274/Jcrpe.1220 24637305 ヒト ⽣殖発⽣ - - - - - - 横断研究 1 1 - - - 1 1 1 - - - - - - - - - - - -

統合_2626 Durmaz E et al. 2018
Urinary bisphenol A levels in Turkish 
girls with premature thelarche

There is a growing concern over the timing of pubertal breast development and its possible association with exposure to endocrine disrupting chemicals (EDCs), such as bisphenol A (BPA). BPA is abundantly used to 
harden plastics. The aim of this study was to investigate the relation between premature thelarche (PT) and BPA by comparing the urinary BPA levels of PT girls with those of healthy subjects. Twenty-five newly 
diagnosed nonobese PT subjects (aged 4-8 years) who were admitted to the Pediatric Endocrinology Department at Akdeniz University were recruited. The control group composed of 25 age-matched girls without PT and 
other endocrine disorders. Urinary BPA levels were measured by high pressure liquid chromatography. The median urinary concentrations of BPA were found to be significantly higher in the PT group compared to the 
healthy control group (3.2 vs. 1.62 mug/g creatinine, p < 0.05). We observed a weak positive correlation between uterus volume and urinary BPA levels. There was a weak correlation between estradiol and urinary BPA 
levels ( r = 0.166; p = 0.37); and luteinizing hormone and urinary BPA levels ( r = 0.291; p = 0.08) of PT girls. Our results suggest that exposure to BPA might be one of the underlying factors of early breast development in 
prepubertal girls and EDCs may be considered as one of the etiological factors in the development of PT.

Hum Exp Toxicol. 2018 
Oct;37(10):1007-1016.

10.1177/0960327118756720 29405766 ヒト 乳房 - - - - - - 症例対照研究 1 1 - - - 1 1 1 - - - ● - - - - - - - -

統合_2627 Erden ES et al. 2014

Investigation of serum bisphenol A, 
vitamin D, and parathyroid hormone 
levels in patients with obstructive 
sleep apnea syndrome

Obstructive sleep apnea syndrome (OSAS) is a common health problem, and associated with obesity, metabolic syndrome (MetS), and diabetes. Growing evidence shows that 25-hydroxyvitamin-D3 (25-OH-D) 
insufficiency and high parathyroid hormone (PTH) levels may be correlated to glucose intolerance, MetS, obesity, and cardiovascular abnormalities similar to OSAS. Bisphenol A (BPA) is an endocrine disruptor agent which 
exerts a wide variety of metabolic effects. It has estrogenic activity and its exposure may contribute to weight gain, obesity, impaired glucose metabolism, and the development of diabetes, also similar to OSAS. The aim 
of this study is to investigate the relationships between OSAS and serum BPA, 25-OH-D, and PTH levels. This study enrolled 128 subjects, with all of the OSAS patients having been diagnosed by polysomnography. The 
128 subjects were divided into three groups: a control (n = 43), a moderate OSAS (n = 23) (AHI = 15-30), and a severe OSAS groups (n = 62) (AHI > 30). The serum BPA, 25-OH-D, and PTH levels for each subject were 
analyzed. 25-OH-D was lower in both OSAS groups, and PTH was higher in the OSAS groups than in the control subjects. The BPA levels were higher in the severe OSAS group than the moderate OSAS and control. There 
was a positive correlation between the BPA and body mass index, and a negative correlation between the 25-OH-D and BPA levels in all of the individuals. OSAS is related to high BPA and PTH levels, and low vitamin D 
levels. There is a positive association between BPA levels and OSAS, and the severity of OSAS. These results suggest that the BPA levels may have a role in the pathogenesis of OSAS.

Endocrine. 2014 
Mar;45(2):311-8.

10.1007/s12020-013-0022-z 23904340 ヒト 呼吸器系 - - - - - - 症例対照研究 1 1 - - - 1 1 1 - - - - - - - - - - - -

統合_2628 Erden ES et al. 2014

Investigation of Bisphenol A as an 
endocrine disruptor, total thiol, 
malondialdehyde, and C-reactive 
protein levels in chronic obstructive 
pulmonary disease

OBJECTIVE: Chronic obstructive pulmonary disease (COPD) is a common health problem and it is associated with oxidant/antioxidant imbalance and systemic inflammation. Bisphenol A (BPA) is an endocrine disruptor 
agent, exerting a wide variety of metabolic effects. Also, BPA is related with oxidative stress, decreased antioxidant enzymes, and inflammation. The aim of this study is to investigate the relationships between COPD and 
serum BPA, C-reactive protein (CRP), malondialdehyde (MDA), and total thiol levels. PATIENTS AND METHODS: This study was enrolled at 83 subjects that they were divided into two groups: control (n=33), COPD 
(n=50). The serum BPA, CRP, MDA, and total thiol levels were analyzed. RESULTS: The CRP and BPA levels were significantly higher in the COPD patients than control subjects. The total thiol levels were significantly 
lower in COPD cases than the controls. There is no different between groups for MDA. Also, there had a linear relationship between BPA and CRP in correlation analysis. CONCLUSIONS: COPD is associated with high 
serum BPA, CRP and low total thiol levels in comparison with healthy individuals. It is suggested that BPA might have a role in the etiopathogenesis of COPD.

European Review for 
Medical and 
Pharmacological 
Sciences.2014;18(22):3
477-3483

- 25491624 ヒト - - - - - - - 横断研究 1 1 - - - - - - - - - - - - - - - - - -

統合_2629 Fernandez MF et al. 2016
Bisphenol A and other phenols in 
human placenta from children with 
cryptorchidism or hypospadias

Embryo-foetal exposure to low doses of endocrine disrupting chemicals (EDCs) has been related to reproductive tract diseases in experimental animals but not convincingly in human populations. The aim of this case-
control study was to explore the relationship between exposure to non-persistent EDCs during pregnancy and male genital development. Exposure to bisphenol-A (BPA), benzophenones (BPs) [BP-1, BP-2, BP-3, BP-6, BP-
8 and 4-hydroxybenzophenone (4-OH-BP),] and parabens (PBs) [methyl-, ethyl-, propyl- and butyl-PB] was analyzed by means of ultra-high performance liquid chromatography-tandem mass spectrometry in placenta 
samples from a subsample of 28 cases and 51 healthy controls nested in a cohort of newborns recruited between 2000 and 2002. The multivariable regression analyses indicated a statistically significant association 
between exposure to BPA and propyl-PB and the risk of malformations [adjusted odd ratio (95% CIs) in the third tertile of exposure: 7.2 (1.5-35.5) and 6.4 (1.2-35.5) for BPA and propyl-PB, respectively].

Reproductive 
Toxicology.2016;59:89-
95

10.1016/j.reprotox.2015.11.002 26602963 ヒト - - - - - - - 横断研究 1 1 - - - - - - - - - - - - - - - - - -

201



別添-2 統合⽂献リスト  

統合No. 著者名 発⾏年 タイトル アブストラクト 書誌情報 doi PMID
ヒト/動物/in vitro/ex 

vivo/in silico
分野

（疫学/動物） 哺乳動物 経⼝投与
BPA

単独ばく露

⼀般的な動物
種及び系統の
無処置動物

対照群と
3⽤量以上の
BPA投与群

10 mg/kg/⽇
以下の

⽤量設定

コホート研究/症例対照研究
/メタアナリシス

全ての
集団

全ての
ばく露経路

BPA
単独ばく露

遺伝毒性
試験

遺伝毒性試験以外
については100nM
以下の濃度設定の

試験

適格性評価基準
通過

（1534報）

信頼性評価対象
⽂献

(1012報)

疫学納品
⽂献(716報)

動物納品
⽂献(299報)

※１報取得不
可を含む

疫学情報
抽出⽂献

（170報）

動物情報
抽出⽂献

（123報）

EFSA
2023

EFSA
2016

EFSA
2015 BfR KEMI ANSES FDA NIFDS

CLARITY
-BPA

 適格性評価（動物）1：該当、0：該当しない  適格性評価（疫学）1：該当、0：該当しない  適格性評価（in vitro）1：該当、0：該当しない

適格性評価はタイトル及び要旨の情報に基づ
き可能な範囲で実施。明らかに適格性基準不
適合と判断されるもの以外を信頼性評価へ進
め、信頼性評価段階で原著に基づき精査。

引⽤評価機関
●：該当

統合_2630 Gascon M et al. 2015

Prenatal exposure to bisphenol A 
and phthalates and childhood 
respiratory tract infections and 
allergy

BACKGROUND: There is growing concern that prenatal exposure to bisphenol A (BPA) and phthalates, which are widely used in consumer products, might affect susceptibility to infections and the development of allergy 
and asthma in children, but there are currently very few prospective studies. OBJECTIVE: We sought to evaluate whether prenatal exposure to BPA and phthalates increases the risk of respiratory and allergic outcomes in 
children at various ages from birth to 7 years. METHODS: We measured BPA and metabolites of high-molecular-weight phthalates, 4 di-(2-ethylhexyl) phthalate (DEHP) metabolites (Sigma4DEHP) and mono-benzyl 
phthalate (MBzP), and 3 low-molecular-weight phthalate (LMWP) metabolites (Sigma3LMWP) in urine samples collected during the first and third trimesters in pregnant women participating in the Infancia y Medio 
Ambiente-Sabadell birth cohort study. The occurrence of chest infections, bronchitis, wheeze, and eczema in children was assessed at ages 6 and 14 months and 4 and 7 years through questionnaires given to the 
mothers. Atopy (specific IgE measurement) and asthma (questionnaire) were assessed at ages 4 and 7 years, respectively. RESULTS: The relative risks (RRs) of wheeze (RR, 1.20; 95% CI, 1.03-1.40; P = .02), chest 
infections (RR, 1.15; 95% CI, 1.00-1.32; P = .05), and bronchitis (RR, 1.18; 95% CI, 1.01-1.37; P = .04) at any age increased for each doubling in concentration of maternal urinary BPA. Sigma4DEHP metabolites were 
associated with the same outcomes (wheeze: RR, 1.25; 95% CI, 1.04-1.50, P = .02; chest infections: RR, 1.15; 95% CI, 0.97-1.35; P = .11; bronchitis: RR, 1.20; 95% CI, 1.01-1.43; P = .04). MBzP was associated with higher 
risk of wheeze (RR, 1.15; 95% CI, 1.00-1.33; P = .05). The risk of asthma at age 7 years was also increased with increasing prenatal BPA, Sigma4DEHP, and MBzP exposure. There were no other exposure-outcome 
associations. CONCLUSIONS: Prenatal exposure to BPA and high-molecular-weight phthalates might increase the risk of asthma symptoms and respiratory tract infections throughout childhood.

J Allergy Clin Immunol. 
2015 Feb;135(2):370-8.

10.1016/j.jaci.2014.09.030 25445825 ヒト 免疫毒性 - - - - - - コホート研究 1 1 - - - 1 1 1 - 1 - ● - - - - - - - -

統合_2631 Gu J et al. 2018
Urinary concentration of personal 
care products and polycystic ovary 
syndrome: A case-control study

Polycystic ovary syndrome (PCOS) is one of the most common endocrine disorder among females of reproductive age. Many emerging contaminants in personal care products have been confirmed with endocrine 
disruptive effects. We performed a case-control study to explore the association between the concentrations of certain emerging contaminants (organic UV filters, bisphenol A, and triclosan) and the risk of PCOS. Urine 
samples were collected from 40 women with PCOS (case group) and 83 healthy women (control group). No significant differences were found in detection rate or total concentrations of analytes in women with PCOS and 
controls (p > 0.05). In addition, no association was found between certain emerging contaminants and PCOS either in an unadjusted binary logistic regression model or in a model adjusted for potential confounders. 
However, with stratification according to body mass index, one organic UV filter - octocrylene(OC) was significantly associated with PCOS in women with BMI >/= 24 (adjusted OR = 1.512, 95% CI: 1.043, 2.191). It's the 
first time to investigate the association between exposure of organic UV filters and PCOS risk. We conclude that there is positive association between OC and PCOS risk in obese and overweight women.

Environ Res. 2019 
Jan:168:48-53.

10.1016/j.envres.2018.09.014 30265948 ヒト 卵巣 - - - - - - 症例対照研究 1 1 - - - 1 1 1 - - - ● - - - - - - - -

統合_2632 Guida M et al. 2015
Bisphenol A and congenital 
developmental defects in humans

Over 50% of the causes of fetal malformations in humans are still unknown. Recent evidence suggests the relationship between environmental exposure to endocrine disruptors and fetal malformations. Our study aims to 
establish the role of Bisphenol A (BPA), if any, in altering human reproduction. We enrolled 151 pregnant women who were divided into two groups: case group (CS, n=101), women with established diagnosis of 
developmental defect, and control group (CL, n=50), pregnant women with normally developed fetus. Total, free and conjugated BPA were measured in their blood using GC-MS with isotopic dilution. The results show a 
correlation between environmental exposure to BPA and the genesis of fetal malformations. Conjugated BPA, which was higher in the CL, casts light on the hypothesis that a reduced ability to metabolize the chemical in 
the mother can concur to the occurrence of malformation. In a more detailed manner, in case of chromosomal malformations, the average value of free BPA appears to be nearly three times greater than that of the 
controls. Similarly, in case of central and peripheral nervous system non-chromosomal malformations, the value of free BPA is nearly two times greater than that of the controls.

Mutat Res. 2015 
Apr:774:33-9.

10.1016/j.mrfmmm.2015.02.007 25796969 ヒト ⽣殖発⽣ - - - - - - 横断研究 1 1 - - - 1 1 1 - - - - - - - - - - - -

統合_2633 Hao LX et al. 2016
Effect of bisphenol a on occurrence 
and progression of prolactinoma and 
its underlying mechanisms

OBJECTIVE: To investigate the effects of Bisphenol A (BPA) on prolactin (PRL) release, pituitary cell proliferation, prolactinoma formation in estrogen-sensitive Fischer 344 (F344) rats. MATERIALS AND METHODS: 
Four-week-old female F344 rats were orally administered with different concentrations of BPA or intraperitoneal injection of estradiol benzoate (estradiolbenzoate, E2) for 12 weeks. Bodyweight, blood RPL level and 
pituitary weights were observed and recorded. Real-time PCR, western blot and immunohistochemistry analysis were used to detect the mRNA and protein levels of the proliferation markers, including proliferating cell 
neclear antigen (PCNA), pituitary tumor-transforming gene (PTTG) and its relevant marker ERα. Plasma and urine BPA concentration in patients with prolactinoma and healthy participants were measured as well. 
RESULTS: Body weights of the rats treated with BPA were significantly decreased compared with those in the control group. The plasma PRL level and the pituitary weights of the rats were higher than those in the 
control group after BPA treatment. Compared with the control group, the pituitary mRNA and protein expression levels of PCNA and PTTG were significantly increased after BPA treatment. Moreover, ERα expression level 
was enhanced by the treatment of BPA in comparison with that of the control group. Finally, the plasma BPA concentration in the prolactin tumor patients was significantly higher than that in the healthy participants. 
CONCLUSION: BPA can significantly promote pituitary cell proliferation and prolactin secretion in F344 rats, which may have impact on the proliferation and secretion of pituitary cell function through the ERα pathway.

Am J Transl Res. 2016 
Oct 15;8(10):4195-4204. 
eCollection 2016.

- 27830003 ヒト ⽣殖発⽣ - - - - - - 横断研究 1 1 - - - 1 1 1 - - - - - - - - - - - -

統合_2634 Hays SM et al. 2015

Variation in Urinary Flow Rates 
According to Demographic 
Characteristics and Body Mass 
Index in NHANES: Potential 
Confounding of Associations 
between Health Outcomes and 
Urinary Biomarker Concentrations

BACKGROUND: Urinary analyte concentrations are affected both by exposure level and by urinary flow rate (UFR). Systematic variations in UFR with demographic characteristics or body mass index (BMI) could confound 
assessment of associations between health outcomes and biomarker concentrations. OBJECTIVES: We assessed patterns of UFR (milliliters per hour) and body weight-adjusted UFR (UFRBW; milliliters per kilogram per 
hour) across age, sex, race/ethnicity, and BMI category in the NHANES (National Health and Nutrition Examination Survey) 2009-2012 data sets. METHODS: Geometric mean (GM) UFR and UFRBW were compared across 
age-stratified (6-11, 12-19, 20-39, 40-59, and >/= 60 years) subgroups (sex, race/ethnicity, and BMI category). Patterns of analyte urinary concentration or mass excretion rates (nanograms per hour and nanograms per 
kilogram per hour BW) were assessed in sample age groups for case study chemicals bisphenol A and 2,5-dichlorophenol. RESULTS: UFR increased from ages 6 to 60 years and then declined with increasing age. UFRBW 
varied inversely with age. UFR, but not UFRBW, differed significantly by sex (males > females after age 12 years). Differences in both metrics were observed among categories of race/ethnicity. UFRBW, but not UFR, 
varied inversely with BMI category and waist circumference in all age groups. Urinary osmolality increased with increasing BMI. Case studies demonstrated different exposure-outcome relationships depending on 
exposure metric. Conventional hydration status adjustments did not fully address the effect of flow rate variations. CONCLUSIONS: UFR and UFRBW exhibit systematic variations with age, sex, race/ethnicity, and BMI 
category. These variations can confound assessments of potential exposure-health outcome associations based on urinary concentration. Analyte excretion rates are valuable exposure metrics in such assessments.

Environmental Health 
Perspectives.2015;123(4
):293-300

10.1289/ehp.1408944 25625328 ヒト - - - - - - - 横断研究 1 1 - - - - - - - - - - - - - - - - - -

統合_2635 Hu WY et al. 2016
Gene-gene and gene-environment 
interactions on risk of male 
infertility: Focus on the metabolites

Infertility affects about 17% couples, and males contribute to half of the cases. Compared with independent effects of genetic and environmental factors, interactions between them help in the understanding of the 
susceptibility to male infertility. Thus, we genotyped 25 polymorphisms, measured 16 urinary chemical concentrations and explored interactions between gene-gene and gene-environment in 1039 Han Chinese using 
metabolomic analysis. We first observed that GSTT1 might interact with GSTM1 (Pinter=6.33x10(-8)). Furthermore, an interaction between GSTM1 and 4-n-octylphenol (4-n-OP) was identified (Pinter=7.00x10(-3)), as 
well as a 2-order interaction among GSTT1, GSTM1 and 4-n-OP (Pinter=0.04). Subjects with GSTT1-present and GSTM1-null genotypes were susceptible to male infertility when exposed to 4-n-OP (OR=14.05, 95% 
CI=4.78-60.20, P=2.34x10(-5)). Most metabolites identified were involved in the tricarboxylic acid cycle. In conclusion, it is a novel study of the interaction on male infertility from the aspect of metabolomics.

Environment 
International.2016;91:18
8-195

10.1016/j.envint.2016.02.025 26970590 ヒト - - - - - - - 横断研究 1 1 - - - - - - - - - - - - - - - - - -

統合_2636 Huo WQ et al. 2015

Maternal urinary bisphenol A levels 
and infant low birth weight: A 
nested case-control study of the 
Health Baby Cohort in China

BACKGROUND: Exposure to bisphenol A (BPA), a known endocrine disruptor, has been demonstrated to affect fetal development in animal studies, but findings in human studies have been inconsistent. OBJECTIVES: We 
investigated whether maternal exposure to BPA during pregnancy is associated with an increased risk of infant low birth weight (LBW). METHODS: A total 452 mother-infant pairs (113 LBW cases and 339 matched 
controls) were selected from the participants enrolled in the prospective Health Baby Cohort (HBC) in Wuhan city, China, during 2012-2014. BPA concentrations were measured in maternal urine samples collected at 
delivery, and the information of birth outcomes was retrieved from the medical records. A conditional logistic regression was used to evaluate the relationship between urinary BPA levels and LBW. RESULTS: Mothers 
with LBW infants had significantly higher urinary BPA levels (median: 4.70mug/L) than the control mothers (median: 2.25mug/L) (p<0.05). Increased risk of LBW was associated with higher maternal urinary levels of BPA 
[adjusted odds ratio (OR)=3.13 for the medium tertile, 95% confidence interval (CI): 1.21, 8.08; adjusted OR=2.49 for the highest tertile, 95% CI: 0.98, 6.36]. The association was more pronounced among female infants 
than among male infants, with a statistical evidence of heterogeneity in risk (p=0.03). CONCLUSIONS: Prenatal exposure to higher levels of BPA may potentially increase the risk of delivering LBW infants, especially for 
female infants. This is the first case-control study to examine the association in China.

Environ Int. 2015 
Dec:85:96-103.

10.1016/j.envint.2015.09.005 26382648 ヒト ⽣殖(低出⽣体重) - - - - - - 横断研究 1 1 - - - 1 1 1 - - - ● - - - - - - - -

統合_2637 Ince T et al. 2018
Urinary bisphenol-A levels in 
children with type 1 diabetes 
mellitus

BACKGROUND: Bisphenol-A (BPA) is one of the most abundantly produced chemicals globally. Concerns have been raised about BPA's possible role in the pathogenesis of type 1 diabetes mellitus (T1DM). The main aim 
of the current study was to evaluate the possible association between BPA exposure and T1DM. The second aim was to investigate children's possible BPA exposure routes in Turkey. METHODS: A total of 100 children 
aged between 5 and 18 years including 50 children with T1DM and 50 healthy children were included. Urinary BPA levels of all children were measured using high-performance liquid chromatography. Mothers of children 
enrolled in the study were also requested to complete a survey that included questions on the sociodemographic characteristics, medical history and possible BPA exposure routes of their children. RESULTS: In the T1DM 
group, urinary BPA levels were slightly higher compared to the control group, but this difference was not significant (p=0.510). However, there was an inverse relationship between current urinary BPA levels and birth 
weight. It was found that the use of plastic kettles and the consumption of dairy products in plastic boxes significantly increased the urinary BPA concentrations in all subjects. CONCLUSIONS: Although there was no 
significant association between urinary BPA levels and T1DM, we found an inverse relationship between current urinary BPA levels and birth weight. This finding might be important for prenatal exposure, and further 
prospective research must be conducted. Also, the use of plastic kettles, which has not been mentioned much in the literature before, was found to be an important exposure route for BPA.

J Pediatr Endocrinol 
Metab. 2018 Aug 
28;31(8):829-836.

10.1515/jpem-2018-0141 29975667 ヒト 代謝 - - - - - - 横断研究 1 1 - - - 1 1 1 - - - - - - - - - - - -

統合_2638 Jeong EH et al. 2013

The Relationship between Uterine 
Myoma Growth and the Endocrine 
Disruptor in Postmenopausal 
Women

OBJECTIVES: To investigate the number of leiomyoma patients-exposed to bisphenol A (BPA) and to observe whether the serum concentration of BPA is related to leiomyoma growth. METHODS: A total of 158 patients 
were recruited for this study. Leiomyoma patients were divided into three groups, mild (n = 48), moderate (n = 32) and severe (n = 28), according to the size of leiomyomas. The control (n = 30) group was defined as 
having no leiomyomas. Transvaginal ultrasonography was used to identify and measure the leiomyomas. Serum BPA concentrations were measured by enzyme-linked immunosorbent assay. RESULTS: BPA was detected in 
87.0% out of a total of 158 samples, and in 86.0% out of 108 leiomyoma patients. In detail, the detection rates of serum BPA were 88.0% in the control group, 77.2% in the mild group, 90.0% in the moderate group and 96.0% 
in the severe group. The mean BPA concentration in the control group was 0.558 +/- 0.097 ng/mL, the leiomyoma groups, the mean BPA concentrations were 0.274 +/- 0.063 ng/mL (mild), 0.346 +/- 0.064 ng/mL 
(moderate) and 0.647 +/- 0.039 ng/mL (severe) (P = 0.0003). Values represent the mean +/- standard error. CONCLUSION: The detection rates of serum BPA in the control and leiomyoma groups were 88.0% and 86.0%, 
respectively. However, there was no significant difference in the serum BPA concentrations between the control and leiomyoma groups. To verify the effect of BPA on leiomyoma growth, a close and sequential monitoring 
is recommended for people who are at risk for uterine leiomyoma.

J Menopausal 
Med.2013;19(3):130-
134

10.6118/jmm.2013.19.3.130 25371878 ヒト - - - - - - - 横断研究 1 1 - - - - - - - - - ● - - - - - - - -

統合_2639 Jia J et al. 2013

Interactive Effect of Bisphenol A 
(BPA) Exposure with-22G/C 
Polymorphism in LOX Gene on the 
Risk of Osteosarcoma

BACKGROUND: Osteosarcomas have many established risk factors, both genetic and environmental, but by themselves these explain only part of the total cancer incidence. Bisphenol A (BPA) is an environmental 
estrogen associated with risk of several kinds of tumour. The lysyl oxidase gene (LOX) may also contribute to risk of tumours including osteosarcomas. Here, we investigated possible interactions of BPA and a LOX 
polymorphism on the risk of osteosarcoma. METHOD: The present hospital-based case-control study included 106 cancer patients and 112 controls from a Chinese population. Internal burden of BPA exposure was 
assessed using high-performance liquid chromatography-mass spectrometry (HPLC-MS) method. Genotypes were determined using PCR-RFLP methods. RESULTS: Compared with those in low BPA exposure group, 
subjects with BPA more than or equal to median value had significant increased risk of osteosarcoma among subjects who carried GC or CC genotypes. A significant interaction with BPA level and the -22 G/C 
polymorphism was observed for osteosarcoma overall, osteosarcoma affecting knee and osteosarcoma affecting hip, as P(forinteraction) = 0.036 for osteosarcoma overall; P(forinteraction) = 0.024 for osteosarcoma 
affecting knee; and P(forinteraction) = 0.017 for osteosarcoma affecting hip. CONCLUSIONS: The results suggest that BPA exposure interacts with the -22 G/C polymorphism of the LOX gene to increase the risk of 
osteosarcoma.

Asian Pac J Cancer 
Prev. 2013;14(6):3805-
8.

10.7314/apjcp.2013.14.6.3805 23886186 ヒト 発がん - - - - - - 症例対照研究 1 1 - - - 1 1 1 - - - - - - - - - - - -

統合_2640 Kardas F et al. 2016

Increased Serum Phthalates (MEHP, 
DEHP) and Bisphenol A 
Concentrations in Children With 
Autism Spectrum Disorder: The Role 
of Endocrine Disruptors in Autism 
Etiopathogenesis

The aim of this study was to investigate the relationship between autism spectrum disorders development and exposure to mono-(2-ethylhexyl)-phthalate (MEHP), di-(2-ethylhexyl)-phthalate (DEHP), and bisphenol A 
(BPA), 1 of the endocrine disruptors, among phthalates. The study included 48 children with autism spectrum disorder (27 boys, 21 girls) and 41 healthy subjects (24 boys, 17 girls) as controls. Serum MEHP, DEHP, and 
BPA levels were measured by using high-performance liquid chromatography. Children with autism spectrum disorder had significantly increased serum MEHP, DEHP, and BPA concentrations (0.47 +/- 0.14 microg/ml, 
2.70 +/- 0.90 microg/ml, 1.25 +/- 0.30 ng/ml) compared to healthy control subjects (0.29 +/- 0.05 microg/ml, 1.62 +/- 0.56 microg/ml, 0.88 +/- 0.18 ng/ml) respectively (P = .000). The fact that higher serum MEHP, 
DEHP, and BPA were found levels in the autism spectrum disorder group compared to healthy controls suggests that endocrine disruptors may have a role in the pathogenesis of autism spectrum disorders.

J Child Neurol. 2016 
Apr;31(5):629-35.

10.1177/0883073815609150 26450281 ヒト 発達神経 - - - - - - 症例対照研究 1 1 - - - 1 1 1 - - - ● - - - - - - ● -

統合_2641 Komarowska MD et al. 2015
Serum Bisphenol A Level in Boys 
with Cryptorchidism: A Step to Male 
Infertility?

Cryptorchidism is the most common congenital birth defect in boys and affects about 2-4% full-term male neonates. Its etiology is multifactorial. Purpose. To evaluate the serum bisphenol A (BPA) levels in boys with 
cryptorchidism and healthy boys and to assess the risk of environmental exposure to BPA using the authors' questionnaire. The data were acquired from a study on boys with cryptorchidism (n = 98) and a control group (n 
= 57). Prior to surgery, all patients had BPA serum levels evaluated. The size, position, rigidity of the testis, and abnormality of the epididymis of the undescended testis were assessed. Parents also completed a 
questionnaire on the risks of exposure to BPA in everyday life. Results. The testes in both groups were similar in size. The turgor of the undescended testis in the group of boys with cryptorchidism was decreased. Free 
serum BPA level in cryptorchid boys and in the control group was not statistically significant (p > 0.05). The conjugated serum BPA level in cryptorchid boys and in the control group was statistically significant (p </= 
0.05). Total serum BPA level in cryptorchid boys and in the control group was statistically significant (p < 0.05). Serum total BPA level was related with a positive answer about problems with conception (p < 0.02). 
Conclusion. Our study indicated that high serum BPA was associated with cryptorchidism.

Int J Endocrinol. 
2015:2015:973154.

10.1155/2015/973154 26491444 ヒト 精巣 - - - - - - 症例対照研究 1 1 - - - 1 1 1 - - - ● - - - - - - - -

統合_2642 Kondolot M et al. 2016
Plasma phthalate and bisphenol a 
levels and oxidant-antioxidant 
status in autistic children

Phthalates and bisphenol A (BPA) are endocrine disruting chemicals (EDCs) that are suggested to exert neurotoxic effects. This study aimed to determine plasma phthalates and BPA levels along with oxidant/antioxidant 
status in autistic children [n=51; including 12 children were diagnosed with "Pervasive Developmental Disorder-Not Otherwise Specified (PDD-NOS)]. Plasma levels of BPA, di (2-ethylhexyl)-phthalate (DEHP) and its 
main metabolite mono (2-ethylhexyl)-phthalate (MEHP); thiobarbituric acid reactive substance (TBARS) and carbonyl groups; erythrocyte glutathione peroxidase (GPx1), thioredoxin reductase (TrxR), catalase (CAT), 
superoxide dismutase (SOD) and glutathione reductase (GR) activities and glutathione (GSH) and selenium levels were measured. Plasma BPA levels of children with PDD-NOS were significantly higher than both classic 
autistic children and controls (n=50). Carbonyl, selenium concentrations and GPx1, SOD and GR activities were higher (p<0.05); CAT activity was markedly lower in study group. BPA exposure might be associated with 
PDD-NOS. Intracellular imbalance between oxidant and antioxidant status might facilitate its neurotoxicity.

Environmental 
Toxicology and 
Pharmacology.2016;43:1
49-158

10.1016/j.etap.2016.03.006 26991849 ヒト - - - - - - - 横断研究 1 1 - - - - - - - - - ● - - - - - - - -
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統合_2643 Konieczna A et al. 2018

Serum bisphenol A concentrations 
correlate with serum testosterone 
levels in women with polycystic 
ovary syndrome

The aim of this study was to determine serum bisphenol A (BPA) concentrations using high performance liquid chromatography with tandem mass spectrometry (HPLC-MS/MS) in women with polycystic ovary syndrome 
(PCOS) (n = 106, age range 18-40 yrs) and to evaluate its potential impact on their hormonal and metabolic profile. The control group consisted of age- and BMI-matched 80 eumenorrheic women with no clinical or 
biochemical hyperandrogenism. Our results showed that women with PCOS had significantly higher serum BPA concentrations than healthy controls (geometric mean and [95% CI]: 0.202 ng/mL [0.150; 0.255] vs. 0.154 
ng/mL [0.106; 0.201], P = 0.035), which correlated positively with serum total testosterone (TST) (R=0.285, P = 0.004) and the free androgen index (FAI) (R = 0.196, P = 0.049). There were no significant correlations 
between serum BPA and BMI, waist circumference, serum glucose, insulin and lipids. These results point to the potential role of BPA in the pathogenesis of the ovarian hyperandrogenism in women with PCOS.

Reprod Toxicol. 2018 
Dec:82:32-37.

10.1016/j.reprotox.2018.09.006 30266220 ヒト 卵巣 - - - - - - 横断研究 1 1 - - - 1 1 1 - - - ● - - - - - - - -

統合_2644 La Rocca C et al. 2015

Exposure to Endocrine Disruptors 
and Nuclear Receptors Gene 
Expression in Infertile and Fertile 
Men from Italian Areas with 
Different Environmental Features

Internal levels of selected endocrine disruptors (EDs) (i.e., perfluorooctane sulfonate (PFOS), perfluorooctanoic acid (PFOA), di-2-ethylhexyl-phthalate (DEHP), mono-(2-ethylhexyl)-phthalate (MEHP), and bisphenol A 
(BPA)) were analyzed in blood/serum of infertile and fertile men from metropolitan, urban and rural Italian areas. PFOS and PFOA levels were also evaluated in seminal plasma. In peripheral blood mononuclear cells 
(PBMCs) of same subjects, gene expression levels of a panel of nuclear receptors (NRs), namely estrogen receptor alpha (ERalpha) estrogen receptor beta (ERbeta), androgen receptor (AR), aryl hydrocarbon receptor 
(AhR), peroxisome proliferator-activated receptor gamma (PPARgamma) and pregnane X receptor (PXR) were also assessed. Infertile men from the metropolitan area had significantly higher levels of BPA and gene 
expression of all NRs, except PPARgamma, compared to subjects from other areas. Subjects from urban areas had significantly higher levels of MEHP, whereas subjects from rural area had higher levels of PFOA in both 
blood and seminal plasma. Interestingly, ERalpha, ERbeta, AR, PXR and AhR expression is directly correlated with BPA and inversely correlated with PFOA serum levels. Our study indicates the relevance of the living 
environment when investigating the exposure to specific EDs. Moreover, the NRs panel in PBMCs demonstrated to be a potential biomarker of effect to assess the EDs impact on reproductive health.

International Journal of 
Environmental Research 
and Public 
Health.2015;12(10):124
26-12445

10.3390/ijerph121012426 26445054 ヒト - - - - - - - 横断研究 1 1 - - - - - - - - - ● - - - - - - - -

統合_2645 La Rocca C et al. 2014

Exposure to Endocrine Disrupters 
and Nuclear Receptor Gene 
Expression in Infertile and Fertile 
Women from Different Italian Areas

Within the PREVIENI project, infertile and fertile women were enrolled from metropolitan, urban and rural Italian areas. Blood/serum levels of several endocrine disrupters (EDs) (perfluorooctane sulfonate, PFOS; 
perfluorooctanoic acid, PFOA; di-2-ethylhexyl-phthalate, DEHP; mono-(2-ethylhexyl)-phthalate, MEHP; bisphenol A, BPA) were evaluated concurrently with nuclear receptors (NRs) gene expression levels (ERa, ERb, AR, 
AhR, PPARg, PXR) in peripheral blood mononuclear cells (PBMCs). Infertile women from the metropolitan area displayed significantly higher levels of: BPA compared to fertile women (14.9 vs. 0.5 ng/mL serum); BPA and 
MEHP compared to infertile women from urban and rural areas; enhanced expression levels of NRs, except PPARg. Infertile women from urban and rural areas had PFOA levels significantly higher than those from 
metropolitan areas. Our study indicates the relevance of the living environment when investigating the exposure to EDs and the modulation of the NR panel in PBMC as a suitable biomarker of the effect, to assess the EDs 
impact on reproductive health.

International Journal of 
Environmental Research 
and Public 
Health.2014;11(10):101
46-10164

10.3390/ijerph111010146 25268510 ヒト - - - - - - - 横断研究 1 1 - - - - - - - - - ● - - - - - - - -

統合_2646 Landolfi A et al. 2017
Bisphenol A glucuronidation in 
patients with Parkinson's disease

BACKGROUND: Bisphenol A (BPA) is a widely distributed estrogen-mimetic molecule, with well-established effects on the dopaminergic system. It can be found in canned food, dental sealants, thermal paper, etc. BPA 
undergoes liver conjugation with glucuronic acid and is subsequently excreted in the urine. OBJECTIVES: In the present study we quantified the concentration of free and conjugated Bisphenol A in blood of patients 
affected by Parkinson Disease, using their spouses as controls. METHODS: An interview was performed to determine possible confounders in BPA exposure. Free and conjugated BPA were quantified by gas 
chromatography coupled with mass spectrometry. RESULTS: Parkinson's Disease patients carried a statistically significant lower amount of conjugated Bisphenol A compared to controls. The two populations were 
mostly homogeneous in terms of exposure to possible Bisphenol A sources. The only exceptions were exposure to canned tuna and canned tomatoes PD patients consumed significantly more of both (p<0.05). Moreover, 
no difference in Bisphenol A glucuronidation was found after stratification by typology of anti-Parkinson's drug taken and after conversion to the Levodopa Equivalent Daily Dose. CONCLUSION: BPA glucuronidation was 
decreased in patients with Parkinson disease. The possible unique mechanisms underlying Bisphenol A metabolism in PD patients deserve further elucidation. Moreover, further study is needed to assess a possible BPA 
role in Parkinson's Disease pathogenesis, due to its documented dopaminergic toxicity.

Neurotoxicology. 2017 
Dec:63:90-96.

10.1016/j.neuro.2017.09.008 28939238 ヒト 発達神経 - - - - - - 症例対照研究 1 1 - - - 1 1 1 - - - - - - - - - - - -

統合_2647 Lassen TH et al. 2014
Urinary Bisphenol A Levels in Young 
Men: Association with Reproductive 
Hormones and Semen Quality

BACKGROUND: Few human studies have examined bisphenol A (BPA) exposure in relation to semen quality and reproductive hormones in men, and results are divergent. OBJECTIVES: We examined associations between 
urinary BPA concentration and reproductive hormones, as well as semen quality, in young men from the general population. METHODS: Our study population consisted of 308 young men from the general population. 
Urinary BPA concentration was measured by isotope dilution TurboFlow-liquid chromatography-tandem mass spectrometry. We used multiple linear regression analysis to estimate associations between BPA 
concentration and reproductive hormones and semen quality, adjusting for confounding factors. RESULTS: We found that 98% of the men had detectable urinary levels of BPA. Median (5th-95th percentiles) BPA 
concentration was 3.25 ng/mL (0.59-14.89 ng/mL). Men with BPA concentrations above the lowest quartile had higher concentrations of serum testosterone, luteinizing hormone (LH), estradiol, and free testosterone 
compared with the lowest quartile (p trend </= 0.02). Men in the highest quartile of BPA excretion had on average 18% higher total testosterone (95% CI: 8, 28%), 22% higher LH (95% CI: 6, 39%), and 13% higher estradiol 
(95% CI: 4, 24%) compared with lowest quartile. Men in the highest quartile of BPA also had significantly lower percentage progressive motile spermatozoa compared with men in the lowest quartile (-6.7 percentage 
points, 95% CI: -11.76, -1.63). BPA was not associated with other semen parameters. Adjusting for dietary patterns did not influence the results. CONCLUSIONS: The pattern of associations between BPA and 
reproductive hormones could indicate an antiandrogenic or antiestrogenic effect, or both, of BPA on the hypothalamic-pituitary-gonadal hormone feedback system, possibly through a competitive inhibition at the receptor 
level. However, additional research is needed to confirm our findings and to further test the suggested potential mechanisms.

Environmental Health 
Perspectives.2014;122(5
):478-484

10.1289/ehp.1307309 24786630 ヒト - - - - - - - 横断研究 1 1 - - - - - - - - - ● - - - - - - - -

統合_2648 Leclerc F et al. 2014
Maternal, placental and fetal 
exposure to bisphenol A in women 
with and without preeclampsia

OBJECTIVES: We aimed to investigate potential association between the exposure of bisphenol A (BPA) and preeclampsia. METHODS: Concentrations of BPA were assessed in 58 pregnancies including 35 normotensive 
and 23 preeclamptic women, using a highly sensitive gas chromatography-mass spectrometry (GC-MS) method. RESULTS: BPA was detected in maternal blood, fetal blood and placental tissue; and actual concentrations 
of BPA were determined. Interestingly, significant accumulation of BPA in the placentas of women with preeclampsia compared to normotensive women has been shown. CONCLUSIONS: This is the first study to highlight 
a significant correlation between preeclampsia and a high accumulation of BPA in the placenta.

Hypertens Pregnancy. 
2014 Aug;33(3):341-8.

10.3109/10641955.2014.892607 24724919 ヒト ⽣殖発⽣(妊娠) - - - - - - 横断研究 1 1 - - - 1 1 1 - - - ● - - - - - - - -

統合_2649 Lee SH et al. 2014

Changes in steroid metabolism 
among girls with precocious puberty 
may not be associated with urinary 
levels of bisphenol A

Precocious puberty (PP) refers to the appearance of physical and hormonal signs of pubertal development at an abnormally early age. Urinary steroid signatures obtained from 42 patients with central PP and 40 patients 
with peripheral PP were assessed to compare metabolic changes. Levels of androgens such as testosterone, androstenedione, androstenediol, 16α-hydroxy-dehydroepiandrosterone, and 5α-androstenedione tended to 
be high in both PP groups, and the level of 17β-estradiol was higher in the central-PP group (P<0.01) than in the peripheral-PP and 32 age-matched healthy girls. Altered steroid metabolism was also associated with 
urinary BPA levels, and levels of testosterone, 17β-estradiol, and pregnenolone were significantly increased among individuals with high BPA levels. In particular, a correlation was observed between estrogen metabolism 
and BPA levels irrespective of the type of PP. These findings suggest that in girls, BPA exposure causes metabolic changes in steroidogenesis, but not the early onset of PP.

Reproductive 
Toxicology.2014;44:4347
1

10.1016/j.reprotox.2013.03.008 23557689 ヒト - - - - - - - 横断研究 1 1 - - - - - - - - - - - - - - - - - -

統合_2650 Li AJ et al. 2018

Urinary concentrations of 
environmental phenols and their 
association with type 2 diabetes in a 
population in Jeddah, Saudi Arabia

A few epidemiologic studies suggest that exposure to bisphenol A (BPA) is associated with type 2 diabetes mellitus (T2DM). However, little is known about association between other phenolic endocrine disrupting 
chemicals (EDCs) and T2DM. In this case-control study, we measured urinary concentrations of 23 phenolic EDCs in 101 individuals from Jeddah, Saudi Arabia, to examine the association of parabens, antimicrobials, 
bisphenols, benzophenones and bisphenol A diglycidyl ethers with T2DM. Urine samples were collected from 54 T2DM cases and 47 non-diabetic individuals (controls), aged 28-68 years old, during 2015-2016. 
Unconditional logistic regression was performed to estimate odd ratios (ORs) for the association between diabetes and EDC exposures after adjusting for confounders including age, gender, nationality, smoking status 
and occupation. Age from 40 to 59 years (OR 5.56, 95% CI 2.20-14.0) and smoking status (OR 2.92, 95% CI 1.25-6.79) showed significant positive associations with T2DM. After adjusting for potential confounders, we 
found that T2DM cases had high urinary levels of parabens (i.e., methyl- (MeP), ethyl- (EtP), propyl- (PrP) and 4-hydroxy benzoic acid (4-HB)), bisphenols (i.e., bisphenols A (BPA) and F (BPF)), and benzophenone (i.e., 4-
hydroxybenzophenone (4-OH-BP)) relative to the controls. Individuals in the 4th quartile for urinary concentrations of MeP, EtP, PrP, 4-HB and BPF and in the 3rd quartile for BPA and 4-OH-BP showed over a 6-fold 
increase in the odds of having diabetes compared with those in the first quartile. Overall, our study shows that urinary levels of multiple phenolic EDCs were associated with increased risk for diabetes. Further 
prospective studies are required to verify these associations.

Environ Res. 2018 
Oct:166:544-552.

10.1016/j.envres.2018.06.040 29960220 ヒト 代謝 - - - - - - 横断研究 1 1 - - - 1 1 1 - - - ● - - - - - - ● -

統合_2651 Li Y et al. 2018

Relationship between bisphenol A 
exposure and attention-deficit/ 
hyperactivity disorder: A case-
control study for primary school 
children in Guangzhou, China

Bisphenol A (BPA) is an endocrine-disrupting chemical. Studies have shown that the exposure to BPA is associated with attention-deficit/hyperactivity disorder (ADHD) during adolescent development. However the direct 
clinical evidence is limited. To investigate the possible association between environmental BPA exposure and the altered behavior of children, a case-control study was conducted with children aged 6-12 years in 
Guangzhou, China. Two hundred fifteen children diagnosed with ADHD and 253 healthy children from Guangzhou were recruited as the case and control groups, respectively. Urinary BPA and 8-hydroxy-2'-deoxyguanosine 
(8-OHdG, a biomarker of oxidative DNA damage) concentrations were determined by high-performance liquid chromatography/tandem spectrometry. The results showed that concentrations of urinary BPA for the case 
group were significantly higher than those for the control group (3.44 vs 1.70 μg/L; 4.63 vs 1.71 μg/g Crt. p < .001). A stepwise increase in the odds ratios for ADHD was observed with the increasing quartiles of 
children's urinary BPA (first quartile: reference category; second quartile adjusted OR: 1.79, 95% CI: 0.95-3.37; third quartile adjusted OR: 7.44, 95% CI: 3.91-14.1; fourth quartile adjusted OR: 9.41, 95% CI: 4.91-18.1). When 
the BPA levels were stratified by gender, the odds of ADHD among boys and girls increased significantly with urinary BPA concentrations (adjusted OR: 4.58, 95% CI: 2.84-7.37; adjusted OR: 2.83, 95% CI: 1.17-6.84). 
Urinary 8-OHdG concentrations in the ADHD children were significantly higher than those in the control group. Furthermore, the linear regression analysis results indicated that a significant relationship existed between 
BPA exposure and 8-OHdG levels (R = 0.257, p < .001). Our findings provide direct evidence that childhood BPA exposure may be related to ADHD and 8-OHdG concentrations for children. Moreover, BPA exposure could 
increase the higher occurrence of ADHD for boy than for girls.

Environ Pollut. 2018 
Apr:235:141-149.

10.1016/j.envpol.2017.12.056 29276960 ヒト 発達神経 - - - - - - 症例対照研究 1 1 - - - 1 1 1 - - - ● - - - - - - ● -

統合_2652 Lin TJ et al. 2018
Interactions between Bisphenol A 
exposure and GSTP1 
polymorphisms in childhood asthma

PURPOSE: Bisphenol A (BPA) exposure may increase the risk of asthma. Genetic polymorphisms of oxidative stress-related genes, glutathione S-transferases (GSTM1, GSTP1), manganese superoxide dismutase, 
catalase, myeloperoxidase, and microsomal epoxide hydrolase may be related to BPA exposure. The aim is to evaluate whether oxidative stress genes modulates associations of BPA exposure with asthma. METHODS: We 
conducted a case-control study comprised of 126 asthmatic children and 327 controls. Urine Bisphenol A glucuronide (BPAG) levels were measured by ultra-performance liquid chromatography/tandem mass 
spectrometry, and genetic variants were analyzed by a TaqMan assay. Information on asthma and environmental exposure was collected. Analyses of variance and logistic regressions were performed to determine the 
association of genotypes and urine BPAG levels with asthma. RESULTS: BPAG levels were significantly associated with asthma (adjusted odds ratio [aOR], 1.29 per log unit increase in concentration; 95% confidence 
interval [CI], 1.081.55). Compared to the GG genotype, children with a GSTP1 AA genotype had higher urine BPAG concentrations (geometric mean [standard error], 12.72 [4.16] vs 11.42 [2.82]; P=0.036). In children with 
high BPAG, the GSTP1 AA genotype was related to a higher odds of asthma than the GG genotype (aOR, 4.84; 95% CI, 1.0223.06). CONCLUSIONS: GSTP1 variants are associated with urine BPA metabolite levels. 
Oxidative stress genes may modulate the effect of BPA exposure on asthma.

Allergy Asthma Immunol 
Res. 2018 
Mar;10(2):172-179.

10.4168/aair.2018.10.2.172 29411558 ヒト 免疫 - - - - - - 症例対照研究 1 1 - - - 1 1 1 - - - ● - - - - - - - -

統合_2653 Lv YS et al. 2017
Higher dermal exposure of cashiers 
to BPA and its association with DNA 
oxidative damage

Bisphenol A (BPA) is a widely used chemical in the production of many polycarbonate plastics, epoxy resin linings for food and beverage containers and thermal papers. Oral intakes from the contaminated diets were 
considered as the predominant source of BPA exposure for humans. However, due to the high levels of BPA on thermal receipts and their wide applications in our daily life, the amount of BPA be transferred to the skin 
after holding thermal paper should not be underestimated, particularly for cashiers. To investigate the contribution of BPA exposure levels via the dermal contact route and the relationship between BPA exposure level and 
oxidative DNA damage, six male volunteers were recruited and required to simulate the cashiers' work and handle the thermal receipts during the study period. Triclosan (TCS, an antimicrobial compound used widely in 
personal health and skin care products) was applied as a reference compound. Their urinary BPA, TCS and 8-hydroxy-2'-deoxyguanosine (8-OHdG) concentrations were determined by high performance liquid 
chromatography/ tandem spectrometer (LC/MS/MS). The results showed that after handling the thermal receipts, the urinary BPA concentrations of volunteers increased 3 times of those before the experimental period. 
But TCS levels in urine kept stable. There existed a correlation between BPA exposure and 8-OHdG (R(2)=0.237, p<0.001), but not between TCS and 8-OHdG concentrations (R(2)=0.026, p<0.777), indicating that more 
BPA exposure could lead to higher oxidative DNA damage. That the increases in 8-OHdG levels in urine being almost consistent with those of BPA suggested that handling thermal receipts resulted in the increasing BPA 
intakes and BPA exposure was correlated with DNA oxidative damage. After 48h of the end of handling thermal receipts, the urinary BPA levels did not descend to the levels before experiment, suggesting that the 
excretion of BPA via dermal contact was over 48h. BPA exposure through dermal contact route contributed 51.9% to 84% to urinary BPA levels with the GM ratio of 70.9% for cashiers, indicating that it might be seriously 
underestimated for cashiers according to the previous studies. More attentions should be paid on the exposure of BPA via dermal penetration for cashiers.

Environ Int. 2017 
Jan:98:69-74.

10.1016/j.envint.2016.10.001 27729163 ヒト その他 - - - - - - 介⼊研究 1 1 - - - 1 1 1 - - - ● - - - - - - - -

統合_2654 Mammadov E et al. 2018
High Prenatal Exposure to Bisphenol 
A Reduces Anogenital Distance in 
Healthy Male Newborns

OBJECTIVE: To estimate the relationship between cord blood bisphenol A (BPA) levels and anogenital measurements in healthy newborns. METHODS: Pregnancy and birth history, together with body mass and length 
data, anogenital measurements, penile measurements and cord blood samples were obtained from healthy newborns. Cord blood concentration of BPA was analyzed by sandwich enzyme-linked immunosorbent assays kit. 
RESULTS: Among 130 healthy newborns (72 boys, 58 girls), mean anopenile distance was 45.2±6 mm and anoscrotal distance was 21.9±5.4 mm in boys; mean anoclitoral distance was 33.8±6.6 mm and mean 
anofourchette distance was 12.2±4.9 mm in girls. Mean cord blood BPA level was 4.75±2.18 ng/mL. 90th percentile value for cord blood BPA was 8.26 ng/mL and the analysis showed a statistically significant 
correlation between anoscrotal distance and cord blood BPA levels above the 90th percentile (p=0.047) in boys. The changes in anogenital distance in girls were not statistically significant. CONCLUSION: We showed a 
significant association between high cord blood BPA levels and shortened anoscrotal distance in male newborns. However, this result should be interpreted with caution since there were no significant external genital 
abnormalities in our study group.

J Clin Res Pediatr 
Endocrinol.2018;10(1):2
5-29

10.4274/jcrpe.4817 28825590 ヒト - - - - - - - 横断研究 1 1 - - - - - - - - - ● - - - - - - - -

統合_2655 Menale C et al. 2015

Bisphenol A effects on gene 
expression in adipocytes from 
children: association with metabolic 
disorders

Bisphenol A (BPA) is a xenobiotic endocrine-disrupting chemical. In vitro and in vivo studies have indicated that BPA alters endocrine-metabolic pathways in adipose tissue, which increases the risk of metabolic disorders 
and obesity. BPA can affect adipose tissue and increase fat cell numbers or sizes by regulating the expression of the genes that are directly involved in metabolic homeostasis and obesity. Several studies performed in 
animal models have accounted for an obesogen role of BPA, but its effects on human adipocytes - especially in children - have been poorly investigated. The aim of this study is to understand the molecular mechanisms by 
which environmentally relevant doses of BPA can interfere with the canonical endocrine function that regulates metabolism in mature human adipocytes from prepubertal, non-obese children. BPA can act as an estrogen 
agonist or antagonist depending on the physiological context. To identify the molecular signatures associated with metabolism, transcriptional modifications of mature adipocytes from prepubertal children exposed to 
estrogen were evaluated by means of microarray analysis. The analysis of deregulated genes associated with metabolic disorders allowed us to identify a small group of genes that are expressed in an opposite manner 
from that of adipocytes treated with BPA. In particular, we found that BPA increases the expression of pro-inflammatory cytokines and the expression of FABP4 and CD36, two genes involved in lipid metabolism. In 
addition, BPA decreases the expression of PCSK1, a gene involved in insulin production. These results indicate that exposure to BPA may be an important risk factor for developing metabolic disorders that are involved in 
childhood metabolism dysregulation.

Journal of Molecular 
Endocrinology.2015;54(
3):289-303

10.1530/JME-14-0282 25878060 ヒト - - - - - - - 横断研究 1 1 - - - - - - - - - ● - - - - - - - -
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統合_2656 Metwally FM et al. 2018
Study of the Effect of Bisphenol A 
on Oxidative Stress in Children with 
Autism Spectrum Disorders

The role of bisphenol A (BPA) in autism was investigated in 49 children (mean age = 5.950 +/- 1.911 years) with autism spectrum disorders (ASDs) and 40 comparable age and sex matched children used as controls 
(mean age = 5.333 +/- 2.279 years). In addition, 8-Hydroxydeoxyguanosine (8-oxodG) was also studied as a biomarker of oxidative stress in the same set of two selected groups. The results showed that both BPA and 8-
oxodG were significantly higher in children with autism than those of control children (p values = 0.025 and 0.0001, respectively). There were positive correlations between both BPA and 8-oxodG with ASDs severity (r = 
0.400 and 0.805, respectively), these correlations were highly significant (p values = 0.004 and 0.001, respectively). There was a significance positive correlation between BMI and BPA, but the correlation between BMI 
and 8-oxodG was not significant in children with autism. The observed results revealed that BPA may increase oxidative stress resulting in mitochondrial dysfunction that affecting the behavior and functioning of ASDs 
children.

Indian J Clin Biochem. 
2018 Apr;33(2):196-201.

10.1007/s12291-017-0667-0 29651211 ヒト 発達神経 - - - - - - 症例対照研究 1 1 - - - 1 1 1 - - - ● - - - - - - - -

統合_2657
Mínguez-Alarcón L, Gaskins AJ, Chiu YH, 
Souter I, Williams PL, Calafat AM, Hauser R, 
Chavarro JE

2016

Dietary folate intake and 
modification of the association of 
urinary bisphenol A concentrations 
with in vitro fertilization outcomes 
among women from a fertility clinic

Experimental data in rodents suggest that the effects of bisphenol A (BPA) on oocyte development may be modified by dietary methyl donors. Whether the same interaction exists in humans is unknown. We evaluated 
whether intake of methyl donors modified the associations between urinary BPA concentrations and treatment outcomes among 178 women who underwent 248 IVF cycles at a fertility center in Boston between 2007 and 
2012. Participants completed a validated food frequency questionnaire and provided up to two urine samples per treatment cycle. High urinary BPA concentrations were associated with a 66% lower probability of 
implantation (p=0.007) among women who consumed <400mug/day of food folate, but not among women consuming >/=400mug/day (21% higher probability of implantation, p=0.18) (p,interaction=0.04). A similar pattern 
was observed for probability of clinical pregnancy (p,interaction=0.07) and live birth (p,interaction=0.16). These results are consistent with previous animal data but further evaluation in other human populations is 
needed.

Reprod Toxicol. 2016 
Oct:65:104-112.

10.1016/j.reprotox.2016.07.012 27423903 ヒト ⽣殖発⽣ - - - - - - コホート研究 1 1 - - - 1 1 1 - 1 - ● - - - - - - - -

統合_2658 Nahar MS et al. 2014

Bisphenol A-associated alterations 
in the expression and epigenetic 
regulation of genes encoding 
xenobiotic metabolizing enzymes in 
human fetal liver

Alterations in xenobiotic metabolizing enzyme (XME) expression across the life course, along with genetic, nutritional, and environmental regulation, can influence how organisms respond to toxic insults. In this study, we 
investigated the hypothesis that in utero exposure to the endocrine active compound, bisphenol A (BPA), influences expression and epigenetic regulation of phase I and II XME genes during development. Using healthy 1st 
to 2nd trimester human fetal liver specimens quantified for internal BPA levels, we examined XME gene expression using PCR Array (n = 8) and RNA-sequencing (n = 12) platforms. Of the greater than 160 XME genes 
assayed, 2 phase I and 12 phase II genes exhibited significantly reduced expression with higher BPA levels, including isoforms from the carboxylesterase, catechol O-methyltransferase, glutathione S-transferase, 
sulfotransferase, and UDP-glucuronosyltransferase families. When the promoters of these candidate genes were evaluated in silico, putative binding sites for the E-twenty-six (ETS) and activator protein1 (AP1) related 
transcription factor families were identified and unique to 97% of all candidate transcripts. Interestingly, many ETS binding sites contain cytosine-guanine dinucleotides (CpGs) within their consensus sequences. Thus, 
quantitative analysis of CpG methylation of three candidate genes was conducted across n = 50 samples. Higher BPA levels were associated with increased site-specific methylation at COMT (P < 0.005) and increased 
average methylation at SULT2A1 (P < 0.020) promoters. While toxicological studies have traditionally focused on high-dose effects and hormonal receptor mediated regulation, our findings suggest the importance of low-
dose effects and nonclassical mechanisms of endocrine disruption during development.

Environmental and 
Molecular 
Mutagenesis.2014;55(3)
:184-195

10.1002/em.21823 24214726 ヒト - - - - - - - バイオモニタリング、遺伝⼦発現解析 1 1 - - - - - - - - - - - - - - - - - -

統合_2659 Nicolucci C et al. 2013

A high selective and sensitive liquid 
chromatography-tandem mass 
spectrometry method for 
quantization of BPA urinary levels in 
children

A selective and highly sensitive liquid chromatography-tandem mass spectrometry method has been developed and validated for determination of Bisphenol A (BPA) in human urine using labeled d6-BPA as internal 
standard. BPA was purified from human urine by affinity chromatography on solid extraction AFFINIMIP(R) Bisphenol A cartridges, based on molecularly imprinted polymers. After purification, the samples were analyzed on 
a Phenomenex Kinetex 100 x 4.6 mm, 2.6 mum particle PFP reversed-phase HPLC column, coupled to a triple quadrupole mass spectrometer by an electrospray ion source. Analyses were performed in the multiple reaction 
monitoring mode and negative ionization; the product ions at 133.2 and 212.1 m/z for BPA and at 138.2 and 215.0 m/z for d6-BPA were monitored to assess unambiguous identification. The linearity of the detector 
response was verified in human urine over the concentration range 0.100-200 ng/mL. The detection limit was calculated as 0.03 ng/mL and the limit of quantification of the method is 0.10 ng/mL. This LC/ESI-MS/MS 
method was in-house validated evaluating specificity, trueness, within-day and between-days precision. The mean recoveries of BPA from spiked urine samples were higher than 94% and good reproducibility (relative 
standard deviations </= 8.1%) was observed. The developed method was applied to a pilot study involving 105 children, aged from 6 to 14 years (16 normal weight and 89 obese children), from the Regione Campania 
(Southern Italy). The aim of this study was to determine the concentrations of BPA in urine of children and possible correlations with childhood obesity.

Anal Bioanal Chem. 
2013 Nov;405(28):9139-
48.

10.1007/s00216-013-7342-y 24062141 ヒト 代謝 - - - - - - 症例対照研究 1 1 - - - 1 1 1 - - - ● - - - - - - - -

統合_2660 Omran GA et al. 2018

Potential hazards of bisphenol A 
exposure to semen quality and 
sperm DNA integrity among infertile 
men

Bisphenol A (BPA) is an endocrine disruptor that is widely produced as a by-product in the plastics industry. The aim of the current study was to identify any association between urinary BPA levels and infertility related 
factors in patients who presented to the andrology clinic of a university hospital in Upper Egypt. In this case-control study, urinary BPA levels in 50 infertile patients and 50 matched controls were measured by high-
performance liquid chromatography. Semen quality (sperm concentration, morphology, and motility) and oxidative stress (total antioxidant activity and malondialdehyde levels) were determined along with sperm DNA 
damage via alkaline comet assays. BPA concentrations were similarly high in urine samples from all infertile patients and fertile controls, with median values of 24.2 mug/l and 20.9 mug/l, respectively. Total BPA levels 
were negatively associated with semen quality and antioxidant levels, and positively correlated with DNA damage, especially with multiple semen profile defects, alongside seminal-plasma lipid peroxidation.

Reprod Toxicol. 2018 
Oct:81:188-195.

10.1016/j.reprotox.2018.08.010 30103013 ヒト 精巣 - - - - - - 症例対照研究 1 1 - - - 1 1 1 - - - ● - - - - - - - -

統合_2661 Özgen İT, Torun E, Bayraktar-Tanyeri B, Durmaz 
E, Kılıç E, Cesur Y. 2016

The relation of urinary bisphenol A 
with kisspeptin in girls diagnosed 
with central precocious puberty and 
premature thelarche

BACKGROUND: Bisphenol A (BPA) is known as an endocrine disruptor and it is supposed to have a role on the development of central precocious puberty (CPP). Kisspeptin, a hypothalamic peptide, is a neuromodulator of 
gonadotropin releasing hormone and it has an important role on regulation of the onset of puberty. The BPA levels in girls with CPP and premature thelarche (PT) and its relation with kisspeptin levels were investigated. 
METHODS: Twenty-eight girls with CPP, 28 girls with PT and 22 prepubertal girls as a control group were enrolled to the study. Urinary BPA and serum kisspeptin levels were compared in the groups. Bivariate 
correlations were performed to evaluate the relations of BPA with kisspeptin and estradiol. RESULTS: There was no statistical difference between groups regarding BPA levels. Serum kisspeptin levels were higher in 
CPP group than controls [306.56 (interquartile range (IQR), 175.63-504.66) vs. 157.62 (IQR, 55.61-285.00) p: 0.008]. There were no correlations between BPA and kisspeptin levels (r: 0.088, p: 0.391) and between BPA and 
estradiol (r: -0.171, p: 0.144). CONCLUSIONS: The BPA levels did not differentiate between groups and it seems that the exposed amount of BPA in daily life did not affect kisspeptin levels in girls with CPP and PT.

J Pediatr Endocrinol 
Metab. 2016 
Mar;29(3):337-41.

10.1515/jpem-2015-0235 26565542 ヒト ⽣殖(思春期発達) - - - - - - 横断研究 1 1 - - - 1 1 1 - - - - - - - - - - - -

統合_2662 Patel CJ et al. 2014

Investigation of maternal 
environmental exposures in 
association with self-reported 
preterm birth

Identification of maternal environmental factors influencing preterm birth risks is important to understand the reasons for the increase in prematurity since 1990. Here, we utilized a health survey, the US National Health 
and Nutrition Examination Survey (NHANES) to search for personal environmental factors associated with preterm birth. 201 urine and blood markers of environmental factors, such as allergens, pollutants, and nutrients 
were assayed in mothers (range of N: 49-724) who answered questions about any children born preterm (delivery <37 weeks). We screened each of the 201 factors for association with any child born preterm adjusting by 
age, race/ethnicity, education, and household income. We attempted to verify the top finding, urinary bisphenol A, in an independent study of pregnant women attending Lucile Packard Children's Hospital. We conclude 
that the association between maternal urinary levels of bisphenol A and preterm birth should be evaluated in a larger epidemiological investigation.

Reprod Toxicol. 2014 
Jun:45:1-7.

10.1016/j.reprotox.2013.12.005 24373932 ヒト ⽣殖(流早産) - - - - - - 症例対照研究,横断研究 1 1 - - - 1 1 1 - 1 - - - - - - - - - -

統合_2663 Peng FL et al. 2016

A study on phthalate metabolites, 
bisphenol A and nonylphenol in the 
urine of Chinese women with 
unexplained recurrent spontaneous 
abortion

Humans are widely exposed to phthalates, bisphenol A and nonylphenol owing to the ubiquitous use of these chemicals in consumer products. Increasing attention has been paid to exposure to phthalates, bisphenol A and 
nonylphenol because of their potential adverse effects on human fertility. A validated method was developed to investigate the three classes of environmental estrogen, mentioned above, in the urine of Chinese women of 
Nanjing area with unexplained recurrent spontaneous abortion. Solid-phase extraction coupled with ultra performance liquid chromatography-tandem mass spectrometry (UPLC-MS/MS) was used. In this method, 
amounts of bisphenol A (BPA), nonylphenol (NP) and four phthalate metabolites, mono-n-butyl phthalate (MBP), mono-isobutyl phthalate (MiBP), mono-benzyl phthalate (MBzP) and mono-2-ethylhexyl phthalate (MEHP), 
along with their isotope labeled internal standards, were measured using UPLC-MS/MS operated in negative electrospray ionization multiple reaction monitoring mode. The limits of detection were 0.3ng/mL for the four 
phthalate metabolites, and 0.5ng/mL for bisphenol A and nonylphenol. For women with unexplained recurrent spontaneous abortion, the mean concentrations of MBP, MiBP, MBzP, MEHP, BPA and 4-n-NP were 6.52±
6.04, 5.51±4.19, 0.53±0.42, 10.12±4.16, 7.13±7.42, 0.41±0.49ng/mL (mean±SD), respectively. For the control group, the mean concentrations of the corresponding analytes were 4.15±3.57, 2.96±3.30, 0.46±0.49, 
6.50±2.81, 4.43±2.23,0.48±0.43ng/mL (mean±SD), respectively. Levels of MiBP and MEHP were significantly different between the two groups, using Wilcoxon rank sum tests. This method can be applied in 
epidemiological studies to explore the association between exposure to environmental estrogens and relevant adverse outcomes.

Environmental 
Research.2016;150:622-
628

10.1016/j.envres.2016.04.003 27156842 ヒト - - - - - - - 横断研究 1 1 - - - - - - - - - - - - - - - - - -

統合_2664 Piciu A et al. 2015
Investigation of thyroid nodules in 
the female population in cyprus and 
in Romania

BACKGROUND AND AIMS: The most common thyroid disorders, with an increasing detection worldwide, are the thyroid nodules and thyroiditis, which leads to an increase of thyroid cancer incidence . In two different 
countries with a different exposure to risk factors for thyroid cancer, such as Cyprus and Romania, the rank of thyroid cancer among other neoplasms is very different: the 3(rd) most prevalent cancer among females in 
Cyprus and the 12(th) in Romania, respectively. Environmental chemicals, such as bisphenol A have a proven effect on the thyroid function. However, the relation between the exposure to the endocrine disruptor and the 
development of thyroid nodules, with a potential of malignant transformation has not been previously studied. The aim of the study was to investigate the potential factors that lead to the difference of thyroid nodules 
incidence in the mentioned countries. METHODS: A pilot case-control study has been conducted in 2014-2015 in the "Prof. Dr. Ion Chiricuţă" Institute of Oncology, Cluj-Napoca, Romania and the Endocrinology 
Department of Archbishop Makarios III Hospital, Nicosia, Cyprus. Females older than 20 years with no medical history were recruited. Cases were women with ultrasound-confirmed thyroid nodules of size >3mm. 
Controls were women without thyroid nodules after ultrasound confirmation. All participants provided blood samples for measurements of the thyroid stimulating hormone (TSH), free thyroxin (FT4), anti-thyroglobulin 
(ATg) and anti-thyroid peroxidase (ATPO); urine samples. Demographics, anthropometrics and other relevant information were provided through the administration of a questionnaire. RESULTS: In Romania we selected 51 
patients with thyroid nodules (case group) and 41 without thyroid nodules (control group) and in Cyprus 57 cases, respectively 65 controls. After the statistical analysis of the data collected we observed statistically 
significant differences between the populations of the two countries regarding BMI and the value of the thyroid hormones and antibodies. CONCLUSIONS: Using the data observed in this study, differences were found 
between Cyprus and Romania among females with thyroid nodules the BMI, and the level of thyroid hormones had statistically significant differences. This study reports preliminary data, further analysis of environmental 
exposures to chemical factors that might have a certain influence over the thyroid in the two countries will follow.

Clujul Med. 
2015;88(4):494-9.

10.15386/cjmed-518 26733748 ヒト 甲状腺 - - - - - - 症例対照研究 1 1 - - - 1 1 1 - - - - - - - - - - - -

統合_2665 Piecha R et al. 2016

Urine Levels of Phthalate 
Metabolites and Bisphenol A in 
Relation to Main Metabolic 
Syndrome Components: 
Dyslipidemia, Hypertension and 
Type 2 Diabetes. A Pilot Study

AIM: Human exposure to organic pollutants (some of them also called endocrine disruptors) can be associated with adverse metabolic health outcomes including type 2 diabetes. The goal of this study was to compare the 
urine levels of bisphenol A and phthalate metabolites in subgroups of patients with metabolic syndrome composed of patients with and without three important components of metabolic syndrome (hypertension, 
dyslipidemia and diabetes). METHODS: We have investigated 24 hr urine samples of 168 patients with metabolic syndrome from the Metabolic Outpatient Department of General University Hospital in Prague. Using 
standard metabolic syndrome criteria, we classified patients as dyslipidemic (n=87), hypertensive (n=96), and type 2 diabetic (n=58). Bisphenol A and 15 metabolites of phthalates were evaluated in relation to creatinine 
excretion. Samples were analysed with enzymatic cleavage of glucuronide using ultra-high-performance liquid chromatography-electrospray ionization tandem mass spectrometry in one laboratory with external quality 
control. RESULTS: Four metabolites, mono-n-butyl phthalate, mono-(2-ethyl-5-hydroxyhexyl) phthalate, mono-(2-ethyl-5-oxohexyl) phthalate, and mono-(2-ethyl-5-carboxypentyl) phthalate showed significantly higher 
levels in diabetic compared to non-diabetic patients (p<0.001, p=0.002, p=0.002, and p=0.005, respectively). The differences remained significant after adjustment to hypertension, dyslipidemia, age, and BMI. No 
difference was found between either the hypertensive and non-hypertensive or dyslipidemic and non-dyslipidemic patients. There was no significant relation of bisphenol A level to diabetes, hypertension, dyslipidemia, 
age, and BMI. CONCLUSIONS: Urine levels of four phthalate metabolites were significantly higher in type 2 diabetics independently on specified predictors. Phthalate levels can be in relation to beta cell dysfunction in 
type 2 diabetic patients but this study is not able to show if the relation is causal.

Central European 
Journal of Public 
Health.2016;24(4):297-
301

10.21101/cejph.a4704 28095285 ヒト - - - - - - - 横断研究 1 1 - - - - - - - - - ● - - - - - - - -

統合_2666 Pollack AZ et al. 2015
Bisphenol A, benzophenone-type 
ultraviolet filters, and phthalates in 
relation to uterine leiomyoma

Bisphenol A, benzophenone-type UV filters, and phthalates are chemicals in high production and use including in a range of personal care products. Exposure of humans to these chemicals has been shown to affect 
endocrine function. Although short-lived, widespread exposure may lead to continual opportunity for these chemicals to elicit health effects in humans. The association of these chemicals with incident uterine leiomyoma, 
an estrogen sensitive disease, is not known. Urinary concentrations of bisphenol A (BPA), five benzophenone-type UV filters (2-hydroxy-4-methoxybenzophenone (2OH-4MeO-BP), 2,4-dihydroxybenzophenone (2,4OH-BP), 
 and 4-hydroxybenzophenone (4OH-BP), and 14 phthalate monoesters were quantified in 495 women who later ,(OH-BP׳4,4׳2,2) tetrahydroxybenzophenone-׳4,4׳2,2 ,(OH-4MeO-BP׳2,2) dihydroxybenzophenone-׳2,2
underwent laparoscopy/laparotomy at 14 clinical sites for the diagnosis of fibroids. Significantly higher geometric mean creatinine-corrected concentrations of BPA, 2,4OH-BP, and 2OH-4MeO-BP were observed in 
women with than without fibroids [BPA: 2.09microg/g vs. 1.46microg/g p=0.004; 2,4OH-BP:11.10microg/g vs. 6.71microg/g p=0.01; 2OH-4MeO-BP: 11.31microg/g vs. 6.10microg/g p=0.01]. Mono-methyl phthalate levels 
were significantly lower in women with than without fibroids (1.78microg/g vs. 2.40microg/g). However, none of the exposures were associated with a significant odds ratio even when adjusting for relevant covariates. 
There was a lack of an association between select nonpersistent chemicals and the odds of a fibroid diagnosis.

Environ Res. 2015 
Feb:137:101-7.

10.1016/j.envres.2014.06.028 25531814 ヒト ⼦宮 - - - - - - 症例対照研究 1 1 - - - 1 1 1 - - - - - - - - - - - -

統合_2667 Rahbar MH et al. 2017

Environmental Exposure to Dioxins, 
Dibenzofurans, Bisphenol A, and 
Phthalates in Children with and 
without Autism Spectrum Disorder 
Living near the Gulf of Mexico

Environmental exposure to organic endocrine disrupting chemicals, including dioxins, dibenzofurans, bisphenol A (BPA), and phthalates has been associated with neurodevelopmental disorders, including autism spectrum 
disorder (ASD). We conducted a pilot monitoring study of 30 ASD cases and 10 typically developing (TD) controls ages 2-8 years from communities along the Gulf of Mexico near Alabama, which houses 14 Superfund 
sites, to assess the concentrations of dioxins and dibenzofurans in serum, and BPA and phthalate ester metabolites in urine. Based on General Linear Models, the lipid- or creatinine-adjusted geometric mean 
concentrations of the aforementioned chemicals did not differ between the ASD case and TD control groups (all p >/= 0.27). We compared our findings to the adjusted means as reported by the National Health and 
Nutrition Examination Survey, survey years 2011-2012, and found that TD controls in our study had lower BPA (59%) and MEHHP (26%) concentrations, higher MBP (50%) concentration, and comparable (<20% difference) 
MEP, MBZP, MEOHP, and MCPP concentrations. We also conducted a preliminary investigation of dietary exposures and found that the consumption of certain types of fish may be associated with higher OCDD 
concentrations, and the consumption of soft drinks and juices may be associated with lower BPA and MEOHP concentrations, respectively.

Int J Environ Res Public 
Health. 2017 Nov 
21;14(11):1425.

10.3390/ijerph14111425 29160842 ヒト 発達神経 - - - - - - 症例対照研究 1 1 - - - 1 1 1 - - - ● - - - - - - - -

統合_2668 Rashidi BH et al. 2017
The association between bisphenol 
a and polycystic ovarian syndrome: 
A case-control study

Polycystic ovarian syndrome (PCOS) is an endocrine metabolic disorder with unclear etiopathogenesis among reproductive age women. Evidences show genetic susceptibility and environmental factors were associated 
with PCOS. The aim of this study was to find the association between urinary concentrations of Bisphenol-A as an endocrine disrupting chemical (EDC) and PCOS. A case-control study was conducted in 51 samples in 
each group. All cases were selected from women who diagnosed with PCOS at Gynecology and infertility center. The control group was selected from women who had clinical file in the center due to previous problem and 
came for routine check-up and pap smear. The participants were asked to collect a first-morning urine sample before any medical interventions. Total BPA in urine were measured with High Performance Liquid 
Chromatography (HPLC) method. Comparison of BPA level between two groups shows significantly higher level in PCOS group compared with control group (3.34 ± 2.63 vs 1.43 ± 1.57 ng/mL, P<0.001). Using logistic 
regression analysis, BPA as the main dependent variable, was significantly associated with PCOS with adjusted Odds Ratio (OR) equal to 1.53 (95% CI: 1.14-2.05, P =0.004). The results of this study indicated that BPA 
may play a major role in the PCOS pathogenesis. Further investigations with better design are necessary to confirm this association.

Acta Med Iran. 2017 
Dec;55(12):759-764.

- 29373882 ヒト 卵巣 - - - - - - 症例対照研究 1 1 - - - 1 1 1 - - - ● - - - - - - - -
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統合_2669 Reeves KW et al. 2018
Bisphenol-A in breast adipose tissue 
of breast cancer cases and controls

We evaluated whether bisphenol-A (BPA) could be quantified in breast adipose tissue samples provided by 36 breast cancer mastectomy patients and 14 reduction mammoplasty patients. Samples of breast adipose tissue 
were collected and BPA concentration was quantified using HPLC-ESI-MS/MS. BPA was detectable above the limit of quantitation of 0.38 ng/g in 30.6% of samples. BPA concentrations varied within- and between 
breasts and were similar between cases and controls (0.39 vs 0.41 ng/g, p = 0.74).

Environ Res. 2018 
Nov:167:735-738.

10.1016/j.envres.2018.08.033 30236518 ヒト 発がん - - - - - - 症例対照研究 1 1 - - - 1 1 1 - - - - - - - - - - - -

統合_2670 Robledo C et al. 2013

Is bisphenol-A exposure during 
pregnancy associated with blood 
glucose levels or diagnosis of 
gestational diabetes?

Recent epidemiological studies indicate bisphenol A (BPA), an estrogenic chemical used in production of epoxy, polycarbonate, and plastic may increase risk of insulin resistance and type 2 diabetes. Exposure to BPA 
during pregnancy may contribute to development of gestational diabetes mellitus (GDM), a precursor to type 2 diabetes in women. This pilot study examined the association between BPA exposure, fasting blood glucose 
levels (FBG), and GDM diagnosis during pregnancy. Banked urine samples from 22 cases of GDM and 72 controls were analyzed for total (free BPA + conjugates) urinary BPA concentrations (mug/L). FBG levels (mg/dl) 
were obtained from 1-h 50-g glucose tolerance tests (GTT) that women underwent for routine GDM screening (mean gestational age = 26.6 weeks, SD = 3.8). Those with an initial screening value >/= 135 mg/dl 
underwent 3-h 100 g oral GTT. GDM diagnoses were made when the initial screening value was >/= 200 mg/dl or when values at >/= 2 time points exceeded 3-h oral GTT thresholds. Among controls, median FBG levels 
(mg/dL) did not differ across exposure tertiles, defined according to the distribution of total specific-gravity-adjusted urinary BPA concentrations. Logistic regression models controlling for race/ethnicity did not provide 
evidence of association between BPA exposure and case status across increasing tertiles of BPA exposure (number of GDM cases/controls in tertile1: 13/24; in tertile 2: 6/24; in tertile 3: 3/24). Findings do not support a 
relationship between total urinary BPA concentrations and altered glucose metabolism during pregnancy. However, due to study limitations, findings need to be interpreted with caution.

J Toxicol Environ Health 
A. 2013;76(14):865-73.

10.1080/15287394.2013.824395 24053363 ヒト ⽣殖(妊娠糖尿病) - - - - - - コホート研究 1 1 - - - 1 1 1 - 1 - ● - - - - - - - -

統合_2671 Shen Y et al. 2016

Phenolic environmental estrogens in 
urine and blood plasma from women 
with uterine leiomyoma: 
Epidemiological survey

AIM: To explore the effect of phenolic environmental estrogens (EE) on women with uterine leiomyoma (UL). METHODS: Urine and blood plasma samples were collected from 300 patients diagnosed with UL at the 
Affiliated Zhongda Hospital of Southeast University between December 2013 and December 2014. Control urine and blood plasma samples were collected from 300 women who are either patients without UL or healthy 
volunteers presenting to the same hospital for physical examination during the same period. Bisphenol A (BPA), nonylphenol (NP) and octylphenol (OP) concentration in these samples was measured using solid phase 
extraction (SPE) coupled with liquid chromatography-tandem mass spectrometry. RESULTS: The OP concentration in urine and blood plasma was significantly higher in the UL group compared with the control group (r = 
0.224, P = 0.001). Urine BPA concentration was not significantly different between the UL group and the control group (r = 0.009, P = 0.896). There was also no statistically significant difference in urine NP concentration 
between the two groups (r = 0.057, P = 0.419). On logistic regression, exposure concentration of urine BPA (OR, 1.129; 95%CI: 1.081-1.179) and NP (OR, 1.165; 95%CI: 1.025-1.324) was associated with UL genesis (P < 
0.05). Nevertheless, there was no significant difference in blood plasma concentration of BPA, OP and NP between the two groups (P > 0.05). CONCLUSION: Urine and blood plasma EE exposure levels in women, 
especially the urine level, was related to the incidence of UL.

J Obstet Gynaecol Res. 
2016 Apr;42(4):440-5.

10.1111/jog.12928 26842765 ヒト ⼦宮 - - - - - - 症例対照研究 1 1 - - - 1 1 1 - - - ● - - - - - - - -

統合_2672 Shen Y et al. 2013
Measurement of Phenolic 
Environmental Estrogens in Women 
with Uterine Leiomyoma

OBJECTIVES: To investigate the effect of phenolic environmental estrogens on uterine leiomyoma from the perspective of clinical epidemiology. METHODS: Urine and blood samples were collected from Han women with 
uterine leiomyoma and women without uterine leiomyoma, living in Nanjing, China, between September 2011 and February 2013. A total of 156 urine samples and 214 blood samples were collected from the uterine 
leiomyoma group and 106 urine samples and 126 blood plasma samples from the control group. Bisphenol A (BPA), nonylphenol (NP) and octylphenol (OP) concentrations were determined by solid-phase extraction (SPE) 
coupled with liquid chromatography-tandem mass spectrometry (HPLC-MS/MS). RESULTS: Phenolic environmental estrogens in the uterine leiomyoma and control groups were compared based on: gravida>3 and gravida 
</= 3. In participants with gravida>3, urine OP concentration was significantly (P<0.05) higher in the uterine leiomyoma group than in the control group. In participants with gravida </= 3, urine NP concentration was 
significantly (P<0.05) higher in the uterine leiomyoma group compared to controls. Despite obstetric history, urine BPA mean exposure concentration was significantly (P<0.05) different between uterine leiomyoma group 
and control group. The urine BPA concentration was not significantly (P>0.05) different between gravida>3 and gravida </= 3 patients. There was no significant (P>0.05) difference in plasma concentrations of BPA, OP 
and NP between the leiomyoma group and control group. Mean exposure concentration and range of distribution of BPA, OP and NP plasma concentration differed between the uterine leiomyoma and control group. 
CONCLUSION: Exposure level of phenolic environmental estrogens in human was related with leiomyoma tumorigenesis.

PLoS One. 2013 Nov 
8;8(11):e79838.

10.1371/journal.pone.0079838 24255718 ヒト ⼦宮 - - - - - - 症例対照研究 1 1 - - - 1 1 1 - - - ● - - - - - - - -

統合_2673 Shen YP et al. 2015

Higher Urinary Bisphenol A 
Concentration Is Associated with 
Unexplained Recurrent Miscarriage 
Risk: Evidence from a Case-Control 
Study in Eastern China

BACKGROUND: Evidence about the association between Bisphenol A (BPA) and the risk of recurrent miscarriage (RM) in human being is still limited. OBJECTIVE: We evaluated the association of urinary BPA 
concentrations with RM in human being. METHODS: A hospital-based 1:2 matched case-control study on RM was carried out in Suzhou and Kunshan in Jiangsu Province in China between August 2008 and November 
2011. Total urinary BPA concentrations in 264 eligible urine samples (102 RM patients and 162 controls) were measured using liquid chromatography-tandem mass spectrometry (LC-MS/MS). The Wilcoxon test and 
conditional logistic regression were used to estimate the differences between the groups and odds ratios (OR) with 95% confidence intervals (CI), respectively. RESULTS: The median +/- IQR (interquartile range) (P75-
P25) values of non-creatinine-adjusted total urinary BPA levels in the RM patients and the controls were 1.66 +/- 3.69 ng/ml and 0.58 +/- 1.07 ng/ml, respectively (0.98 +/- 2.67 mug/g Cr (creatinine) and 0.40 +/- 0.77 
mug/g Cr. The adjusted BPA level was significantly higher in the RM patients than in the controls (Wilcoxon test, Z = 4.476, P < 0.001). Higher level of urinary BPA was significantly associated with an increased risk of 
RM (P-trend < 0.001). Compared to the groups with urinary BPA levels less than 0.16 mug/g Cr, the women with levels of 0.40-0.93 mug/g Cr and 0.93 mug/g Cr or above had a significantly higher risk of RM (OR = 3.91, 
95%CI: 1.23-12.45 and OR = 9.34, 95%CI: 3.06-28.44) that persisted after adjusting for confounding factors. The time from recently RM date to recruitment does not significantly influence the urinary BPA level (P = 0.090). 
CONCLUSION: Exposure to BPA may be associated with RM risk.

PLoS One. 2015 May 
26;10(5):e0127886.

10.1371/journal.pone.0127886 26011304 ヒト ⽣殖(流早産) - - - - - - 横断研究 1 1 - - - 1 1 1 - - - - - - - - - - - -

統合_2674 Shu X et al. 2018

Bisphenol A is not associated with a 
5-year incidence of type 2 diabetes: 
a prospective nested case-control 
study

AIMS: The relationship between bisphenol A (BPA) and diabetes remains controversial. This study aims to investigate whether serum BPA level could predict the 5-year incidence of type 2 diabetes (T2D). METHODS: A 
nested case-control study was performed among Chinese who participated in the environment, inflammation and metabolic diseases study (2008-2013). Of the 3510 subjects who were free of diabetes, 232 subjects 
developed diabetes during the 5-year follow-up. Cases and controls were matched for age and gender by a ratio of 1:1. Homoeostasis model assessment was used to estimate basal β-cell function (HOMA-β) and 
insulin resistance (HOMA-IR). Participants were stratified into tertiles based on low, median and high baseline serum BPA levels. Regression models were used to analyze the relationship between serum BPA 
concentration and the incidence of T2D. RESULTS: At baseline, no significant difference in serum BPA concentration was observed between patients with T2D and controls [1.3 (0.3, 3.7) vs. 1.6 (0.4, 3.9) μmol/L, P = 
0.199]; serum BPA concentration was positively associated with fasting plasma glucose (r = 0.27, P < 0.001); however, neither HOMA-β nor HOMA-IR correlated with serum BPA concentration. During the follow-up, 
baseline BPA levels could not predict the 5-year T2D incidence, whether or not adjusted for the potential confounders such as body mass index and blood pressure. [Low BPA tertile was the reference, OR 0.66 (95% CI 
0.30, 1.44) for median, OR 0.93 (95% CI 0.41, 2.13) for high.] CONCLUSION: BPA is not associated with a 5-year T2D incidence. These data do not support previous cross-sectional study that BPA exerted a detrimental 
effect on glucose metabolism.

Acta Diabetol. 2018 
Apr;55(4):369-375.

10.1007/s00592-018-1104-4 29387940 ヒト 代謝 - - - - - - nested case-control 1 1 - - - 1 1 1 - - - ● - - - - - - - -

統合_2675 Simonelli A et al. 2017

Environmental and occupational 
exposure to bisphenol A and 
endometriosis: urinary and 
peritoneal fluid concentration levels

OBJECTIVES: The study aimed to give a first data set of bisphenol A (BPA) levels in the peritoneal fluid of patients suffering from endometriosis and to investigate the relationship between BPA exposure and 
endometriosis. METHODS: A questionnaire investigating the occupational context, life environment, and habits was administered to 68 patients suffering from endometriosis and 60 endometriosis-free subjects (control 
group). Urine and peritoneal fluids samples were collected and analysed by GC/MSMS for BPA dosage. RESULTS: Some of the investigated environmental/lifestyle risk factors (closeness to industries/activities at risk) 
were associated with an increase in endometriosis; smoking resulted as protective factor; others (use of food plastic boxes) did not seem to influence the onset of pathology. The association between the occupational 
exposure summarising all examined risk factors (working activity, personal protective equipment, seniority) and endometriosis was statistically significant (χ (2) = 5.252, p = 0.02). Contrasting results were obtained 
when specific activities were examined. Detectable urinary BPA levels were found in all analysed samples (patients: 1.17-12.68 pg/µl; mean ± SD, 5.31 ± 3.36 pg/µl; control group: 1.28-2.35 pg/µl; mean ± SD, 1.64 ± 
0.49 pg/µl; median; 1.46 pg/µl), with a statistically significant difference between patients and controls, showing an association between BPA exposure and endometriosis. Only a few subjects from the control group 
supplied peritoneal fluid; hence, no comparison test with patients (range 0.39-1.46 pg/µl; mean ± SD, 0.67 ± 0.30 pg/µl; median, 0.58 pg/µl) was carried out. CONCLUSIONS: Results highlight the potential association 
between BPA exposure and endometriosis, as well as the current lack of knowledge regarding occupational exposure to BPA and the need of epidemiological studies focused on single activities/occupations, such as 
housewives, cleaners, students.

Int Arch Occup Environ 
Health. 2017 
Jan;90(1):49-61.

10.1007/s00420-016-1171-1 27718009 ヒト ⼦宮 - - - - - - 症例対照研究 1 1 - - - 1 1 1 - - - ● - - - - - - - -

統合_2676 Song Y et al. 2014

Urinary concentrations of bisphenol 
A and phthalate metabolites and 
weight change: a prospective 
investigation in US women

OBJECTIVE: Both bisphenol A (BPA) and phthalates are known endocrine-disrupting chemicals for which there is widespread general population exposure. Human exposure occurs through dietary and non-dietary routes. 
Although animal studies have suggested a potential role of these chemicals in obesity, evidence from human studies is sparse and inconsistent, and prospective evidence is lacking. This study evaluated urinary 
concentrations of BPA and major phthalate metabolites in relation to prospective weight change. METHODS: The study population was from the controls in a prospective case-control study of type 2 diabetes in the 
Nurses' Health Study (NHS) and NHSII. A total of 977 participants provided first-morning-void urine samples in 1996-2002. Urinary concentrations of BPA and nine phthalate metabolites were measured using liquid 
chromatography-mass spectrometry. Body weights were self-reported at baseline and updated biennially thereafter for 10 years. RESULTS: On average, the women gained 2.09 kg (95% confidence interval (CI), -2.27 to 
6.80 kg) during the 10-year follow-up. In multivariate analysis with adjustment of lifestyle and dietary factors, in comparison with women in the lowest quartile of BPA concentration, those in the highest quartile had 0.23 
kg per year (95% CI, 0.07-0.38 kg per year) greater weight gain during the 10-year follow-up (P-trend=0.02). Several phthalate metabolites, including phthalic acid, MBzP and monobutyl phthalate, were also associated 
with faster prospective weight gain in a dose-response fashion (P-trend<0.01), whereas other phthalates metabolites, including MEP and monoethylhexyl phthalate, were not monotonically associated with body weight 
change. CONCLUSIONS: These data suggest urinary concentrations of BPA and certain individual phthalate metabolites that were associated with modestly greater weight gain in a dose-response fashion. These data 
are consistent with a potential role of BPA and phthalates in obesity, although more prospective data are needed to corroborate these observations.

Int J Obes (Lond). 2014 
Dec;38(12):1532-7.

10.1038/ijo.2014.63 24722546 ヒト 代謝 - - - - - - コホート研究 1 1 - - - 1 1 1 - - - ● - - - - - - - -

統合_2677 Stein TP et al. 2015
Bisphenol A Exposure in Children 
With Autism Spectrum Disorders

The etiology of autism spectrum disorders (ASD) is believed to involve genetic and environmental components. This study focused on the plasticizer, Bisphenol-A (BPA). The major pathway for BPA metabolism and 
excretion is via glucuronidation. To determine whether there was a relationship between BPA exposure and ASD, urine specimens were collected from 46 children with ASD and 52 controls. Free and total BPA 
concentrations were determined by mass spectrometry. The fraction glucuronidated was calculated from the difference. A metabolomics study was done to investigate metabolite distribution in the urine. (i) Most of the 
BPA excreted in the urine was as the glucuronide; (ii) about 20% of the ASD children had BPA levels beyond the 90th percentile (>50 ng/mL) of the frequency distribution for the total sample of 98 children; (iii) Mann-
Whitney U tests and multiple regression analyses found significant differences (P < 0.05) between the groups in total and % bound BPA; and (iv) the metabolomics analyses showed the number of absolute partial 
correlations >|0.30| between metabolite concentrations and total BPA was approximately 3 times greater with the ASD group than the controls (P < 0.001), and the number of absolute partial correlations > |0.30| for % 
bound BPA was approximately 15 times higher with ASD (P < 0.001). The results suggest there is an association between BPA and ASD.

Autism Res. 2015 
Jun;8(3):272-83.

10.1002/aur.1444 25641946 ヒト 発達神経 - - - - - - 症例対照研究 1 1 - - - 1 1 1 - - - ● - - - - - - - -

統合_2678 Sun Q et al. 2014

Association of Urinary 
Concentrations of Bisphenol A and 
Phthalate Metabolites with Risk of 
Type 2 Diabetes: A Prospective 
Investigation in the Nurses' Health 
Study (NHS) and NHSII Cohorts

BACKGROUND: Prospective evidence regarding associations for exposures to bisphenol A (BPA) and phthalates with type 2 diabetes (T2D) is lacking. OBJECTIVE: We prospectively examined urinary concentrations of 
BPA and phthalate metabolites with T2D risk. METHODS: We measured BPA and eight major phthalate metabolites among 971 incident T2D case-control pairs from the Nurses' Health Study (NHS) (mean age, 65.6 years) 
and NHSII (mean age, 45.6 years). RESULTS: In the NHSII, BPA levels were not associated with incident T2D in multivariate-adjusted analysis until body mass index was adjusted: odds ratio (OR) comparing extreme BPA 
quartiles increased from 1.40 (95% CI: 0.91, 2.15) to 2.08 (95% CI: 1.17, 3.69; p(trend) = 0.02) with such an adjustment. In contrast, BPA concentrations were not associated with T2D in the NHS (OR = 0.81; 95% CI: 0.48, 
1.38; p(trend) = 0.45). Likewise, urinary concentrations of total phthalate metabolites were associated with T2D in the NHSII (OR comparing extreme quartiles = 2.14; 95% CI: 1.19, 3.85; p(trend) = 0.02), but not in the 
NHS (OR = 0.87; 95% CI: 0.49, 1.53; p(trend) = 0.29). Summed metabolites of butyl phthalates or di-(2-ethylhexyl) phthalates were significantly associated with T2D only in the NHSII; ORs comparing extreme quartiles 
were 3.16 (95% CI: 1.68, 5.95; p(trend) = 0.0002) and 1.91 (95% CI: 1.04, 3.49; p(trend) = 0.20), respectively. CONCLUSIONS: These results suggest that BPA and phthalate exposures may be associated with the risk of 
T2D among middle-aged, but not older, women. The divergent findings between the two cohorts might be explained by menopausal status or simply by chance. Clearly, these results need to be interpreted with caution and 
should be replicated in future studies, ideally with multiple urine samples collected prospectively to improve the measurement of these exposures with short half-lives.

Environ Health 
Perspect. 2014 
Jun;122(6):616-23.

10.1289/ehp.1307201 24633239 ヒト 代謝 - - - - - - 症例対照研究 1 1 - - - 1 1 1 - - - ● - - - - - - - -

統合_2679 Trabert B et al. 2014
Urinary bisphenol A-glucuronide and 
postmenopausal breast cancer in 
Poland

PURPOSE: Concerns regarding a possible link between bisphenol A (BPA) and breast cancer have been mounting, but studies in human populations are lacking. We evaluated the association between the major urinary 
BPA metabolite [BPA-glucuronide (BPA-G)] and postmenopausal breast cancer risk in a large population-based case-control study conducted in two cities in Poland (2000-2003); we further explored the association of 
BPA-G levels with known postmenopausal breast cancer risk factors in our control population. METHODS: We analyzed creatinine-adjusted urinary BPA-G levels among 575 postmenopausal cases matched on age and 
study site to 575 controls without breast cancer using a recently developed assay. Odds ratios and 95 % confidence intervals were used to estimate the association between urinary BPA-G level and breast cancer using 
conditional logistic regression. Among controls, geometric mean BPA-G levels were compared across categories of breast cancer risk factors using linear regression models. RESULTS: There was no indication that 
increased BPA-G was associated with postmenopausal breast cancer (p-trend = 0.59). Among controls, mean BPA-G was higher among women reporting extended use of menopausal hormones, a prior screening 
mammogram, and residence in Warsaw. Other comparisons across strata of postmenopausal breast cancer risk factors were not related to differences in BPA-G. CONCLUSIONS: Urinary BPA-G, measured at the time of 
diagnosis, is not linked to postmenopausal breast cancer.

Cancer Causes Control. 
2014 Dec;25(12):1587-
93.

10.1007/s10552-014-0461-8 25189422 ヒト 発がん - - - - - - 症例対照研究 1 1 - - - 1 1 1 - - - - - - - - - - - -

統合_2680 Troisi J et al. 2014
Placental concentrations of 
bisphenol A and birth weight from 
births in the Southeastern US

INTRODUCTION: Bisphenol A (BPA) is a weakly estrogenic compound that has been detected in a wide variety of food products and biological matrices (saliva, blood, urine, etc). Despite the potential risk of human 
exposure to BPA, little information exists concerning maternal and fetal exposure to BPA during pregnancy. The aim of this study is to evaluate the correlation between placental BPA concentration, infant birth weight and 
calculated birth weight centile, and several other maternal and infant parameters. METHODS: Placental sample were collected from 200 subjects. BPA levels were measured by isotope dilution GC-MS. Additional 
maternal and infant data were gathered from medical charts and were potential correlates with placental BPA levels. RESULTS: Placental BPA concentrations ranged from 4.4 ng/g to 273.9 ng/g in oven-dried tissue 
(average 103.4 +/- 61.8 ng/g). There was a significant negative correlation between calculated birth weight centile and levels of placental BPA (p < 0.05). Low birth weight and small for gestational age infants also had 
significantly greater placental BPA concentrations as compared to normal weight infants and average/large for gestational age infants. Infants born to African American mothers also had greater placental BPA 
concentrations as compared to infants born to Hispanic mothers. DISCUSSION: Placental BPA concentrations are correlated with the growth potential of the fetus and may play a role in reduced fetal growth.

Placenta.2014;35(11):94
7-952

10.1016/j.placenta.2014.08.091 25227326 ヒト - - - - - - - 横断研究 1 1 - - - - - - - - - - - - - - - - - -

統合_2681 Tse LA et al. 2017
Bisphenol A and other 
environmental risk factors for 
prostate cancer in Hong Kong

BACKGROUND: Environmental exposures are contributing factors to prostate cancer etiology, but these remain unclear. We aimed to document the associations between environmental risk factors and prostate cancer in 
Chinese, with special reference to bisphenol A (BPA). METHODS: We recruited 431 newly diagnosed prostate cancer cases and 402 age-matched controls from Prince of Wales Hospital in Hong Kong. We obtained each 
participant's clinical data and epidemiological information on chronic BPA exposure and other environmental risk factors (e.g., dietary habits, occupation and shift work) using a standard questionnaire. A new assessment 
tool of environmental BPA exposure was developed and replicated. Multiple logistic regression analysis was performed to examine odds ratio (OR) and 95% confidence interval (95% CI) for the association of prostate 
cancer with a novel cumulative BPA exposure index (CBPAI) and other environmental risk factors. RESULTS: Weekly consumption of deep fried food (OR=1.85, 95% CI: 1.15-2.95) and pickled vegetable (OR=1.87, 95% CI: 
1.07-3.28) was significantly associated with excessive prostate cancer risk. Prostate cancer was positively associated with nightshift work (OR=1.76, 95% CI: 1.07-2.89) and it was negatively associated with green tea 
drinking (OR=0.56, 95% CI: 0.34-0.91). There was a positive exposure-response relationship between CBPAI and prostate cancer, with the greatest and significant risk in the high versus reference category (OR=1.57, 95% 
CI: 1.01-2.44). CONCLUSIONS: Frequent consumption of deep fried food and pickled vegetable, non-habitual green tea drinking and nightshift work are the contributing risk factors to prostate cancer in Hong Kong 
Chinese. More importantly, this study provides the first epidemiological evidence on carcinogenicity of BPA on the human prostate.

Environ Int. 2017 
Oct:107:1-7.
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統合_2682 Upson K et al. 2014

A population-based case-control 
study of urinary bisphenol A 
concentrations and risk of 
endometriosis

STUDY QUESTION: Is bisphenol A (BPA) exposure associated with the risk of endometriosis, an estrogen-driven disease of women of reproductive age? SUMMARY ANSWER: Our study suggests that increased urinary 
BPA is associated with an increased risk of non-ovarian pelvic endometriosis, but not ovarian endometriosis. WHAT IS KNOWN ALREADY: BPA, a high-volume chemical used in the polymer industry, has been the focus of 
public and scientific concern given its demonstrated estrogenic effects in vivo and in vitro and widespread human exposure. Prior studies of BPA and endometriosis have yielded inconsistent results and were limited by 
the participant sampling framework, small sample size or use of serum (which has very low/transient concentrations) instead of urine to measure BPA concentrations. STUDY DESIGN, SIZE, DURATION: We used data 
from the Women's Risk of Endometriosis study, a population-based case-control study of endometriosis, conducted among female enrollees of a large healthcare system in the US Pacific Northwest. Cases were women 
with incident, surgically confirmed endometriosis diagnosed between 1996 and 2001 and controls were women randomly selected from the defined population that gave rise to the cases, without a current or prior 
diagnosis of endometriosis. PARTICIPANTS/MATERIALS, SETTINGS, METHODS: Total urinary BPA concentrations were measured in 143 cases and 287 population-based controls using single, spot urine samples 
collected after disease diagnosis in cases. Total urinary BPA concentration (free and conjugated species) was quantified using a high-performance liquid chromatography-mass spectrometry method. We estimated odds 
ratios (ORs) and 95% confidence intervals (CIs) using unconditional logistic regression, adjusting for urinary creatinine concentrations, age and reference year. We also evaluated the association by disease subtypes, 
ovarian and non-ovarian pelvic endometriosis, that may be etiologically distinct. MAIN RESULTS AND THE ROLE OF CHANCE: We did not observe a statistically significant association between total urinary BPA 
concentrations and endometriosis overall. We did observe statistically significant positive associations when evaluating total urinary BPA concentrations in relation to non-ovarian pelvic endometriosis (second versus 
lowest quartile: OR 3.0; 95% CI: 1.2, 7.3; third versus lowest quartile: OR 3.0; 95% CI: 1.1, 7.6), but not in relation to ovarian endometriosis. LIMITATIONS, REASONS FOR CAUTION: Given the short elimination half-life of 
BPA, our study was limited by the timing of collection of the single urine sample, that occurred after case diagnosis. Thus, our BPA measurements may not accurately represent the participants' levels during the 
etiologically relevant time period for endometriosis development. In addition, since it was not feasible in this population-based study to surgically confirm the absence of disease, it is possible that some controls may have 
had undiagnosed endometriosis. WIDER IMPLICATIONS OF THE FINDINGS: By using population-based data, it is more likely that the controls represented the underlying frequency of BPA exposure in contrast to prior 
studies that used for comparison control women undergoing surgical evaluation, where the indication for surgery may be associated with BPA exposure. The significant associations observed in this study suggest that 
BPA may affect the normal dynamic structural changes of hormonally responsive endometrial tissue during the menstrual cycle, promoting the establishment and persistence of refluxed endometrial tissue in cases with 
non-ovarian pelvic endometriosis. Further research is warranted to confirm our novel findings in endometriosis subtypes that may be etiologically distinct. STUDY FUNDING/COMPETING INTERESTS: This work was 
supported by the National Institutes of Health, National Institute of Environmental Health Sciences (grant number R03 ES019976), the Eunice Kennedy Shriver National Institute of Child Health and Human Development 
(grant number R01 HD033792); US Environmental Protection Agency, Science to Achieve Results (STAR) (grant number R82943-01-0) and National Institute of Nursing Research (grant number F31NR013092) to KU for 
training support. This work was supported in part by the Intramural Research Program of the National Institutes of Health, National Institute of Environmental Health Sciences. The content is solely the responsibility of 
the authors and does not necessarily represent the official view of the National Institute of Child Health and Human Development, National Institute of Environmental Health Sciences, National Institute of Nursing 
Research or the National Institutes of Health. The authors have no actual or potential competing financial interests. TRIAL REGISTRATION NUMBER: Not applicable.

Hum Reprod. 2014 
Nov;29(11):2457-64.
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統合_2683 Vagi SJ et al. 2014

Exploring the potential association 
between brominated diphenyl 
ethers, polychlorinated biphenyls, 
organochlorine pesticides, 
perfluorinated compounds, 
phthalates, and bisphenol a in 
polycystic ovary syndrome: a case-
control study

BACKGROUND: Polycystic Ovary Syndrome (PCOS) is an endocrine-metabolic disorder that affects approximately 6-10% of women of child-bearing age. Although preliminary studies suggest that certain pollutants may 
act as endocrine disruptors in animals, little is known about their potential association with PCOS. The objective of this case-control pilot study is to determine whether women with PCOS have higher concentrations of 
specific environmental contaminants compared to women who have not developed PCOS. METHODS: Fifty-two PCOS case-patients (diagnosed using the National Institutes of Health 1990 definition) and 50 controls 
were recruited in 2007-2008, from an urban academic medical center in Los Angeles, CA. Brominated diphenyl ethers, polychlorinated biphenyls (PCBs), organochlorine pesticides, and perfluorinated compounds (PFCs) 
were measured in serum, and phthalates metabolites and bisphenol A (BPA) in urine. RESULTS: PCOS case-patients had significantly higher geometric mean (GM) serum concentrations of two PFCs: perfluorooctanoate 
(PFOA) (GMcases = 4.1 μg/L, GMcontrols = 2.3 μg/L; p = 0.001) and perfluorooctane sulfonate (PFOS) (GMcases = 8.2 μg/L, GMcontrols = 4.9 μg/L; p = 0.01), and lower urinary concentrations of monobenzyl 
phthalate (mBzP) (GMcases = 7.5 μg/g creatinine, GMcontrols = 11.7 μg/g creatinine; p = 0.02). Logistic regression, controlling for body mass index, age and race, identified an increased likelihood of PCOS in subjects 
with higher serum concentrations of PFOA and PFOS (adjusted-ORs = 5.8-6.9, p < 0.05), and with lower urine concentrations of mBzP and mono-n-butyl phthalate (mBP) (aORs = 0.14-0.25, p < 0.05). CONCLUSIONS: 
Our data suggest that PCOS case-patients may differ from controls in their environmental contaminant profile. PCOS subjects had higher serum concentrations of two PFCs, PFOA and PFOS, and lower urine 
concentrations of mBP and mBzP. Future studies are needed to confirm these preliminary findings and determine if these chemicals or their precursors may have a role in the pathogenesis of PCOS.

BMC Endocr Disord. 
2014 Oct 28:14:86.

10.1186/1472-6823-14-86 25348326 ヒト 卵巣 - - - - - - 症例対照研究 1 1 - - - 1 1 1 - - - ● - - - - - - - -

統合_2684 Vahedi M et al. 2016

Metabolic and endocrine effects of 
bisphenol A exposure in market 
seller women with polycystic ovary 
syndrome

Bisphenol A (BPA) is one of the synthetic monomer which can be found in the environment. Limited animal and human studies have demonstrated that BPA alters endocrine and or metabolic functions. The aims of the 
present study were to evaluate serum BPA level in marketing seller women with polycystic ovary syndrome (PCOS) and hormonal and metabolic effects of this exposure compared to a control paired group. In a case-
control study, 62 PCOS women who work as marketing sellers and 62 healthy women with similar jobs were included. The two groups were body mass index (BMI)- and age-matched. Serum samples were analyzed for 
BPA content, fasting blood sugar (FBS), triglyceride, cholesterol, HDL and LDL levels, thyroid stimulating hormone (TSH) concentration, and LH:FSH ratio. Significant higher serum BPA content (0.48 ± 0.08 vs. 0.16 ± 
0.04 ng/ml), triglyceride (103.05 ± 13.10 vs. 91.65 ± 12.52 mg/dl), cholesterol (165.05 ± 10.79 vs. 161.21 ± 10.31 mg/dl) levels and LH:FSH ratio (3.64 ± 0.86 vs. 0.62 ± 0.14) and significant lower TSH concentration 
(1.56 ± 0.68 vs. 2.15 ± 1.09 IU/ml) were detected in case against control group, respectively (P < 0.05). No significant differences were detected in FBS, LDL, and HDL levels between the two groups. Also, there were 
no significant associations between serum TSH concentration and BPA level neither in case (P = 0.269) nor in control (P = 0.532) groups. In BPA-exposed PCOS women, BPA level was higher than healthy women and this 
difference maybe the cause of significant differences in levels of triglyceride, cholesterol, TSH, and LH:FSH ratio. These observations confirm the potential role of BPA in PCOS pathophysiology.

Environ Sci Pollut Res 
Int. 2016 
Dec;23(23):23546-
23550.

10.1007/s11356-016-7573-5 27614642 ヒト 卵巣 - - - - - - 症例対照研究 1 1 - - - 1 1 1 - - - ● - - - - - - - -

統合_2685 van der Meer TP et al. 2017

Distribution of Non-Persistent 
Endocrine Disruptors in Two 
Different Regions of the Human 
Brain

Non-persistent endocrine disrupting chemicals (npEDCs) can affect multiple organs and systems in the body. Whether npEDCs can accumulate in the human brain is largely unknown. The major aim of this pilot study was 
to examine the presence of environmental phenols and parabens in two distinct brain regions: the hypothalamus and white-matter tissue. In addition, a potential association between these npEDCs concentrations and 
obesity was investigated. Post-mortem brain material was obtained from 24 individuals, made up of 12 obese and 12 normal-weight subjects (defined as body mass index (BMI) > 30 and BMI < 25 kg/m(2), respectively). 
Nine phenols and seven parabens were measured by isotope dilution TurboFlow-LC-MS/MS. In the hypothalamus, seven suspect npEDCs (bisphenol A, triclosan, triclocarban and methyl-, ethyl-, n-propyl-, and benzyl 
paraben) were detected, while five npEDCs (bisphenol A, benzophenone-3, triclocarban, methyl-, and n-propyl paraben) were found in the white-matter brain tissue. We observed higher levels of methylparaben (MeP) in 
the hypothalamic tissue of obese subjects as compared to controls (p = 0.008). Our findings indicate that some suspected npEDCs are able to cross the blood-brain barrier. Whether the presence of npEDCs can adversely 
affect brain function and to which extent the detected concentrations are physiologically relevant needs to be further investigated.

Int J Environ Res Public 
Health. 2017 Sep 
13;14(9):1059.

10.3390/ijerph14091059 28902174 ヒト 代謝 - - - - - - 横断研究 1 1 - - - 1 1 1 - - - - - - - - - - - -

統合_2686 Velez MP et al. 2015

Female exposure to phenols and 
phthalates and time to pregnancy: 
the Maternal-Infant Research on 
Environmental Chemicals (MIREC) 
Study

OBJECTIVE: To assess the potential effect of bisphenol A (BPA), triclosan (TCS), and phthalates on women's fecundity, as measured by time to pregnancy (TTP). DESIGN: Pregnancy-based retrospective TTP study. 
SETTING: Not applicable. PATIENT(S): A total of 2,001 women during the first trimester of pregnancy recruited between 2008 and 2011 (the Maternal-Infant Research on Environmental Chemicals (MIREC) Study), with 
1,742 women included in the BPA analysis, 1,699 in the TCS analysis, and 1,597 in the phthalates analysis. INTERVENTION(S): None. MAIN OUTCOME MEASURE(S): Fecundability odds ratios (FORs) estimated using the 
Cox model modified for discrete time data. RESULT(S): The BPA concentrations were not statistically significantly associated with diminished fecundity either in crude or adjusted models. Women in the highest quartile 
of TCS (>72 ng/mL) had evidence of decreased fecundity (FOR 0.84; 95% confidence interval, 0.72-0.97) compared with the three lower quartiles as the reference group. Exposure to phthalates was suggestive of a 
shorter TTP, as indicated by FORs greater than 1, although the 95% confidence interval always included 1. CONCLUSION(S): Elevated TCS exposure may be associated with diminished fecundity. BPA and phthalates 
showed no negative impact; on the contrary, some phthalates might be associated with a shorter time to pregnancy. A major limitation of the study was that only one measurement of exposure was available for each 
woman after conception. Further research is necessary to test these findings.

Fertil Steril. 2015 
Apr;103(4):1011-
1020.e2.

10.1016/j.fertnstert.2015.01.005 25681860 ヒト ⽣殖発⽣ - - - - - - コホート研究 1 1 - - - 1 1 1 - 1 - - - - - - - - - -

統合_2687 Vitku J et al. 2015

Differences in Bisphenol A and 
Estrogen Levels in the Plasma and 
Seminal Plasma of Men With 
Different Degrees of Infertility

The general population is potentially exposed to many chemicals that can affect the endocrine system. These substances are called endocrine disruptors (EDs), and among them bisphenol A (BPA) is one of the most 
widely used and well studied. Nonetheless, there are still no data on simultaneous measurements of various EDs along with steroids directly in the seminal fluid, where deleterious effects of EDs on spermatogenesis and 
steroidogenesis are assumed. We determined levels of BPA and 3 estrogens using LC-MS/MS in the plasma and seminal plasma of 174 men with different degrees of infertility. These men were divided according their 
spermiogram values into 4 groups: (1) healthy men, and (2) slightly, (3) moderate, and (4) severely infertile men. Estradiol levels differed across the groups and body fluids. Slightly infertile men have significantly higher 
BPA plasma and seminal plasma levels in comparison with healthy men (p<0.05 and p<0.01, respectively). Furthermore, seminal BPA, but not plasma BPA, was negatively associated with sperm concentration and total 
sperm count (-0.27; p<0.001 and -0.24; p<0.01, respectively). These findings point to the importance of seminal plasma in BPA research. Overall, a disruption of estrogen metabolism was observed together with a weak 
but significant impact of BPA on sperm count and concentration.

Physiological 
Research.2015;64:S303-
S311

10.33549/physiolres.933090 26680493 ヒト - - - - - - - 横断研究 1 1 - - - - - - - - - ● - - - - - - - -

統合_2688 Wang N et al. 2015
Influence of Bisphenol A on Thyroid 
Volume and Structure Independent 
of Iodine in School Children

BACKGROUND: Although several studies have evaluated the relationship between bisphenol A (BPA) and thyroid functions, their results are not entirely consistent. Little is known about BPA in relation to thyroid volume 
and structure. METHODS: We examined the association of BPA with thyroid volume and thyroid nodules using data from 718 Chinese children living in the East Coast of China in 2012. First morning urine samples were 
collected for the determination of urinary BPA, creatinine, and urinary iodine concentrations (UIC). Thyroid volume (TV) and nodules were assessed by thyroid ultrasonography. RESULTS: The median of TV was 3.14ml. 
459(63.9%) children took iodized salt at home and the median of UIC was 159mug/l. BPA was detected in 99.9% of the urine samples and the medians for boys and girls were 2.64 and 2.35mug/g creatinine, respectively. 
Of all participants 14.0% had thyroid nodules. Urinary BPA concentration was inversely associated with thyroid volume (beta = -0.033, 95% CI: -0.053, -0.013) and the risk for multiple nodules (OR = 0.78; 95% CI: 0.63, 
0.97). The associations above were similar for children who consumed iodized salt and those consumed non-iodized salt. CONCLUSIONS: The data suggest that BPA may be one of the influencing factors for TV and 
thyroid nodules and its effects are independent of iodine nutrition status in children.

Plos 
One.2015;10(10):12

10.1371/journal.pone.0141248 26496713 ヒト - - - - - - - 横断研究 1 1 - - - - - - - - - ● - - - - - - - -

統合_2689 Xiong QM et al. 2015
Elevated Serum Bisphenol A Level in 
Patients with Dilated 
Cardiomyopathy

BACKGROUND: This study aimed to determine serum Bisphenol A (BPA) concentrations in patients with dilated cardiomyopathy (DCM) as well as the association between serum BPA and several hormonal parameters in 
DCM patients compared with a healthy control group. MATERIALS AND METHODS: Eighty-eight DCM patients and 88 age- and gender-matched healthy controls were included. Serum BPA levels and several hormonal 
parameters (including total testosterone (T), sex hormone-binding globulin (SHBG) and estradiol (E2) were measured by using corresponding ELISA Kits. The free androgen index (FAI) was calculated by the formula: total 
T in nmol/L x 100/SHBG in nmol/L. RESULTS: BPA levels in the total DCM group were significantly higher compared with that in the controls (6.9 +/- 2.7 ng/mL vs. 3.8 +/- 1.9 ng/mL, p < 0.001). Significant difference 
was also observed in SHBG and FAI between DCM patients and controls, (76.9 +/- 30.9 nM/L vs. 41.0 +/- 15.6 nM/L and 2.9 +/- 3.5 vs.5.3 +/- 2.6, respectively, both of p < 0.001). Similar trends were observed in the 
male and female subgroup. Mean T level was lower in DCM group than in control group (540.8 +/- 186.0 pg/mL vs. 656.3 +/- 112.9 pg/mL, p < 0.001). Linear regression analysis has shown that increasing serum BPA 
levels were statistically significantly associated with increased SHBG levels. However, no statistical difference was noted for E2. CONCLUSION: Our findings firstly demonstrated that BPA exposure increased in DCM 
patients compared with that in healthy controls, while FAI and T levels decreased. SHBG presented a positive association with BPA. It is concluded that hormone disorder induced by BPA exposure might be an 
environmental factor in the pathology of DCM.

Int J Environ Res Public 
Health. 2015 May 
19;12(5):5329-37.

10.3390/ijerph120505329 25996886 ヒト ⼼⾎管 - - - - - - 症例対照研究 1 1 - - - 1 1 1 - - - ● - - - - - - - -

統合_2690 Xue JC et al. 2015

Urinary levels of endocrine-
disrupting chemicals, including 
bisphenols, bisphenol A diglycidyl 
ethers, benzophenones, parabens, 
and triclosan in obese and non-
obese Indian children

Obesity has been recognized as a major global public health concern. In particular, childhood obesity is a major risk factor for other health issues, such as type 2 diabetes, in later stages of life. A few earlier studies have 
associated exposure to endocrine-disrupting chemicals (EDCs) with childhood obesity. There is limited information, however, on exposure to EDCs and childhood obesity in India. In this study, urinary levels of 26 EDCs 
were determined in 49 obese and 27 non-obese Indian children. Eleven EDCs, including 2,2-bis(4-hydroxyphenyl)propane (BPA), 4,4'-sulfonyldiphenol (BPS), methyl paraben (MeP), ethyl paraben (EtP), propyl paraben 
(PrP), 4-hydroxybenzoic acid (4-HB), 3,4-dihydroxybenzoic acid (3,4-DHB), triclosan (TCS), benzophenone-3 (BP3), bisphenol A diglycidyl ether (BADGE), and bisphenol A bis(2,3-dihydroxypropyl) glycidyl ether (BADGE·
2H2O) were found in >70% of urine samples. No significant associations were found between childhood obesity and most target chemicals studied, except for 3,4-DHB, which showed a significant positive association. 
Urinary concentrations of 3,4-DHB were higher in obese children than in non-obese children, independent of age, sex, family income, parent education, physical activity, and urinary creatinine. Urinary concentrations of 
several EDCs were higher in Indian children than the concentrations reported for children in the USA and China. To our knowledge, this is the first study to report urinary concentrations of several EDCs in Indian children.

Environ Res. 2015 
Feb:137:120-8.

10.1016/j.envres.2014.12.007 25531816 ヒト 代謝 - - - - - - 横断研究 1 1 - - - 1 1 1 - - - ● - - - - - - - -

統合_2691 Yang PJ et al. 2018

Breast cancer is associated with 
methylation and expression of the a 
disintegrin and metalloproteinase 
domain 33 (ADAM33) gene affected 
by endocrine&#8209;disrupting 
chemicals

A disintegrin and metalloproteinase domain 33 (ADAM33) gene is a transmembrane glycoprotein that mediates changes in cell adhesion and plays an important role in cancer progression. Since bisphenol A (BPA) and 
phthalates are epigenetically toxic, the purpose of this study was to examine whether BPA and phthalate metabolites, including monoethyl phthalate (MEP), mono-n-butyl phthalate (MBP), mono-isobutyl phthalate (MIBP), 
mono(2-ethylhexyl) phthalate (MEHP), mono(2-ethyl-5-hydroxyhexyl) phthalate (MEHHP), mono(2-ethyl-5-carboxypentyl) phthalate (MECPP), and mono(2-ethyl-5-oxohexyl) phthalate (MEOHP), have an epigenetic impact 
on ADAM33 and the incidence of breast cancer. CpG islands of breast cancer microarray datasets obtained from the Gene Expression Omnibus (GEO) were used to assess the ADAM33 methylation profile. We designed a 
case-control study including 44 cases and 22 age-matched controls to detect the methylation status of intron 1 in ADAM33 from peripheral blood mononuclear cells (PBMCs) in blood, using BSP, nested PCR, and bisulfite 
sequencing, and measured the in vivo gene expression of ADAM33 and the urinary concentrations of endocrine-disrupting chemicals (EDCs), using real-time PCR, high-performance liquid chromatography (HPLC) and 
liquid chromatography-mass spectrometry (LC-MS). Only one dataset, GSE32393, reached significance (P=0.016). ADAM33 expression and methylation frequencies at CpG site 3 in intron 1 were higher in the control 
group. We found a positive association between intron 1 methylation level and ADAM33 expression as well as urinary concentrations of MEHHP, MECPP, MEOHP and Σ4MEHP (the sum of MEHP, MECPP, MEHHP, and 
MEOHP) in the cases. This study suggests that metabolites of phthalate such as MEHHP, MECPP, MEOHP and Σ4MEHP may increase the intron 1 methylation level to elevate ADAM33 gene expression and have a 
protective effect on reducing the risk of breast cancer.

Oncol Rep. 2018 
Nov;40(5):2766-2777.
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統合_2692 Yang QY et al. 2015

Association of serum levels of typical 
organic pollutants with polycystic 
ovary syndrome (PCOS): a case-
control study

STUDY QUESTION: Is polycystic ovary syndrome (PCOS) associated with increased serum levels of typical organic pollutants? SUMMARY ANSWER: PCOS in Han females from Northern China was significantly 
associated with elevated serum levels of pollutants, including polychlorinated biphenyls (PCBs), organochlorine pesticides and polycyclic aromatic hydrocarbons (PAHs). WHAT IS KNOWN ALREADY: PCOS is arguably the 
most common endocrinopathy in females of reproductive age. The etiology of PCOS is thought to be multifactorial. STUDY DESIGN, SIZE, DURATION: This was a preliminary case-control study undertaken at the Division 
of Reproductive Center, Peking University Third Hospital. Fifty participants affected by PCOS and 30 normal controls were recruited between August and October 2012 from Northern China. All participants were Han 
women. PARTICIPANTS/MATERIALS, SETTING, METHODS: PCOS participants were diagnosed according to the 2003 Rotterdam criteria. The control participants were non-pregnant females unable to conceive solely 
due to male azoospermia. Serum levels of a wide range of organic pollutants, including PCBs, organochlorine pesticides, PAHs and more than 20 phenolic pollutants, were analyzed using gas chromatographic mass 
spectrometry. MAIN RESULTS AND THE ROLE OF CHANCE: Serum levels of PCBs, pesticides and PAHs were significantly higher in the PCOS group than the control group. Concentrations of PCBs, p,p'-
dichlorodiphenyldichloroethylene (p,p'-DDE) and PAHs in serum above median levels were associated with PCOS with odds ratios of 3.81 [95% confidence interval (CI), 1.45-10.0], 4.89 (95% CI, 1.81-13.2) and 2.39 (95% 
CI, 0.94-6.05), respectively. Partial least-squares-discriminant analysis (PLS-DA) confirmed that serum levels of organic pollutants were associated with PCOS, especially for p,p'-DDE and PCBs. LIMITATIONS, 
REASONS FOR CAUTION: Some other possible covariates (e.g. dietary and income) were missed in this study, although education and occupation have been considered as an indicator of personal income. The PLS-DA 
model allowed a quasi-exposome analysis with over 60 kinds of typical organic pollutants; however, the possibility of other pollutants involved in the PCOS still could not be excluded. WIDER IMPLICATIONS OF THE 
FINDINGS: Our study identified that bodily retention of environmental organic pollutants-including PCBs, pesticides (especially p,p'-DDE) and PAHs-was associated with PCOS. STUDY FUNDING/COMPETING 
INTERESTS: This research was supported by the Ministry of Science and Technology of China Grants (973 program; 2014CB943203 and 2015CB553401), National Natural Science Foundation of China (21322705, 
21190051, 41121004 and 81170538), National Key Technology R&D Program in the Twelve Five-Year Plan (2012BAI32B01) and the Collaborative Innovation Center for Regional Environmental Quality. There are no conflicts 
of interest to declare. TRIAL REGISTRATION NUMBER: None. This is not a clinical trial.

Hum Reprod. 2015 
Aug;30(8):1964-73.
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統合_2693 Ye YZ et al. 2017
Maternal serum bisphenol A levels 
and risk of pre-eclampsia: a nested 
case-control study

BACKGROUND: Although recent studies have indicated the potential adverse effects of maternal bisphenol A (BPA) exposure on pregnancy such as increasing the risk of pre-eclampsia, epidemiological evidence is 
limited. We aimed to evaluate the relationship between maternal BPA exposure and the risk of pre-eclampsia. METHODS: We conducted a nested case-control study among 173 women (74 cases of pre-eclampsia and 99 
controls). BPA concentrations were measured using liquid chromatography-mass spectrometry in the maternal serum samples collected during 16-20 gestational weeks. Multivariate logistic models were used to examine 
the relationship between maternal serum BPA concentrations and the risk of pre-eclampsia. RESULTS: BPA was detectable (>0.1 microg/l) in 78.6% of the maternal serum samples at three levels: low (<2.24 microg/l), 
medium (2.24-4.44 microg/l), and high (>4.44 microg/l). BPA concentrations were significantly higher in the serum samples collected from the pre-eclampsia cases than those from controls (median: 3.40 vs. 1.50 
microg/l, P < 0.01). With adjustment for maternal age, primiparous and BMI, the odds of developing pre-eclampsia were significantly elevated in subjects with high serum BPA levels compared with those with low levels 
(adjusted OR = 16.46, 95%CI = 5.42-49.85) regardless of subcategories of pre-eclampsia including severity and onset time. Among the pre-eclampsia subjects, the maternal serum concentration of BPA was not different 
between the early- and late-onset subjects (median: 3.09 vs. 3.50 microg/l, P = 0.57), but surprisingly higher in mild pre-eclampsia subjects compared with severe pre-eclampsia subjects (median: 5.20 vs. 1.80 microg/l, P 
< 0.01). CONCLUSIONS: These results demonstrated that maternal exposure to high level of BPA could be associated with an increased risk of pre-eclampsia.

Eur J Public Health. 
2017 Dec 1;27(6):1102-
1107.

10.1093/eurpub/ckx148 29186464 ヒト ⽣殖発⽣(妊娠) - - - - - - 症例対照研究 1 1 - - - 1 1 1 - 1 - ● - - - - - - - -
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統合_2694 Youssef MM et al. 2018
Urinary bisphenol A concentrations 
in relation to asthma in a sample of 
Egyptian children

BACKGROUND: Bronchial asthma is one of the top disabling diseases in pediatrics. Limited research has been studied the association of the widely used plastic monomer bisphenol A (BPA) with childhood asthma. 
OBJECTIVE: To compare the levels of urinary BPA in asthmatic and control children and to investigate the implication of BPA among other risk factors for the development of asthma. SUBJECTS AND METHODS: This 
case-control study included 97 children (45 asthmatic and 52 healthy controls) aged 3-8 years. Asthmatic children were diagnosed according to Global initiative for asthma (GINA) guidelines. Sociodemographic factors 
were assessed and urinary levels of BPA were determined in spot urine samples using high-performance liquid chromatography. The contribution of BPA among predictors for developing asthma was studied in asthmatic 
children. RESULTS: Median total urinary BPA levels were significantly higher in asthmatic children than in control group (1.56 ng/mL in asthmatic children compared to 0.790 ng/mL in control group, p = 0.001). Children 
who had total urinary BPA levels >1.3 ng/mL were more likely to be asthmatic (odds ratio: 2.84, 95% confidence interval 1.22-6.59, p = 0.015). Multiple logistic regression analysis for predictors of asthma showed the 
importance of higher levels of BPA (>1.3 ng/mL) as a more significant predictor than passive smoking ( p = 0.006 for BPA categories vs. p = 0.049 for passive smoking). CONCLUSION: Association of higher levels of 
urinary BPA with the diagnosis of asthma in children may indicate the potential risk of BPA exposure in the precipitation of bronchial asthma. Further clinical and biochemical research are needed to clarify the proper 
mechanism explaining this association.

Hum Exp Toxicol. 2018 
Nov;37(11):1180-1186.

10.1177/0960327118758150 29441827 ヒト 免疫 - - - - - - 症例対照研究 1 1 - - - 1 1 1 - - - ● - - - - - - - -

統合_2695 Zhang T et al. 2016

Urinary Concentrations of 
Bisphenols and Their Association 
with Biomarkers of Oxidative Stress 
in People Living Near E-Waste 
Recycling Facilities in China

In this study, concentrations of bisphenol A (BPA) and seven other bisphenols (BPs) were measured in urine samples collected from people living in and around e-waste dismantling facilities, and in matched reference 
population from rural and urban areas in China. BPA, bisphenol S (BPS), and bisphenol F (BPF) were frequently detected (detection frequencies: > 90%) in urine samples collected from individuals who live near e-waste 
facilities, with geometric mean (GM) concentrations of 2.99 (or 3.75), 0.361 (or 0.469), and 0.349 (or 0.435) ng/mL (or mug/g Cre), respectively; the other five BPs were rarely found in urine samples, regardless of the 
sampling location. The urinary concentrations of BPA and BPF, but not BPS, were significantly higher in individuals from e-waste recycling locations than did individuals from a rural reference location. Our findings 
indicated that e-waste dismantling activities contribute to human exposure to BPA and BPF. 8-Hydroxy-2'-deoxyguanosine (8-OHdG) was measured in urine as a marker of oxidative stress. In the e-waste dismantling 
location, urinary 8-OHdG was significantly and positively correlated (p < 0.001) with urinary BPA and BPS, but not BPF; a similar correlation was also observed in reference sites. These findings suggest that BPA and BPS 
exposures are associated with elevated oxidative stress.

Environ Sci Technol. 
2016 Apr 5;50(7):4045-
53.

10.1021/acs.est.6b00032 26974222 ヒト その他 - - - - - - 横断研究 1 1 - - - 1 1 1 - - - - - - - - - - - -

統合_2696 Zhou ZZ et al. 2017

Higher urinary bisphenol A 
concentration and excessive iodine 
intake are associated with nodular 
goiter and papillary thyroid 
carcinoma

In the present study, we investigated whether bisphenol A (BPA) levels and excessive iodine intake were associated with papillary thyroid carcinoma (PTC) and nodular goiter (NG). We determined total BPA 
concentrations (TBC) in paired serum and urine samples, and urinary iodine concentrations (UIC) in urine samples collected from PTC patients, NG patients, and healthy individuals, then compared BPA concentrations and 
UIC within and between each patient group. The results showed that there were no gender-specific differences in serum TBC and UIC in each group, and no differences across all patient groups. Urinary BPA 
concentrations (UBC) were higher in the NG and PTC groups compared with the control group. UBC showed gender-specific differences in the NG and PTC group. Furthermore, UIC were higher in the NG and PTC groups 
compared with the control group. Higher UBC and excessive iodine intake were risk factors for NG and PTC according to multivariate logistic regression analysis. There was a significant correlation between UBC and UIC 
in each group. These data suggested that higher UBC and excessive iodine intake are associated with NG and PTC. The metabolic and functional pathways between BPA and iodine are potentially linked to the 
pathogenesis and progression of NG and PTC.

Biosci Rep. 2017 Jul 
27;37(4):BSR20170678.

10.1042/BSR20170678 28684549 ヒト 甲状腺 - - - - - - 症例対照研究 1 1 - - - 1 1 1 - - - ● - - - - - - - -

統合_2697 Braun et al. 2012

Variability of Urinary Phthalate 
Metabolite and Bisphenol A 
Concentrations before and during 
Pregnancy

BACKGROUND: Gestational phthalate and bisphenol A (BPA) exposure may increase the risk of adverse maternal/child health outcomes, but there are few data on the variability of urinary biomarkers before and during 
pregnancy. OBJECTIVE: We characterized the variability of urinary phthalate metabolite and BPA concentrations before and during pregnancy and the ability of a single spot urine sample to classify average gestational 
exposure. METHODS: We collected 1,001 urine samples before and during pregnancy from 137 women who were partners in couples attending a Boston fertility clinic and who had a live birth. Women provided spot urine 
samples before (n >/= 2) and during (n >/= 2) pregnancy. We measured urinary concentrations of monoethyl phthalate (MEP), mono-n-butyl phthalate (MBP), mono-iso-butyl phthalate, monobenzyl phthalate (MBzP), four 
metabolites of di-(2-ethylhexyl) phthalate (DEHP), and BPA. After adjusting for specific gravity, we characterized biomarker variability using intraclass correlation coefficients (ICCs) and conducted several surrogate 
category analyses to determine whether a single spot urine sample could adequately classify average gestational exposure. RESULTS: Absolute concentrations of phthalate metabolites and BPA were similar before and 
during pregnancy. Variability was higher during pregnancy than before pregnancy for BPA and MBzP, but similar during and before pregnancy for MBP, MEP, and SigmaDEHP. During pregnancy, MEP (ICC = 0.50) and MBP 
(ICC = 0.45) were less variable than BPA (ICC = 0.12), MBzP (ICC = 0.25), and SigmaDEHP metabolites (ICC = 0.08). Surrogate analyses suggested that a single spot urine sample may reasonably classify MEP and MBP 
concentrations during pregnancy, but more than one sample may be necessary for MBzP, DEHP, and BPA. CONCLUSIONS: Urinary phthalate metabolites and BPA concentrations were variable before and during 
pregnancy, but the magnitude of variability was biomarker specific. A single spot urine sample adequately classified MBP and MEP concentrations during pregnancy. The present results may be related to unique features 
of the women studied, and replication in other pregnancy cohorts is recommended.

Environ Health 
Perspect. 2012 
May;120(5):739-45.

10.1289/ehp.1104139 22262702 ヒト その他 - - - - - - 妥当性研究 1 1 - - - 1 1 1 - - - - - ● - - - - - -

統合_2698 Alavian-Ghavanini A et al. 2018

Prenatal Bisphenol A Exposure is 
Linked to Epigenetic Changes in 
Glutamate Receptor Subunit Gene 
Grin2b in Female Rats and Humans

Bisphenol A (BPA) exposure has been linked to neurodevelopmental disorders and to effects on epigenetic regulation, such as DNA methylation, at genes involved in brain function. High doses of BPA have been shown to 
change expression and regulation of one such gene, Grin2b, in mice. Yet, if such changes occur at relevant doses in animals and humans has not been addressed. We investigated if low-dose developmental BPA exposure 
affects DNA methylation and expression of Grin2b in brains of adult rats. Furthermore, we assessed associations between prenatal BPA exposure and Grin2b methylation in 7-year old children. We found that Grin2b mRNA 
expression was increased and DNA methylation decreased in female, but not in male rats. In humans, prenatal BPA exposure was associated with increased methylation levels in girls. Additionally, low APGAR scores, a 
predictor for increased risk for neurodevelopmental diseases, were associated with higher Grin2b methylation levels in girls. Thus, we could link developmental BPA exposure and low APGAR scores to changes in the 
epigenetic regulation of Grin2b, a gene important for neuronal function, in a sexual dimorphic fashion. Discrepancies in exact locations and directions of the DNA methylation change might reflect differences between 
species, analysed tissues, exposure level and/or timing.

Sci Rep. 2018 Jul 
27;8(1):11315.

10.1038/s41598-018-29732-9 30054528 ヒト、動物 発達神経 1 1 1 1 0 1 コホート研究 1 1 - - - 1 1 1 - - - ● - - - - - - - -

統合_2699 Arbuckle TE et al. 2018

Prenatal exposure to phthalates and 
phenols and infant endocrine-
sensitive outcomes: The MIREC 
study

BACKGROUND: Anogenital distance (AGD) and the second to fourth finger (2D:4D) digit ratio may be early markers of in utero androgen exposure for the infant. Phthalates and phenols have been identified as endocrine 
disrupting chemicals. OBJECTIVES: To study the association between prenatal exposure to phthalates, bisphenol A (BPA) and triclosan (TCS) and AGD and the 2D:4D digit ratios. METHODS: Single spot urine samples 
were collected in the first trimester from the MIREC Study and analyzed for phthalates and phenols. Anogenital distance (n = 394) at birth and 2D:4D digit ratios (n = 420) at 6 months were measured in male and female 
infants. Associations between maternal concentrations of phenols and phthalate metabolites and these outcomes were estimated using multiple linear regression models. RESULTS: In females, the anoclitoris distance 
(ACD) was negatively associated with mono-benzyl phthalate (MBzP) (beta = -1.24; 95% CI -1.91, -0.57) and positively associated with mono-ethyl phthalate (MEP) (beta = 0.65; 95% CI 0.12, 1.18) (masculinizing). In 
males, anopenile distance (APD) was positively associated with mono-n-butyl phthalate (MnBP) (beta = 1.17; 95% CI 0.02, 2.32) and the molar sum of low molecular weight phthalates (SigmaLMW). Female 2D:4D of the 
right hand was positively associated with MnBP and negatively with total BPA (masculinizing). CONCLUSIONS: Significant associations were only observed for the long AGD metrics. Positive associations were observed 
between MnBP or LMW phthalates and APD in males. In females, prenatal MEP was associated with a masculinizing effect on ACD, while MBzP was associated with a feminizing effect. No significant associations were 
observed between prenatal phenols and AGD. Given the paucity of research on digit ratios and prenatal chemical exposures, it is difficult to say whether this metric will be a useful marker of prenatal androgen or anti-
androgen exposure. Given the large number of associations examined, the statistical associations observed may have been due to Type 1 error. The inconsistencies in results between studies suggest that this issue is yet 
to be resolved.

Environ Int. 2018 
Nov:120:572-583.

10.1016/j.envint.2018.08.034 30195175 ヒト ⽣殖発⽣ - - - - - - コホート研究 1 1 - - - 1 1 1 - 1 - ● - - - - - - - -

統合_2700 Ashley-Martin J et al. 2014

A birth cohort study to investigate 
the association between prenatal 
phthalate and bisphenol A 
exposures and fetal markers of 
metabolic dysfunction

BACKGROUND: Obesity and type-2 diabetes are on the rise and in utero exposure to environmental contaminants is a suspected contributing factor. Our objective was to examine associations between prenatal exposure 
to potential endocrine disrupting chemicals and markers of fetal metabolic dysfunction. METHODS: The Maternal-Infant Research on Environmental Chemicals Study (MIREC) recruited 2001 women during the first 
trimester of pregnancy from 10 Canadian sites. First trimester maternal urine was measured for 11 phthalate metabolites and bisphenol A (BPA). Leptin and adioponectin measured in 1,363 available umbilical cord blood 
samples served as markers of metabolic function. Restricted cubic spline curves were used to assess the relationship between continuous measures of phthalate and BPA levels and cord blood adipokines. Polytomous 
logistic regression models were used to estimate odds ratios (OR) and 95% confidence intervals (CI) for the association between phthalates and BPA and both high (≥90th percentile) and low (≤10th percentile) fetal 
adiponectin and leptin, adjusting for confounding factors. Analyses were conducted for all subjects, overall, and separately by fetal sex. RESULTS: Leptin was significantly higher in female than male infants. We observed 
an inverse, non-linear relationship between BPA and adiponectin among males in the restricted cubic spline and linear regression analysis. Mono-(3-carboxypropyl) (MCPP) was associated with increased odds of high 
leptin among males in the polytomous logistic regression models (4th quartile OR = 3.5 95% CI: 1.1-11.6). CONCLUSION: Our findings contribute to the growing body of evidence examining the influence of early life 
exposure on metabolic regulation and function. Associations between maternal exposure to chemicals and markers of metabolic function appear to be potentially sex specific. However, further investigation is required to 
determine whether in utero and childhood exposure to BPA and phthalates are associated with metabolic dysfunctions later in life.

Environ Health. 2014 
Oct 22:13:84.

10.1186/1476-069X-13-84 25336252 ヒト 代謝 - - - - - - コホート研究 1 1 - - - 1 1 1 - - - ● - - - - - - - -

統合_2701 Bae J et al. 2015
Couples' urinary bisphenol A and 
phthalate metabolite concentrations 
and the secondary sex ratio

With limited research focusing on non-persistent chemicals as exogenous factors affecting human sex selection, this study aimed to evaluate the association of urinary bisphenol A (BPA) and phthalate metabolite 
concentrations with the secondary sex ratio (SSR), defined as the ratio of male to female live births. The current analysis is limited to singleton live births (n=220, 43.9%) from the Longitudinal Investigation of Fertility and 
the Environment (LIFE) Study, in which couples discontinuing contraception with the intention of becoming pregnant were enrolled and followed while trying for pregnancy and through delivery for those achieving 
pregnancy. Using modified Poisson regression models accounting for potential confounders, we estimated the relative risks (RRs) of a male birth per standard deviation change in the log-transformed maternal, paternal, 
and couple urinary BPA and 14 phthalate metabolite concentrations (ng/mL) measured upon enrollment. When maternal and paternal chemical concentrations were modeled jointly, paternal BPA (RR, 0.77; 95% confidence 
interval [CI], 0.62-0.95) and mono-isobutyl phthalate (RR, 0.82; 95% CI, 0.67-1.00) were significantly associated with a female excess. Contrarily, maternal BPA (RR, 1.16; 95% CI, 1.03-1.31), mono-isobutyl phthalate (RR, 
1.28; 95% CI, 1.06-1.54), mono-benzyl phthalate (RR, 1.31; 95% CI, 1.08-1.58), and mono-n-butyl phthalate (RR, 1.24; 95% CI, 1.01-1.51) were significantly associated with a male excess. These findings underscore varying 
patterns for the SSR in relation to parental exposures. Given the absence of previous investigation, these partner-specific associations of non-persistent chemicals with the SSR need future corroboration.

Environ Res. 2015 
Feb:137:450-7.

10.1016/j.envres.2014.11.011 25677702 ヒト ⽣殖発⽣ - - - - - - コホート研究 1 1 - - - 1 1 1 - 1 - ● - - - - - - - -

統合_2702 Bell EM et al. 2018

Concentrations of endocrine 
disrupting chemicals in newborn 
blood spots and infant outcomes in 
the upstate KIDS study

BACKGROUND: Novel methodologies to quantify infant exposures to endocrine disrupting chemicals (EDCs) for population-based studies are needed. OBJECTIVES: We used newborn dried blood spots to quantify three 
EDCs and their associations with infant outcomes in the Upstate KIDS Cohort. METHODS: We measured bisphenol A (BPA), perfluorooctanesulfonic acid (PFOS) and perfluorooctanoic acid (PFOA) in 2071 singleton and 
1040 twin infants born to mothers in New York State. We log transformed concentrations after rescaling by their standard deviations and modeled each in relation to gestational age, birthweight, length, head 
circumference and Ponderal Index (PI) using linear regression techniques. All models were adjusted for maternal age, body mass index, education, infertility treatment and parity. Generalized estimating equations with 
robust standard errors were used to assess the associations for twins. RESULTS: Chemicals were largely quantified above the limits of detection (>99% for PFOS and PFOA; 90% for BPA). Overall, we observed no 
significant associations between PFASs and birth size irrespective of plurality of birth. However, among twins, BPA was associated with decreases in gestational age (adjusted beta = -0.09 weeks; 95% Confidence 
Interval (CI): -0.16, -0.02) and birthweight (adjusted beta = -32.52 g; 95% CI: -60.99, -4.05), head circumference (adjusted beta = -0.18 cm; 95% CI: -0.38, -0.02) and increased PI in singletons (adjusted beta = 0.02 cm; 95% 
CI: 0.004, 0.04). CONCLUSION: We observed negative associations between BPA and birth size in twins. Our findings demonstrate the feasibility of newborn dried blood spots for quantifying neonatal exposure at the 
population level.

Environment 
International.2018;121:2
32-239

10.1016/j.envint.2018.09.005 30219610 ヒト - - - - - - - 横断研究 1 1 - - - - - - - - - - - - - - - - - -

統合_2703 Bellavia A et al. 2018
Pregnancy urinary bisphenol-A 
concentrations and glucose levels 
across BMI categories

BACKGROUND: Pregnancy exposure to bisphenol-A (BPA) may be associated with gestational diabetes (GDM), but evidence from human studies is limited. Moreover, adiposity is associated with both higher BPA 
concentrations and GDM risk, and may act as a confounder or an effect modifier of the association. METHODS: We included 350 term births from the Lifecodes pregnancy cohort (Boston, MA), who had 1st and 2nd 
trimester measures of urinary BPA concentrations available. BPA measures were SG-adjusted and categorized into quartiles (Q). Multivariable-adjusted linear regressions were used to determine the association between 
BPA, at both 1st and 2nd trimester, and glucose, in the overall population and by categories of 1st trimester BMI. RESULTS: No clear associations were seen between BPA and glucose levels in the overall population. 
From stratified analyses there was suggestive evidence of effect modification by maternal 1st trimester BMI, with significant associations observed among obese/overweight participants (1st trimester BPA 
concentrations for Q3 vs Q1: adj.beta = 14.1 mg/dL; 95% CI: 1.5, 26.6) (2nd trimester BPA concentrations for Q2 vs Q1: adj. beta = 16.9 mg/dL; 95% CI: 2.6, 31.2). CONCLUSION: No associations were found between BPA 
and glucose levels in the overall population. However, moderately high BPA concentrations were associated with increased glucose levels among overweight/obese women-a subgroup at high-risk of elevated glucose 
levels in pregnancy.

Environ Int. 2018 
Apr:113:35-41.

10.1016/j.envint.2018.01.012 29421405 ヒト ⽣殖発⽣(妊娠糖尿病) - - - - - - コホート研究 1 1 - - - 1 1 1 - 1 - ● - - - - - - - -

統合_2704 Berge ELL et al. 2018
Polymer-based dental filling 
materials placed during pregnancy 
and risk to the foetus

BACKGROUND: Tooth-coloured polymer-based dental filling materials are currently the first choice for dental restorative treatment in many countries. However, there are some concerns about their safety. It has been 
shown that substances known as endocrine disrupters, which might pass through the placental barrier, are released from these materials within the first hours after curing. Thus, the placement of polymer-based dental 
fillings in pregnant women may put the vulnerable foetus at risk. Large epidemiological studies exploring the risk of having polymer-based dental materials placed during pregnancy are lacking. The aim of this study was to 
investigate the association between the placement of polymer-based dental fillings during pregnancy and adverse birth outcomes. METHODS: This study is based on data from the large Norwegian Mother and Child 
Cohort Study (MoBa). The information about dental treatment during pregnancy was obtained from questionnaires sent to the participating women during weeks 17 and 30 of pregnancy. Reported placement of "white 
fillings" was used as exposure marker for having received polymer-based dental filling materials. Only singleton births were included in the present study. Data were linked to the Medical Birth Registry of Norway. Logistic 
regression models that included the mother's age, level of education, body mass index, parity, and smoking and alcohol consumption during pregnancy were used to estimate the odds ratio (OR) and 95% confidence 
interval (CI). Different adverse birth outcomes were of interest in the present study. RESULTS: Valid data were available from 90,886 pregnancies. Dentist consultation during pregnancy was reported by 33,727 women, 
10,972 of whom had white fillings placed. The adjusted logistic regression models showed no statistically significant association between having white dental fillings placed during pregnancy and stillbirth, malformations, 
preterm births, and low or high birth weight. CONCLUSIONS: In this study, women who reported white fillings placed during pregnancy had no increased risk for adverse birth outcomes compared with women who did not 
consult a dentist during pregnancy. Thus, our findings do not support the hypothesis of an association between placement of polymer-based fillings during pregnancy and adverse birth outcomes.

BMC Oral Health. 2018 
Aug 22;18(1):144.

10.1186/s12903-018-0608-1 30134965 ヒト ⽣殖発⽣ - - - - - - コホート研究 1 1 - - - 1 1 1 - - - - - - - - - - - -

統合_2705 Berger K et al. 2018

Association of Prenatal Urinary 
Concentrations of Phthalates and 
Bisphenol A and Pubertal Timing in 
Boys and Girls

BACKGROUND: Animal studies suggest that phthalates and bisphenol A (BPA), endocrine-disrupting chemicals found in many consumer products, may impact the timing of puberty. OBJECTIVES: We aimed to determine 
the association of prenatal exposure to high-molecular-weight phthalates and BPA with pubertal timing in boys and girls participating in the Center for the Health Assessment of Mothers and Children of Salinas 
(CHAMACOS) longitudinal cohort study. METHODS: We quantified urinary concentrations of eight phthalate metabolites and BPA at two time points during pregnancy among participating mothers ([Formula: see text]) and 
conducted clinical Tanner staging of puberty on their children every 9 months between 9 and 13 y of age. We conducted accelerated failure time models and examined the role of child overweight/obese status in this 
association. RESULTS: The sum of urinary metabolites of di(2-ethylhexyl) phthalate [Formula: see text], monobenzyl phthalate (MBzP), and BPA were associated with later onset of at least one of the three outcomes 
assessed in girls (thelarche, pubarche, or menarche) and with earlier onset of at least one of the two outcomes assessed in boys (gondarche and pubarche). We found that monocarboxynonyl phthalate, monocarboxyoctyl 
phthalate, mono(3-carboxypropyl) phthalate, and BPA were associated with later pubarche and menarche mostly among normal-weight girls but not overweight/obese girls. MBzP was associated with later thelarche in all 
girls, and [Formula: see text] was associated with later thelarche and menarche in all girls. BPA and all phthalate biomarkers were associated with earlier gonadarche and pubarche in all boys as well as in 
overweight/obese boys when stratified by weight. Among normal-weight boys, associations with BPA were also inverse, whereas associations with phthalate metabolites were close to the null or positive. 
CONCLUSIONS: Several high-molecular-weight phthalates and BPA were associated with later puberty in girls and earlier puberty in boys included in the CHAMACOS cohort study. Childhood overweight/obesity may 
modify these associations. https://doi.org/10.1289/EHP3424.

Environ Health 
Perspect. 2018 
Sep;126(9):97004.

10.1289/EHP3424 30203993 ヒト ⽣殖発⽣ - - - - - - コホート研究 1 1 - - - 1 1 1 - 1 - ● - - - - - - - -

統合_2706 Binder AM et al. 2018

Pre-pubertal and Pubertal Endocrine 
Disrupting Chemicals Exposure and 
Breast Density among Chilean 
Adolescents

BACKGROUND: During puberty, mammary tissue undergoes rapid development, which provides a window of heightened susceptibility of breast composition to the influence of endogenous and exogenous hormones. 
Exposure to endocrine-disrupting chemicals (EDC) may affect breast development and composition and the risk of developing breast cancer in adulthood. METHODS: We evaluated the associations between breast 
density and urinary concentrations of phenols and phthalates collected at Tanner 1 (B1) and Tanner 4 (B4) in 200 Chilean girls. Total breast volume (BV), fibroglandular volume (FGV), and percent dense breast (%FGV) 
were evaluated at B4 using dual X-ray absorptiometry. Generalized estimating equations were used to analyze the association between concentrations of EDC biomarkers across puberty and breast density. RESULTS: 
The geometric mean %FGV was 7% higher among girls in the highest relative to the lowest tertile of monocarboxyisooctyl phthalate [1.07; 95% confidence interval (CI), 1.01-1.14]. Monoethyl phthalate concentrations at 
B4 were positively associated with FGV (highest vs. lowest tertile: 1.22; 95% CI, 1.06-1.40). Bisphenol A displayed a U-shaped association with FGV; girls in the middle tertile had at least 10% lower FGV than girls in the 
lowest or highest tertiles. Monocarboxyisononyl phthalate showed a nonlinear association with BV. No other statistically significant associations were observed. CONCLUSIONS: Our results suggest that the developing 
breast tissue is susceptible to select EDCs during childhood and adolescence. IMPACT: This study may spur further investigations into environmental influences on breast development during puberty and how shifts in 
pubertal breast density track through the life course to modify breast cancer risk.

Cancer Epidemiol 
Biomarkers Prev.2018;:

10.1158/1055-9965.EPI-17-0813 30158279 ヒト - - - - - - - 横断研究 1 1 - - - - - - - - - ● - - - - - - - -
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統合_2707 Birks L et al. 2016

Occupational Exposure to 
Endocrine-Disrupting Chemicals and 
Birth Weight and Length of 
Gestation: A European Meta-
Analysis

BACKGROUND: Women of reproductive age can be exposed to endocrine-disrupting chemicals (EDCs) at work, and exposure to EDCs in pregnancy may affect fetal growth. OBJECTIVES: We assessed whether maternal 
occupational exposure to EDCs during pregnancy as classified by application of a job exposure matrix was associated with birth weight, term low birth weight (LBW), length of gestation, and preterm delivery. METHODS: 
Using individual participant data from 133,957 mother-child pairs in 13 European cohorts spanning births from 1994 through 2011, we linked maternal job titles with exposure to 10 EDC groups as assessed through a job 
exposure matrix. For each group, we combined the two levels of exposure categories (possible and probable) and compared birth outcomes with the unexposed group (exposure unlikely). We performed meta-analyses of 
cohort-specific estimates. RESULTS: Eleven percent of pregnant women were classified as exposed to EDCs at work during pregnancy, based on job title. Classification of exposure to one or more EDC group was 
associated with an increased risk of term LBW [odds ratio (OR) = 1.25; 95% CI: 1.04, 1.49], as were most specific EDC groups; this association was consistent across cohorts. Further, the risk increased with increasing 
number of EDC groups (OR = 2.11; 95% CI: 1.10, 4.06 for exposure to four or more EDC groups). There were few associations (p < 0.05) with the other outcomes; women holding job titles classified as exposed to 
bisphenol A or brominated flame retardants were at higher risk for longer length of gestation. CONCLUSION: Results from our large population-based birth cohort design indicate that employment during pregnancy in 
occupations classified as possibly or probably exposed to EDCs was associated with an increased risk of term LBW. Citation: Birks L, Casas M, Garcia AM, Alexander J, Barros H, Bergstrom A, Bonde JP, Burdorf A, 
Costet N, Danileviciute A, Eggesbo M, Fernandez MF, Gonzalez-Galarzo MC, Grazuleviciene R, Hanke W, Jaddoe V, Kogevinas M, Kull I, Lertxundi A, Melaki V, Andersen AM, Olea N, Polanska K, Rusconi F, Santa-Marina 
L, Santos AC, Vrijkotte T, Zugna D, Nieuwenhuijsen M, Cordier S, Vrijheid M. 2016. Occupational exposure to endocrine-disrupting chemicals and birth weight and length of gestation: a European meta-analysis. Environ 
Health Perspect 124:1785-1793; http://dx.doi.org/10.1289/EHP208.

Environ Health 
Perspect. 2016 
Nov;124(11):1785-1793.

10.1289/EHP208 27152464 ヒト ⽣殖発⽣(メタアナリシス) - - - - - - メタアナリシス 1 1 - - - 1 1 1 - 1 - ● - - - - - - - -

統合_2708 Braun JM et al. 2017
Prenatal phthalate, triclosan, and 
bisphenol A exposures and child 
visual-spatial abilities

INTRODUCTION: During fetal development, sex steroids influence sexually dimorphic behaviors, such as visual-spatial abilities. Thus, endocrine disrupting chemicals that impact sex steroids during gestation may affect 
these behaviors. OBJECTIVE: We investigated the relationship between prenatal urinary phthalate metabolite, triclosan, and BPA concentrations and visual-spatial abilities in a prospective cohort of 198 mother-child 
dyads. METHODS: Data are from a prospective cohort in Cincinnati, OH (HOME Study). We measured nine phthalate metabolites, triclosan, and BPA in maternal urine samples collected at 16 and 26 weeks of gestation. 
We assessed children's visual-spatial abilities at 8 years of age using the Virtual Morris Water Maze (VMWM), a computerized version of the rodent Morris Water Maze. We quantified the covariate-adjusted change in the 
time or distance to complete the VMWM and time spent in the correct quadrant during a probe trial with an interquartile range increase in chemical concentrations using linear mixed models and linear regression, 
respectively. RESULTS: Boys completed the VMWM faster (4.1s; 95% CI:-7.1, -1.2) and in less distance (1.4 units; 95% CI:-2.8, 0) than girls. Overall, children with higher mono-n-butyl (MnBP), mono-benzyl (MBzP), and 
mono-carboxypropyl phthalate concentrations completed the VMWM in less time and distance than children with lower concentrations. For example, children with higher MnBP concentrations completed the VMWM in 0.9 
less distance units (95% CI:-1.8, -0.0). Child sex modified the association between MnBP and VMWM performance. In girls, higher MnBP concentrations were associated with longer time (1.7s; 95% CI: -0.7, 4.1) and 
shorter distance (-1.7 units; 95% CI: -2.8, -0.5), whereas in boys, it was associated with shorter time (-3.0s; 95% CI:-5.6, -0.4), but not distance (-0.1 units; 95% CI:1.4, 1.0). Other phthalate metabolites, triclosan, and 
BPA were not associated with VMWM performance, and sex did not consistently modify these associations. CONCLUSIONS: In this cohort, greater prenatal urinary concentrations of some phthalate metabolites were 
associated with improved VMWM performance, particularly among boys. Future studies should confirm these findings and determine if phthalates affect other hormonally sensitive aspects of child neurobehavior.

Neurotoxicology. 2017 
Jan:58:75-83.

10.1016/j.neuro.2016.11.009 27888119 ヒト 発達神経 - - - - - - コホート研究 1 1 - - - 1 1 1 - - - ● - - - - - - - -

統合_2709 Braun JM et al. 2014

Gestational Exposure to Endocrine-
Disrupting Chemicals and Reciprocal 
Social, Repetitive, and Stereotypic 
Behaviors in 4-and 5-Year-Old 
Children: The HOME Study

BACKGROUND: Endocrine-disrupting chemicals (EDCs) may be involved in the etiology of autism spectrum disorders, but identifying relevant chemicals within mixtures of EDCs is difficult. OBJECTIVE: Our goal was to 
identify gestational EDC exposures associated with autistic behaviors. METHODS: We measured the concentrations of 8 phthalate metabolites, bisphenol A, 25 polychlorinated biphenyls (PCBs), 6 organochlorine 
pesticides, 8 brominated flame retardants, and 4 perfluoroalkyl substances in blood or urine samples from 175 pregnant women in the HOME (Health Outcomes and Measures of the Environment) Study (Cincinnati, OH). 
When children were 4 and 5 years old, mothers completed the Social Responsiveness Scale (SRS), a measure of autistic behaviors. We examined confounder-adjusted associations between 52 EDCs and SRS scores 
using a two-stage hierarchical analysis to account for repeated measures and confounding by correlated EDCs. RESULTS: Most of the EDCs were associated with negligible absolute differences in SRS scores (</= 1.5). 
Each 2-SD increase in serum concentrations of polybrominated diphenyl ether-28 (PBDE-28) (beta = 2.5; 95% CI: -0.6, 5.6) or trans-nonachlor (beta = 4.1; 95% CI: 0.8-7.3) was associated with more autistic behaviors. In 
contrast, fewer autistic behaviors were observed among children born to women with detectable versus nondetectable concentrations of PCB-178 (beta = -3.0; 95% CI: -6.3, 0.2), beta-hexachlorocyclohexane (beta = -3.3; 
95% CI: -6.1, -0.5), or PBDE-85 (beta = -3.2; 95% CI: -5.9, -0.5). Increasing perfluorooctanoate (PFOA) concentrations were also associated with fewer autistic behaviors (beta = -2.0; 95% CI: -4.4, 0.4). CONCLUSIONS: 
Some EDCs were associated with autistic behaviors in this cohort, but our modest sample size precludes us from dismissing chemicals with null associations. PFOA, beta-hexachlorocyclohexane, PCB-178, PBDE-28, 
PBDE-85, and trans-nonachlor deserve additional scrutiny as factors that may be associated with childhood autistic behaviors.

Environ Health 
Perspect. 2014 
May;122(5):513-20.

10.1289/ehp.1307261 24622245 ヒト 発達神経 - - - - - - コホート研究 1 1 - - - 1 1 1 - - - ● - - - - - - - -

統合_2710 Braun JM et al. 2014
Early-Life Bisphenol A Exposure and 
Child Body Mass Index: A 
Prospective Cohort Study

BACKGROUND: Early-life exposure to bisphenol A (BPA) may increase childhood obesity risk, but few prospective epidemiological studies have investigated this relationship. OBJECTIVE: We sought to determine whether 
early-life exposure to BPA was associated with increased body mass index (BMI) at 2-5 years of age in 297 mother-child pairs from Cincinnati, Ohio (HOME Study). METHODS: Urinary BPA concentrations were measured 
in samples collected from pregnant women during the second and third trimesters and their children at 1 and 2 years of age. BMI z-scores were calculated from weight/height measures conducted annually from 2 through 
5 years of age. We used linear mixed models to estimate BMI differences or trajectories with increasing creatinine-normalized BPA concentrations. RESULTS: After confounder adjustment, each 10-fold increase in 
prenatal (beta = -0.1; 95% CI: -0.5, 0.3) or early-childhood (beta = -0.2; 95% CI: -0.6, 0.1) BPA concentrations was associated with a modest and nonsignificant reduction in child BMI. These inverse associations were 
suggestively stronger in girls than in boys [prenatal effect measure modification (EMM) p-value = 0.30, early-childhood EMM p-value = 0.05], but sex-specific associations were imprecise. Children in the highest early-
childhood BPA tercile had lower BMI at 2 years (difference = -0.3; 95% CI: -0.6, 0.0) and larger increases in their BMI slope from 2 through 5 years (BMI increase per year = 0.12; 95% CI: 0.07, 0.18) than children in the 
lowest tercile (BMI increase per year = 0.07; 95% CI: 0.01, 0.13). All associations were attenuated without creatinine normalization. CONCLUSIONS: Prenatal and early-childhood BPA exposures were not associated with 
increased BMI at 2-5 years of age, but higher early-childhood BPA exposures were associated with accelerated growth during this period.

Environ Health 
Perspect. 2014 
Nov;122(11):1239-45.

10.1289/ehp.1408258 25073184 ヒト 代謝 - - - - - - コホート研究 1 1 - - - 1 1 1 - - - ● - - - - - - - -

統合_2711 Braun JM et al. 2017
Prenatal environmental chemical 
exposures and longitudinal patterns 
of child neurobehavior

BACKGROUND: Prenatal chemical exposures may adversely affect neurodevelopment, but few studies have examined the persistence of these associations. We examined whether associations between prenatal 
bisphenol A (BPA) or polybrominated diphenyl ether (PBDE) exposures persist or resolve as children age. METHODS: We followed 346 mother-child pairs (enrolled 2003-2006) from Cincinnati, OH from pregnancy until 
children were 8 years old. We measured BPA in urine collected at 16 and 26 weeks gestation and PBDE-47 in serum collected at 16 weeks gestation. We administered repeated measures of children's behavior, 
mental/psychomotor development, and IQ from ages 1-8 years. We determined if associations of BPA or PBDE-47 with child neurobehavior persisted or resolved as children aged using linear mixed models and estimated 
neurobehavioral measure reproducibility using intraclass correlation coefficients (ICCs). RESULTS: Higher BPA in girls and higher PBDE-47 in both boys and girls were associated with more externalizing behaviors; these 
associations persisted from ages 2-8 years (exposurexage interaction p-values>/=0.36). Higher PBDE-47 concentrations were associated with decreases in MDI from ages 1-3 years (PBDE-47x age interaction p-
value=0.03) and persistently lower IQ at ages 5 and 8 years (PBDE-47xage interaction p-value=0.56). Mental/psychomotor abilities had fair reproducibility from ages 1-3 years (ICCs approximately 0.4), cognitive abilities 
from ages 5 to 8 years had excellent reproducibility (ICCs=0.7-0.8), and parent-reported behaviors from ages 2-8 years had poor to good reproducibility (ICCs=0.38-0.59). CONCLUSIONS: Prenatal BPA and PBDE-47 
concentrations were persistently associated with more externalizing behaviors. PBDE-47 concentrations were inversely associated with cognitive abilities that strengthened over time.

Neurotoxicology. 2017 
Sep:62:192-199.

10.1016/j.neuro.2017.07.027 28736150 ヒト 発達神経 - - - - - - コホート研究 1 1 - - - 1 1 1 - - - ● - - - - - - - -

統合_2712 Buckley JP et al. 2016

Prenatal exposure to environmental 
phenols and childhood fat mass in 
the Mount Sinai Children's 
Environmental Health Study

Early life exposure to endocrine disrupting chemicals may alter adipogenesis and energy balance leading to changes in obesity risk. Several studies have evaluated the association of prenatal bisphenol A exposure with 
childhood body size but only one study of male infants has examined other environmental phenols. Therefore, we assessed associations between prenatal exposure to environmental phenols and fat mass in a prospective 
birth cohort. We quantified four phenol biomarkers in third trimester maternal spot urine samples in a cohort of women enrolled in New York City between 1998 and 2002 and evaluated fat mass in their children using a 
Tanita scale between ages 4 and 9years (173 children with 351 total observations). We estimated associations of standard deviation differences in natural log creatinine-standardized phenol biomarker concentrations 
with percent fat mass using linear mixed effects regression models. We did not observe associations of bisphenol A or triclosan with childhood percent fat mass. In unadjusted models, maternal urinary concentrations of 
2,5-dichlorophenol were associated with greater percent fat mass and benzophenone-3 was associated with lower percent fat mass among children. After adjustment, phenol biomarkers were not associated with percent 
fat mass. However, the association between benzophenone-3 and percent fat mass was modified by child's sex: benzophenone-3 concentrations were inversely associated with percent fat mass in girls (beta=-1.51, 95% 
CI=-3.06, 0.01) but not boys (beta=-0.20, 95% CI=-1.69, 1.26). Although we did not observe strong evidence that prenatal environmental phenols exposures influence the development of childhood adiposity, the potential 
antiadipogenic effect of benzophenone-3 in girls may warrant further investigation.

Environ Int. 2016 
May:91:350-6.

10.1016/j.envint.2016.03.019 27037776 ヒト 代謝 - - - - - - コホート研究 1 1 - - - 1 1 1 - - - ● - - - - - - - -

統合_2713 Buckley JP et al. 2018

Associations of prenatal 
environmental phenol and phthalate 
biomarkers with respiratory and 
allergic diseases among children 
aged 6 and 7 years

BACKGROUND: Prenatal environmental phenol and phthalate exposures may alter immune or inflammatory responses leading to respiratory and allergic disease. OBJECTIVES: We estimated associations of prenatal 
environmental phenol and phthalate biomarkers with respiratory and allergic outcomes among children in the Mount Sinai Children's Environmental Health Study. METHODS: We quantified urinary biomarkers of 
benzophenone-3, bisphenol A, paradichlorobenzene (as 2,5-dichlorophenol), triclosan, and 10 phthalate metabolites in third trimester maternal samples and assessed asthma, wheeze, and atopic skin conditions via parent 
questionnaires at ages 6 and 7 years (n = 164 children with 240 observations). We used logistic regression to estimate covariate-adjusted odds ratios (ORs) and 95% confidence intervals (CIs) per standard deviation 
difference in natural log biomarker concentrations and examined effect measure modification by child's sex. RESULTS: Associations of prenatal 2,5-dichlorophenol (all outcomes) and bisphenol A (asthma outcomes) were 
modified by child's sex, with increased odds of outcomes among boys but not girls. Among boys, ORs for asthma diagnosis per standard deviation difference in biomarker concentration were 3.00 (95% CI: 1.36, 6.59) for 
2,5-dichlorophenol and 3.04 (95% CI: 1.38, 6.68) for bisphenol A. Wheeze in the past 12 months was inversely associated with low molecular weight phthalate metabolites among girls only (OR: 0.27, 95% CI: 0.13, 0.59) and 
with benzophenone-3 among all children (OR: 0.65, 95% CI: 0.44, 0.96). CONCLUSIONS: Prenatal bisphenol A and paradichlorobenzene exposures were associated with pediatric respiratory outcomes among boys. Future 
studies may shed light on biological mechanisms and potential sexually-dimorphic effects of select phenols and phthalates on respiratory disease development.

Environ Int. 2018 
Jun:115:79-88.

10.1016/j.envint.2018.03.016 29550712 ヒト 免疫 - - - - - - コホート研究 1 1 - - - 1 1 1 - 1 - ● - - - - - - - -

統合_2714 Cantonwine DE et al. 2016

Urinary Concentrations of Bisphenol 
A and Phthalate Metabolites 
Measured during Pregnancy and 
Risk of Preeclampsia

BACKGROUND: Preeclampsia represents a major cause of maternal mortality and morbidity worldwide. Although it is known that the placenta plays a central role in development of preeclampsia, investigation into the 
contribution of environmental toxicants to the risk of preeclampsia has been sparse. OBJECTIVES: In the present study we examined the relationship between longitudinally measured urinary BPA and phthalate metabolite 
concentrations during gestation and preeclampsia. METHODS: A nested case-control study of preterm birth was performed in 2011 from women enrolled in a prospective birth cohort study at Brigham and Women's 
Hospital in Boston. There were 50 cases of preeclampsia as part of this study. Urine samples were analyzed for concentrations of BPA and nine phthalate metabolites several times during pregnancy. Adjusted Cox 
proportional hazard models were used to calculate hazard ratios of preeclampsia in association with an interquartile range increase in BPA and phthalate concentrations and were weighted to reflect results generalizable 
to the base population. RESULTS: Adjusted hazard ratios indicated that an interquartile range increase of urinary concentrations of BPA (1.53; 95% CI: 1.04, 2.25) and MEP (monoethyl phthalate) (1.72; 95% CI: 1.28, 2.30) 
at 10 weeks gestation was associated with onset of preeclampsia, whereas significantly elevated hazard ratios were found across gestation for all DEHP [di(2-ethylhexyl) phthalate] metabolites. These relationships 
differed based on infant sex. CONCLUSIONS: Urinary concentrations of BPA and several phthalate metabolites were significantly associated with increased risk of preeclampsia. If validated, these results indicate an 
environmental contribution of endocrine-disrupting chemicals to preeclampsia and suggest a modifiable means to reduce the mortality and morbidity associated with this condition. CITATION: Cantonwine DE, Meeker JD, 
Ferguson KK, Mukherjee B, Hauser R, McElrath TF. 2016. Urinary concentrations of bisphenol A and phthalate metabolites measured during pregnancy and risk of preeclampsia. Environ Health Perspect 124:1651-1655; 
http://dx.doi.org/10.1289/EHP188.

Environ Health 
Perspect. 2016 
Oct;124(10):1651-1655.

10.1289/EHP188 27177253 ヒト ⽣殖発⽣(妊娠) - - - - - - 症例対照研究 1 1 - - - 1 1 1 - 1 - ● - - - - - - - -

統合_2715 Carlsson A et al. 2018
Bisphenol A, phthalate metabolites 
and glucose homeostasis in healthy 
normal-weight children

INTRODUCTION: Bisphenol A and several of the most commonly used phthalates have been associated with adverse metabolic health effects such as obesity and diabetes. Therefore, we analyzed these man-made 
chemicals in first morning urine samples from 107 healthy normal-weight Danish children and adolescents. METHOD: This was a cross-sectional study. Participants were recruited as part of the Copenhagen Puberty 
Study. The subjects were evaluated by an oral glucose tolerance test (OGTT), a dual-energy X-ray absorptiometry (DXA) scan, direct oxygen uptake measurement during cycle ergometry and fasting blood samples. First 
morning urine was collected and phthalate metabolites and BPA were measured by liquid chromatography-tandem mass spectrometry (LC-MS/MS) with prior enzymatic deconjugation. Individual chemical concentrations 
were divided into tertiles and analyzed in relation to biological outcome. RESULTS: Children in the lowest tertile of urinary BPA had significantly higher peak insulin levels during OGTT (P = 0.01), lower insulin sensitivity 
index (P < 0.01), higher leptin (P = 0.03), triglyceride (P < 0.01) and total cholesterol levels (P = 0.04), lower aerobic fitness (P = 0.02) and a tendency toward higher fat mass index (P = 0.1) compared with children in the 
highest tertile for uBPA. No significant differences in anthropometrics, body composition or glucose metabolism were associated with any of the phthalate metabolites measured. CONCLUSION: This pilot study on 
healthy normal-weight children suggests an inverse association between BPA and insulin resistance. Our findings contrast other cross-sectional studies showing a positive association for BPA, which may be due to 
confounding or reverse causation because diet is an important source of both BPA exposure and obesity.

Endocr 
Connect.2018;7(1):232-
238

10.1530/EC-17-0344 29237763 ヒト - - - - - - - 横断研究 1 1 - - - - - - - - - ● - - - - - - - -

統合_2716 Casas M et al. 2015

Exposure to bisphenol A during 
pregnancy and child 
neuropsychological development in 
the INMA-Sabadell cohort

BACKGROUND: Bisphenol A (BPA) may be a neurodevelopmental toxicant, but evidence is not consistent in terms of the sex-specific patterns of the associations and the specific behavioral or cognitive domains most 
affected. OBJECTIVE: To examine the effects of prenatal BPA exposure on cognitive, psychomotor, and behavioral development in 438 children at 1, 4 and 7 years of age. METHODS: BPA was measured in spot urine 
samples collected in trimester 1 and 3 of pregnancy from women participating in the INMA-Sabadell birth cohort study. Cognitive and psychomotor development was assessed at 1 and 4 years using psychologist-based 
scales. Attention deficit hyperactivity disorder (ADHD) symptoms and other behavioral problems were assessed at 4 years by teachers and at 7 years by parents using questionnaire-based rating scales. RESULTS: 
Geometric mean creatinine-adjusted BPA concentration of the averaged samples was 2.6 μg/g creatinine. BPA exposure was not associated with the cognitive scores or their subscales at 1 and 4 years of age. At 1 year 
of age, exposure in the highest tertile of BPA concentrations was associated with a reduction of psychomotor scores (T3 vs T1 β=-4.28 points, 95% CI: -8.15, -0.41), but there was no association with psychomotor 
outcomes at 4 years. At 4 years, BPA exposure was associated with an increased risk of ADHD-hyperactivity symptoms (Incidence Rate Ratio (IRR) per log10 μg BPA/g creatinine increase=1.72; 1.08, 2.73) and this 
association was stronger in boys than in girls. Further, boys had an increased risk of ADHD-inattention symptoms whereas girls showed a reduced risk (p for interaction <0.1). At 7 years, these associations were not 
statistically significant nor were any other behavioral problems. CONCLUSIONS: These results suggest that prenatal BPA exposure does not affect cognitive development up to age 4 years. Associations are observed with 
psychomotor development and ADHD-related symptoms at early ages, but these do not appear to persist until later ages.

Environ Res. 2015 
Oct:142:671-9.

10.1016/j.envres.2015.07.024 26343751 ヒト 発達神経 - - - - - - コホート研究 1 1 - - - 1 1 1 - - - ● - - - - - - - -

統合_2717 Casas M et al. 2016

Exposure to Bisphenol A and 
Phthalates during Pregnancy and 
Ultrasound Measures of Fetal 
Growth in the INMA-Sabadell 
Cohort

BACKGROUND: Prenatal exposure to bisphenol A (BPA) and phthalates may affect fetal growth; however, previous findings are inconsistent and based on few studies. OBJECTIVES: We assessed whether prenatal 
exposure to BPA and phthalates was associated with fetal growth in a Spanish birth cohort of 488 mother-child pairs. METHODS: We measured BPA and eight phthalates [four di(2-ethylhexyl) phthalate metabolites 
(DEHPm), mono-benzyl phthalate (MBzP), and three low-molecular-weight phthalate metabolites (LMWPm)] in two spot-urine samples collected during the first and third trimester of pregnancy. We estimated growth 
curves for femur length (FL), head circumference (HC), abdominal circumference (AC), biparietal diameter (BPD), and estimated fetal weight (EFW) during pregnancy (weeks 12-20 and 20-34), and for birth weight, birth 
length, head circumference at birth, and placental weight. RESULTS: Overall, results did not support associations of exposure to BPA or DEHPm during pregnancy with fetal growth parameters. Prenatal MBzP exposure 
was positively associated with FL at 20-34 weeks, resulting in an increase of 3.70% of the average FL (95% CI: 0.75, 6.63%) per doubling of MBzP concentration. MBzP was positively associated with birth weight among 
boys (48 g; 95% CI: 6, 90) but not in girls (-27 g; 95% CI: -79, 25) (interaction p-value = 0.04). The LMWPm mono-n-butyl phthalate (MnBP) was negatively associated with HC at 12-20 pregnancy weeks [-4.88% of HC 
average (95% CI: -8.36, -1.36%)]. CONCLUSIONS: This study, one of the first to combine repeat exposure biomarker measurements and multiple growth measures during pregnancy, finds little evidence of associations of 
BPA or phthalate exposures with fetal growth. Phthalate metabolites MBzP and MnBP were associated with some fetal growth parameters, but these findings require replication. CITATION: Casas M, Valvi D, Ballesteros-
Gomez A, Gascon M, Fernandez MF, Garcia-Esteban R, Iniguez C, Martinez D, Murcia M, Monfort N, Luque N, Rubio S, Ventura R, Sunyer J, Vrijheid M. 2016. Exposure to bisphenol A and phthalates during pregnancy and 
ultrasound measures of fetal growth in the INMA-Sabadell cohort. Environ Health Perspect 124:521-528; http://dx.doi.org/10.1289/ehp.1409190.

Environ Health 
Perspect. 2016 
Apr;124(4):521-8.

10.1289/ehp.1409190 26196298 ヒト ⽣殖発⽣ - - - - - - コホート研究 1 1 - - - 1 1 1 - 1 - ● - - - - - - - -

統合_2718 Chavarro JE et al. 2016

Soy Intake Modifies the Relation 
Between Urinary Bisphenol A 
Concentrations and Pregnancy 
Outcomes Among Women 
Undergoing Assisted Reproduction

CONTEXT: Experimental data in rodents suggest that the adverse reproductive health effects of bisphenol A (BPA) can be modified by intake of soy phytoestrogens. Whether the same is true in humans is not known. 
OBJECTIVE: The purpose of this study was to evaluate whether soy consumption modifies the relation between urinary BPA levels and infertility treatment outcomes among women undergoing assisted reproduction. 
SETTING: The study was conducted in a fertility center in a teaching hospital. DESIGN: We evaluated 239 women enrolled between 2007 and 2012 in the Environment and Reproductive Health (EARTH) Study, a 
prospective cohort study, who underwent 347 in vitro fertilization (IVF) cycles. Participants completed a baseline questionnaire and provided up to 2 urine samples in each treatment cycle before oocyte retrieval. IVF 
outcomes were abstracted from electronic medical records. We used generalized linear mixed models with interaction terms to evaluate whether the association between urinary BPA concentrations and IVF outcomes 
was modified by soy intake. MAIN OUTCOME MEASURE: Live birth rates per initiated treatment cycle were measured. RESULTS: Soy food consumption modified the association of urinary BPA concentration with live 
birth rates (P for interaction = .01). Among women who did not consume soy foods, the adjusted live birth rates per initiated cycle in increasing quartiles of cycle-specific urinary BPA concentrations were 54%, 35%, 31%, 
and 17% (P for trend = .03). The corresponding live birth rates among women reporting pretreatment consumption of soy foods were 38%, 42%, 47%, and 49% (P for trend = 0.35). A similar pattern was found for 
implantation (P for interaction = .02) and clinical pregnancy rates (P for interaction = .03) per initiated cycle, where urinary BPA was inversely related to these outcomes among women not consuming soy foods but 
unrelated to them among soy consumers. CONCLUSION: Soy food intake may protect against the adverse reproductive effects of BPA. As these findings represent the first report suggesting a potential interaction 
between soy and BPA in humans, they should be further evaluated in other populations.

J Clin Endocrinol Metab. 
2016 Mar;101(3):1082-
90.

10.1210/jc.2015-3473 26815879 ヒト ⽣殖発⽣ - - - - - - コホート研究 1 1 - - - 1 1 1 - - - ● - - - - - - - -

統合_2719 Chin HB et al. 2019

Association of urinary 
concentrations of phthalate 
metabolites and bisphenol A with 
early pregnancy endpoints

BACKGROUND: Phthalates and bisphenol A (BPA) are environmental contaminants that may affect early embryonic development. OBJECTIVE: To assess the association between phthalate metabolites and BPA with early 
pregnancy endpoints in a cohort of women followed from before conception. METHODS: We quantified 11 phthalate metabolites and BPA in 137 conception cycles from naturally conceived clinical pregnancies. Phthalate 
metabolites and BPA concentrations were measured in a pooled sample of three daily morning urine specimens. Daily urinary hormone measurements had previously been used to define ovulation, implantation, and corpus 
luteum rescue. We assessed associations between conception cycle exposures (phthalate biomarkers and BPA) and 1) time from ovulation to implantation; 2) type of corpus luteum rescue (timing and pattern of rise in 
progesterone: early, late, or no rise); and 3) rate of initial rise in hCG. RESULTS: Mono(3-carboxypropyl) phthalate (MCPP) and mono-isobutyl phthalate (MiBP) were associated with earlier implantation (6-8 days vs. 9 
days (the most commonly observed); per natural log-unit, OR (95% CI) = 2.8 (1.2, 6.7) and OR (CI) = 2.1 (1.2, 3.7), respectively). Monoethyl phthalate (MEP) was associated with later implantation (10-12 days vs. 9 days); 
OR (CI) = 1.5 (1.0, 2.1). Compared with implantation on day 9, BPA was significantly associated with both earlier and later implantation (OR=2.2 for both). Women with concentrations above the median of monobenzyl 
phthalate (MBzP) (p = 0.04) or above the median of the molar sum of four di(2-ethylhexyl) phthalate metabolites ( summation operatorDEHP) (p = 0.08) had a slower initial rise in hCG. Increasing MCPP was associated 
with an increased odds of a late rise rescue (OR (CI) = 2.9 (1.0, 8.5); late rise vs. early rise), while increasing MEP was associated with a no rise rescue (OR (CI) = 1.6 (0.9, 2.8); no rise vs. early rise). CONCLUSIONS: The 
reported associations varied in their direction of effect, some potentially protective, others adverse. This may reflect the complexity with which these potential endocrine disrupting chemicals can be acting, but chance 
findings are also possible. Given that women continue to be exposed to these compounds (or their precursors), continued research on the effects they may have on pregnancy is warranted.

Environ Res. 2019 
Jan:168:254-260.

10.1016/j.envres.2018.09.037 30321738 ヒト ⽣殖発⽣ - - - - - - コホート研究 1 1 - - - 1 1 1 - 1 - ● - - - - - - - -
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統合_2720 Chiu YH et al. 2017

Trimester-Specific Urinary 
Bisphenol A Concentrations and 
Blood Glucose Levels Among 
Pregnant Women From a Fertility 
Clinic

CONTEXT: Women with a history of infertility are at increased risk of impaired glucose tolerance during pregnancy. Studies suggest higher urinary bisphenol A (BPA) concentrations are associated with diabetes in 
nonpregnant populations, but the association between BPA and glucose levels among pregnant women is unclear. OBJECTIVE: To assess trimester-specific urinary BPA concentrations in relation to blood glucose levels 
among subfertile women. DESIGN: Environment and Reproductive Health Study, an ongoing prospective cohort study. SETTING: A fertility center in a teaching hospital. PATIENTS: A total of 245 women contributed at 
least one urine sample during first and/or second trimesters, delivered a singleton or twin pregnancy, and had available blood glucose data (2005 to 2015). MAIN OUTCOME MEASURE: Blood glucose levels after a 
nonfasting 50-g glucose challenge test at 24 to 28 weeks of gestation. RESULTS: The specific gravity-adjusted geometric mean urinary BPA concentrations during first and second trimesters were 1.39 and 1.27 
microg/L, respectively. Second-trimester BPA concentrations were positively associated with blood glucose (P, trend = 0.01). Specifically, the adjusted mean glucose levels (95% confidence interval) for women in the 
highest quartile of second-trimester BPA concentrations was 119 (112, 126) mg/dL compared with 106 (100, 112) mg/dL for women in the lowest quartile. No associations were observed between first-trimester BPA 
concentrations and glucose levels. CONCLUSIONS: BPA exposure during the second trimester may have adverse effect on blood glucose levels among subfertile women. As the findings represent the first report 
suggesting a potential etiologically relevant window for BPA and glucose in humans, further studies are needed.

J Clin Endocrinol Metab. 
2017 Apr 1;102(4):1350-
1357.

10.1210/jc.2017-00022 28323984 ヒト ⽣殖発⽣(妊娠糖尿病) - - - - - - コホート研究 1 1 - - - 1 1 1 - 1 - - - - - - - - - -

統合_2721 Choi YJ et al. 2017
Exposure to bisphenol A is directly 
associated with inflammation in 
healthy Korean adults

It was recently discovered that bisphenol A (BPA) and phthalates are cardiovascular disruptors. Inflammation is central to the initiation and progression of cardiovascular disease (CVD). This study evaluated whether BPA 
and different phthalate metabolites are associated with the inflammation marker high-sensitivity C-reactive protein (hs-CRP) in healthy Korean adults. This research is part of an ongoing, population-based study of 
Korean adults (30-64 years of age) conducted at the Cardiovascular and Metabolic Diseases Etiology Research Center (CMERC). The study enrolled 200 healthy volunteers (96 men, 104 women). Plasma hs-CRP was 
measured as an inflammation marker. BPA and five phthalate metabolites in urine were analyzed by using liquid chromatography/tandem mass spectrometry. BPA and monobenzyl phthalate (MBzP) differed significantly 
between the low-hs-CRP (<2 mg/L) and high-hs-CRP (≥2 mg/L) groups. BPA and MBzP were related to hs-CRP in an inverted L-shaped manner. High BPA levels (≥75th percentile) had significant odd ratios (ORs) for 
high hs-CRP even after adjusting for confounding factors related to obesity and insulin resistance, such as visceral fat volume, body mass index (BMI), adiponectin, high-density lipoprotein (HDL) cholesterol, hemoglobin 
A1c (HbA1c), and homeostasis model assessment of insulin resistance (HOMA-IR) (OR = 2.85; 95 % CI, 1.16-6.97). However, there was no significant association for MBzP ≥75th percentile. BPA was significantly related 
to high hs-CRP, even after adjusting for factors related to obesity and insulin resistance. Therefore, BPA could have a direct relationship with systemic inflammation regardless of obesity or insulin resistance.

Environmental Science 
and Pollution 
Research.2017;24(1):28
4-290

10.1007/s11356-016-7806-7 27714659 ヒト - - - - - - - 横断研究 1 1 - - - - - - - - - - - - - - - - - -

統合_2722 Dambkowski CL et al. 2018
Does Urinary Bisphenol-A Change 
after Bariatric Surgery?

BACKGROUND: One of the world's highest volume chemicals is bisphenol-A (BPA), an organic compound with a high solubility in fat. An emerging body of literature has suggested a link between BPA, obesity, and insulin 
resistance. The study aim was to determine if surgical weight loss is associated with changes in BPA levels. STUDY DESIGN: Demographic, preoperative, and 3-, 6-, and 12-month postoperative urine and laboratory data 
were prospectively collected on 22 bariatric surgery patients at a single academic institution. Laboratory values included hemoglobin A1C, fasting insulin, and fasting glucose. Demographic, preoperative and postoperative 
data, and urinary BPA levels were compared using Student's t-tests and simple regression analyses using GraphPad Prisim6 software. RESULTS: Patients were predominantly privately insured (86%), female (83%), and 
white (68%). Urinary BPA excretion was negatively correlated with weight at 6 months (r = -0.47, p = 0.029) and 12 months (r = -0.65, p = 0.006). The average weight before surgery was 274 pounds. Average preoperative 
BPA excretion was 2.4 ng/mL (SD = 1.0 ng/mL) in patients lighter than average weight and 1.3 ng/mL (SD = 0.7 ng/mL) in patients heavier than average weight (p = 0.006). Average BPA excretion at 12 months was 2.5 
ng/mL (SD = 2.2 ng/mL) among lighter patients and 0.58 ng/mL (SD = 0.4 ng/mL) among heavier patients (p = 0.05). Follow-up included 18 patients at 3 months, 22 patients at 6 months, and 16 patients at 12 months. 
Higher urinary excretion of BPA preoperatively correlated with lower 6-month patient weight (r = -0.557, p = 0.025). Higher preoperative fasting insulin correlated significantly with reduced BPA excretion at 6 months 
postoperatively (r = -0.5366, p = 0.032). CONCLUSIONS: Excretion of BPA increases as bariatric surgery patients lose weight. Heavier patients with insulin resistance may store more BPA in adipose tissue and therefore 
excrete less BPA.

J Am Coll Surg. 2018 
Aug;227(2):232-237.

10.1016/j.jamcollsurg.2018.04.033 29753982 ヒト 代謝 - - - - - - コホート研究 1 1 - - - 1 1 1 - - - - - - - - - - - -

統合_2723 Ding GD et al. 2017
Prenatal low-level phenol exposures 
and birth outcomes in China

Phenolic compounds are among the endocrine disruptors which are widely used in daily life products. Studies in laboratory animals showed reproductive and developmental effects. In spite of widespread exposure to 
phenols, only few studies examined their effects on human development. This study was designed to investigate the relationship between antenatal phenol exposure and birth outcomes in a Chinese obstetric population. 
Four hundred ninety-six mother-infant pairs recruited from the Laizhou Wan prospective birth cohort in northern China between 2010 and 2013 were included in the study. We measured two phenol metabolites in maternal 
urine at delivery and examined their associations with birth outcomes including birth weight, crown-heel length, head circumference, gestational age, and ponderal index. Median levels of bisphenol A (BPA) and triclosan 
(TCS) in urine were 1.07 and 0.50μg/g creatinine, respectively. After adjusting for confounders, a 10-fold increase in BPA levels was associated with a 0.63cm [95% confidence interval (CI): 0.25 to 1.01] increase in birth 
length among boys, but not among girls. No associations were found between TCS levels and any birth outcomes. The positive association of prenatal low-level BPA exposures with anthropometric measures observed 
among boys, suggests gender differences in the response to antenatal phenol exposure. Given the variability in urinary phenol levels reported during pregnancy, our findings based on levels of the target biomarkers in a 
single urine sample need to be confirmed in additional studies.

Sci Total Environ. 2017 
Dec 31:607-608:1400-
1407.

10.1016/j.scitotenv.2017.07.084 28738530 ヒト ⽣殖発⽣ - - - - - - 横断研究 1 1 - - - 1 1 1 - - - ● - - - - - - - -

統合_2724 Dodge LE et al. 2015

Paternal Urinary Concentrations of 
Parabens and Other Phenols in 
Relation to Reproductive Outcomes 
among Couples from a Fertility Clinic

BACKGROUND: Human exposure to phenols, including bisphenol A and parabens, is widespread. Evidence suggests that paternal exposure to environmental chemicals may adversely affect reproductive outcomes. 
OBJECTIVES: We evaluated associations of paternal phenol urinary concentrations with fertilization rate, embryo quality, implantation, and live birth. METHODS: Male-female couples who underwent in vitro fertilization 
(IVF) and/or intrauterine insemination (IUI) cycles in a prospective study of environmental determinants of fertility and pregnancy outcomes were included. The geometric mean of males' specific gravity-adjusted urinary 
phenol concentrations measured before females' cycle was quantified. Associations between male urinary phenol concentrations and fertilization rate, embryo quality, implantation, and live birth were investigated using 
generalized linear mixed models to account for multiple cycles per couple. RESULTS: Couples (n = 218) underwent 195 IUI and 211 IVF cycles. Paternal phenol concentrations were not associated with fertilization or live 
birth following IVF. In adjusted models, compared with the lowest quartile of methyl paraben, paternal concentrations in the second quartile were associated with decreased odds of live birth following IUI (adjusted odds 
ratio = 0.19; 95% CI: 0.04, 0.82). CONCLUSIONS: To our knowledge, these are some of the first data on the association of paternal urinary phenol concentrations with reproduction and pregnancy outcomes. Although 
these results do not preclude possible adverse effects of paternal paraben exposures on such outcomes, given the modest sample size, further understanding could result from confirmation using a larger and more diverse 
population.

Environ Health 
Perspect. 2015 
Jul;123(7):665-71.

10.1289/ehp.1408605 25767892 ヒト ⽣殖発⽣ - - - - - - コホート研究 1 1 - - - 1 1 1 - 1 - ● - - - - - - - -

統合_2725 Evans SF et al. 2014
Prenatal bisphenol A exposure and 
maternally reported behavior in boys 
and girls

Prenatal exposure to gonadal hormones plays a major role in the normal development of the male and female brain and sexually dimorphic behaviors. Hormone-dependent differences in brain structure and function suggest 
that exposure to exogenous endocrine disrupting chemicals may be associated with sex-specific alterations in behavior. Bisphenol A (BPA) is an environmental chemical that has been shown to alter estrogen, androgen, 
and thyroid hormone signaling pathways. Epidemiological and experimental studies suggest associations between prenatal exposure to BPA and child behavior, however data are inconsistent, and few studies have 
examined school age children. We examined BPA concentration in spot urine samples from women at mean 27 weeks of pregnancy in relation to child behavior assessed at age 6-10 years using the parent-completed Child 
Behavior Checklist (CBCL). We report associations between maternal BPA urinary concentrations and several CBCL scores in 153 children (77 boys and 76 girls). We observed a significant interaction between maternal 
urinary BPA and sex for several behaviors (externalizing, aggression, Anxiety Disorder, Oppositional/Defiant Disorder and Conduct Disorder traits), but no significant associations between BPA and scores on any CBCL 
scales. However in analyses restricted to children of mothers with detectable prenatal urinary BPA (n=125), BPA was associated with moderately increased internalizing and externalizing behaviors, withdrawn/depressed 
behavior, somatic problems, and Oppositional/Defiant Disorder traits in boys. In addition we observed a significant interaction between BPA and sex for several behaviors (externalizing, withdrawn/depressed, rule-
breaking, Oppositional/Defiant Disorder traits, and Conduct Disorder traits). These results suggest that prenatal exposure to BPA may be related to increased behavior problems in school age boys, but not girls.

Sci Total Environ. 2017 
Dec 31:607-608:1400-
1407.

10.1016/j.neuro.2014.10.003 25307304 ヒト 発達神経 - - - - - - コホート研究 1 1 - - - 1 1 1 - - - ● - - - - - - - -

統合_2726 Ferguson KK et al. 2015

Phthalate metabolites and 
bisphenol-A in association with 
circulating angiogenic biomarkers 
across pregnancy

INTRODUCTION: Phthalates and bisphenol-a (BPA) are endocrine disrupting compounds with widespread exposure that have been linked to adverse birth outcomes and developmental effects. We hypothesized that these 
associations may be mediated in part through altered placental development and function consequent to exposure. To investigate this question, we examined associations between plasma biomarkers of angiogenesis and 
urinary biomarkers of exposure to phthalates and bisphenol-a (BPA) measured at repeated time points across pregnancy. METHODS: We utilized a nested case-control population of 130 mothers who delivered preterm 
and 352 who delivered term from a prospective birth cohort. Placental growth factor (PlGF) and soluble fms-like tyrosine kinase-1 (sFlt-1) were measured in plasma samples collected from up to four visits during 
pregnancy (median 10, 18, 26, and 35 weeks). Phthalate metabolites and BPA were measured in urine samples collected at the same visits as indices of exposure. RESULTS: In linear mixed effects models adjusted for 
urine dilution and gestational age at sample collection, oxidized di-2-ethylhexyl phthalate (DEHP) metabolites were associated with decreases in PlGF as well as increases in the sFlt-1 to PlGF ratio. These results were 
slightly attenuated in fully adjusted models. Other phthalate metabolites did not show consistent relationships with either sFlt-1 or PlGF. BPA, however, was associated with increased sFlt-1 as well as the sFlt-1 to 
PlGF ratio in both crude and adjusted models. DISCUSSION: We observed associations between urinary DEHP metabolites and BPA and biomarkers of angiogenesis during pregnancy that may be indicative of disrupted 
placental development and/or function during gestation.

Placenta. 2015 
Jun;36(6):699-703.

10.1016/j.placenta.2015.04.002 25913709 ヒト その他 - - - - - - コホート研究 1 1 - - - 1 1 1 - - - - - - - - - - - -

統合_2727 Ferguson KK et al. 2014
Prenatal and peripubertal phthalates 
and bisphenol A in relation to sex 
hormones and puberty in boys

Phthalates and BPA are known endocrine disruptors and exposure in pregnant mothers and children is ubiquitous. We explored the relationship of prenatal and childhood exposures with pubertal onset and sex hormones in 
boys (ages 8-14). Phthalate metabolites and BPA were measured in maternal 3rd trimester or childhood urine. Sex hormones DHEAS, estradiol, inhibin B, SHBG, and total testosterone were measured in serum. Adrenarche 
and puberty were assessed by pediatrician. Prenatal exposure to some phthalates was associated with decreased DHEAS and inhibin B levels, and with increased SHBG. Prenatal exposure to most phthalates and BPA 
was associated with greatly reduced odds of adrenarche (odds ratios [OR]=0.12-0.65) and slightly reduced odds of puberty (OR=0.50-0.98). Childhood exposure was not associated with adrenarche or puberty, but some 
phthalates and BPA were associated with increased SHBG levels and decreased total and free testosterone levels.

Reprod Toxicol. 2014 
Aug:47:70-6.

10.1016/j.reprotox.2014.06.002 24945889 ヒト ⽣殖発⽣ - - - - - - コホート研究 1 1 - - - 1 1 1 - 1 - ● - - - - - - - -

統合_2728 Fisher BG et al. 2018

Serum Phthalate and Triclosan 
Levels Have Opposing Associations 
With Risk Factors for Gestational 
Diabetes Mellitus

Certain phthalates and bisphenol A (BPA) have been associated with insulin resistance and type 2 diabetes in non-pregnant adults, but studies of gestational diabetes mellitus (GDM) have reported conflicting results for 
phthalates and no associations with BPA. Our aim was to investigate the relationship between maternal serum levels of phthalate metabolites and phenols at 10-17 weeks of gestation and glucose homeostasis at 28 
weeks of gestation. 232 women aged >/=16 years without type 1 or 2 diabetes with singleton male pregnancies were recruited from a single UK maternity centre between 2001 and 2009 as part of a prospective 
observational study (Cambridge Baby Growth Study). Serum levels of 16 phthalate metabolites and 9 phenols (including BPA) were measured using liquid chromatography/tandem mass spectrometry. Oral glucose 
tolerance tests were performed at 28 weeks. 47/232 (20.3%) women had GDM. First-trimester triclosan (TCS) was inversely associated with incident GDM (adjusted odds ratio per log increase in concentration 0.54, 95% 
confidence interval 0.34-0.86, p = 0.010). Amongst women without GDM, first-trimester mono-(2-ethylhexyl) phthalate and mono(carboxyisooctyl) phthalate levels were positively associated with 120-min plasma glucose 
(adjusted beta 0.268 and 0.183, p = 0.0002 and 0.010, respectively) in mid-pregnancy. No other monotonic associations were detected between phthalate or phenol levels and fasting or stimulated plasma glucose, beta-
cell function, insulin resistance, or 60-min disposition index. Our results support a glycaemia-raising effect of phthalates during pregnancy, consistent with findings in non-pregnant populations and suggest a possible 
protective effect of exposure to TCS against GDM.

Front Endocrinol 
(Lausanne). 2018 Mar 
13:9:99.

10.3389/fendo.2018.00099 29593656 ヒト ⽣殖(妊娠糖尿病) - - - - - - コホート研究 1 1 - - - 1 1 1 - 1 - ● - - - - - - - -

統合_2729 Geens T et al. 2015

Daily intake of bisphenol A and 
triclosan and their association with 
anthropometric data, thyroid 
hormones and weight loss in 
overweight and obese individuals

Bisphenol A (BPA) and triclosan (TCS) were determined in urine of Belgian overweight and obese (n=151) and lean (n=43) individuals. After the first urine collection (0M), obese patients started a diet program or have 
undergone bariatric surgery. Hereafter, three additional urine samples from obese patients were collected after 3 (3M), 6 (6M) and 12 (12M) months. Both compounds were detected in >99% of the samples. BPA had 
median concentrations of 1.7 and 1.2ng/mL in obese and lean groups, respectively, while TCS had median concentrations of 1.5 and 0.9ng/mL in the obese and lean groups, respectively. The obese group had higher 
urinary concentrations (ng/mL) of BPA (p<0.5), while no significant differences were found for TCS between the obese and lean groups. No time trends between the different collection moments were observed. The BPA 
concentrations in the obese group were negatively associated with age, while no gender difference or relationship with body mass index was observed. For TCS, no relationships with gender, BMI, or age were found. The 
temporal variability of BPA and TCS was assessed with calculation of the intraclass correlation coefficient, Spearman rank correlation coefficients, and surrogate category analysis. We observed evidence that single spot 
urine samples might be predictive of exposure over a longer period of time. Dietary intakes of BPA and TCS did not differ significantly among the time points considered after obese individuals started losing weight (6 and 
12months). Multiple linear regression analyses after adjusting for age and weight loss revealed negative associations between urinary TCS and serum FT4 in the 0M and 3M female obese individuals and positive 
associations between urinary BPA and serum TSH in the lean group.

Environ Int. 2015 
Mar:76:98-105.

10.1016/j.envint.2014.12.003 25575039 ヒト 代謝 - - - - - - 横断研究 1 1 - - - 1 1 1 - - - ● - - - - - - - -

統合_2730 Ghassabian A et al. 2018

Concentrations of perfluoroalkyl 
substances and bisphenol A in 
newborn dried blood spots and the 
association with child behavior

Experimental studies suggest that prenatal exposure to endocrine disrupting chemicals interferes with developmental processes in the fetal brain. Yet, epidemiological evidence is inconclusive. In a birth cohort (2008-
2010, upstate New York), we quantified concentrations of perfluorooctane sulfonic acid (PFOS), perfluorooctanoic acid (PFOA), and bisphenol A (BPA) in stored newborn dried blood spots using liquid 
chromatography/tandem mass spectrometry. Mothers reported on children's behavior using the Strengths and Difficulties Questionnaire at age 7 (650 singletons and 138 twins). Difficulties in total behavior (i.e., 
emotional, conduct, hyperactivity, and peer problems) and prosocial behavior were classified using validated cut-offs. We used logistic regression with generalized estimating equations to estimate the odds of having 
difficulties per exposure category. In total, 111 children (12.1%) had total behavioral difficulties and 60 (6.5%) had difficulties in prosocial behavior. The median (interquartile range) of PFOS, PFOA, and BPA were 
1.74 ng/ml (1.33), 1.12 ng/ml (0.96), and 7.93 ng/ml (10.79), respectively. Higher PFOS levels were associated with increased odds of having behavioral difficulties (OR per SD of log PFOS = 1.30, 95%CI: 1.03-1.65). We 
observed associations between PFOS in the highest relative to the lowest quartile and behavioral difficulties (OR for PFOS(1.14-1.74) = 1.65, 95%CI: 0.84-3.34; PFOS(1.75-2.47) = 1.73, 95%CI: 0.87-3.43; and 
PFOS(>2.47) = 2.47, 95%CI: 1.29-4.72 compared to PFOS(<1.41)). The associations between higher concentrations of PFOS and behavioral difficulties at age 7 years were driven by problems in conduct and emotional 
symptoms. Higher PFOA levels were associated with difficulties in prosocial behavior (OR = 1.35, 95%CI: 1.03-1.75). There was an inverse association between BPA concentrations and difficulties in prosocial behavior 
but only in the 2nd and 4th quartiles. We found no interactions between sex and chemical concentrations. Increasing prenatal exposure to PFOS and PFOA, as reflected in neonatal concentrations, may pose risk for child 
behavioral difficulties.

Environ Pollut. 2018 
Dec;243(Pt B):1629-
1636.

10.1016/j.envpol.2018.09.107 30296759 ヒト 発達神経 - - - - - - コホート研究 1 1 - - - 1 1 1 - - - ● - - - - - - - -

統合_2731 Giesbrecht GF et al. 2017

Prenatal bisphenol a exposure and 
dysregulation of infant 
hypothalamic-pituitary-adrenal axis 
function: findings from the APrON 
cohort study

BACKGROUND: Animal models show that prenatal bisphenol A (BPA) exposure leads to sexually dimorphic disruption of the neuroendocrine system in offspring, including the hypothalamic-pituitary-adrenal (HPA) 
neuroendocrine system, but human data are lacking. In humans, prenatal BPA exposure is associated with sex-specific behavioural problems in children, and HPA axis dysregulation may be a biological mechanism. The 
objective of the current study was to examine sex differences in associations between prenatal maternal urinary BPA concentration and HPA axis function in 3 month old infants. METHODS: Mother-infant pairs (n = 132) 
were part of the Alberta Pregnancy Outcomes and Nutrition study, a longitudinal birth cohort recruited (2010-2012) during pregnancy. Maternal spot urine samples collected during the 2nd trimester were analyzed for total 
BPA and creatinine. Infant saliva samples collected prior to and after a blood draw were analyzed for cortisol. Linear growth curve models were used to characterize changes in infant cortisol as a function of prenatal BPA 
exposure. RESULTS: Higher maternal BPA was associated with increases in baseline cortisol among females (beta = 0.13 log mug/dL; 95% CI: 0.01, 0.26), but decreases among males (beta = -0.22 log mug/dL; 95% CI: -
0.39, -0.05). In contrast, higher BPA was associated with increased reactivity in males (beta = .30 log mug/dL; 95% CI: 0.04, 0.56) but decreased reactivity in females (beta = -0.15 log mug/dL; 95% CI: -0.35, 0.05). 
Models adjusting for creatinine yielded similar results. CONCLUSIONS: Prenatal BPA exposure is associated with sex-specific changes in infant HPA axis function. The biological plausibility of these findings is supported 
by their consistency with evidence in rodent models. Furthermore, these data support the hypotheses that sexually dimorphic changes in children's behaviour following prenatal BPA exposure are mediated by sexually 
dimorphic changes in HPA axis function.

Environ Health. 2017 
May 19;16(1):47.

10.1186/s12940-017-0259-8 28526030 ヒト ⽣殖発⽣ - - - - - - コホート研究 1 1 - - - 1 1 1 - 1 - ● - - - - - - - -

統合_2732 Giesbrecht GF et al. 2016

Urinary bisphenol A is associated 
with dysregulation of HPA-axis 
function in pregnant women: 
Findings from the APrON cohort 
study

BACKGROUND: Bisphenol A (BPA) is associated with dysregulation of hypothalamic-pituitary-adrenal (HPA) axis activity in rodents, but evidence in humans is lacking. OBJECTIVE: To determine whether BPA exposure 
during pregnancy is associated with dysregulation of the HPA-axis, we examined the association between urinary BPA concentrations and diurnal salivary cortisol in pregnant women. Secondary analyses investigated 
whether the association between BPA and cortisol was dependent on fetal sex. METHODS: Diurnal salivary cortisol and urinary BPA were collected during pregnancy from 174 women in a longitudinal cohort study, the 
Alberta Pregnancy Outcomes and Nutrition (APrON) study. Associations between BPA and daytime cortisol and the cortisol awakening response (CAR) were estimated using mixed models after adjusting for covariates. 
RESULTS: Higher concentrations of total BPA uncorrected for urinary creatinine were associated with dysregulation of the daytime cortisol pattern, including reduced cortisol at waking, β=-.055, 95% CI (-.100, -.010) 
and a flatter daytime pattern, β=.014, 95% CI (.006, .022) and β=-.0007 95% CI (-.001, -.0002) for the linear and quadratic slopes, respectively. Effect sizes in creatinine corrected BPA models were slightly smaller. None 
of the interactions between fetal sex and BPA were significant (all 95% CI's include zero). CONCLUSIONS: These findings provide the first human evidence suggesting that BPA exposure is associated with dysregulation 
of HPA-axis function during pregnancy.

Environ Res. 2016 
Nov:151:689-697.

10.1016/j.envres.2016.09.007 27640068 ヒト 腎 - - - - - - 横断研究 1 1 - - - 1 1 1 - - - - - - - - - - - -
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統合_2733 Goldstone AE et al. 2015
Urinary bisphenol A and semen 
quality, the LIFE Study

Bisphenol A (BPA), a high-production volume industrial chemical found in several consumer products, has been negatively associated with sperm quality. This study aimed to estimate the association between BPA and 35 
measures of semen quality among reproductive aged men recruited from 16 counties in Michigan and Texas, 2005-2009. Of 501 enrolled males, 418 (83.4%) provided a urine sample and at least one semen sample. Linear 
and logistic regression models assessed the association between urinary BPA levels and individual semen quality endpoints. Generalized estimating equations were used to account for repeated measures of semen 
quality and adjusted models accounted for 11 a priori covariates. Geometric mean total urinary BPA concentration among participants was 0.55ng/mL (95% CI 0.49-0.63). A negative relation between BPA and DNA 
fragmentation was the sole significant finding in adjusted linear regression (beta=-0.0544, p=0.035) and suggestive of less sperm DNA damage.

Reproductive 
Toxicology.2015;51:4365
9

10.1016/j.reprotox.2014.11.003 25462789 ヒト - - - - - - - 横断研究 1 1 - - - - - - - - - ● - - - - - - - -

統合_2734 Gonzalez-Casanova I et al. 2018
Prenatal exposure to environmental 
pollutants and child development 
trajectories through 7 years

BACKGROUND: Prenatal exposure to environmental pollutants such as mold, lead, pesticides, tobacco, and air pollutants has been suggested to impair cognitive development. Evidence is needed from longitudinal studies 
to understand their joint impact on child development across time. OBJECTIVE: To study associations between exposure to indoor environmental pollutants or outdoor air pollution during pregnancy and offspring cognitive 
development trajectories through 7 years. METHODS: We included 718 Mexican mother-child pairs. Prenatal exposure to indoor environmental pollutants (mold, ventilation, pesticides, tobacco smoke, and use of vidiartred 
clay pots) was self-reported by the mothers and integrated into an index, or objectively measured in the case of outdoor air pollutants (nitrogen oxides, benzene, toluene, and xylene). Child global cognitive development 
was measured at 12, 18, 60, or 84 months. Using Latent Class Growth Analysis, we identified three developmental trajectories (positive = 108, average = 362, low = 248). We used multinomial logistic models to test 
associations between environmental pollutant score (EPS) or outdoor air pollutants, and cognitive development trajectories. RESULTS: After adjustment for sociodemographic covariates, EPS was associated with the 
average (OR = 1.26 95%CI = 1.01, 1.55) and low (OR = 1.41 95%CI = 1.11, 1.79) trajectories compared to positive; where a unit increase in EPS means an additional prenatal exposure to a pollutant. There was no 
association between outdoor air pollutants and cognitive development trajectories. CONCLUSION: Children of women who reported higher exposure to indoor environmental pollutants during pregnancy were more likely to 
follow worse developmental trajectories through 7 years. These results support the development and testing of interventions to reduce exposure to environmental pollutants during pregnancy and early childhood as a 
potential strategy to improve long-term cognitive development.

Int J Hyg Environ 
Health. 2018 
May;221(4):616-622.

10.1016/j.ijheh.2018.04.004 29699913 ヒト 発達神経 - - - - - - コホート研究 1 1 - - - 1 1 1 - - - - - - - - - - - -

統合_2735 Goodrich JM et al. 2016
Adolescent epigenetic profiles and 
environmental exposures from early 
life through peri-adolescence

Epigenetic perturbations induced by environmental exposures at susceptible lifestages contribute to disease development. Even so, the influence of early life and ongoing exposures on the adolescent epigenome is rarely 
examined. We examined the association of exposure biomarkers for lead (Pb), bisphenol A (BPA), and nine phthalates metabolites with blood leukocyte DNA methylation at LINE-1 repetitive elements and environmentally 
responsive genes ( IGF2 , H19 , and HSD11B2 ) in peri-adolescents. Participants ( n = 247) from the Early Life Exposures in Mexico to Environmental Toxicants (ELEMENT) birth cohorts were followed-up once between 
the ages of 8 and 14 years, and concurrent exposures were measured in biospecimen collected at that time (blood Pb, urinary BPA, and phthalate metabolites). Prenatal and childhood exposures to Pb were previously 
approximated using maternal and child samples. BPA and phthalate metabolites were measured in third trimester maternal urine samples. Significant associations ( P < 0.05) were observed between DNA methylation and 
exposure biomarkers that were gene and biomarker specific. For example, Pb was only associated with LINE-1 hypomethylation during pregnancy ( P = 0.04), while early childhood Pb was instead associated with H19 
hypermethylation ( P = 0.04). Concurrent urinary mono (2-ethylhexyl) phthalate (MEHP) was associated with HSD11B2 hypermethylation ( P = 0.005). Sex-specific associations, particularly among males, were also 
observed. In addition to single exposure models, principal component analysis was employed to examine exposure mixtures. This method largely corroborated the findings of the single exposure models. This study along 
with others in the field suggests that environment-epigenetic relationships vary by chemical, exposure timing, and sex.

Environ Epigenet. 2016 
Aug 14;2(3):dvw018.

10.1093/eep/dvw018 29492298 ヒト ⽣殖発⽣ - - - - - - コホート研究 1 1 - - - 1 1 1 - 1 - - - - - - - - - -

統合_2736 Hao M et al. 2018
Urinary bisphenol A concentration 
and the risk of central obesity in 
Chinese adults: A prospective study

BACKGROUND: Bisphenol A (BPA) exposure has been associated with diabetes and related metabolic disorders, such as obesity, but studies of the association of urinary BPA concentrations with central obesity risk are 
limited. The aim of this study was to prospectively investigate the association between urinary BPA and incident central obesity in a Chinese population aged >/=40 years. METHODS: The study followed 888 participants 
from Shanghai, China, who did not have central obesity at baseline (in 2009) for 4 years. Concentrations of BPA were measured in baseline morning spot urine samples. Central obesity was defined as waist circumference 
>/=90 cm in men and >/=80 cm in women. RESULTS: During a mean follow-up of 4 years, 124 (14.0%) participants developed central obesity. Each 1-unit increase in log [BPA] was positively associated with a 2.30-fold 
risk of incident central obesity (95% confidence interval [CI] 1.39-3.78; P < 0.001) after adjustment for confounders. Compared with the lowest tertile of urinary BPA concentration, Tertiles 2 and 3 were associated with a 
higher risk of incident central obesity (odds ratios 1.73 [95% CI 1.04-2.88] and 1.81 [95% CI 1.08-3.05], respectively). Stratified analysis showed significant associations of BPA with incident central obesity in women and 
individuals <60 years of age, with normal weight, non-smokers, non-drinkers, or non-hypertensives. CONCLUSIONS: The results indicate that higher urinary BPA concentrations may be associated with a greater risk of 
incident central obesity in Chinese adults. The study emphasizes the effects of BPA exposure on metabolic risk from a public health perspective.

J Diabetes. 2018 
Jun;10(6):442-448.

10.1111/1753-0407.12531 28097815 ヒト 代謝 - - - - - - コホート研究 1 1 - - - 1 1 1 - - - ● - - - - - - - -

統合_2737 Hart RJ et al. 2018
The impact of antenatal Bisphenol A 
exposure on male reproductive 
function at 20-22 years of age

Bisphenol A (BPA) is a ubiquitous chemical suspected to possess oestrogenic hormonal activities. Male population studies suggest a negative impact on testicular function. As Sertoli cell proliferation occurs during fetal 
or early postnatal life, it is speculated that oestrogenic environmental exposures may influence mature testicular function. Among 705 Western Australian Pregnancy Cohort (Raine) Study men aged 20-22 years, 404 
underwent testicular ultrasound examination (149 had maternal serum available), and/or 365 provided semen (136 had maternal serum) and/or 609 serum samples for sex steroids, gonadotrophins and inhibin B analysis 
(244 had maternal serum). Maternal serum collected at 18 and 34 weeks' gestation was pooled and assayed for concentrations of total BPA (free plus conjugated) as an estimate of antenatal exposure. Testicular volume 
was calculated by ultrasonography, and semen analysis performed. Serum LH, FSH and inhibin B were measured by immunoassay; testosterone, oestradiol, oestrone andBPA were measured by liquid chromatography-
mass spectrometry. BPA levels were detectable in most (89%) maternal serum samples. After adjustment for maternal smoking, abstinence and varicocele, sperm concentration and motility were significantly correlated to 
maternal serum BPA (r = 0.18; P = 0.04 for both). No other associations of maternal serum BPA with testicular function were observed.

Reprod Biomed Online. 
2018 Mar;36(3):340-
347.

10.1016/j.rbmo.2017.11.009 29291929 ヒト 精巣 - - - - - - コホート研究 1 1 - - - 1 1 1 - - - - - - - - - - - -

統合_2738 Hoepner LA et al. 2016
Bisphenol A and Adiposity in an 
Inner-City Birth Cohort

BACKGROUND: Early-life exposure to the endocrine disruptor bisphenol A (BPA) may contribute to the development of obesity. Prospective evidence in humans on this topic is limited. OBJECTIVES: We examined prenatal 
and early-childhood BPA exposures in relation to childhood measures of adiposity in the Columbia Center for Children's Environmental Health (CCCEH) New York City birth cohort. METHODS: BPA concentrations were 
measured in prenatal (n = 375) and child ages 3 (n = 408) and 5 years (n = 518) spot urine samples. Childhood anthropometric and bioelectrical impedance outcomes included body mass index z-scores (BMIZ) at 5 and 7 
years, and fat mass index (FMI), percent body fat (%BF), and waist circumference (WC) at 7 years. Associations were evaluated using multiple linear regression with continuous and tertile BPA concentrations. RESULTS: 
Prenatal urinary BPA concentrations were positively associated with child age 7 FMI (beta = 0.31 kg/m2; 95% CI: 0.01, 0.60, p = 0.04), %BF (beta = 0.79; 95% CI: 0.03, 1.55, p = 0.04), and WC (beta = 1.29 cm; 95% CI: 
0.29, 2.30, p = 0.01), but not BMIZ, or change in BMIZ between ages 5 and 7 years (all p-values > 0.1). FMI results were sex-specific. Child urinary BPA concentrations were not associated with child anthropometric 
outcomes (all p-values > 0.05). CONCLUSIONS: Analyses of the CCCEH longitudinal birth cohort found associations between prenatal urinary BPA concentrations and FMI, %BF, and WC. Our results suggest that 
prenatal BPA exposure may contribute to developmental origins of adiposity. These findings are consistent with several prior studies, raising concern about the pervasiveness of BPA. CITATION: Hoepner LA, Whyatt RM, 
Widen EM, Hassoun A, Oberfield SE, Mueller NT, Diaz D, Calafat AM, Perera FP, Rundle AG. 2016. Bisphenol A and adiposity in an inner-city birth cohort. Environ Health Perspect 124:1644-1650; 
http://dx.doi.org/10.1289/EHP205.

Environ Health 
Perspect. 2016 
Oct;124(10):1644-1650.

10.1289/EHP205 27187982 ヒト 代謝 - - - - - - コホート研究 1 1 - - - 1 1 1 - - - ● - - - - - - - -

統合_2739 Hu J et al. 2019

Serum Bisphenol A is an 
independent risk factor of 
hyperuricemia: A 6-year prospective 
study

OBJECTIVE: This study aims to evaluate whether serum Bisphenol A (BPA) is a risk factor for hyperuricemia. METHODS: In this prospective study, a total of 482 participants without hyperuricemia were enrolled at 
baseline and followed up for 6 years. Clinical characteristics were recorded, and serum levels of uric acid and BPA were measured. Participants were stratified into tertiles according to low, median, and high baseline 
serum BPA levels. Regression models were used to analyze associations of serum BPA with the change in uric acid and the risk of developing hyperuricemia. RESULTS: At baseline, serum concentrations of BPA was 0.51 
(0.24-2.37) ng/mL. After 6 years of follow-up, the change in serum uric acid concentration from baseline to the 6-year mark was significantly higher in subjects with higher baseline BPA concentration (0.03 +/- 0.19, 0.07 
+/- 0.21, and 0.11 +/- 0.25mg/dL for low, median, and high tertiles, respectively, P = 0.006). When adjusted for potential confounders, such as age, renal function, and history of diabetes and hypertension, multivariable 
logistic analyses showed that subjects in the median or high baseline BPA tertiles exhibited a twofold higher risk of 6-year hyperuricemia incidence compared to subjects in the low baseline BPA tertile [odds ratio (OR) = 
2.28 (95% CI: 1.05-4.95) for the median tertile; 2.42 (1.07-5.48) for the high tertile, P(for Trend) = 0.043]. CONCLUSION: In conclusion, serum BPA is an independent risk factor for hyperuricemia.

Semin Arthritis Rheum. 
2019 Feb;48(4):644-
648.

10.1016/j.semarthrit.2018.03.009 29650240 ヒト ⾼尿酸⾎症 - - - - - - コホート研究 1 1 - - - 1 1 1 - - - ● - - ● - - - - -

統合_2740 Hu JB et al. 2015
Serum bisphenol A and progression 
of type 2 diabetic nephropathy: a 6-
year prospective study

AIMS: Bisphenol A (BPA) is associated with diabetes and cardiovascular diseases. The aim of our study was to evaluate whether serum BPA could predict the progression of chronic kidney disease (CKD) in patients with 
type 2 diabetes (T2D). METHODS: In this prospective study, a total of 121 patients with T2D and estimated glomerular filtration rate (eGFR) ≥ 60 mL/min/1.73 m(2) were followed up for 6 years. The baseline values of 
serum BPA were measured. Renal function was measured as eGFR calculated by the Chronic Kidney Disease Epidemiology Collaboration creatinine-cystatin C equation. Development of CKD was defined as eGFR < 60 
mL/min/1.73 m(2) at the last follow-up. Regression models were used to analyze the associations of serum BPA with the change in eGFR and the risk of CKD development. RESULTS: Baseline serum BPA concentration 
was 0.40 (0.17, 1.40) ng/mL. Duration of T2D, baseline waist circumference, systolic blood pressure, diastolic blood pressure, fasting plasma glucose, and serum BPA level were significantly negatively associated with 
the annual change and percentage change in eGFR. After adjusting for clinical factors, baseline serum BPA level had a significant negative association with the annual change in eGFR (β = -0.371, P < 0.001) and 
percentage change in eGFR (β = -0.391, P = <0.001). Multivariate logistic regression analysis showed that patients with high levels of serum BPA exhibited about a sevenfold increased risk of developing CKD compared 
to patients with low levels of serum BPA [odds ratio (OR) 6.65 (95 % CI 1.47, 30.04), P = 0.014]. CONCLUSION: Serum BPA may be a predictor of CKD in patients with T2D.

Acta Diabetol. 2015 
Dec;52(6):1135-41.

10.1007/s00592-015-0801-5 26321107 ヒト 代謝 - - - - - - コホート研究 1 1 - - - 1 1 1 - - - ● - - - - - - - -

統合_2741 Huang YF et al. 2017

Concurrent exposures to 
nonylphenol, bisphenol A, 
phthalates, and organophosphate 
pesticides on birth outcomes: A 
cohort study in Taipei, Taiwan

Prenatal exposure to phenols, phthalates (PAEs), and organophosphate (OP) pesticides may increase the risk of abnormal birth outcomes. However, many previous studies have examined exposure to a limited number of 
chemical classes or exposure profiles limited to a specific stage of pregnancy. This study aims to characterize the concurrent exposure scenario throughout pregnancy by simultaneously monitoring internal doses of 
several endocrine-disrupting compounds (EDCs), including 2 phenols (nonylphenol (NP) and bisphenol A (BPA)), 9 PAEs, and 6 OP pesticide metabolites and to assess the relationships between concurrent exposure to 
EDCs and infant birth weight, length, and head and chest circumference. One hundred and sixty two women provided three spot urine samples at approximately 11 and 26weeks gestation and at delivery. We applied 
multivariable linear regression and ridge regression models to estimate the effects of separate and correlated exposures. Multivariable linear regression models revealed that women with short birth-length infants had 
significantly higher urinary second-trimester NP levels (50th percentile, 5.03μg/g creatinine) (β=-0.47cm; 95% CI=-0.93 to -0.01). Similarly significant relationships were observed between second-trimester mono-
methyl phthalate (MMP) exposure and short birth length, second-trimester ΣPAEs and short birth length, second-trimester ΣPAEs exposure and reduced head and chest circumference, second-trimester 
diethylphosphate (DEP) exposure and reduced birth weight and length, and second-trimester ΣDEPs exposure and short birth length. Women with urinary BPA above the 75th percentile or ΣPAEs levels above the 50th 
percentile in the third trimester had infants with significantly reduced head circumference. These observations suggest that the second trimester may be the critical stage of susceptibility for fetal development. In ridge 
regression models, for which women with fewer measures for exposure to NP, BPA, MMP, ΣPAEs, DEP and ΣDEPs simultaneously were available, no relationships were found with infant size at birth. Additional studies 
with larger sample sizes are warranted.

Sci Total Environ. 2017 
Dec 31:607-608:1126-
1135.

10.1016/j.scitotenv.2017.07.092 28724251 ヒト ⽣殖発⽣ - - - - - - コホート研究 1 1 - - - 1 1 1 - 1 - ● - - - - - - - -

統合_2742 Huang YF et al. 2017

Prenatal Nonylphenol and Bisphenol 
A Exposures and Inflammation Are 
Determinants of Oxidative/Nitrative 
Stress: A Taiwanese Cohort Study

Prenatal exposure to nonylphenol (NP) and/or bisphenol A (BPA) has been reported to be associated with adverse birth outcomes; however, the underlying mechanisms remain unclear. The primary mechanism is endocrine 
disruption of the binding affinity for the estrogen receptor, but oxidative stress and inflammation might also play a contributory role. We aimed to investigate urinary NP and BPA levels in relation to biomarkers of 
oxidative/nitrative stress and inflammation and to explore whether changes in oxidative/nitrative stress are a function of prenatal exposure to NP/BPA and inflammation in 241 mother-fetus pairs. Third-trimester urinary 
biomarkers of oxidative/nitrative stress were simultaneously measured, including products of oxidatively and nitratively damaged DNA (8-hydroxy-2'-deoxyguanosine (8-OHdG) and 8-nitroguanine (8-NO(2)Gua)) as well as 
products of lipid peroxidation (8-iso-prostaglandin F(2α) (8-isoPF(2α)) and 4-hydroxy-2-nonenal-mercapturic acid (HNE-MA)). The antioxidant glutathione peroxidase (GPx) and inflammation biomarkers, including C-
reactive protein (CRP) and a panel of cytokines (interleukin-6 (IL-6) and tumor necrosis factor-α (TNF-α)), were analyzed in maternal and umbilical cord plasma samples. In adjusted models, we observed significant 
positive associations between NP exposure and 8-OHdG and 8-NO(2)Gua levels, between BPA and 8-isoPF(2α) levels, and between maternal CRP levels and HNE-MA levels. Additionally, BPA and TNF-α levels in cord 
blood were inversely associated with maternal and GPx levels in cord blood as well as maternal TNF-α levels were inversely associated with maternal GPx levels. These results support a role for exposure to NP and BPA 
and possibly inflammation in increasing oxidative/nitrative stress and decreasing antioxidant activity during pregnancy.

Environ Sci Technol. 
2017 Jun 6;51(11):6422-
6429.

10.1021/acs.est.7b00801 28490175 ヒト その他(炎症バイオマーカー) - - - - - - 横断研究 1 1 - - - 1 1 1 - - - ● - - - - - - - -

統合_2743 Johns LE et al. 2017

Urinary BPA and phthalate 
metabolite concentrations and 
plasma vitamin D levels in pregnant 
women: A repeated measures 
analysis

BACKGROUND: In addition to its well-established role in maintaining skeletal health, vitamin D has essential regulatory functions in female reproductive and pregnancy outcomes. Phthalates and bisphenol A (BPA) are 
endocrine disruptors, and previous research has suggested that these chemical agents may disrupt circulating levels of total 25(OH)D in adults. OBJECTIVES: We investigated the relationships between repeated 
measures of urinary phthalate metabolites and BPA and circulating total 25(OH)D in a prospective cohort of pregnant women. METHODS: The present study population includes participants (n=477) in a nested case-
control study of preterm birth drawn from a prospective birth cohort of pregnant women at Brigham and Women's Hospital in Boston, Massachusetts. Urine and blood samples were collected for biomarker measurements 
at median 10 wk and 26 wk of gestation. RESULTS: In repeated measures analysis, we observed that an interquartile range (IQR) increase in urinary mono-3-carboxypropyl phthalate (MCPP) was associated with a 4.48% 
decrease [95% confidence interval (CI): -7.37, -1.58] in total 25(OH)D. We also detected inverse associations for metabolites of di(2-ethylhexyl) phthalate (DEHP) [percent difference (%Delta)=-2.83 to -2.16]. For BPA, 
we observed a nonsignificant inverse association with total 25(OH)D in the overall population. Our sensitivity analysis revealed that the associations for some metabolites (e.g., MEHP) varied by race/ethnicity, which may 
reflect potential differences in susceptibility. In agreement with findings from repeated measures analysis, we reported that DEHP metabolites and BPA were significantly associated with an approximate 20% increase in 
the odds of vitamin D deficiency (</=20 ng/mL) [odds ratio (95% CI): 1.19 (1.06, 1.35) for molar sum of DEHP metabolites and 1.22 (1.01, 1.47) for BPA] at median 10 wk and 26 wk, respectively. CONCLUSIONS: Our 
results provide suggestive evidence of the potential for environmental exposure to phthalates and/or BPA to disrupt circulating vitamin D levels in pregnancy. https://doi.org/10.1289/EHP1178.

Environ Health 
Perspect. 2017 Aug 
31;125(8):087026.

10.1289/EHP1178 28934718 ヒト その他 - - - - - - コホート研究 1 1 - - - 1 1 1 - - - - - - - - - - - -

統合_2744 Jukic AM et al. 2016

Urinary Concentrations of Phthalate 
Metabolites and Bisphenol A and 
Associations with Follicular-Phase 
Length, Luteal-Phase Length, 
Fecundability, and Early Pregnancy 
Loss

BACKGROUND: Certain phthalates and bisphenol A (BPA) show reproductive effects in animal studies and potentially affect human ovulation, conception, and pregnancy loss. OBJECTIVES: We investigated these 
chemicals in relation to follicular- and luteal-phase lengths, time to pregnancy, and early pregnancy loss (within 6 weeks of the last menstrual period) among women attempting pregnancy. METHODS: Women 
discontinuing contraception provided daily first-morning urine specimens and recorded days with vaginal bleeding for up to 6 months. Specimens had previously been analyzed for estrogen and progesterone metabolites 
and human chorionic gonadotropin. A total of 221 participants contributed 706 menstrual cycles. We measured 11 phthalate metabolites and BPA in pooled urine from three specimens spaced throughout each menstrual 
cycle. We analyzed associations between chemical concentrations and outcomes using linear mixed models for follicular- and luteal-phase lengths, discrete-time fecundability models for time to pregnancy, and logistic 
regression for early pregnancy loss. RESULTS: Higher concentrations of monocarboxyoctyl phthalate (MCOP) were associated with shorter luteal phase [2nd tertile vs. 1st tertile: -0.5 days (95% CI: -0.9, -0.1), 3rd vs. 1st: 
-0.4 days (95% CI: -0.8, 0.01), p = 0.04]. BPA was also associated with shorter luteal phase [2nd vs. 1st: -0.8 days (95% CI: -1.2, -0.4), 3rd vs. 1st: -0.4 days (95% CI: -0.8, 0.02), p = 0.001]. CONCLUSIONS: BPA and 
MCOP (or its precursors) were associated with shorter luteal phase. Menstrual cycle-specific estimates of urinary BPA and phthalate metabolites were not associated with detrimental alterations in follicular-phase 
length, time to pregnancy, or early pregnancy loss, and in fact, DEHP [di(2-ethylhexyl) phthalate] metabolites MEOHP [mono(2-ethyl-5-oxohexyl) phthalate] and SigmaDEHP were associated with reduced early loss. These 
findings should be confirmed in future human studies.

Environ Health 
Perspect. 2016 
Mar;124(3):321-8.

10.1289/ehp.1408164 26161573 ヒト ⽣殖発⽣ - - - - - - コホート研究 1 1 - - - 1 1 1 - 1 - ● - - - - - - - -

統合_2745 Junge KM et al. 2018
MEST mediates the impact of 
prenatal bisphenol A exposure on 
long-term body weight development

BACKGROUND: Exposure to endocrine-disrupting chemicals can alter normal physiology and increase susceptibility to non-communicable diseases like obesity. Especially the prenatal and early postnatal period is highly 
vulnerable to adverse effects by environmental exposure, promoting developmental reprogramming by epigenetic alterations. To obtain a deeper insight into the role of prenatal bisphenol A (BPA) exposure in children's 
overweight development, we combine epidemiological data with experimental models and BPA-dependent DNA methylation changes. METHODS: BPA concentrations were measured in maternal urine samples of the LINA 
mother-child-study obtained during pregnancy (n = 552), and BPA-associated changes in cord blood DNA methylation were analyzed by Illumina Infinium HumanMethylation450 BeadChip arrays (n = 472). Methylation 
changes were verified by targeted MassARRAY analyses, assessed for their functional translation by qPCR and correlated with children's body mass index (BMI) z scores at the age of 1 and 6 years. Further, female 
BALB/c mice were exposed to BPA from 1 week before mating until delivery, and weight development of their pups was monitored (n >/= 8/group). Additionally, human adipose-derived mesenchymal stem cells were 
treated with BPA during the adipocyte differentiation period and assessed for exposure-related epigenetic, transcriptional and morphological changes (n = 4). RESULTS: In prenatally BPA-exposed children two CpG sites 
with deviating cord blood DNA-methylation profiles were identified, among them a hypo-methylated CpG in the promoter of the obesity-associated mesoderm-specific transcript (MEST). A mediator analysis suggested 
that prenatal BPA exposure was connected to cord blood MEST promoter methylation and MEST expression as well as BMI z scores in early infancy. This effect could be confirmed in mice in which prenatal BPA exposure 
altered Mest promoter methylation and transcription with a concomitant increase in the body weight of the juvenile offspring. An experimental model of in vitro differentiated human mesenchymal stem cells also revealed 
an epigenetically induced MEST expression and enhanced adipogenesis following BPA exposure. CONCLUSIONS: Our study provides evidence that MEST mediates the impact of prenatal BPA exposure on long-term body 
weight development in offspring by triggering adipocyte differentiation.

Clin Epigenetics. 2018 
Apr 20:10:58.

10.1186/s13148-018-0478-z 29721103 ヒト 代謝 - - - - - - コホート研究 1 1 - - - 1 1 1 - - - ● - - - - - - - -
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統合_2746 Kasper N et al. 2016

Association of Bisphenol A Exposure 
with Breastfeeding and Perceived 
Insufficient Milk Supply in Mexican 
Women

Introduction Estrogen inhibits lactation and bisphenol A (BPA) is a high production environmental estrogen. We hypothesize an inhibitory effect of BPA on lactation and aim to analyze the association between third 
trimester pregnancy urinary BPA and breastfeeding rates 1 month postpartum. Methods Odds ratios (OR) and 95 % confidence intervals (95 % CI) of breastfeeding and perceived insufficient milk supply (PIM) in relation to 
maternal peripartum urinary BPA concentrations were calculated in 216 mothers. Results 97.2 % of mothers in the lowest BPA tertile were breastfeeding at 1 month postpartum, compared to 89.9 % in highest (p = 0.01). 
Adjusted ORs (95 % CI) for not breastfeeding at 1 month were 1.9 (0.3, 10.7) and 4.3 (0.8, 21.6) for second and third BPA tertiles, respectively, compared to the lowest (p = 0.06, trend). 4.2 % reported PIM in the lowest 
BPA tertile, compared to 8.7 % in the highest (p = 0.03). Adjusted ORs (95 % CI) for PIM were 1.8 (0.4, 7.7) and 2.2 (0.5, 9.5), for the second and third BPA tertiles, respectively, compared to the lowest (p = 0.29, trend). 
Discussion These results suggest an association between maternal BPA exposure and decreased breastfeeding.

Matern Child Health J. 
2016 Aug;20(8):1713-9.

10.1007/s10995-016-1974-4 27150949 ヒト その他 - - - - - - コホート研究 1 1 - - - 1 1 1 - - - - - - - - - - - -

統合_2747 Kasper-Sonnenberg M et al. 2017
Pre-pubertal exposure with 
phthalates and bisphenol A and 
pubertal development

OBJECTIVE: Epidemiological studies indicate associations between childhood exposure with phthalates and bisphenol A (BPA) and the pubertal development. We examined associations between the pre-pubertal 
phthalate and BPA body burden and the longitudinally assessed sexual maturation of eight- to thirteen-year-old children. METHODS: We started with eight- to ten-year-old children in the baseline study and quantified 
phthalate metabolites and BPA in 472 urine samples (250 boys; 222 girls; mean age: 8.8 years). Associations between the pubertal development, assessed in three annual follow-up studies by Puberty Development scale 
questionnaires (PD scales), and the chemical exposure from the baseline visit were longitudinally analyzed with generalized estimation equations. RESULTS: The number of children with both chemical measures and PD 
scores (calculated from the PD scales) was 408. In the third follow-up, 49% of the girls and 18% of the boys had reached mid-puberty. For girls, we observed a delayed pubertal development with the di-hexyl-ethyl 
phthalate (DEHP) metabolites (beta: -0.16 to -0.23; p </= 0.05 or p </= 0.1), mono-n-butyl phthalate (beta: -0.15; 95% CI: -0.31; 0.01), mono-benzyl phthalate (beta: -0.11; 95% CI: -0,24; -0,01), and mono-ethyl phthalate 
(MEP) (beta: -0.15; 95% CI: -0.28; -0.01). In addition, significant non-linear associations of the DEHP metabolites and BPA with the PD scores were found, when their quadratic effects were included in the GEE models. In 
boys, no consistent relationships between the PD scores and the chemicals were detected except of an accelerated development with the summation operatorDEHP metabolites (beta: 0.16; 95% CI: -0.02; -0.34). 
CONCLUSION: We found indications that pre-pubertal exposures with phthalates and BPA were associated with pubertal timing in children, particularly in girls. For boys, associations were inconsistent, and not 
necessarily in line with the known anti-androgenicity of some phthalates during prenatal exposure.

PLoS One. 2017 Nov 
20;12(11):e0187922.

10.1371/journal.pone.0187922 29155850 ヒト ⽣殖発⽣ - - - - - - コホート研究 1 1 - - - 1 1 1 - 1 - ● - - - - - - - -

統合_2748 Khan A et al. 2017

Elevated Metabolites of 
Steroidogenesis and Amino Acid 
Metabolism in Preadolescent Female 
Children With High Urinary 
Bisphenol A Levels: A High-
Resolution Metabolomics Study

Health risks associated with bisphenol A (BPA) exposure are controversially highlighted by numerous studies. High-resolution metabolomics (HRM) can confirm these proposed associations and may provide a 
mechanistic insight into the connections between BPA exposure and metabolic perturbations. This study was aimed to identify the changes in metabolomics profile due to BPA exposure in urine and serum samples 
collected from female and male children (n = 18) aged 7-9. Urine was measured for BPA concentration, and the children were subsequently classified into high and low BPA groups. HRM, coupled with Liquid 
chromatography-mass spectrometry/MS, followed by multivariate statistical analysis using MetaboAnalyst 3.0, were performed on urine to discriminate metabolic profiles between high and low BPA children as well as 
males and females, followed by further validation of our findings in serum samples obtained from same population. Metabolic pathway analysis showed that biosynthesis of steroid hormones and 7 other pathways-amino 
acid and nucleotide biosynthesis, phenylalanine metabolism, tryptophan metabolism, tyrosine metabolism, lysine degradation, pyruvate metabolism, and arginine biosynthesis-were affected in high BPA children. Elevated 
levels of metabolites associated with these pathways in urine and serum were mainly observed in female children, while these changes were negligible in male children. Our results suggest that the steroidogenesis 
pathway and amino acid metabolism are the main targets of perturbation by BPA in preadolescent girls.

Toxicological 
Sciences.2017;160(2):3
71-385

10.1093/toxsci/kfx189 28973422 ヒト - - - - - - - 横断研究 1 1 - - - - - - - - - - - - - - - - - -

統合_2749 Kim JH et al. 2017
Increase of urinary malondialdehyde 
level by bisphenol A exposure: a 
longitudinal panel study

BACKGROUND: To verify oxidative stress as a possible mechanism that establishes a relationship between exposure to bisphenol A (BPA) and adverse health outcomes in the elderly Korean population, we evaluated the 
relation between visit-to-visit variations in urinary BPA and oxidative stress biomarker. METHODS: To assess the relation between BPA and urinary malondialdehyde (MDA) as an oxidative stress biomarker, we used a 
mixed effect model after controlling for age, sex, BMI, drinking status, exercise, urinary cotinine level, PM(10) on lag day 2, and mean temperature and dew point on the day. The relation between exposure to BPA and MDA 
level by sex of participants and polymorphisms of oxidative stress-related genes (COX2, EPHX1, HSP70-hom, PON1, eNOS, CAT, DRD2, SOD2, and MPO) was also evaluated. RESULTS: A significant association was 
found for BPA with MDA in both male and female elderly participants (male, beta = 0.19 and p = 0.0003; female, beta = 0.18 and p < .0001; and total, beta = 0.18 and p < .0001). Furthermore, the association of BPA with 
MDA was found regardless of any genotype of the nine oxidative stress-related genes. CONCLUSIONS: The results of our study suggest a strong association of BPA with oxidative stress, not related with sex and 
oxidative stress-related gene polymorphisms.

Environmental 
Health.2017;16:9

10.1186/s12940-017-0221-9 28202054 ヒト - - - - - - - 横断研究 1 1 - - - - - - - - - - - - - - - - - -

統合_2750 Kim KN et al. 2014
Bisphenol A Exposure and Asthma 
Development in School-Age 
Children: A Longitudinal Study

BACKGROUND: Although the effect of bisphenol A on various health outcomes has been extensively examined, few studies have investigated its effect on asthma. OBJECTIVE: We hypothesized that exposure to bisphenol 
A in school-age children was associated with wheezing and asthma. METHODS: Participants included 127 children aged 7-8 years without a previous asthma diagnosis in an elementary school in Seoul, Korea. Three 
surveys were conducted, each 2 years apart. Bisphenol A concentration was measured at the baseline survey, and PC20, which is defined as the methacholine concentration that induces a decrease in FEV1 of 20% from 
baseline, was measured at every survey. Associations between bisphenol A concentration at 7-8 years of age and wheezing, asthma, and PC20 at ages up to 11-12 years were examined using generalized estimating 
equations, a marginal Cox regression model, and a linear mixed model. RESULTS: The log-transformed creatinine-adjusted urinary bisphenol A concentration at 7-8 years was positively associated with wheezing (odds 
ratio, 2.48; 95% confidence interval, 1.15-5.31; P = .02) and asthma (hazard ratio, 2.13; 95% confidence interval, 1.51-3.00; P<.001) at ages up to 11-12 years. Bisphenol A was also negatively associated with PC20 (ss = -
2.33; P = .02). When stratified by sex, the association between bisphenol A and asthma remained significant only in girls (hazard ratio, 2.45; 95% confidence interval, 2.18-2.76; P<.001). CONCLUSION: Increased urinary 
bisphenol A concentrations at 7-8 years old were positively associated with wheezing and asthma and negatively associated with PC20 at ages up to 11-12 years.

PLoS One. 2014 Oct 
30;9(10):e111383.

10.1371/journal.pone.0111383 25356742 ヒト 免疫 - - - - - - コホート研究 1 1 - - - 1 1 1 - 1 - ● - - - - - - - -

統合_2751 Kim S et al. 2018

Association between maternal 
exposure to major phthalates, heavy 
metals, and persistent organic 
pollutants, and the 
neurodevelopmental performances 
of their children at 1 to 2years of 
age- CHECK cohort study

Exposure of the developing fetus and infants to toxic substances can cause serious lifelong health consequences. Several chemicals have been associated with adverse neurodevelopmental disorders in the early life 
stages of humans. However, most epidemiological studies have focused on a limited number of chemicals, and hence may exclude important chemicals from consideration or result in conclusions built on associations by 
chance. In the present study, we investigated the chemical exposure profile of the women, and associated these with the early neurodevelopmental performance of their offspring at 13-24months of age. The chemicals 
assessed include four phthalates, bisphenol A, three heavy metals, 19 polychlorinated biphenyls (PCBs), 19 organochlorine pesticides, and 19 polybrominated diphenyl ethers, which were measured from urine, whole 
blood, serum, and/or breastmilk of the pregnant or lactating women. For neurodevelopmental performance, the Bayley Scales of Infant Development-II (BSID-II), Social Maturity Scale (SMS), and Child Behavior Checklist 
(CBCL) were measured from a total of 140 toddlers. Among the measured chemicals, monoethyl phthalate (MEP) in maternal urine was significantly associated with early mental, psychomotor, and social development. In 
addition, breast milk di-ethylhexyl phthalate (DEHP) metabolite and blood lead concentrations were inversely associated with mental and psychomotor development indices, respectively. Maternal blood PCB153, heavy 
metals, and urinary MEP levels were also higher among the children with behavioral problems, as indicated by the CBCL range. Taken together, maternal exposure to several EDCs such as PCBs and DEHP was 
associated with adverse neurodevelopmental performances among the children aged 1-2years. Confirmation of these association in larger populations, as well as longer-term consequences of such exposure warrant 
further investigation.

Sci Total Environ. 2018 
May 15:624:377-384.

10.1016/j.scitotenv.2017.12.058 29258038 ヒト 発達神経 - - - - - - コホート研究 1 1 - - - 1 1 1 - - - ● - - - - - - - -

統合_2752 Knez J et al. 2014

Are urinary bisphenol A levels in 
men related to semen quality and 
embryo development after medically 
assisted reproduction?

OBJECTIVE: To evaluate whether urinary bisphenol A (BPA) levels in men adversely influence semen quality and embryo development after medically assisted reproduction. DESIGN: Prospective, cohort study. SETTING: 
University-based tertiary care center. PATIENT(S): A total of 149 couples undergoing their first or second IVF or intracytoplasmic sperm injection (ICSI) procedure. INTERVENTION(S): None. MAIN OUTCOME 
MEASURE(S): Semen quality and embryo development parameters until the blastocyst stage after the IVF or ICSI procedure. RESULT(S): Bisphenol A was detected in 98% (n = 146) of the samples with 0.1 ng/mL limit of 
detection. The geometric mean BPA concentration was 1.55 ng/mL. After the adjustment for potential confounders using linear regression models, an increase of natural logarithm transformed urinary BPA concentration 
was associated with lower natural logarithm transformed sperm count (beta = -0.241, 95% confidence interval [CI] -0.470 to -0.012), natural logarithm transformed sperm concentration (beta = -0.219, 95% CI -0.436 to -
0.003), and sperm vitality (beta = -2.660, 95% CI -4.991 to -0.329). The embryo development parameters from oocyte fertilization to the blastocyst formation stage were not affected by BPA exposure. CONCLUSION(S): 
Urinary BPA concentrations in male partners of subfertile couples may influence semen quality parameters, but do not affect embryo development up to the blastocyst stage after medically assisted reproduction.

Fertil Steril. 2014 
Jan;101(1):215-221.e5.

10.1016/j.fertnstert.2013.09.030 24182411 ヒト 精巣 - - - - - - コホート研究 1 1 - - - 1 1 1 - 1 - ● - - - - - - - -

統合_2753 Ko A et al. 2014
Association between urinary 
bisphenol a and waist circumference 
in korean adults

Bisphenol A (BPA) is widely used in the production of polycarbonate plastics, epoxy resins, and food and beverage containers. In the present study, we aimed to investigate the relationship between urinary concentrations 
of BPA and waist circumference in Korean adults. A total of 1,030 Korean adults (mean age, 44.3 +/- 14.6 years) were enrolled in the study on the integrated exposure to hazardous materials for safety control, conducted 
by the Ministry of Food and Drug Safety from 2010 to 2012. Abdominal obesity was defined as having a waist circumference of at least 90 cm and 85 cm for men and women, respectively. The participants were divided into 
4 groups according to the urinary BPA concentration quartile. Waist circumference was significantly higher among subjects with a urinary BPA concentration in the highest quartile relative to those in the lowest quartile (p 
= 0.0071). Linear regression analysis revealed a significant positive association between urinary BPA concentrations and body mass index, body fat, after adjusting for potential confounders. Moreover, subjects with 
urinary BPA concentrations in the fourth quartile were more likely to be obese compared to those with urinary BPA concentrations in the first quartile (odds ratio, 1.938; 95% CI: 1.314~2.857; p for trend = 0.0106). These 
findings provide evidence for a positive association between urinary BPA concentration and waist circumference in Korean adults.

Toxicological 
Research.2014;30(1):39
-44

10.5487/TR.2014.30.1.039 24795798 ヒト - - - - - - - 横断研究 1 1 - - - - - - - - - ● - - - - - - - -

統合_2754 Kolatorova L et al. 2018
Exposure to bisphenols and 
parabens during pregnancy and 
relations to steroid changes

BACKGROUND: The harmful effects of endocrine disrupting compounds (EDCs) on human health are generally well-known, and exposure during fetal development may have lasting effects. Fetal exposure to bisphenol A 
(BPA) has been recently relatively well-studied; however, less is known about alternatives such as bisphenol S (BPS), bisphenol F (BPF) and bisphenol AF (BPAF), which have started to appear in consumer products. 
Parabens are another widespread group of EDCs, with confirmed transplacental passage. The usage of many cosmetic, pharmaceutical and consumer products during the pregnancy that may contain parabens and 
bisphenols has led to the need for investigation. OBJECTIVES: To shed more light into the transplacental transport of BPA, its alternatives, and parabens, and to study their relation to fetal steroidogenesis. METHODS: 
BPA, BPS, BPF, BPAF, methylparaben, ethylparaben, propylparaben, butylparaben, benzylparaben and 15 steroids including estrogens, corticoids, androgens and immunomodulatory ones were determined in 27 maternal 
(37th week of pregnancy) and cord plasma samples using liquid chromatography - tandem mass spectrometry methods. RESULTS: In cord blood, significantly higher BPA levels (p=0.0455) were observed compared to 
maternal plasma. The results from multiple regression models showed that in cord blood, methylparaben (β=-0.027, p=0.027), propylparaben (β=-0.025, p=0.03) and the sum of all measured parabens (β=-0.037, 
p=0.015) were inversely associated with testosterone levels. CONCLUSION: To the best of our knowledge, this is the first study reporting the simultaneous detection of BPA, alternative bisphenols, parabens and steroids 
in maternal and cord plasma. Our study confirmed the transplacental transport of BPA, with likely accumulation in the fetal compartment. The negative association of cord blood parabens and testosterone levels points to 
possible risks with respect to importance of testosterone for prenatal male development.

Environ Res. 2018 
May:163:115-122.

10.1016/j.envres.2018.01.031 29433019 ヒト ⽣殖発⽣ - - - - - - 横断研究 1 1 - - - 1 1 1 - - - - - - - - - - - -

統合_2755 LaRocca J et al. 2016

First-Trimester Urine Concentrations 
of Phthalate Metabolites and 
Phenols and Placenta miRNA 
Expression in a Cohort of US 
Women

BACKGROUND: There is increasing concern that early-life exposure to endocrine-disrupting chemicals (EDCs) can influence the risk of disease development. Phthalates and phenols are two classes of suspected EDCs 
that are used in a variety of everyday consumer products, including plastics, epoxy resins, and cosmetics. In utero exposure to EDCs may affect disease propensity through epigenetic mechanisms. OBJECTIVE: The 
objective of this study was to determine whether prenatal exposure to multiple EDCs is associated with changes in miRNA expression of human placenta, and whether miRNA alterations are associated with birth 
outcomes. METHODS: Our study was restricted to a total of 179 women co-enrolled in the Harvard Epigenetic Birth Cohort and the Predictors of Preeclampsia Study. We analyzed associations between first-trimester 
urine concentrations of 8 phenols and 11 phthalate metabolites and expression of 29 candidate miRNAs in placenta by qRT-PCR. RESULTS: For three miRNAs--miR-142-3p, miR15a-5p, and miR-185--we detected 
associations between Sigmaphthalates or Sigmaphenols on expression levels (p < 0.05). By assessing gene ontology enrichment, we determined the potential mRNA targets of these microRNAs predicted in silico were 
associated with several biological pathways, including the regulation of protein serine/threonine kinase activity. Four gene ontology biological processes were enriched among genes significantly correlated with the 
expression of miRNAs associated with EDC burden. CONCLUSIONS: Overall, these results suggest that prenatal phenol and phthalate exposure is associated with altered miRNA expression in placenta, suggesting a 
potential mechanism of EDC toxicity in humans.

Environ Health 
Perspect. 2016 
Mar;124(3):380-7.

10.1289/ehp.1408409 26090578 ヒト その他 - - - - - - コホート研究 1 1 - - - 1 1 1 - - - - - - - - - - - -

統合_2756 Lathi RB et al. 2014
Conjugated bisphenol A in maternal 
serum in relation to miscarriage risk

OBJECTIVE: To examine the relationship between the maternal serum bisphenol A (BPA) concentration at the time of the missed menstrual cycle and miscarriage risk. DESIGN: Retrospective cohort of prospectively 
collected serum samples. SETTING: Academic fertility center. PATIENT(S): Women presenting for early pregnancy monitoring with singleton pregnancies. INTERVENTION(S): Stored serum samples from 4 to 5 weeks' 
gestation analyzed for conjugated serum BPA concentrations. MAIN OUTCOME MEASURE(S): Live birth, miscarriage, and chromosome content of miscarriage. RESULT(S): With the 115 women included in the study, 
there were 47 live births and 68 clinical miscarriages (46 aneuploid and 22 euploid). Median conjugated BPA concentrations were higher in the women who had miscarriages than in those who had live births (0.101 vs. 
0.075 ng/mL). Women with the highest quartile of conjugated BPA had an increased relative risk of miscarriage (1.83; 95% CI, 1.14-2.96) compared with the women in the lowest quartile. We found a similar increase risk 
for both euploid and aneuploid miscarriages. CONCLUSION(S): Maternal conjugated BPA was associated with a higher risk of aneuploid and euploid miscarriage in this cohort. The impact of reducing individual exposure 
on future pregnancy outcomes deserves further study.

Fertil Steril. 2014 
Jul;102(1):123-8

10.1016/j.fertnstert.2014.03.024 24746738 ヒト ⽣殖(流早産) - - - - - - コホート研究 1 1 - - - 1 1 1 - 1 - ● - - - - - - - -

統合_2757 Lee HA et al. 2013

Effect of Urinary Bisphenol A on 
Androgenic Hormones and Insulin 
Resistance in Preadolescent Girls: A 
Pilot Study from the Ewha Birth & 
Growth Cohort

To assess the effect of urinary bisphenol A (BPA) on repeated measurements of androgenic hormones and metabolic indices, we used multivariate analysis of variance (MANOVA) adjusted for potential confounders at 
baseline. During July to August 2011, 80 preadolescent girls enrolled in the Ewha Birth &amp; Growth Cohort study participated in a follow-up study and then forty-eight of them (60.0%) came back one year later. Baseline 
levels of estradiol and androstenedione were higher in the BPA group than in the non-BPA group. One year later, girls in the high BPA exposure group showed higher levels of androstenedione, testosterone, estradiol, and 
insulin, and homeostasis model assessment of insulin resistance (HOMA-IR) index, than those in the other groups (p < 0.05). In MANOVA, estradiol and androstenedione showed significant differences among groups, 
while dehydroepiandrosterone, insulin, and HOMA-IR showed marginally significant differences. Exposure to BPA may affect endocrine metabolism in preadolescents. However, further investigation is required to elucidate 
the mechanisms linking BPA with regulation of androgenic hormones.

Int J Environ Res Public 
Health. 2013 Nov 
1;10(11):5737-49.

10.3390/ijerph10115737 24189184 ヒト ⽣殖発⽣ - - - - - - コホート研究 1 1 - - - 1 1 1 - 1 - ● - - - - - - - -

統合_2758 Lee I et al. 2018

Bisphenol A exposure through 
receipt handling and its association 
with insulin resistance among 
female cashiers

Bisphenol A (BPA) is one of the most widely used chemicals in various consumer products. In thermal papers such as receipts and tickets, BPA is used as a heat-activated developer. Cashiers are therefore suspected to 
be a vulnerable group of exposure to BPA, but neither contribution of receipt handling to the total body burden of BPA among cashiers, nor related health effects are well characterized. Female cashiers (n = 54) were 
recruited from seven retail shops of a major supermarket chain in Korea, and urinary levels of BPA and metabolic syndrome (MetS) related biomarkers were measured. In order to estimate the contribution of receipt 
handling to the body burden of BPA, an intervention was designed on the use of gloves: the subjects were asked not to wear gloves during the work for one week, and in the following week, to wear gloves. Urine samples 
were collected at pre-shift and post-shift for the first two consecutive days in each week, and urinary BPA concentrations were measured. In cashiers without gloves, about a two-fold increase in urinary BPA 
concentrations was observed after work-shift. When the cashiers wore gloves, however, urinary BPA levels showed no changes. Higher urinary BPA concentrations were associated with greater levels of fasting insulin 
and insulin resistance. Our observation shows that receipt handling among the cashiers could double the BPA exposure levels at post-shift compared to those at pre-shift, and use of simple protective equipment such as 
gloves could effectively reduce the BPA exposure levels.

Environment 
International.2018;117:2
68-275

10.1016/j.envint.2018.05.013 29778011 ヒト - - - - - - - 横断研究 1 1 - - - - - - - - - ● - - - - - - - -
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統合_2759 Lee MR et al. 2015
Association of bisphenol A exposure 
with overweight in the elderly: a 
panel study

Bisphenol A (BPA) is an ubiquitous chemical, which is an endocrine disruptor. Recent epidemiological studies have suggested a relationship between BPA exposure and body weight. However, most of these studies were 
cross-sectional and not on elderly people. We conducted a panel study with repeated measurements to evaluate the relationship between BPA and overweight in elderly people. A total of 560 elderly participants aged ≥60 
years were recruited in Seoul from 2008 to 2010. Urinary BPA levels and body mass index (BMI, kg/m(2)) were measured at every visit. We defined a BMI ≥25 as overweight and examined the relations between urinary BPA 
and BMI or overweight. Repeated measures analysis was performed after adjusting for age, sex, low-density lipoprotein cholesterol levels, alcohol consumption, regular exercise, total calorie intake, fatty acid intake, 
urinary cotinine levels, and the status of diabetes mellitus. The geometric mean of BPA was 0.67 μg/g creatinine. The odds ratio (OR) of overweight was 1.17 (95 % confidence interval [CI] 1.04-1.32) per interquartile 
range increase of log-transformed BPA. When stratified based on sex, we observed a significant association in women (OR 1.25; 95 % CI 1.09-1.45) but not in men (OR 0.97; 95 % CI 0.77-1.22). The ORs of overweight 
increased with quartiles of BPA in women (quartile 2 vs 1: OR 1.54; 95 % CI 1.02-2.32, 3 vs 1: OR 1.70; 95 % CI 1.10-2.62, and 4 vs 1: OR 1.81; 95 % CI 1.13-2.92). Our results suggest that urinary BPA levels are 
significantly associated with overweight in elderly women but not elderly men.

Environ Sci Pollut Res 
Int. 2015 
Jun;22(12):9370-7.

10.1007/s11356-015-4087-5 25874422 ヒト 代謝 - - - - - - 横断研究 1 1 - - - 1 1 1 - - - - - - - - - - - -

統合_2760 Lee S et al. 2018

A prospective cohort study of the 
association between bisphenol A 
exposure and the serum levels of 
liver enzymes in children

BACKGROUND: Bisphenol A (BPA) is an endocrine disrupter that acts in an estrogen-like manner. Few studies have investigated the association between urinary BPA concentrations and adverse liver function. 
Additionally, most studies were cross-sectional in nature and included only adults. OBJECTIVES: We evaluated BPA exposure levels and prospectively explored the association between BPA exposure and liver function in 
children. METHODS: Data were retrieved from the ongoing prospective Ewha Birth and Growth Cohort Study. Urinary BPA concentrations were measured in 164 children at 3-5 and 7-9 years of age. At each visit, fasting 
blood and urine samples were collected, and questionnaires were completed. The associations between the BPA concentrations at these ages and the serum levels of liver enzymes measured at 10-13 years of age were 
analyzed (n = 113). Multiple regression analysis was performed with adjustment for covariates. We also explored whether the BPA level exhibited dose-response relationships with liver enzyme levels. RESULTS: The 
median urinary BPA concentrations were 0.76μg/g creatinine at 3-5 years and 0.61μg/g creatinine at 7-9 years of age. The urinary BPA concentrations at the two ages were correlated significantly (r = 0.23, p < 0.01). 
The urinary BPA concentrations at 7-9 years, but not that at 3-5 years, was associated significantly with the serum levels of liver enzymes at 10-13 years of age (p < 0.05). Those in the top tertile of urinary BPA 
concentration had higher levels of liver enzymes than did others. After adjustment for covariates, dose-response relationships of the BPA level with liver enzyme levels were evident at 7-9 years, but not at 3-5 years. 
Notably, the effect size was larger and the dose-response relationships were more evident in boys than in girls. CONCLUSIONS: Exposure of children to even low doses of BPA may adversely affect later liver function.

Environ Res. 2018 
Feb:161:195-201.

10.1016/j.envres.2017.11.007 29156342 ヒト 肝 - - - - - - コホート研究 1 1 - - - 1 1 1 - - - - - - - - - - - -

統合_2761 Lee YM et al. 2018

Prenatal Bisphenol-A exposure 
affects fetal length growth by 
maternal glutathione transferase 
polymorphisms, and neonatal 
exposure affects child volume 
growth by sex: From multiregional 
prospective birth cohort MOCEH 
study

We aimed to evaluate the effects of Bisphenol-A (BPA) exposure on fetal/child growth from the fetal period to 72months after birth. The MOCEH study is a prospective birth cohort study in Korea. A total of 788 mother-
child pairs in the third trimester and 366 pairs in the neonatal period who completed BPA assessment and fetal/children growth outcomes were included. BPA assessments were conducted twice in the third trimester 
using maternal urines and the neonatal period using neonatal urines. Fetal femur length was measured with ultrasound, and estimated-fetal-weight was calculated. Child growth outcomes including three z-scores for 
age-specific length, weight-for-length (WFL) and weight were calculated. Analysis was performed according to infant sex and maternal glutathione transferases (GSTs) polymorphisms. When maternal urinary BPA 
concentration in the third trimester increased by 1 log-transformed unit of BPA/Cr, the third trimester femur length decreased 0.03(0.01)cm in the whole and 0.06(0.02)cm in the GSTM1/GSTT1 either null group. Then, 
maternal urinary BPA levels and birth outcomes were positively correlated. When the prenatal BPA concentration is increased by 1 log-transformed unit of BPA/Cr, the z-score for weight at birth increased 0.05(0.02) in 
whole and 0.06(0.03) in boys and the z-score for WFL at birth increased 0.05(0.02) in whole and 0.07(0.03) in girls. In linear mixed models, significant positive effects of the neonatal urinary BPA were found on WFL over 
the 72months period. When the neonatal BPA concentration is increased by 1 log-transformed unit of BPA concentration, the z-score for weight through 6-72months increased 0.09(0.03) in whole and 0.12(0.05) in girls. 
Our study suggests BPA exposure is negatively associated with intrauterine linear growth, but has a positive association with volume growth during childhood. Furthermore, intrauterine growth was affected by maternal 
GSTs polymorphism, and child growth was affected by sex.

Sci Total Environ. 2018 
Jan 15:612:1433-1441.

10.1016/j.scitotenv.2017.08.317 28898950 ヒト ⽣殖発⽣ - - - - - - コホート研究 1 1 - - - 1 1 1 - 1 - ● - - - - - - - -

統合_2762 Lester F et al. 2018

Impact of exposure to phenols 
during early pregnancy on birth 
weight in two Canadian cohort 
studies subject to measurement 
errors

BACKGROUND: It is of interest to know whether early pregnancy exposure to phenols such as bisphenol-A (BPA) or triclosan (TCS) negatively impacts birth weight outcomes. Exposure to these chemicals is widespread 
in the Canadian population but obtaining accurate measurements of average exposure is difficult because these chemicals are rapidly excreted from the body, causing body levels to fluctuate both within and between 
days, as observed in a recent Canadian study (P4). This measurement error can attenuate the estimated effects of exposures. METHODS: Data from two Canadian cohort studies, the Plastics and Personal-care Products 
use in Pregnancy (P4) Study and the Maternal-Infant Research on Environmental Chemicals (MIREC) Study, such that all participants with complete BPA or TCS exposure and outcome data were used (MIREC n = 1822, 
P4 n = 68). We used regression calibration to correct for the attenuating effects of exposure measurement error when modeling the effect of first trimester BPA or TCS exposure on four birth weight outcomes: birth 
weight (BW), low birth weight (LBW), small for gestational age (SGA) and large for gestational age (LGA). Specific gravity, time of day, and time since last urine void were also controlled in the analysis. RESULTS: TCS 
exposure has a marginally significant association with SGA only with odds ratio 0.87 and 95% confidence interval (0.74, 1.00). It also has a marginally significant association with LGA in male offspring with odds ratio 1.11 
and 95% confidence interval (1.00, 1.25). The effects of BPA on the four birth outcomes were insignificant. CONCLUSIONS: Increased TCS exposure during pregnancy is marginally associated with decreased odds of 
having SGA offspring. It is possibly associated with decreased BW in males and decreased odds of LBW, though these associations were not present in measurement error corrected models. TCS is possibly associated 
with increased odds in male offspring of being LGA, though this relationship was not present in models not corrected for measurement error. The study finds no significant effects of BPA on birth weight outcomes, which 
may be due to more severe measurement error in a single observation of BPA.

Environ Int. 2018 
Nov:120:231-237.

10.1016/j.envint.2018.08.005 30103122 ヒト ⽣殖発⽣ - - - - - - コホート研究 1 1 - - - 1 1 1 - 1 - ● - - - - - - - -

統合_2763 Li J et al. 2017

Gender differences in the 
associations between urinary 
bisphenol A and body composition 
among American children: The 
National Health and Nutrition 
Examination Survey, 2003-2006

BACKGROUND: As an endocrine disruptor, bisphenol A (BPA) exposure has been implicated as a potential risk factor in childhood obesity, which is defined using percentiles of body mass index for age. We aimed to 
examine the associations between BPA exposure, reflected by urinary BPA concentration, and body composition in American children. METHODS: Data of 1860 children aged 8-19 years who participated in the 2003-2006 
National Health and Nutrition Examination Survey (NHANES) were analyzed in this study. Urinary BPA concentration (ng/mL) was used to indicate BPA status in the body. Body composition was measured by dual-energy 
X-ray absorptiometry (DXA). Multivariate linear regression models were fitted using survey procedures to investigate the associations between urinary BPA level and body composition separately for boys and girls. 
RESULTS: After adjusting for demographic and lifestyle covariates, higher quartiled and log-transformed urinary BPA levels were significantly associated with elevated lean body mass index (LBMI) z-scores in boys (p < 
0.05), and significantly associated with elevated fat mass index (FMI) z-scores in girls (p < 0.05). Lower urinary BPA concentration was associated with lower percentage of trunk fat in girls (compared to 1st quartile, 
2nd-quartile: beta = 2.85, 95% CI, 0.92-4.78; 3rd-quartile: beta = 2.57, 95% CI, 0.28-4.85; 4th-quartile: beta = 2.79, 95% CI, 0.44-5.14; all p < 0.05). Such patterns were not observed in boys. CONCLUSIONS: Higher BPA 
levels may be associated with elevated LBM in boys, but not in girls, while higher BPA levels may be associated with elevated FM in girls, but not in boys.

Journal of 
Epidemiology.2017;27(5
):228-234

10.1016/j.je.2016.12.001 28142049 ヒト - - - - - - - 横断研究 1 1 - - - - - - - - - ● - - - - - - - -

統合_2764 Li Q et al. 2015

Exploring the associations between 
microRNA expression profiles and 
environmental pollutants in human 
placenta from the National 
Children's Study (NCS)

The placenta is the principal regulator of the in utero environment, and disruptions to this environment can result in adverse offspring health outcomes. To better characterize the impact of in utero perturbations, we 
assessed the influence of known environmental pollutants on the expression of microRNA (miRNA) in placental samples collected from the National Children's Study (NCS) Vanguard birth cohort. This study analyzed the 
expression of 654 miRNAs in 110 term placentas. Environmental pollutants measured in these placentas included dichlorodiphenyldichloroethylene (DDE), bisphenol A (BPA), polybrominated diphenyl ethers (PBDEs), 
polychlorinated biphenyls (PCBs), arsenic (As), mercury (Hg), lead (Pb), and cadmium (Cd). A moderated t-test was used to identify a panel of differentially expressed miRNAs, which were further analyzed using 
generalized linear models. We observed 112 miRNAs consistently expressed in >70% of the samples. Consistent with the literature, miRNAs located within the imprinted placenta-specific C19MC cluster, specifically mir-
517a, mir-517c, mir-522, and mir-23a, are among the top expressed miRNA in our study. We observed a positive association between PBDE 209 and miR-188-5p and an inverse association between PBDE 99 and let-7c. 
Both PCBs and Cd were positively associated with miR-1537 expression level. In addition, multiple let-7 family members were downregulated with increasing levels of Hg and Pb. We did not observe DDE or BPA levels to 
be associated with placental miRNA expression. This is the first birth cohort study linking environmental pollutants and placental expression of miRNAs. Our results suggest that placental miRNA profiles may signal in 
utero exposures to environmental chemicals.

Epigenetics.2015;10(9):
793-802

10.1080/15592294.2015.1066960 26252056 ヒト - - - - - - - 横断研究 1 1 - - - - - - - - - - - - - - - - - -

統合_2765 Liao SL et al. 2016

Prenatal exposure to bisphenol-A is 
associated with Toll-like receptor-
induced cytokine suppression in 
neonates

BACKGROUND: Despite widespread human exposure to biphenol A (BPA), limited studies exist on the association of BPA with adverse health outcomes in young children. This study aims to investigate the effect of 
prenatal exposure to BPA on toll-like receptor-induced cytokine responses in neonates and its association with infectious diseases later in life. METHODS: Cord bloods were collected from 275 full-term neonates. 
Production of TNF-alpha, IL-6, and IL-10 were evaluated after stimulating mononuclear cells with toll-like receptor ligands (TLR1-4 and 7-8). Serum BPA concentrations were analyzed by enzyme-linked immunosorbent 
assay. Bacteria from nasopharyngeal specimens were identified with multiplex PCR and culture method. RESULT: Result showed significant association between cord BPA concentration and TLR3- and TLR4-stimulated 
TNF-alpha response (P = 0.001) and that of TLR78-stimulated IL-6 response (P = 0.03). Clinical analysis did not show prenatal BPA exposure to be correlated with infection or bacterial colonization during the first year of 
life. CONCLUSION: This is the first cohort study that indicated prenatal BPA exposure to play a part in TLR-related innate immune response of neonatal infants. However, despite an altered immune homeostasis, result 
did not show such exposure to be associated with increased risk of infection during early infancy.

Pediatr Res. 2016 
Mar;79(3):438-44.

10.1038/pr.2015.234 26571221 ヒト 免疫 - - - - - - コホート研究 1 1 - - - 1 1 1 - 1 - ● - - - - - - - -

統合_2766 Lim YH et al. 2017
Prenatal and postnatal bisphenol A 
exposure and social impairment in 
4-year-old children

BACKGROUND: Prenatal and postnatal exposure to bisphenol A (BPA) may affect early brain development. Rodent studies suggest that prenatal and postnatal neurodevelopmental toxicity from BPA exposure may manifest 
as social deficits in offspring. We investigated the association between prenatal and postnatal exposure to BPA and social impairments in a sample of 4-year-old children. METHODS: We recruited second-trimester 
pregnant women between 2008 and 2011, and measured their creatinine-adjusted prenatal urine BPA levels. In 2014-2015, a subset of 4-year-old children born to these women underwent neurobehavioral assessment and 
physical examination. We collected urine and blood from the children and assessed social impairments, including deficits in social interaction, social communication, and other behavior patterns using the Korean version 
of the Social Communication Questionnaire (K-SCQ) (n = 304). We examined social impairments associated with prenatal exposure at mid-term pregnancy and postnatal exposure to BPA at 4 years of age, using linear and 
piecewise linear regression models. RESULTS: The relationship between prenatal BPA exposure and social communication was non-linear and statistically significant at or above the flexion point for BPA levels of 3.0 
mug/g creatinine in girls (58.4%, 95% confidence interval [CI], 6.5% to 135.8%). Each 2-fold increase in postnatal BPA exposure was significantly associated with an 11.8% (95% CI, 0.6% to 24.3%) increase in impairment 
in social communication in 4-year old girls, as indicated by the linear regression model. CONCLUSION: Prenatal and postnatal BPA exposure is associated with social impairment at 4 years of age, particularly in girls.

Environ Health. 2017 Jul 
26;16(1):79.

10.1186/s12940-017-0289-2 28747197 ヒト 発達神経 - - - - - - コホート研究 1 1 - - - 1 1 1 - - - ● - - - - - - - -

統合_2767 Lin CC et al. 2017
Prenatal phenolic compounds 
exposure and neurobehavioral 
development at 2 and 7 years of age

Background Phenolic compounds such as bisphenol A (BPA), nonylphenol (NP), and octylphenol (OP) are known as endocrine-disrupting compounds and are commonly used. Their impacts on the neurodevelopment of 
children are inconclusive. The current study aims to investigate the association between umbilical cord blood levels of BPA, NP, OP and neurodevelopmental outcomes at 2 and 7years of age. Methods The study was 
based on the Taiwan Birth Panel Study, a prospective birth cohort. We collected cord blood plasma to measure phenolic compound levels using ultra-performance liquid chromatography-tandem mass spectrometry. In the 
follow-up, 208 mother-child pairs with 2-year-old children and 148 mother-child pairs with 7-year-old children were recruited in this study. We used the Comprehensive Developmental Inventory for Infants and Toddlers 
(CDIIT) and the Wechsler Intelligence Scale for Children (WISC-IV) for neurodevelopmental assessments at 2 and 7years of age, respectively. Multiple linear regressions were used for statistical analysis. Results The 
detection rates of BPA, NP, and OP were 55.9%, 77.6%, and 68.3%, respectively. In this study, the median BPA, NP, and OP levels in 2-year-olds were 3.3, 72.6, and 3.3 (ng/ml), respectively. However, the median levels of 
BPA, NP, and OP were 3.2, 49.3, and 6.6 (ng/ml), respectively. The levels of phenolic compounds were log10-transformed for statistical analysis. Gender stratification was performed. In the WISC-IV neurocognitive 
assessment, we found both a significant negative association and a trend between cord blood plasma BPA levels and full-scale IQ (p for trend<0.01), the verbal comprehension index (p for trend<0.01), and the perceptual 
reasoning index (p for trend<0.01) in the study population. After stratification by sex, significant associations were found in full-scale IQ (p for trend=0.03) and the verbal comprehension (p for trend<0.01) index in boys. In 
girls, prenatal BPA exposure had adverse effects on full-scale IQ (p for trend=0.02), perceptual reasoning index (p for trend<0.01), and working memory index (p for trend=0.02). None of the developmental quotients (DQs) 
of the CDIIT analysis were significantly associated with phenolic compound levels in cord blood based on continuous or categorical measures. Conclusion Prenatal exposure to BPA affects neurocognitive development, 
and this effect differs between 7-year-old boys and girls. More studies are needed to elucidate the relationship between phenolic compound exposure in utero and children's neurobehavioral development.

Sci Total Environ. 2017 
Dec 15:605-606:801-
810.

10.1016/j.scitotenv.2017.06.160 28683424 ヒト 発達神経 - - - - - - コホート研究 1 1 - - - 1 1 1 - - - ● - - - - - - - -

統合_2768 Liu JY et al. 2017
Prolonged Exposure to Bisphenol A 
from Single Dermal Contact Events

Bisphenol A (BPA) is an endocrine disruptor frequently detected in human biofluids. Dermal absorption of BPA from thermal paper receipts occurs but BPA pharmacokinetics following dermal exposure is not understood. 
To compare the pharmacokinetics of dermal and dietary BPA exposure, six male participants handled simulated receipts containing relevant levels of BPA (isotope-labeled BPA-d(16)) for 5 min, followed by hand-washing 
2 h later. Urine (0-48 h) and serum (0-7.5 h) were monitored for free and total BPA-d(16). One week later, participants returned for a dietary administration with monitoring as above. One participant repeated the dermal 
administration with extended monitoring of urine (9 days) and serum (2 days). After dietary exposure, urine total BPA-d(16) peaked within 5 h and quickly cleared within 24 h. After dermal exposure, cumulative excretion 
increased linearly for 2 days, and half the participants still had detectable urinary total BPA-d(16) after 1 week. The participant repeating the dermal exposure had detectable BPA-d(16) in urine for 9 days, showed linear 
cumulative excretion over 5 days, and had detectable free BPA-d(16) in serum. Proportions of free BPA-d(16) in urine following dermal exposure (0.71%-8.3% of total BPA-d(16)) were generally higher than following the 
dietary exposure (0.29%-1.4%). Compared to dietary BPA exposure, dermal absorption of BPA leads to prolonged exposure and may lead to higher proportions of unconjugated BPA in systemic circulation.

Environmental Science 
& 
Technology.2017;51(17)
:9940-9949

10.1021/acs.est.7b03093 28759207 ヒト - - - - - - - 臨床曝露試験 1 1 - - - - - - - - - - - - - - - - - -

統合_2769 Louis GMB et al. 2018
Endocrine disrupting chemicals in 
seminal plasma and couple 
fecundity

Growing evidence supports the importance of men's exposure to non-persistent endocrine disruptors (EDCs) and couple fecundability, as measured by time-to-pregnancy (TTP). This evolving literature contrasts with the 
largely equivocal findings reported for women's exposures and fecundity. While most evidence relies upon urinary concentrations, quantification of EDCs in seminal plasma may be more informative about potential toxicity 
arising within the testes. We analyzed 5 chemical classes of non-persistent EDCs in seminal plasma for 339 male partners of couples who were recruited prior to conception and who were followed daily until pregnant or 
after one year of trying. Benzophenones, bisphenols, parabens, and phthalate metabolites and phthalate diesters were measured using high performance liquid chromatography-tandem mass spectrometry (HPLC-MS/MS) 
except for phthalate diesters, which were analyzed using gas chromatography-mass spectrometry. Cox regression with discrete-time was used to estimate fecundability odds ratios (FORs) and 95% confidence intervals 
(CIs) for each chemical to estimate the probability of pregnancy. While most EDCs were detected in seminal plasma, concentrations were lower than urinary concentrations previously analyzed for the cohort. None of the 
EDCs were significantly associated with fecundability even after covariate adjustment, though benzophenones consistently yielded FORs <1.0 (ranging from 0.72 to 0.91) in couple-adjusted models suggestive of 
diminished fecundity (longer TTP). The findings underscore that a range of EDCs can be quantified in seminal plasma, but the lower concentrations may require a large cohort for assessing couple fecundability, as well as 
the need to consider other fecundity outcomes such as semen quality.

Environ Res. 2018 
May:163:64-70.

10.1016/j.envres.2018.01.028 29426029 ヒト ⽣殖発⽣ - - - - - - コホート研究 1 1 - - - 1 1 1 - 1 - ● - - - - - - - -

統合_2770 Louis GMB et al. 2014

Urinary bisphenol A, phthalates, and 
couple fecundity: the Longitudinal 
Investigation of Fertility and the 
Environment (LIFE) Study

OBJECTIVE: To assess the relationship between environmental chemicals and couple fecundity or time to pregnancy (TTP). DESIGN: Prospective cohort. SETTING: Communities of targeted populations with reported 
exposure. PATIENT(S): 501 couples recruited upon discontinuing contraception to become pregnant, 2005-2009. INTERVENTION(S): None. MAIN OUTCOME MEASURE(S): Fecundability odds ratios (FORs) and 95% 
confidence intervals (CIs) estimated for each partner's chemical concentrations adjusted for age, body mass index, cotinine, creatinine, and research site while accounting for time off contraception. RESULT(S): Couples 
completed interviews and anthropometric assessments and provided the urine specimens for quantification of bisphenol A (BPA) and 14 phthalate metabolites, which were measured using high-performance liquid 
chromatography with electrospray triple-quadrupole mass spectrometer. Women recorded menstruation and pregnancy test results in daily journals. Couples were evaluated until a positive human-chorionic gonadotropin 
pregnancy test or 12 cycles without pregnancy. Neither female nor male BPA concentration was associated with TTP (FOR 0.98; 95% CI, 0.86, 1.13 and FOR 1.04; 95% CI, 0.91, 1.18, respectively). Men's urinary 
concentrations of monomethyl, mono-n-butyl, and monobenzyl phthalates were associated with a longer TTP (FOR 0.80; 95% CI, 0.70, 0.93; FOR 0.82, 95% CI, 0.70, 0.97; and FOR 0.77, 95% CI, 0.65 0.92, respectively). 
CONCLUSION(S): Select male but not female phthalate exposures were associated with an approximately 20% reduction in fecundity, underscoring the importance of assessing both partners' exposure to minimize 
erroneous conclusions.

Fertil Steril. 2014 
May;101(5):1359-66.

10.1016/j.fertnstert.2014.01.022 24534276 ヒト ⽣殖発⽣ - - - - - - コホート研究 1 1 - - - 1 1 1 - 1 - ● - - - - - - - -

統合_2771 Miao M et al. 2014
LINE-1 hypomethylation in 
spermatozoa is associated with 
Bisphenol A exposure

Bisphenol A (BPA) is an endocrine disruptor with potentially harmful effects on humans. However, epigenetic mechanisms that modulate the effects of BPA remain unclear. Methylation of long interspersed nucleotide 
elements (LINE-1) is a marker of genome-wide methylation status. This study aims to examine whether BPA exposure was associated with LINE-1 methylation changes in men. Male factory workers in Hunan, China (N = 
149) were studied, 77 with BPA exposure in workplace (BPA-exposed group) and 72 without BPA exposure in workplace (control group). Pre-shift and post-shift urine samples were collected from the BPA-exposed group 
and spot urine samples were collected from the control group. Urine samples were assessed for BPA. In addition, blood and semen samples were collected from both groups for LINE-1 methylation analysis. In multivariate 
analysis adjusted for age, education, smoking habits and alcohol consumption, sperm LINE-1 methylation level was significantly lower in BPA exposed workers (p < 0.001) compared to that in the unexposed workers. 
Linear regression analysis also showed that log-transformed urine BPA levels were inversely associated with sperm LINE-1 methylation (p < 0.0001), but not peripheral blood cell LINE-1 methylation. Moreover, the 
association between urine BPA level and semen quality was not attenuated after adjustments for LINE-1 level. In summary, the observed independent relationship between BPA exposure and LINE-1 methylation may have 
public health implications on reproductive health in men because of ubiquitous exposure to BPA.

Andrology. 2014 
Jan;2(1):138-44.

10.1111/j.2047-2927.2013.00166.x 24293158 ヒト 精巣 - - - - - - 横断研究 1 1 - - - 1 1 1 - - - ● - - - - - - - -
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統合_2772 Minatoya M et al. 2018

Association between prenatal 
bisphenol A and phthalate 
exposures and fetal metabolic 
related biomarkers: The Hokkaido 
study on Environment and 
Children's Health

Bisphenol A and phthalates are widely detected in human urine, blood, breast milk, and amniotic fluid. Both bisphenol A and phthalates have been suggested as playing a role in obesity epidemics. Exposure to these 
chemicals during fetal development, and its consequences should be concerning because they can cross the placenta. Thus, this study aimed to assess the association between prenatal exposure to bisphenol A and 
phthalates, and cord blood metabolic-related biomarkers. Maternal serum was used during the first trimester, to determine prenatal exposure to bisphenol A and phthalates. Levels of metabolic-related biomarkers in the 
cord blood were also determined. Linear regression models were applied to the 365 participants with both, exposure and biomarker assessments, adjusted for maternal age, pre-pregnancy body mass index, parity, 
education, and sex of the child. The level of bisphenol A was negatively associated with the leptin level (beta = -0.06, 95% confidence interval [CI]: -0.11, -0.01), but was positively associated with the high-molecular-
weight adiponectin level, with marginal significance (beta = 0.03, 95%CI: 0.00, 0.06). The mono-isobutyl phthalate (MiBP), mono-n-butyl phthalate (MnBP), mono-(2-ethylhexyl) phthalate (MEHP), and summation of MEHP 
and MECPP to represent DEHP exposure ( summation operatorDEHPm) levels were inversely associated with the leptin levels (beta=-0.14, 95%CI: -0.27, -0.01; beta = -0.12, 95%CI: -0.24, 0.00 with marginal significance; 
beta=0.08, 95%CI: -0.14, -0.03; and beta = -0.09, 95%CI: -0.16, -0.03, respectively). The present study provided some evidence that prenatal exposure to bisphenol A and certain phthalates may modify fetal adiponectin 
and leptin levels.

Environ Res. 2018 
Feb:161:505-511.

10.1016/j.envres.2017.11.052 29223775 ヒト 代謝 - - - - - - コホート研究 1 1 - - - 1 1 1 - - - - - - - - - - - -

統合_2773 Minatoya M et al. 2017

Cord blood BPA level and child 
neurodevelopment and behavioral 
problems: The Hokkaido Study on 
Environment and Children's Health

Introduction Child mental and behavioral disorders are growing concern in public health as the prevalence is increasing and its impact on child, family and community and even economy is enormous (Perou et al. 2013). The 
prevalence of childhood and adolescent mental disorders including behavioral problems has been reported around 20% (WHO 2005). There are multiple factors including socioeconomic and environmental factors that play 
a role in etiology of mental disorders. Bisphenol A (BPA) is a ubiquitous environmental chemical used in manufacture polycarbonate plastics, epoxy resins, dental sealants and thermal paper (Vandenberg et al. 2007). A 
recent biomonitoring study reported that BPA was detectable in dust, air particles and water (Asimakopoulos et al. 2012). Even though BPA use in infant feeding bottles have been banned in the US and Europe, it is still 
used in many of manufactural products. A study suggested that canned food was responsible for 10-40% of the daily BPA intake (von Goetz et al. 2010). In the late 1990s, Japanese can manufacturers had developed “BPA 
reduced cans” by shifting of can coatings from epoxy resin to polyethylene terephthalate PET film or epoxy resin with lower BPA levels (Kawamura et al. 2014) and that led to a significant decrease in the levels of urine 
BPA (Matsumoto et al. 2003). It is difficult to determine a level of BPA that has no risk to children, pregnant women and other populations based on current scientific knowledge. BPA is widely detected from different 
populations including children and pregnant women (Covaci et al. 2015; Yamamoto et al. 2016).BPA has endocrine disrupting property and been recognized as a suspected agent causing developmental neurotoxicity 
(Grandjean and Landrigan 2014). Animal studies suggested that in utero exposure to BPA may produce adverse effects including impaired brain development, sexual differentiation, behavior (Kundakovic and Champagne 
2011). Some evidences of changes in gene expression and DNA methylation in estrogen signaling pathways and estrogen receptors support these effects of BPA exposure on neurodevelopment (Kundakovic et al. 2013; 
Vandenberg et al. 2009; Wetherill et al. 2007).Epidemiological studies reported that prenatal BPA exposures were associated with various health outcomes including behavioral problems in children (Braun et al. 2009; 
Braun et al. 2011; Casas et al. 2015; Harley et al. 2013; Miodovnik et al. 2011; Perera et al. 2012; Roen et al. 2015). Yet findings from these studies were inconsistent. Exposure assessment, the time window of exposure, 
the sex-specific directions of the associations, the specific behavioral domain and sociodemographic of the populations varied from study to study (Mustieles et al. 2015). Previously, we reported that BPA level detected 
in our cohort population was relatively lower compared to other studies (Yamamoto et al. 2016). Relatively lower level exposure to BPA and its health effects on humans are still largely unknown. Based on animal studies, 
BPA exposure at a very sensitive time in development can lead long-lasting developmental adverse effects (Xu et al. 2010), and thus investigating association between early life exposure to BPA and child neuro and 
behavioral development is warranted. In this study, we conducted various neuropsychological tests covering wide range of mental, psychomotor, intelligence and behavioral domains at different ages in early life. The aim 
of this study was to evaluate whether cord blood BPA level was associated with neural and behavioral development of children at 6, 18 and 42 months of age in a longitudinal birth cohort study.

Sci Total Environ. 2017 
Dec 31:607-608:351-
356.

10.1016/j.scitotenv.2017.06.060 28697388 ヒト 発達神経 - - - - - - コホート研究 1 1 - - - 1 1 1 - - - ● - - - - - - - -

統合_2774 Minatoya M et al. 2018

Prenatal exposure to bisphenol A 
and phthalates and behavioral 
problems in children at preschool 
age: the Hokkaido Study on 
Environment and Children's Health

BACKGROUND: Studies reported adverse behavioral development including internalizing and externalizing problems in association with prenatal exposure to bisphenol A (BPA) and phthalates; however, findings were not 
sufficient due to using different assessment tools and child ages among studies. This study aimed to examine associations between maternal serum levels of BPA and phthalate metabolites and behavioral problems at 
preschool age. METHODS: The Strengths and Difficulties Questionnaire (SDQ) was used to assess behavioral problems at 5 years of age. BPA and phthalate metabolite levels in the first trimester maternal serum was 
determined by LC-MS/MS for 458 children. Variables used for adjustment were parental ages, maternal cotinine levels, family income during pregnancy, child sex, birth order, and age at SDQ completed. RESULTS: The 
median concentrations of BPA, MnBP, MiBP, MEHP, and MECPP, primary and secondary metabolites of phthalates, were 0.062, 26.0, 7.0, 1.40, and 0.20 ng/ml, respectively. MECPP level was associated with increase 
conduct problem risk (OR = 2.78, 95% CI 1.36-5.68) overall and the association remained after child sex stratification, and odds ratios were increased with wider confidence interval (OR = 2.85, 95% CI 1.07-7.57 for boys, 
OR = 4.04, 95% CI 1.31-12.5 for girls, respectively). BPA, summation operatorDBP(m) (MnBP + MiBP), and summation operatorDEHP(m) (MEHP+MECPP) levels were not associated with any of the child behavioral 
problems. CONCLUSIONS: Our analyses found no significant association between BPA or summation of phthalate metabolite levels and any of the behavioral problems at 5 years of age but suggested possible association 
between MECPP levels and increased risk of conduct problems.

Environ Health Prev 
Med. 2018 Sep 
7;23(1):43.

10.1186/s12199-018-0732-1 30193567 ヒト 発達神経 - - - - - - コホート研究 1 1 - - - 1 1 1 - - - ● - - - - - - - -

統合_2775 Minguez-Alarcon L et al. 2015

Urinary bisphenol A concentrations 
and association with in vitro 
fertilization outcomes among women 
from a fertility clinic

STUDY QUESTION: Are urinary BPA concentrations associated with in vitro fertilization (IVF) outcomes among women attending an academic fertility center? SUMMARY ANSWER: Urinary BPA concentrations were not 
associated with adverse reproductive and pregnancy outcomes among women from a fertility clinic. WHAT IS KNOWN ALREADY: Bisphenol A (BPA), an endocrine disruptor, is detected in the urine of most Americans. 
Although animal studies have demonstrated that BPA reduces female fertility through effects on the ovarian follicle and uterus, data from human populations are scarce and equivocal. STUDY DESIGN, SIZE AND 
DURATION: This prospective cohort study between 2004 and 2012 at the Massachusetts General Hospital Fertility Center included 256 women (n = 375 IVF cycles) who provided up to two urine samples prior to oocyte 
retrieval (total N = 673). PARTICIPANTS/MATERIALS, SETTINGS, METHODS: Study participants were women enrolled in the Environment and Reproductive Health (EARTH) Study. Intermediate and clinical end-points of 
IVF treatments were abstracted from electronic medical records. We used generalized linear mixed models with random intercepts to evaluate the association between urinary BPA concentrations and IVF outcomes 
adjusted by age, race, body mass index, smoking status and infertility diagnosis. MAIN RESULTS AND THE ROLE OF CHANCE: The specific gravity-adjusted geometric mean of BPA was 1.87 microg/l, which is 
comparable to that for female participants in the National Health and Nutrition Examination Survey, 2011-2012. Urinary BPA concentrations were not associated with endometrial wall thickness, peak estradiol levels, 
proportion of high quality embryos or fertilization rates. Furthermore, there were no associations between urinary BPA concentrations and implantation, clinical pregnancy or live birth rates per initiated cycle or per embryo 
transfer. Although we did not find any associations between urinary BPA concentrations and IVF outcomes, the relation between BPA and endometrial wall thickness was modified by age. Younger women (<37 years old) 
had thicker endometrial thickness across increasing quartiles of urinary BPA concentrations, while older women (>/=37 years old) had thinner endometrial thickness across increasing quartiles of urinary BPA 
concentrations. LIMITATIONS, REASONS FOR CAUTION: Limitations to this study include a possible misclassification of BPA exposure and difficulties in extrapolating the findings to the general population. WIDER 
IMPLICATIONS OF THE FINDINGS: Data on the relation between urinary BPA concentrations and reproductive outcomes remain scarce and additional research is needed to clarify its role in human reproduction. STUDY 
FUNDING/COMPETING INTERESTS: This work was supported by NIH grants R01ES022955, R01ES009718 and R01ES000002 from the National Institute of Environmental Health Sciences (NIEHS) and grant 
T32DK00770316 from the National Institute of Child Health and Human Development (NICHD). None of the authors has any conflicts of interest to declare. The findings and conclusions in this report are those of the 
authors and do not necessarily represent the official position of the Centers for Disease Control and Prevention.

Hum Reprod. 2015 
Sep;30(9):2120-8.

10.1093/humrep/dev183 26209788 ヒト ⽣殖発⽣ - - - - - - コホート研究 1 1 - - - 1 1 1 - 1 - ● - - - - - - - -

統合_2776 Montrose L et al. 2018

Maternal levels of endocrine 
disrupting chemicals in the first 
trimester of pregnancy are 
associated with infant cord blood 
DNA methylation

Endocrine disrupting chemicals (EDCs) pose a public health risk through disruption of normal biological processes. Identifying toxicoepigenetic mechanisms of developmental exposure-induced effects for EDCs, such as 
phthalates or bisphenol A (BPA), is essential. Here, we investigate whether maternal exposure to EDCs is predictive of infant DNA methylation at candidate gene regions. In the Michigan Mother-Infant Pairs (MMIP) 
cohort, DNA was extracted from cord blood leukocytes for methylation analysis by pyrosequencing (n = 116) and methylation changes related to first trimester levels of 9 phthalate metabolites and BPA. Growth and 
metabolism-related genes selected for methylation analysis included imprinted (IGF2, H19) and non-imprinted (PPARA, ESR1) genes along with LINE-1 repetitive elements. Findings revealed decreases in methylation of 
LINE-1, IGF2, and PPARA with increasing phthalate concentrations. For example, a log unit increase in SigmaDEHP corresponded to a 1.03 [95% confidence interval (CI): -1.83, -0.22] percentage point decrease in PPARA 
methylation. Changes in DNA methylation were also inversely correlated with PPARA gene expression determined by RT-qPCR (r = -0.34, P = 0.02), thereby providing evidence in support of functional relevance. A sex-
stratified analysis of EDCs and DNA methylation showed that some relationships were female-specific. For example, urinary BPA exposure was associated with a 1.35 (95%CI: -2.69, -0.01) percentage point decrease in 
IGF2 methylation and a 1.22 (95%CI: -2.27, -0.16) percentage point decrease in PPARA methylation in females only. These findings add to a body of evidence suggesting epigenetically labile regions may provide a conduit 
linking early exposures with disease risk later in life and that toxicoepigenetic susceptibility may be sex specific.

Epigenetics. 
2018;13(3):301-309.

10.1080/15592294.2018.1448680 29513082 ヒト その他(DNAメチル化) - - - - - - コホート研究 1 1 - - - 1 1 1 - - - - - - - - - - - -

統合_2777 Mustieles V et al. 2018

Bisphenol A and reproductive 
hormones and cortisol in 
peripubertal boys: The INMA-
Granada cohort

INTRODUCTION: Bisphenol A (BPA) is a well-known endocrine disrupting compound. Although several studies have investigated the effect of BPA exposure and reproductive hormones in humans, results have been 
inconsistent. OBJECTIVE: To explore the cross-sectional relationship between bisphenol A (BPA) exposure and reproductive hormones/cortisol among peripubertal boys. MATERIAL AND METHODS: Urinary BPA and 
serum hormones were assessed in 172 boys belonging to the INMA "Environment and Childhood" Granada birth cohort in their follow-up at 9-11years of age. BPA concentrations were quantified by liquid chromatography-
mass spectrometry, and levels of serum total testosterone (TT), luteinizing hormone (LH), follicle-stimulating hormone (FSH) and cortisol were measured by electrochemiluminescence immunoassay. RESULT(S): After 
adjustment for confounders, linear regression models showed that each natural-log unit increase in urinary BPA concentrations was associated with a 19% increase in geometric mean (GM) serum TT levels, and a 16% 
decrease in GM serum cortisol levels. When urinary BPA concentrations were categorized in tertiles, boys in the 3rd tertile showed 49% higher TT levels and 23% lower cortisol concentrations compared to boys in the 1st 
tertile. Additionally, urinary BPA concentrations were also significantly associated with higher TT:LH and TT:cortisol ratios, but not with serum LH or FSH levels. CONCLUSION(S): Our results suggest the possible 
endocrine disrupting potential of BPA during this important period of development. Although action at the testis or pituitary cannot be ruled out, our findings are compatible with a possible involvement of BPA at the 
adrenal gland, resulting in a differential production of androgens/cortisol. However, given the cross-sectional design of our study, the heterogeneous results reported in the literature, and the scant experimental research 
on BPA effects at the adrenal gland, the present findings should be interpreted with caution.

Sci Total Environ. 2018 
Mar 15:618:1046-1053.

10.1016/j.scitotenv.2017.09.093 29100688 ヒト ⽣殖発⽣ - - - - - - 横断研究 1 1 - - - 1 1 1 - - - ● - - - - - - - -

統合_2778 Mustieles V et al. 2018
Maternal and paternal 
preconception exposure to 
bisphenols and size at birth

STUDY QUESTION: Are maternal and paternal preconception urinary bisphenol A (BPA) or bisphenol S (BPS) concentrations associated with offspring birth size? SUMMARY ANSWER: Maternal-but not paternal-
preconception urinary BPA concentrations were associated with lower birth size among couples seeking fertility evaluation. WHAT IS KNOWN ALREADY: Prenatal BPA exposure has been previously associated with 
reduced birth size in some but not all epidemiologic studies. However, the potential effect of BPA exposure before conception in either parent is unknown. Data on BPS is practically absent. STUDY DESIGN, SIZE, 
DURATION: Ongoing prospective preconception cohort of women and men seeking fertility evaluation between 2005 and 2016 in a large fertility center in an academic hospital in Boston, MA, USA. 
PARTICIPANTS/MATERIALS, SETTING, METHODS: We examined the association between maternal and paternal preconception, as well as maternal prenatal urinary BPA and BPS concentrations, and size at birth among 
346 singletons from couples recruited in the Environment and Reproductive Health (EARTH) Study using multivariable linear regression. Infant birth weight and head circumference were abstracted from delivery records. 
Mean preconception and prenatal exposures were estimated by averaging urinary ln-BPA and ln-BPS concentrations in multiple maternal and paternal urine samples collected before pregnancy, and maternal pregnancy 
samples collected in each trimester. MAIN RESULTS AND THE ROLE OF CHANCE: Maternal preconception urinary BPA concentrations were inversely associated with birth weight and head circumference in adjusted 
models: each ln-unit increase was associated with a decrease in birth weight of 119 g (95% CI: -212, -27), and a head circumference decrease of 0.72 cm (95% CI: -1.3, -0.1). Additional adjustment by gestational age or 
prenatal BPA exposure modestly attenuated results. Women with higher prenatal BPA concentrations had infants with lower mean birth weight (-75 g, 95% CI: -153, 2) although this did not achieve statistical significance. 
Paternal preconception urinary BPA concentrations were not associated with either birth weight or head circumference. No consistent patterns emerged for BPS concentrations measured in either parent. LIMITATIONS, 
REASONS FOR CAUTION: We observed a strong negative association between maternal-but not paternal-preconception BPA concentrations and offspring birth size among a subfertile population. Although these results 
are overall consistent with prior studies on prenatal BPA exposure, these findings may not be generalizable to women without fertility concerns. WIDER IMPLICATIONS OF THE FINDINGS: This study suggests that the 
unexplored maternal preconception period may be a sensitive window for BPA effects on birth outcomes. STUDY FUNDING/COMPETING INTEREST(S): Work supported by Grants (ES R01 009718, ES 022955 and ES 
000002) from the National Institute of Environmental Health Sciences (NIEHS). C.M. was supported by a post-doctoral fellowship award from the Canadian Institutes of Health Research. There are no competing interests 
to declare.

Hum Reprod. 2018 Aug 
1;33(8):1528-1537.

10.1093/humrep/dey234 29982563 ヒト ⽣殖発⽣ - - - - - - コホート研究 1 1 - - - 1 1 1 - 1 - ● - - - - - - - -

統合_2779 Nakiwala D et al. 2018
In-utero exposure to phenols and 
phthalates and the intelligence 
quotient of boys at 5 years

BACKGROUND: There are concerns that developmental exposure to endocrine disrupting chemicals such as phenolic compounds and phthalates could affect child cognitive function. Epidemiological studies tackling this 
question have mainly focused on phthalate metabolites and bisphenol A, but not on the other phenolic compounds. Our study aimed to assess the relationship between in-utero exposure to phthalates, bisphenol A and 
other phenolic compounds (parabens, triclosan, dichlorophenols and benzophenone-3) and the Intelligence Quotient (IQ) of boys at 5-6 years. METHODS: In 452 mother-son dyads from the French EDEN cohort, we 
measured 11 phthalate metabolites and 9 phenolic compounds (4 parabens, benzophenone-3, bisphenol A, 2 dichlorophenols and triclosan) in spot urine samples collected between 22 and 29 gestational weeks. Verbal and 
performance IQ of children were assessed at 5-6 years by a psychologist using the Wechsler Preschool and Primary Scale of Intelligence (WPPSI). We used adjusted Structural Equation Models (SEM) combined with 
Benjamini and Hochberg false discovery rate correction to assess the associations between maternal urine phenol and phthalate metabolite concentrations considered simultaneously and the boys' IQ. RESULTS: No 
phenol or phthalate metabolite concentration was negatively associated with the boys' verbal or performance IQ (uncorrected p-values >/=0.09). Mono(3-carboxypropyl) phthalate tended to be associated with increased 
verbal IQ (beta = 0.136, 95% confidence interval, 0.01; 0.27). This association disappeared after correction for multiple comparison (corrected p-value, 0.71). CONCLUSION: Our results did not provide evidence of an 
inverse association between in-utero exposure to phenols or phthalates and verbal and performance IQ among boys. Since phenols and phthalates may have sex-specific effects, these null findings cannot be generalized 
to girls. Limitations included use of a single spot urine sample to assess exposures and lack of consideration of postnatal exposures.

Environ Health. 2018 
Feb 20;17(1):17.

10.1186/s12940-018-0359-0 29458359 ヒト 発達神経 - - - - - - コホート研究 1 1 - - - 1 1 1 - - - ● - - - - - - - -

統合_2780 Ohlstein JF et al. 2014
Bisphenol A enhances adipogenic 
differentiation of human adipose 
stromal/stem cells

Exposure of humans to the endocrine disrupter bisphenol A (BPA) has been associated with increased weight and obesity. However, the mechanism(s) by which BPA increases adipose tissue in humans remains to be 
determined. The goal of this study was to determine the effects of BPA on adipogenesis of cultured human adipose stromal/stem cells (ASCs), precursors to mature adipocytes. ASCs from three donors were cultured for 
either 14 or 21 days in adipogenic differentiation media containing increasing concentrations of BPA (100 pM-10 muM). The extent of adipogenic differentiation in the ASCs was assessed by staining with Oil Red O to 
visualize adipogenic differentiation and then quantified by extraction and optical density measurement of the retained dye. BPA significantly enhanced adipogenesis at a concentration of 1 muM after 21 days of culture. 
Additionally, we found that BPA increased transcription of the estrogen receptor (ER (ESR1)) and that treatment with the ER antagonist ICI 182 780, blocked the effects of BPA, indicating that BPA may act via an ER-
mediated pathway. The results of molecular analyses indicated that the expression of the adipogenesis-associated genes dual leucine zipper-bearing kinase (DLK (MAP3K12)), IGF1, CCAAT/enhancer-binding protein 
alpha (C/EBPalpha (CEBPA)), peroxisome proliferator-activated receptor gamma (PPARgamma (PPARG)), and lipoprotein lipase (LPL) was temporally accelerated and increased by BPA. In summary, these results indicate 
that BPA significantly enhances adipogenesis in ASCs through an ER-mediated pathway at physiologically relevant concentrations.

Journal of Molecular 
Endocrinology.2014;53(
3):345-353

10.1530/JME-14-0052 25143472 ex vivo - - - - - - - - - - 1 0 100 pM-10 muM - - - - - - ● - - - - - - - -

統合_2781 Perera F et al. 2016

Bisphenol A exposure and 
symptoms of anxiety and depression 
among inner city children at 10-12 
years of age

BACKGROUND: Experimental and epidemiological studies suggest that gestational exposure to Bisphenol A (BPA), an ubiquitous endocrine disrupting chemical, may lead to neurobehavioral problems in childhood; 
however, not all results have been consistent. We previously reported a positive association between prenatal BPA exposure and symptoms of anxiety/depression reported by the mother at child age 7-9 years in boys, but 
not girls. OBJECTIVES: Here, in the same birth cohort, we investigated the association of prenatal BPA exposure with symptoms of depression and anxiety self-reported by the 10-12 year olds, hypothesizing that we would 
observe sex-specific differences in anxiety and depressive symptoms. METHODS: African-American and Dominican women living in Northern Manhattan and their children were followed from mother's pregnancy through 
children's age 10-12 years. BPA was quantified in maternal urine collected during the third trimester of pregnancy and in child urine collected at ages 3 and 5 years. Children were evaluated using the Revised Children's 
Manifest Anxiety Scale (RCMAS) and Children's Depression Rating Scale (CDRS). We compared the children in the highest tertile of BPA concentration to those in the lower two tertiles. Associations between behavior 
and prenatal (maternal) BPA concentration or postnatal (child) BPA concentration were assessed in regression models stratified by sex. RESULTS: Significant positive associations between prenatal BPA and symptoms 
of depression and anxiety were observed among boys. Postnatal BPA exposure was not significantly associated with outcomes. There was substantial co-occurrence of anxiety and depressive symptoms in this sample. 
CONCLUSION: These results provide evidence that prenatal BPA exposure is associated with more symptoms of anxiety and depression in boys but not in girls at age 10-12 years.

Environ Res. 2016 
Nov:151:195-202.

10.1016/j.envres.2016.07.028 27497082 ヒト 発達神経 - - - - - - コホート研究 1 1 - - - 1 1 1 - - - ● - - - - - - - -

統合_2782 Perez-Lobato R et al. 2016
Exposure to bisphenol A and 
behavior in school-age children

INTRODUCTION: Bisphenol A (BPA) exposure has been shown to affect human brain neurodevelopment and behavior. OBJECTIVE: We aimed to investigate whether environmental exposure to BPA in children was 
associated with their childhood behavior. METHODS: Urinary BPA concentrations and behavioral characteristics were assessed in 300 children belonging to the INMA "Environment and Childhood" Granada birth cohort in 
their follow-up at 9-11 years of age. BPA concentrations were quantified in urine using liquid chromatography-tandem mass spectrometry (LC-MS-MS), and child behavior reported by parents using the Child Behavior 
Checklist (CBCL/6-18) under supervision of a psychologist. The association between BPA concentrations and CBCL standardized scores was analyzed using linear regression models, adjusted for important covariates. 
RESULTS: Median (P25, P75) BPA concentration was 4.76 (2.77, 9.03)mug/L. Mean (+/-SD) CBCL externalizing and internalizing scores were 56.35 (+/-8.06) and 51.36 (+/-9.22), respectively. In multivariate regression 
analyses, adjusted for maternal and child characteristics, higher BPA concentrations were associated with worse behavioral scores on all scales. Children with BPA concentrations in the 4th quartile had more somatic 
complaints (beta=2.35; 95% CI: 0.25, 4.46) and social (beta=1.71; 95% CI: 0.19, 3.22) and thought problems (beta=2.58; 95% CI: 0.66, 4.51) in comparison to those in the 1st quartile. Children with values in the 3rd quartile 
of BPA concentrations also showed greater social problems (beta=1.94; 95% CI: 0.43, 3.45). CONCLUSIONS: Our results suggest that exposure to BPA in childhood may affect children's behavior. Although further 
investigations are required, preventive measures should be undertaken to reduce inadvertent exposure to BPA.

Neurotoxicology. 2016 
Mar:53:12-19.

10.1016/j.neuro.2015.12.001 26654821 ヒト 発達神経 - - - - - - コホート研究 1 1 - - - 1 1 1 - - - ● - - - - - - - -

統合_2783 Perng W et al. 2017
Exposure to phthalates is associated 
with lipid profile in peripubertal 
Mexican youth

Animal models indicate that endocrine disrupting chemicals (EDCs) affect circulating lipid concentrations by interfering with hepatic fatty acid oxidation. Little is known of the relationship between EDC exposure and lipid 
profile in humans. We measured bisphenol A (BPA) and 9 phthalate metabolites in maternal urine collected at up to three time points during pregnancy as a measure of in utero exposure, and in the child's urine at 8-14 
years as a measure of concurrent, peripubertal exposure among 248 participants of a Mexico City pre-birth cohort. We used linear regression to examine relations of BPA and phthalate exposure with peripubertal serum 
lipids, while also adjusting for child age, sex, and specific gravity. While in utero EDC exposure was not associated with lipid profile, higher concurrent levels of mono-3-carboxypropyl phthalate (MCPP), monoethyl 
phthalate (MEP), and dibutyl phthalate metabolites (DBP) corresponded with lower total cholesterol and low-density lipoprotein (LDL-C) in boys; e.g., an interquartile range increment in MCPP corresponded with 7.4% 
(2.0%, 12.8%) lower total cholesterol and 12.7% (3.8%, 21.6%) lower LDL-C. In girls, higher urinary di-2-ethylhexyl phthalate metabolites (SigmaDEHP) correlated with lower LDL-C (-7.9% [-15.4%, -0.4%]). Additional 
longitudinal research is needed to determine whether these associations persist beyond adolescence.

Environ Res. 2017 
Apr:154:311-317.

10.1016/j.envres.2017.01.033 28152472 ヒト 代謝 - - - - - - コホート研究 1 1 - - - 1 1 1 - - - ● - - - - - - - -
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統合_2784 Philippat C et al. 2014
Prenatal Exposure to Phenols and 
Growth in Boys

BACKGROUND: Phenols interact with nuclear receptors implicated in growth and adipogenesis regulation. Only a few studies have explored their effects on growth in humans. OBJECTIVES: We studied the associations 
of maternal exposure to phenols during pregnancy with prenatal and postnatal growth of male newborns. METHODS: Within a cohort of women recruited during pregnancy, we selected 520 mother-son pairs and quantified 
9 phenols in spot urine samples collected during pregnancy. We used ultrasonography during pregnancy, together with birth measurements, to assess fetal growth. We modeled individual postnatal growth trajectories 
from repeated measures of weight and height in the first 3 years of life. RESULTS: Triclosan concentration was negatively associated with growth parameters measured at the third ultrasound examination but not earlier 
in pregnancy. At birth, this phenol tended to be negatively associated with head circumference (-1.2 mm for an interquartile range [IQR] increase in ln-transformed triclosan concentration [95% confidence interval = -2.6 
to 0.3]) but not with weight or height. Parabens were positively associated with weight at birth. This positive association remained for 3 years for methylparaben (beta = 193 g [-4 to 389]) for an IQR increase in ln-
transformed concentrations. CONCLUSION: We relied on only 1 spot urine sample to assess exposure; because of the high variability in phenol urinary concentrations reported during pregnancy, using only 1 sample may 
result in exposure misclassification, in particular for bisphenol A. Our study suggested associations between prenatal exposure to parabens and triclosan and prenatal or early postnatal growth.

Epidemiology. 2014 
Sep;25(5):625-35.

10.1097/EDE.0000000000000132 25061923 ヒト ⽣殖発⽣ - - - - - - コホート研究 1 1 - - - 1 1 1 - 1 - ● - - - - - - - -

統合_2785 Philippat C et al. 2017
Prenatal Exposure to Nonpersistent 
Endocrine Disruptors and Behavior 
in Boys at 3 and 5 Years

BACKGROUND: Sex-specific associations have been reported between phthalates, bisphenol A (BPA), and child behavior. No data on large study populations are available for other phenols with possible endocrine-
disrupting properties. OBJECTIVES: We aimed to study associations between prenatal exposure to phthalates and several phenols on behavior among male infants. METHODS: We quantified 11 phthalate metabolites and 
nine phenols (four parabens, benzophenone-3, BPA, two dichlorophenols, triclosan) in spot urine samples collected during pregnancy among EDEN cohort mothers who delivered a boy. Mothers completed the Strength and 
Difficulties Questionnaire (SDQ) when their children were 3.1 (n=529) and 5.6 (n=464) y old. RESULTS: BPA was positively associated with the relationship problems subscale at 3 y [incidence rate ratio (IRR): 1.11; 95% 
confidence interval (CI): 1.03, 1.20] and the hyperactivity-inattention subscale scores at 5 y (IRR: 1.08; 95% CI: 1.01, 1.14). Mono-n-butyl phthalate (MnBP) was positively associated with internalizing behavior, relationship 
problem, and emotional symptom scores at 3 y. Monobenzyl phthalate (MBzP) was positively associated with internalizing behavior and relationship problems scores at 3 y. After dichotomizing SDQ scores, triclosan 
tended to be positively associated with emotional symptom subscales at both 3 and 5 y. CONCLUSIONS: The observed associations between BPA, MnBP, and behavior in boys are consistent with previous findings. 
Further health impact assessment studies based on dose-response functions corrected for exposure misclassification are required to quantify the public health burden possibly entailed by such associations. 
https://doi.org/10.1289/EHP1314.

Environ Health 
Perspect. 2017 Sep 
15;125(9):097014.

10.1289/EHP1314 28937960 ヒト 発達神経 - - - - - - コホート研究 1 1 - - - 1 1 1 - - - ● - - - - - - - -

統合_2786 Philips EM et al. 2018

First Trimester Urinary Bisphenol 
and Phthalate Concentrations and 
Time to Pregnancy: A Population-
Based Cohort Analysis

BACKGROUND: Increasing evidence suggests that exposure to synthetic chemicals such as bisphenols and phthalates can influence fecundability. The current study describes associations of first trimester urinary 
concentrations of bisphenol A (BPA), BPA analogs, and phthalate metabolites with time to pregnancy (TTP). METHODS: Among 877 participants in the population-based Generation R pregnancy cohort, we measured first 
trimester urinary concentrations of bisphenols and phthalates [median gestational age, 12.9 weeks (interquartile range, 12.1, 14.4)]. We used fitted covariate-adjusted Cox proportional hazard models to examine 
associations of bisphenol and phthalate concentrations with TTP. Participants who conceived using infertility treatment were censored at 12 months. Biologically plausible effect measure modification by folic acid 
supplement use was tested. RESULTS: In the main models, bisphenol and phthalate compounds were not associated with fecundability. In stratified models, total bisphenols and phthalic acid were associated with longer 
TTP among women who did not use folic acid supplements preconceptionally [respective fecundability ratios per each natural log increase were 0.90 (95% CI, 0.81 to 1.00) and 0.88 (95% CI, 0.79 to 0.99)]. Using an 
interaction term for the exposure and folic acid supplement use showed additional effect measure modification by folic acid supplement use for high-molecular-weight phthalate metabolites. CONCLUSIONS: We found no 
associations of bisphenols and phthalates with fecundability. Preconception folic acid supplementation seems to modify effects of bisphenols and phthalates on fecundability. Folic acid supplements may protect against 
reduced fecundability among women exposed to these chemicals. Further studies are needed to replicate these findings and investigate potential mechanisms.

J Clin Endocrinol Metab. 
2018 Sep 
1;103(9):3540-3547.

10.1210/jc.2018-00855 30016447 ヒト ⽣殖発⽣ - - - - - - コホート研究 1 1 - - - 1 1 1 - 1 - - - - - - - - - -

統合_2787 Pinney SE et al. 2017

Second trimester amniotic fluid 
bisphenol A concentration is 
associated with decreased birth 
weight in term infants

Bisphenol A (BPA) is an endocrine disrupting chemical with ubiquitous environmental exposure. Animal studies have demonstrated that in utero BPA exposure leads to increased adult body weight. Our aim was to 
characterize human fetal BPA exposure by measuring BPA concentration in second trimester amniotic fluid (AF) samples and to study its relationship with birth weight (BW) in full term infants. To achieve these goals, we 
developed a total BPA assay utilizing derivatization with pentafluorobenzyl followed by analysis with LC-ECAPCI-MS/MS with a limit of detection of 0.08ng/mL and limit of quantification (LOQ) of 0.25ng/mL. The mean 
BW of infants with AF BPA 0.40-2.0ng/mL was 241.8g less than infants with AF BPA less than the LOQ after controlling for covariates (p=0.049). No effect was seen outside this range indicating a non-monotonic effect. 
Our data suggest that low level BPA exposure in utero decreases BW and needs further study.

Reprod Toxicol. 2017 
Jan:67:1-9.

10.1016/j.reprotox.2016.11.007 27829162 ヒト ⽣殖発⽣ - - - - - - コホート研究 1 1 - - - 1 1 1 - 1 - ● - - - - - - - -

統合_2788 Pollack AZ et al. 2018

Exposure to bisphenol A, 
chlorophenols, benzophenones, and 
parabens in relation to reproductive 
hormones in healthy women: A 
chemical mixture approach

BACKGROUND: Little is known about the associations of bisphenol A, chlorophenols, benzophenones, and parabens with reproductive hormone levels in women. Our goal was to evaluate the associations between 
repeated measures of these chemicals and their mixtures with reproductive hormones in women. METHODS: Longitudinal urine samples from healthy, premenopausal women (n = 143 with 3-5 urine samples each) were 
measured for bisphenol A, five chlorophenols (2,4-dichlorophenol (2,4-DCP), 2,5-dichlorophenol, 2,4,5-trichlorophenol, 2,4,6-trichlorophenol, triclosan), two ultraviolet (UV) filters (benzophenone-1, benzophenone-3), and 
eight parabens and their metabolites (benzyl, butyl, ethyl, heptyl, methyl, propyl, 4-hydroxybenzoic acid (4-HB), 3,4-dihydroxybenzoic acid (3,4-DHB)) over two menstrual cycles. Estradiol, progesterone, luteinizing hormone 
(LH), and follicle stimulating hormone (FSH) were measured in blood up to 8 times each menstrual cycle. Linear mixed models were used for both single and multi-chemical exposures estimated using principal component 
analysis. Four factors were identified including: paraben; paraben metabolites and BPA, phenols, and UV filters. Models were adjusted for creatinine, age, race, and body mass index and weighted with inverse probability 
of exposure weights to account for time varying confounding. RESULTS: In single-chemical models, 3,4-DHB was associated with estradiol (0.06 (95% confidence interval (CI): 0.001, 0.12)), 2-4-DCP with increased 
progesterone 0.14 (0.06, 0.21) and decreased FSH -0.08 (-0.11, -0.04), and 4-HB was associated with increased FSH 0.07 (0.01, 0.13). In multi-chemical models, all factors were associated with increased progesterone 
(beta coefficient range: 0.15 for UV filter factor to 0.32 for paraben factor). The paraben factor and the paraben metabolite and BPA factor were associated with increased estradiol [0.21 (0.15, 0.28); 0.12 (0.07, 0.18)]. The 
phenol and UV filter factors were associated with decreased estradiol, FSH, and LH. The UV filter factor showed the strongest inverse association with estradiol -0.16 (-0.22, -0.10), FSH -0.12 (-0.17, -0.07), and LH -
0.17 (-0.23, -0.10). CONCLUSION: Mixtures of phenols were associated with changes in reproductive hormones. Such changes could contribute to adverse health in women but additional research is necessary.

Environ Int. 2018 
Nov:120:137-144.

10.1016/j.envint.2018.07.028 30092451 ヒト ⽣殖発⽣ - - - - - - コホート研究 1 1 - - - 1 1 1 - 1 - ● - - - - - - - -

統合_2789 Roen EL et al. 2015
Bisphenol A exposure and 
behavioral problems among inner 
city children at 7-9 years of age

BACKGROUND: Bisphenol A (BPA) is a ubiquitous endocrine disrupting compound. Several experimental and epidemiological studies suggest that gestational BPA exposure can lead to neurodevelopmental and behavioral 
problems in early-life, but results have been inconsistent. We previously reported that prenatal BPA exposure may affect child behavior and differently among boys and girls at ages 3-5 years. OBJECTIVES: We investigated 
the association of prenatal and early childhood BPA exposure with behavioral outcomes in 7-9 year old minority children and hypothesized that we would observe the same sex-specific pattern observed at earlier ages. 
METHODS: African-American and Dominican women enrolled in an inner-city prospective cohort study and their children were followed from mother's pregnancy through children's age 7-9 years. Women during the third 
trimester of pregnancy and children at ages 3 and 5 years provided spot urine samples. BPA exposure was categorized by tertiles of BPA urinary concentrations. The Child Behavioral Checklist (CBCL) was administered at 
ages 7 and 9 to assess multiple child behavior domains. Associations between behavior and prenatal (maternal) BPA concentrations and behavior and postnatal (child) BPA concentration were assessed via Poisson 
regression in models stratified by sex. These models accounted for potential confounders including prenatal or postnatal urinary BPA concentrations, child age at CBCL assessment, ethnicity, gestational age, maternal 
intelligence, maternal education and demoralization, quality of child's home environment, prenatal environmental tobacco smoke exposure, and prenatal mono-n-butyl phthalate concentration. RESULTS: The direction of 
the associations differed between boys and girls. Among boys (n=115), high prenatal BPA concentration (upper tertile vs. lower two tertiles) was associated with increased internalizing (beta=0.41, p<0.0001) and 
externalizing composite scores (beta=0.40, p<0.0001) and with their corresponding individual syndrome scales. There was a general decrease in scores among girls that was significant for the internalizing composite 
score (beta=-0.17, p=0.04) (n=135). After accounting for possible selection bias, the results remained consistent for boys. Conversely, high postnatal BPA concentration was associated with increased behaviors on both 
the internalizing composite (beta=0.30, p=0.0002) and externalizing composite scores (beta=0.33, p<0.0001) and individual subscores in girls but fewer symptoms in boys. These results remained significant in girls after 
accounting for selection bias. CONCLUSION: These results suggest BPA exposure may affect childhood behavioral outcomes in a sex-specific manner and differently depending on timing of exposure.

Environ Res. 2015 
Oct:142:739-45.

10.1016/j.envres.2015.01.014 25724466 ヒト 発達神経 - - - - - - コホート研究 1 1 - - - 1 1 1 - - - ● - - - - - - - -

統合_2790 Romano ME et al. 2015

Gestational urinary bisphenol A and 
maternal and newborn thyroid 
hormone concentrations: The HOME 
Study

Bisphenol A (BPA), an endocrine disruptor used in consumer products, may perturb thyroid function. Prenatal BPA exposure may have sex-specific effects on thyroid hormones (THs). Our objectives were to investigate 
whether maternal urinary BPA concentrations during pregnancy were associated with THs in maternal or cord serum, and whether these associations differed by newborn sex or maternal iodine status. We measured 
urinary BPA concentrations at 16 and 26 weeks gestation among pregnant women in the HOME Study (2003-2006, Cincinnati, Ohio). Thyroid stimulating hormone (TSH) and free and total thyroxine (T4) and 
triiodothyronine (T3) were measured in maternal serum at 16 weeks (n=181) and cord serum at delivery (n=249). Associations between BPA concentrations and maternal or cord serum TH levels were estimated by 
multivariable linear regression. Mean maternal urinary BPA was not associated with cord THs in all newborns, but a 10-fold increase in mean BPA was associated with lower cord TSH in girls (percent change=-36.0%; 
95% confidence interval (CI): -58.4, -1.7%), but not boys (7.8%; 95% CI: -28.5, 62.7%; p-for-effect modification=0.09). We observed no significant associations between 16-week BPA and THs in maternal or cord serum, 
but 26-week maternal BPA was inversely associated with TSH in girls (-42.9%; 95% CI: -59.9, -18.5%), but not boys (7.6%; 95% CI: -17.3, 40.2%; p-for-effect modification=0.005) at birth. The inverse BPA-TSH relation 
among girls was stronger, but less precise, among iodine deficient versus sufficient mothers. Prenatal BPA exposure may reduce TSH among newborn girls, particularly when exposure occurs later in gestation.

Environ Res. 2015 
Apr:138:453-60.

10.1016/j.envres.2015.03.003 25794847 ヒト 甲状腺 - - - - - - コホート研究 1 1 - - - 1 1 1 - - - ● - - - - - - - -

統合_2791 Ronn M et al. 2014

Bisphenol A is related to circulating 
levels of adiponectin, leptin and 
ghrelin, but not to fat mass or fat 
distribution in humans

OBJECTIVE: Since bisphenol A (BPA) has been shown to induce obesity in experimental studies, we explored the associations between BPA and fat mass, fat distribution and circulating levels of adiponectin, leptin and 
ghrelin in humans. METHODS: In the Prospective Investigation of the Vasculature in Uppsala Seniors (PIVUS), fat mass and fat distribution were determined in 70-year-old men and women (n=890) by dual-energy X-ray 
absorptiometry (DXA) and magnetic resonance imaging (MRI) (n=287). Serum levels of BPA were analyzed using isotope liquid chromatography/tandem mass spectrometer (API4000LC-MS/MS). Hormone levels were 
analyzed with radioimmunoassays (RIA) or enzyme-linked immunosorbent assay (ELISA). Imaging was performed approximately two years following collection of other data. RESULTS: Serum concentrations of BPA were 
not related to adipose tissue measurements by DXA or MRI. BPA associated positively with adiponectin and leptin, but negatively with ghrelin, following adjustments for sex, height, fat mass, lean mass, smoking, alcohol 
consumption, physical activity, energy intake, and educational levels (p<0.001, p=0.009, p<0.001, respectively). The relationship between BPA and ghrelin was stronger in women than in men. CONCLUSION: Although no 
relationships between BPA levels and measures of fat mass were seen, BPA associated strongly with the adipokines adiponectin and leptin and with the gut-hormone ghrelin suggesting that BPA may interfere with 
hormonal control of hunger and satiety.

Chemosphere.2014;112:
42-48

10.1016/j.chemosphere.2014.03.0
42

25048886 ヒト - - - - - - - 横断研究 1 1 - - - - - - - - - ● - - - - - - - -

統合_2792 Shapiro GD et al. 2015

Exposure to phthalates, bisphenol A 
and metals in pregnancy and the 
association with impaired glucose 
tolerance and gestational diabetes 
mellitus: The MIREC study

BACKGROUND: Studies from several countries report increases in rates of gestational diabetes mellitus (GDM) over recent decades. Exposure to environmental chemicals could contribute to this trend. OBJECTIVES: To 
determine the associations between plasticisers and metals measured in early pregnancy with impaired glucose tolerance (IGT) and GDM in a Canadian pregnancy cohort. METHODS: Women enrolled in the Maternal-
Infant Research on Environmental Chemicals (MIREC) Study were included if they had a singleton delivery and did not have pre-existing diabetes. Eleven phthalate metabolites and total bisphenol A (BPA) were measured 
in first-trimester urine samples, and four metals (lead, cadmium, mercury and arsenic) were measured in first-trimester blood samples. IGT and GDM were assessed in accordance with standard guidelines by chart 
review. Chemical concentrations were grouped by quartiles, and associations with outcomes were examined using logistic regression with adjustment for maternal age, race, pre-pregnancy BMI, and education. Restricted 
cubic spline analysis was performed to help assess linearity and nature of any dose-response relationships. RESULTS: Of 2001 women recruited into the MIREC cohort, 1274 met the inclusion criteria and had outcome 
data and biomonitoring data measured for at least one of the chemicals we examined. Elevated odds of GDM were observed in the highest quartile of arsenic exposure (OR = 3.7, 95% CI = 1.4-9.6) in the adjusted 
analyses. A significant dose-response relationship was observed in a cubic spline model between arsenic and odds of GDM (p < 0.01). No statistically significant associations were observed between phthalates or BPA 
or other metals with IGT or GDM. CONCLUSIONS: Our findings add to the growing body of evidence supporting the role of maternal arsenic exposure as a risk factor for gestational diabetes.

Environ Int. 2015 
Oct:83:63-71.

10.1016/j.envint.2015.05.016 26101084 ヒト ⽣殖発⽣(妊娠糖尿病) - - - - - - コホート研究 1 1 - - - 1 1 1 - 1 - ● - - - - - - - -

統合_2793 Shiue I et al. 2014

Higher urinary heavy metal, arsenic, 
and phthalate concentrations in 
people with high blood pressure: US 
NHANES, 2009-2010

BACKGROUND: A link between environmental chemicals and human health has emerged but not complete in risk factors. This work aimed to study the relationships of different sets of urinary environmental chemical 
concentrations and risk of high blood pressure (BP) in a national, population-based study. METHODS: Data was retrieved from United States National Health and Nutrition Examination Surveys, 2009-2010, including 
demographics, BP readings and urinary environmental chemical concentrations. Analyses included t-test and survey-weighted logistic regression models. RESULTS: Urinary mercury concentrations were not associated 
with high BP (OR = 1.19, 95% CI 0.97-1.48, p = 0.095). Urinary cobalt (OR = 1.35, 95% CI 1.01-1.81, p = 0.044), lead (OR = 1.77, 95% CI 1.31-2.38, p = 0.001), antimony (OR = 1.37, 95% CI 1.09-1.72, p = 0.010) and 
tungsten (OR = 1.52, 95% CI 1.27-1.81, p < 0.001) concentrations were observed to increase the risk of high BP. There are no clear associations between environmental parabens and high BP. The effect of environmental 
bisphenol A (OR = 1.14, 95% CI 1.00-1.30, p = 0.051) disappeared after additionally adjusting for subsample weighting (OR = 1.12, 95% CI 0.93-1.35, p = 0.225). People with higher urinary mono-2-ethyl-5-carboxypentyl 
phthalate (OR = 1.26, 95% CI 1.00-1.58, p = 0.051), mono-n-butyl phthalate (OR = 1.19, 95% CI 1.01-1.41, p = 0.042) and mono-n-methyl phthalate metabolites (OR = 1.16, 95% CI 1.03-1.32, p = 0.021) tended to have high 
BP. Moreover, urinary o-phenyl phenol concentrations (OR = 1.49, 95% CI 1.25-1.77, p < 0.001) and dimethylarsonic acid concentrations (OR = 1.35, 95% CI 1.06-1.73, p = 0.019) were also seen to be associated with high 
BP. CONCLUSIONS: Urinary environmental chemical concentrations were associated with risk of high BP, although the causal effect cannot be established. Elimination of environmental chemicals in humans would need 
to be continued.

Blood 
Pressure.2014;23(6):363
-369

10.3109/08037051.2014.925228 24945898 ヒト - - - - - - - 横断研究 1 1 - - - - - - - - - ● - - - - - - - -

統合_2794 Smarr MM et al. 2015

Parental urinary biomarkers of 
preconception exposure to 
bisphenol A and phthalates in 
relation to birth outcomes

BACKGROUND: Bisphenol A (BPA) and phthalates are ubiquitous non-persistent endocrine disrupting chemicals whose relation with infant birth size is not clearly understood. METHODS: We examined associations 
between maternal and paternal preconception urinary concentrations of total BPA and 14 phthalate metabolites and birth size for 233 infants. Multiple linear regression models were used to estimate parental quartiles of 
BPA and phthalates in relation to birth weight, length, head circumference, and ponderal index with separate models run for each parent adjusting for age, smoking, body mass index, education, alcohol, parity, and 
creatinine. Models also included an interaction term for each chemical and infant sex and were further adjusted to include the other partner's chemical concentrations. RESULTS: In maternal models adjusted for partner's 
exposure and covariates, reductions in birth weight (range: 178-215 g; p < 0.05) were observed for the 2nd quartile of maternal monomethyl phthalate, mono-[(2-carboxymethyl) hexyl] phthalate and mono-n-octyl phthalate 
when compared with the 1st quartiles. The 3rd quartile of monoethylhexyl phthalate (mEHP) was also associated with a 200.16 g (95 % CI: -386.90, -13.42) reduction. Similar reductions in birth weight were observed for 
the 2(nd) quartile of paternal mEHP (beta = -191.93 g; 95 % CI: -381.61, -2.25). Additionally, select maternal urinary metabolites were associated with decreased head circumference, birth length and gestational age. 
However, paternal concentrations were generally associated with increased birth length and gestational age. CONCLUSIONS: We observed some suggestion that preconception maternal and paternal urinary 
concentration of BPA and specific phthalate metabolites may be associated with smaller birth size and increased gestational age, though the findings appeared to be parent and chemical specific.

Environ Health. 2015 
Sep 11:14:73.

10.1186/s12940-015-0060-5 26362861 ヒト ⽣殖発⽣ - - - - - - コホート研究 1 1 - - - 1 1 1 - 1 - ● - - - - - - - -

統合_2795 Souter I et al. 2013

The association of bisphenol-A 
urinary concentrations with antral 
follicle counts and other measures 
of ovarian reserve in women 
undergoing infertility treatments

In this prospective cohort of women undergoing infertility treatments, we measured specific-gravity adjusted urinary BPA (SG-BPA) concentrations and used regression models to evaluate the association of BPA with 
antral follicle count (AFC), day-3 serum follicle stimulating hormone levels (FSH), and ovarian volume (OV). BPA, detected in >80% of women, had a geometric mean (+/-GSD) of 1.6+/-2.0, 1.7+/-2.1, and 1.5+/-1.8mug/L 
for the women contributing to the AFC (n=154), day-3 FSH (n=120), and OV (n=114) analyses, respectively. There was an average decrease in AFC of 12% (95% CI: -23%, -0.6%), 22% (95% CI: -31%, -11%), and 17% (95% 
CI: -27%, -6%), in the 2nd, 3rd, and 4th SG-BPA quartile compared to the 1st quartile, respectively (p-trend: <0.001). No association of SG-BPA with FSH or OV was observed. Among women from an infertility clinic, 
higher urinary BPA concentrations were associated with lower AFC, raising concern for possible accelerated follicle loss and reproductive aging.

Reprod Toxicol. 2013 
Dec:42:224-31.

10.1016/j.reprotox.2013.09.008 24100206 ヒト 卵巣 - - - - - - コホート研究 1 1 - - - 1 1 1 - 1 - ● - ● - - - - - -

統合_2796 Spanier AJ et al. 2014

Bisphenol A Exposure and the 
Development of Wheeze and Lung 
Function in Children Through Age 5 
Years

IMPORTANCE: Bisphenol A (BPA), a prevalent endocrine-disrupting chemical, has been associated with wheezing in children, but few studies have examined its effect on lung function or wheeze in older children. 
OBJECTIVES: To test whether BPA exposure is associated with lung function, with wheeze, and with pattern of wheeze in children during their first 5 years. DESIGN, SETTING, AND PARTICIPANTS: A birth cohort study, 
enrolled during early pregnancy in the greater Cincinnati, Ohio, area among 398 mother-infant dyads. We collected maternal urine samples during pregnancy (at 16 and 26 weeks) and child urine samples annually to assess 
gestational and child BPA exposure. MAIN OUTCOMES AND MEASURES: We assessed parent-reported wheeze every 6 months for 5 years and measured child forced expiratory volume in the first second of expiration 
(FEV1) at age 4 and 5 years. We evaluated associations of BPA exposure with respiratory outcomes, including FEV1, child wheeze, and wheeze phenotype. RESULTS: Urinary BPA concentrations and FEV1 data were 
available for 208 children and urinary BPA concentrations and parent-reported wheeze data were available for 360 children. The mean maternal urinary BPA concentration ranged from 0.53 to 293.55 microg/g of creatinine. 
In multivariable analysis, every 10-fold increase in the mean maternal urinary BPA concentration was associated with a 14.2% (95% CI, -24.5% to -3.9%) decrease in the percentage predicted FEV1 at 4 years, but no 
association was found at 5 years. In multivariable analysis, every 10-fold increase in the mean maternal urinary BPA concentration was marginally associated with a 54.8% increase in the odds of wheezing (adjusted odds 
ratio, 1.55; 95% CI, 0.91-2.63). While the mean maternal urinary BPA concentration was not associated with wheeze phenotype, a 10-fold increase in the 16-week maternal urinary BPA concentration was associated with 
a 4.27-fold increase in the odds of persistent wheeze (adjusted odds ratio, 4.27; 95% CI, 1.37-13.30). Child urinary BPA concentrations were not associated with FEV1 or wheeze. CONCLUSIONS AND RELEVANCE: 
These results provide evidence suggesting that prenatal but not postnatal exposure to BPA is associated with diminished lung function and the development of persistent wheeze in children.

JAMA Pediatr. 2014 
Dec;168(12):1131-7.

10.1001/jamapediatrics.2014.1397 25286153 ヒト 呼吸器系 - - - - - - コホート研究 1 1 - - - 1 1 1 - 1 - ● - - - - - - - -
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統合_2797 Stacy SL et al. 2017

Early life bisphenol A exposure and 
neurobehavior at 8 years of age: 
Identifying windows of heightened 
vulnerability

BACKGROUND: Early life BPA exposure could affect neurobehavior, but few studies have investigated whether there are developmental periods when the fetus or child is more vulnerable to these potential effects. 
OBJECTIVES: We explored windows of vulnerability to BPA exposure in a multiethnic cohort of 228 mothers and their children from Cincinnati, Ohio. METHODS: We measured urinary BPA concentrations at up to two 
prenatal and six postnatal time points from the 2nd trimester of pregnancy until the child was age 8years. At age 8years, we administered the Behavioral Assessment System for Children-2 (BASC-2), Behavior Rating 
Inventory of Executive Function, and Wechsler Intelligence Scale for Children-IV. We estimated covariate-adjusted differences in composite scores from each instrument using a multiple informant model designed to 
identify heightened windows of vulnerability. RESULTS: Among all children, there was not strong evidence that the associations between BPA and neurobehavior varied by the timing of exposure (Visit x BPA p-
values>/=0.16). However, child sex modified the associations of repeated BPA measures with BASC-2 scores (Visit x Sex x BPA p-values=0.02-0.23). For example, each 10-fold increase in prenatal BPA was associated 
with more externalizing behaviors in girls (beta=6.2, 95% CI: 0.8, 11.6), but not boys (beta=-0.8, 95% CI: -5.0, 3.4). In contrast, a 10-fold increase in 8-year BPA was associated with more externalizing behaviors in boys 
(beta=3.9, 95% CI: 0.6, 7.2), but not girls (beta=0.3, 95% CI: -3.5, 4.1). CONCLUSIONS: We found that sex-dependent associations between BPA and child neurobehavior may depend on the timing of BPA exposure.

Environ Int. 2017 
Oct:107:258-265.

10.1016/j.envint.2017.07.021 28764921 ヒト 発達神経 - - - - - - コホート研究 1 1 - - - 1 1 1 - - - ● - - - - - - - -

統合_2798 Sun X et al. 2018

Maternal exposure to bisphenol A 
and anogenital distance throughout 
infancy: A longitudinal study from 
Shanghai, China

BACKGROUND: Bisphenol A (BPA) is one of the most common endocrine-disrupting compounds (EDCs) with a ubiquitous presence. Both animal and human studies have reported the association between maternal 
exposure to BPA and anogenital distance (AGD) in offspring. However, the results are conflicting and the longitudinal effect is unknown. We aimed to examine the effect of maternal exposure to BPA on AGD in offspring in 
a longitudinal birth cohort from birth to 1 year of age. METHODS: BPA was assayed using urine samples collected at 12-16 gestational weeks from 982 pregnant participants who later delivered infants. Infants' AGDs 
(AGDap [anus-penis] and AGDas [anus-scrotum] for boys, AGDac [anus-clitoris] and AGDaf [anus-fourchette] for girls) were measured at birth, and at 6 and 12 months of age. Multiple linear regression analysis was 
conducted to examine the associations between maternal exposure to BPA and offspring's AGDs. Then generalized estimating equation (GEE) model was applied to make use of the repeated measurements of AGDs and 
examine the overall effect of maternal exposure to BPA. RESULTS: Compared to boys with undetected maternal BPA, those with detected BPA were more likely to have shorter AGDap and AGDas at 6 and 12 months. 
However, the differences were statistically significant for AGDap and AGDas only at 12 months (2.87 and 4.12 mm shorter, respectively). In GEE models, similar patterns were observed. Boys in the higher quartiles were 
more likely to have shorter AGDap and AGDas than those in the first quartile. However, statistically significant differences were only observed in boys in the third quartile. For girls, these associations were not observed 
regardless of the timing of measurements (at birth, 6 months and 12 months). CONCLUSIONS: Maternal exposure to BPA was associated with shortened AGDap and AGDas in boys at age 12 months but not in girls, which 
suggests a gender specific effect of BPA exposure on offspring's development.

Environ Int. 2018 
Dec;121(Pt 1):269-275.

10.1016/j.envint.2018.08.055 30223203 ヒト ⽣殖発⽣ - - - - - - コホート研究 1 1 - - - 1 1 1 - 1 - ● - - - - - - - -

統合_2799 Tarapore P et al. 2014

Exposure to Bisphenol A Correlates 
with Early-Onset Prostate Cancer 
and Promotes Centrosome 
Amplification and Anchorage-
Independent Growth In Vitro

Human exposure to bisphenol A (BPA) is ubiquitous. Animal studies found that BPA contributes to development of prostate cancer, but human data are scarce. Our study examined the association between urinary BPA 
levels and Prostate cancer and assessed the effects of BPA on induction of centrosome abnormalities as an underlying mechanism promoting prostate carcinogenesis. The study, involving 60 urology patients, found higher 
levels of urinary BPA (creatinine-adjusted) in Prostate cancer patients (5.74 microg/g [95% CI; 2.63, 12.51]) than in non-Prostate cancer patients (1.43 microg/g [95% CI; 0.70, 2.88]) (p = 0.012). The difference was even 
more significant in patients <65 years old. A trend toward a negative association between urinary BPA and serum PSA was observed in Prostate cancer patients but not in non-Prostate cancer patients. In vitro studies 
examined centrosomal abnormalities, microtubule nucleation, and anchorage-independent growth in four Prostate cancer cell lines (LNCaP, C4-2, 22Rv1, PC-3) and two immortalized normal prostate epithelial cell lines 
(NPrEC and RWPE-1). Exposure to low doses (0.01-100 nM) of BPA increased the percentage of cells with centrosome amplification two- to eight-fold. Dose responses either peaked or reached the plateaus with 0.1 nM 
BPA exposure. This low dose also promoted microtubule nucleation and regrowth at centrosomes in RWPE-1 and enhanced anchorage-independent growth in C4-2. These findings suggest that urinary BPA level is an 
independent prognostic marker in Prostate cancer and that BPA exposure may lower serum PSA levels in Prostate cancer patients. Moreover, disruption of the centrosome duplication cycle by low-dose BPA may 
contribute to neoplastic transformation of the prostate.

Plos One.2014;9(3):11 10.1371/journal.pone.0090332 24594937 ヒト - - - - - - - 横断研究 1 1 - - - - - - - - - ● - - - - - - - -

統合_2800 Teeguarden JG et al. 2015

24-hour human urine and serum 
profiles of bisphenol A following 
ingestion in soup: Individual 
pharmacokinetic data and 
emographics

Here we present data to evaluate potential absorption of Bisphenol A through non-metabolizing tissues of the upper digestive tract. Concurrent serum and urine concentrations of d6-BPA, and its glucuronide and sulfate 
conjugates, were measured over a 24 h period in 10 adult male volunteers following ingestion of 30 mug d6-BPA/kg body weight in soup. The pharmacokinetic behavior of BPA and its metabolites in this cohort (rapid 
absorption, complete elimination, evidence against sublingual absorption) was reported. This Data in Brief article contains the corresponding individual pharmacokinetic data, reports the demographics of the cohort and 
provides additional details related to the analytical methods employed and is related to [4].

Data in Brief.2015;4:83-
86

10.1016/j.dib.2015.03.002 26217767 ヒト - - - - - - - 臨床曝露試験 1 1 - - - - - - - - - ● - - - - - - - -

統合_2801 Tewar S et al. 2016

Association of Bisphenol A exposure 
and Attention-Deficit/Hyperactivity 
Disorder in a national sample of US 
children

BACKGROUND: Bisphenol A (BPA) has been linked to changes in the dopamine system and development of an Attention-Deficit/Hyperactivity Disorder (ADHD) phenotype in animal models, with differing effects in males 
compared to females. We examined the association between urinary BPA concentrations and ADHD in a national sample of U.S. children, and whether this association differs by child sex. METHODS: We used data from 
the 2003-2004 National Health and Nutrition Examination Survey, a cross-sectional, nationally representative sample of the U.S. POPULATION: Participants were 8-15 years of age (N=460). Using a diagnostic interview 
to ascertain the presence of ADHD in the past year, multivariable logistic regression examined the link between concurrent urinary BPA concentrations and ADHD status. RESULTS: Of the 460 participants, 7.1% [95% CI: 
4.4-11.3] met Diagnostic and Statistical Manual of Mental Disorders - Fourth Edition (DSM-IV) criteria for ADHD. Children who had BPA concentrations at or above the median of the sample had higher prevalence of 
meeting criteria for ADHD (11.2% [95% CI: 6.8-17.8]) than those with BPA concentrations below the median (2.9% [95% CI: 1.1-7.2]). Higher urinary BPA concentrations were associated with ADHD (adjusted odds ratio 
[aOR]: 5.68 [95% CI: 1.6-19.8] for BPA concentrations above vs. below the median). In sex-stratified analyses, these associations were stronger in boys (aOR=10.9 [95% CI: 1.4-86.0]) than in girls (aOR=2.8 [95% CI: 0.4-
21.3]), although the BPA by sex interaction term was not significant (p=0.25). CONCLUSION: We found evidence that higher urinary BPA concentrations were associated with ADHD in U.S. children; these associations 
were stronger in boys than in girls. Considering the widespread use of BPA and growing literature on neurobehavioral effects of BPA in children, further study is warranted to determine if reducing exposure to BPA may 
represent an important avenue for ADHD prevention.

Environmental 
Research.2016;150:112-
118

10.1016/j.envres.2016.05.040 27281688 ヒト - - - - - - - 横断研究 1 1 - - - - - - - - - ● - - - - - - - -

統合_2802 Tian YP et al. 2018
Association of Bisphenol A Exposure 
with LINE-1 Hydroxymethylation in 
Human Semen

Bisphenol A (BPA), an exogenous endocrine-disrupting chemical, has been shown to alter DNA methylation. However, little information is available about the effect of BPA exposure on DNA hydroxymethylation in humans. 
The objective of the present study was to examine whether BPA exposure was associated with DNA hydroxymethylation in human semen samples. We measured urine BPA levels and LINE-1 hydroxymethylation in 158 
male factory workers selected from an occupational cohort study conducted in China between 2004 and 2008. Among them, there were 72 male workers with occupational BPA exposure (BPA-exposed group) and 86 male 
workers without occupational BPA exposure (unexposed group). Multivariate linear regression models were used to examine the association of exposure to BPA with LINE-1 hydroxymethylation. LINE-1 was more highly 
hydroxymethylated in the BPA-exposed group than in the unexposed group (median 12.97% vs. 9.68%, respectively; p < 0.05), after adjusting for the potential confounders. The medians of 5-hydroxymethylcytosine (5hmC) 
generally increased with increasing urine BPA levels: 8.79%, 12.16%, 11.53%, and 13.45%, for undetected BPA and corresponding tertiles for the detected BPA, respectively. After analysis using data at individual level, our 
findings indicated that BPA exposure was associated with alterations of sperm LINE-1 hydroxymethylation, which might have implications for understanding the mechanisms underlying BPA-induced adverse effects on 
male reproductive function.

Int J Environ Res Public 
Health. 2018 Aug 
17;15(8):1770.

10.3390/ijerph15081770 30126118 ヒト ⽣殖発⽣ - - - - - - 横断研究 1 1 - - - 1 1 1 - - - ● - - - - - - - -

統合_2803 Vafeiadi M et al. 2016
Association of early life exposure to 
bisphenol A with obesity and 
cardiometabolic traits in childhood

BACKGROUND: Bisphenol A (BPA) is a chemical used extensively worldwide in the manufacture of plastic polymers. The environmental obesogen hypothesis suggests that early life exposure to endocrine disrupting 
chemicals such as BPA may increase the risk for wt gain later in childhood but few prospective epidemiological studies have investigated this relationship. OBJECTIVES: We examined the association of early life BPA 
exposure with offspring obesity and cardiometabolic risk factors in 500 mother-child pairs from the RHEA pregnancy cohort in Crete, Greece. METHODS: BPA concentrations were measured in spot urine samples 
collected at the 1st trimester of pregnancy) and from children at 2.5 and 4 years of age. We measured birth wt, body mass index (BMI) from 6 months to 4 years of age, waist circumference, skinfold thickness, blood 
pressure, serum lipids, C-reactive protein, and adipokines at 4 years of age. BMI growth trajectories from birth to 4 years were estimated by mixed effects models with fractional polynomials of age. Adjusted associations 
were obtained via multivariable regression analyses. RESULTS: The prevalence of overweight/obesity was 9% at 2, 13% at 3% and 17% at 4 years of age. Geometric mean BPA concentrations were 1.2μg/g creatinine±
7.9 in 1st trimester, 5.1μg/g±13.3 in 2.5 years and 1.9μg/g±4.9 in 4 years. After confounder adjustment, each 10-fold increase in BPA at 4 years was associated with a higher BMI z-score (adj. β=0.2; 95% CI: 0.01, 
0.4), waist circumference (adj. β=1.2; 95% CI: 0.1, 2.2) and sum of skinfold thickness (adj. β=3.7mm; 95% CI: 0.7, 6.7) at 4 years. Prenatal BPA was negatively associated with BMI and adiposity measures in girls and 
positively in boys. We found no associations of early life exposure to BPA with other offspring cardiometabolic risk factors. CONCLUSIONS: Prenatal BPA exposure was not consistently associated with offspring growth 
and adiposity measures but higher early childhood BPA was associated with excess child adiposity.

Environ Res. 2016 
Apr:146:379-87.

10.1016/j.envres.2016.01.017 26821262 ヒト 代謝 - - - - - - コホート研究 1 1 - - - 1 1 1 - - - ● - - - - - - - -

統合_2804 Valvi D et al. 2013

Prenatal Bisphenol A Urine 
Concentrations and Early Rapid 
Growth and Overweight Risk in the 
Offspring

BACKGROUND: Increasing experimental evidence suggests that prenatal bisphenol A (BPA) exposure induces offspring weight gain, but these effects remain largely unexplored in humans. We examined the effects of 
prenatal BPA exposure on postnatal growth and obesity. METHODS: BPA concentrations were measured in two spot-urine samples collected in the 1st and 3rd trimesters of pregnancy from mothers in a Spanish birth 
cohort study (n = 402). We used the average of the two creatinine-adjusted BPA concentrations as the exposure variable. Rapid child growth was defined as a weight gain Z score >0.67 in the first 6 months of life. Age- 
and sex-specific Z scores for body mass index (BMI) were calculated at age 14 months and 4 years, based on the World Health Organization referent; overweight was defined as a BMI Z score greater than or equal to the 
85th percentile. Age- and sex-specific waist circumference Z scores were calculated at age 14 months and 4 years using the analysis population mean. RESULTS: Twenty-six percent of children were rapid growers; 25% 
were overweight at 14 months and 21% at 4 years. Geometric mean BPA concentrations were 2.6 μg/g creatinine (standard deviation = 2.3) in 1st trimester and 2.0 (2.3) in 3rd trimester samples (Pearson r = 0.13). At 4 
years, BPA exposure was associated with increased waist circumference (β per log10 μg/g = 0.28 [95% confidence interval = 0.01 to 0.57]) and BMI (β = 0.28 [-0.06 to 0.63]). BPA was not associated with obesity-
related outcomes at earlier ages. CONCLUSIONS: This study provides some evidence for an association between prenatal BPA exposure and obesity-related outcomes in childhood, although not in infancy. The large 
uncertainties in BPA exposure assessment require that findings be interpreted with caution.

Epidemiology. 2013 
Nov;24(6):791-9.

10.1097/EDE.0b013e3182a67822 24036610 ヒト 代謝 - - - - - - コホート研究 1 1 - - - 1 1 1 - - - ● - ● - - - - - -

統合_2805 Veiga-Lopez A et al. 2015
Gender-Specific Effects on 
Gestational Length and Birth Weight 
by Early Pregnancy BPA Exposure

CONTEXT AND OBJECTIVE: Effects of prenatal exposure to bisphenol A (BPA) on gestational and birth outcomes are controversial. The aim of the study was to evaluate the relationship between prenatal exposure to BPA 
and birth and gestational outcomes. design, setting, participants, and outcome: Levels of unconjugated (uBPA) and BPA glucuronide in 80 matching samples of pregnant women during the first trimester of pregnancy and 
at delivery and matching term cord blood obtained from a prospective study conducted at the University of Michigan Hospitals were determined using a methodology validated in the National Institutes of Environmental 
Health Sciences funded Round Robin study and related to pregnancy outcomes. RESULTS: Highest levels of uBPA were found in maternal term samples followed by first trimester maternal (M1) samples and cord blood. A 
2-fold increase in M1 uBPA was associated with 55-g less birth weight when male and female pregnancies were combined and 183-g less birth weight with only female pregnancies. A 2-fold increase in maternal term 
uBPA was associated with an increased gestational length of 0.7 days for all pregnancies and 1.1 days for only female pregnancies. CONCLUSION: Higher uBPA exposure levels during first trimester and term are 
associated with sex-specific reduction in birth weight and increase in gestational length, respectively. Race, parity, and employment have an effect on BPA exposure. Because low birth weight is associated with adverse 
health outcomes, effect of early pregnancy BPA levels on reducing birth weight highlights the risk posed by developmental exposure to BPA.

J Clin Endocrinol Metab. 
2015 
Nov;100(11):E1394-403.

10.1210/jc.2015-1724 26406292 ヒト ⽣殖発⽣ - - - - - - コホート研究 1 1 - - - 1 1 1 - 1 - ● - - - - - - - -

統合_2806 Vernet C et al. 2017

In Utero Exposure to Select Phenols 
and Phthalates and Respiratory 
Health in Five-Year-Old Boys: A 
Prospective Study

BACKGROUND: Phenols and phthalates may have immunomodulatory and proinflammatory effects and thereby adversely affect respiratory health. OBJECTIVE: We estimated the associations between gestational 
exposure to select phthalates and phenols and respiratory health in boys. METHODS: Among 587 pregnant women from the EDEN (Etude des Determinants pre et post natals du developpement et de la sante de l'Enfant) 
cohort who delivered a boy, 9 phenols and 11 phthalates metabolites were quantified in spot pregnancy urine samples. Respiratory outcomes were followed up by questionnaires until age 5, when forced expiratory volume 
in 1 s (FEV1) was measured by spirometry. Adjusted associations of urinary metabolites log-transformed concentrations with respiratory outcomes and FEV1 in percent predicted (FEV1%) were estimated by survival and 
linear regression models, respectively. RESULTS: No phenol or phthalate metabolite exhibited clear deleterious associations simultaneously with several respiratory outcomes. Ethyl-paraben was associated with 
increased asthma rate [hazard rate (HR)=1.10; 95% confidence interval (CI): 1.00, 1.21] and tended to be negatively associated with FEV1% (beta=-0.59; 95% CI: -1.24, 0.05); bisphenol A tended to be associated with 
increased rates of asthma diagnosis (HR=1.23; 95% CI: 0.97, 1.55) and bronchiolitis/bronchitis (HR=1.13; 95% CI: 0.99, 1.30). Isolated trends for deleterious associations were also observed between 2,5-dichlorophenol 
and wheezing, and between monocarboxynonyl phthalate, a metabolite of di-isodecyl phthalate (DIDP), and wheezing. CONCLUSION: Ethyl-paraben, bisphenol A, 2,5-dichlorophenol, and DIDP tended to be associated with 
altered respiratory health, with ethyl-paraben and bisphenol A exhibiting some consistency across respiratory outcomes. The trends between bisphenol A pregnancy level and increased asthma and bronchiolitis/bronchitis 
rates in childhood were consistent with a previous cohort study. https://doi.org/10.1289/EHP1015.

Environ Health 
Perspect. 2017 Sep 
8;125(9):097006.

10.1289/EHP1015 28934727 ヒト 呼吸器系 - - - - - - コホート研究 1 1 - - - 1 1 1 - 1 - ● - - - - - - - -

統合_2807 Vitku J et al. 2016

Associations of bisphenol A and 
polychlorinated biphenyls with 
spermatogenesis and 
steroidogenesis in two biological 
fluids from men attending an 
infertility clinic

BACKGROUND: In the testis, steroid hormones play an important role in spermatogenesis, the production of semen, and the maintenance of secondary sex characteristics and libido. They may also play a role as a target 
for substances called endocrine disruptors (EDs). As yet, however, no complex study has been conducted evaluating the relationships between EDs and the steroid spectrum in the plasma and seminal plasma. 
OBJECTIVES: To shed more light into mechanisms of EDs and the effects of bisphenol A (BPA) and polychlorinated biphenyls (PCBs) on human spermatogenesis and steroidogenesis. METHODS: We determined BPA and 
11 steroids in the plasma and seminal plasma of 191 men with different degrees of fertility, using a newly developed liquid-chromatography mass spectrometry method. Concurrently, plasma levels of 6 congeners of PCBs, 
gonadotropins, selenium, zinc and homocysteine were measured. Partial correlations adjusted for age, BMI and abstinence time were performed to evaluate relationships between these analytes. RESULTS: Seminal BPA, 
but not plasma BPA, was negatively associated with sperm concentration (r=-0.198; p=0.009), sperm count (r=-0.178; p=0.018) and morphology (r=-0.160; p=0.044). Divergent and sometimes opposing associations of 
steroids and BPA were found in both body fluids. The sum of PCB congeners was negatively associated with testosterone, free testosterone, the free androgen index and dihydrotestosterone in plasma. CONCLUSION: 
BPA may negatively contribute to the final state of sperm quality. Moreover, our data indicate that BPA influences human gonadal and adrenal steroidogenesis at various steps. Environmental levels of PCBs negatively 
correlated with androgen levels, but surprisingly without negative effects on sperm quality.

Environment 
International.2016;89-
90:166-173

10.1016/j.envint.2016.01.021 26863184 ヒト - - - - - - - 横断研究 1 1 - - - - - - - - - ● - - - - - - - -

統合_2808 Wang B et al. 2018

Associations of female exposure to 
bisphenol A with fecundability: 
Evidence from a preconception 
cohort study

BACKGROUND: Human exposure to bisphenol A (BPA) is common. The reproductive toxicity of BPA has been well characterized. However, the impact of BPA exposure on fecundability in healthy women is less clear, and 
evidence from eastern countries is lacking. OBJECTIVES: We aimed to prospectively assess the associations of BPA with female fecundability, as measured by time to pregnancy (TTP). METHODS: From 2013 to 2015, we 
included 700 Chinese couples attempting pregnancy in two preconception care clinics and followed for 12 months or until a pregnancy occurred. The concentrations of BPA were determined in preconception urine samples 
of female partners. Cox's proportional models for discrete survival time were used to estimate fecundability odds ratios (FORs). Odds ratios (ORs) for infertility (TTP > 12 months) were estimated using logistic regression 
models. RESULTS: After adjusting for potential confounders, each ln-unit increase in urinary concentrations of BPA was associated with a 13% reduction in fecundability (FOR = 0.87; 95% CI: 0.78, 0.98) and a 23% 
increase in odds of infertility (OR = 1.23; 95% CI: 1.00, 1.50). Women in the highest quartile of urinary BPA had a 30% reduction in fecundability (FOR = 0.70, 95% CI: 0.51, 0.96) and a 64% increase in odds of infertility when 
compared to those in the lowest quartile (OR = 1.64, 95% CI: 0.90, 2.98). The associations of urinary BPA concentrations with fecundability (FOR = 0.80, 95% CI: 0.67, 0.95) and infertility (OR = 1.43, 95% CI: 1.05, 1.93) 
were strengthened among women over 30 years of age. CONCLUSIONS: Our results suggest that preconception concentrations of BPA in female urine were associated with decreased fecundability, particularly among 
women at older ages. These findings should be confirmed in future human studies.

Environ Int. 2018 
Aug:117:139-145.

10.1016/j.envint.2018.05.003 29751163 ヒト ⽣殖発⽣ - - - - - - コホート研究 1 1 - - - 1 1 1 - 1 - ● - - - - - - - -

統合_2809 Wang H et al. 2017

Urinary sexual steroids associated 
with bisphenol A (BPA) exposure in 
the early infant stage: Preliminary 
results from a Daishan birth cohort

BACKGROUND: Many surveys have shown that older children are ubiquitously exposed to bisphenol A (BPA), and many laboratory studies have shown that BPA exposure has adverse effects related to estrogenic 
disruption, whereas the evidence in infants has not yet been observed. METHODS: Women in early pregnancy were recruited by the Maternal and Child Health and Family Planning Service Center, Daishan, China, from 
March 2012 to December 2014. After delivery, urine samples were collected from the diapers of 59 infants (0 to 6months of age). Urinary BPA, estradiol (E2), testosterone (T), follicle-stimulating hormone (FSH), 
luteinizing hormone (LH), and creatinine were analyzed. The partial correlation and multivariable linear regression were applied to assess the associations of BPA with E2, T, FSH, and LH for each of the development 
stages: at birth, 14days, 28days, 42days, 3months, and 6months. RESULTS: For both genders from birth to 6months, infants showed randomly changed urinary BPA but regularly changed hormones, i.e., the monotonic 
decreasing E2 and T, the "U" shaping E2/T and upside down "U" shaping FSH and LH with extreme values at approximately the 14-day stage, respectively. However, the creatinine-adjusted FSH for all stages and E2 from 
6months were genders different. After adjustment for creatinine, gender, and infant body mass index, BPA was positively associated with E2 both in male (for 14-, 28-, and 42-day stages) and female (for 14-, 28-, 42-day, 
and 3-month stages) infants; positively associated with E2/T ratio in both male (for 14- and 28-day stages) and female (for 14-day stage) infants; and positively associated with T in female (for 3-month stage) infants. 
CONCLUSIONS: To the best of our knowledge, this is the first time that associations of BPA with E2, E2/T, and T in infant urine were observed. The results suggested that the infants first demonstrate a surge of 
steroids after leaving the maternal uterus's steroidogenic environment (i.e., mini-puberty) and may be affected by BPA; this pollution may disrupt the premature gonad function at some important developmental windows.

Sci Total Environ. 2017 
Dec 1:601-602:1733-
1742.

10.1016/j.scitotenv.2017.05.257 28628972 ヒト ⽣殖発⽣ - - - - - - 横断研究 1 1 - - - 1 1 1 - - - - - - - - - - - -
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統合_2810 Wang IJ et al. 2016
Bisphenol A exposure may increase 
the risk of development of atopic 
disorders in children

BACKGROUND: Little is known about the effect of Bisphenol A (BPA) on atopic disorders. OBJECTIVE: To investigated the associations (i) between postnatal BPA exposure and allergic diseases in children; (ii) between 
BPA and IgE levels for the possible disease pathogenesis; and (iii) gender-based differences. METHODS: A total of 453 children from Childhood Environment and Allergic Diseases Study cohort with urine and blood 
samples were recruited in Taiwan. Urinary BPA glucoronide (BPAG) levels were measured by UPLC-MS/MS at ages 3 and 6 years. The associations between BPAG levels at different ages and IgE levels and the 
development of allergic diseases were evaluated by multivariate linear regression and logistic regression. A mediation analysis was also conducted to evaluate how much risk of allergic diseases in relation to BPA 
exposure is explained by IgE changes. RESULTS: The BPAG levels at age 3 were positively associated with IgE levels at age 3 (beta=64.85kU/l per ln-unit increase BPAG level; 95% CI, 14.59-115.11kU/l). Stratified by 
gender, BPAG levels at age 3 were positively associated with IgE levels at age 3, particularly in girls (beta=139.23kU/l; 95% CI, 57.38-221.09kU/l). Similar results were also found at age 6. Urinary BPAG levels at age 3 
were significantly associated with asthma at ages 3 and 6, with OR (95%CI) of 1.29(1.08-1.55) and 1.27(1.04-1.55). We estimated that 70% of the total effect of BPA exposure on asthma is mediated by IgE levels. 
CONCLUSIONS: BPA exposures were associated with IgE levels and may increase the risk of development of allergic diseases in children particularly in girls.

Int J Hyg Environ 
Health. 2016 
May;219(3):311-6.

10.1016/j.ijheh.2015.12.001 26765087 ヒト 免疫 - - - - - - コホート研究 1 1 - - - 1 1 1 - 1 - ● - - - - - - - -

統合_2811 Wang Z et al. 2019
Bisphenol A and pubertal height 
growth in school-aged children

BACKGROUND: Bisphenol A (BPA) is an environmental endocrine disruptor and is found in many consumer products. Studies suggest that BPA may perturb pubertal development, although evidence on BPA-influenced 
pubertal height growth is scarce. METHODS: A total of 754 children aged 9-18 years from three schools (one elementary, one middle, and one high school) in Shanghai were included in this longitudinal study. Height was 
measured at enrolment (visit 1) and, subsequently, at 19 months after enrolment (visit 2). Age- and sex-specific Z scores for height were calculated (height Z score = [participant's height-sex- and age-specific population 
height mean]/sex- and age-specific population height standard deviation). Urine samples were collected at enrolment to measure BPA concentrations. We used multiple linear regression models or general estimating 
equation models (GEE) to estimate associations between urine BPA level and height Z score. RESULTS: The geometric mean of urine BPA concentrations was 1.6 mug/L (95%CI: 1.4, 1.8) or 1.2 mug/g creatinine (95%CI: 
1.0, 1.3). An inverse association between urine BPA level and height was observed in boys. After adjustment for potential confounders, height Z score at enrolment in boys decreased by 0.49 for the highest exposure level 
(above 10.9 mug/g creatinine as the 90th percentile), compared with the lowest BPA exposure (below 0.2 mug/g creatinine as the 25th percentile) (95%CI: -0.96, -0.01; p-trend = 0.024). The inverse association remained 
between BPA exposure and height Z score at visit 2. The GEE model showed that a 1-unit increase in log(10)-transformed BPA concentrations was associated with a 0.15-point decrease in height Z score over the follow-
up (95%CI: -0.30, -0.01). BPA was not associated with height growth in girls. CONCLUSIONS: Our findings indicate an inverse association between urine BPA level and height growth in boys. These findings need to be 
confirmed in further studies.

J Expo Sci Environ 
Epidemiol. 2019 
Jan;29(1):109-117.

10.1038/s41370-018-0063-8 30185943 ヒト ⽣殖発⽣ - - - - - - コホート研究 1 1 - - - 1 1 1 - 1 - - - - - - - - - -

統合_2812 Watkins DJ et al. 2015

Associations between urinary phenol 
and paraben concentrations and 
markers of oxidative stress and 
inflammation among pregnant 
women in Puerto Rico

Phenols and parabens are used in a multitude of consumer products resulting in ubiquitous human exposure. Animal and in vitro studies suggest that exposure to these compounds may be related to a number of adverse 
health outcomes, as well as potential mediators such as oxidative stress and inflammation. We examined urinary phenol (bisphenol A (BPA), triclosan (TCS), benzophenone-3 (BP-3), 2,4-dichlorophenol (24-DCP), 2,5-
dichlorophenol (25-DCP)) and paraben (butyl paraben (B-PB), methyl paraben (M-PB), propyl paraben (P-PB)) concentrations measured three times during pregnancy in relation to markers of oxidative stress and 
inflammation among participants in the Puerto Rico Testsite for Exploring Contamination Threats (PROTECT) project. Serum markers of inflammation (c-reactive protein (CRP), IL-1beta, IL-6, IL-10, and tumor necrosis 
factor-alpha (TNF-alpha)) were measured twice during pregnancy (n=105 subjects, 187 measurements) and urinary markers of oxidative stress (8-hydroxydeoxyguanosine (OHdG) and isoprostane) were measured three 
times during pregnancy (n=54 subjects, 146 measurements). We used linear mixed models to assess relationships between natural log-transformed exposure and outcome biomarkers while accounting for within 
individual correlation across study visits. After adjustment for urinary specific gravity, study visit, maternal pre-pregnancy BMI, and maternal education, an interquartile range (IQR) increase in urinary BPA was associated 
with 21% higher OHdG (p=0.001) and 29% higher isoprostane (p=0.0002), indicating increased oxidative stress. The adjusted increase in isoprostane per IQR increase in marker of exposure was 17% for BP-3, 27% for B-
PB, and 20% for P-PB (all p<0.05). An IQR increase in triclosan (TCS) was associated with 31% higher serum concentrations of IL-6 (p=0.007), a pro-inflammatory cytokine. In contrast, IQR increases in BP-3 and B-PB 
were significantly associated with 16% and 18% lower CRP, a measure of systemic inflammation. Our findings suggest that exposure to BPA, select parabens, and TCS during pregnancy may be related to oxidative stress 
and inflammation, potential mechanisms by which exposure to these compounds may influence birth outcomes and other adverse health effects, but additional research is needed.

Int J Hyg Environ 
Health. 2015 
Mar;218(2):212-9.

10.1016/j.ijheh.2014.11.001 25435060 ヒト その他(酸化ストレス) - - - - - - 横断研究 1 1 - - - 1 1 1 - - - - - - - - - - - -

統合_2813 Watkins DJ et al. 2016

Maternal phthalate exposure during 
early pregnancy and at delivery in 
relation to gestational age and size 
at birth: A preliminary analysis

Epidemiologic studies of in utero phthalate exposure and birth outcomes have had conflicting findings. The objective of this study was to characterize maternal phthalate exposure across pregnancy, examine associations 
between maternal phthalate levels and infant size and gestational age at birth, and investigate relationships between concurrent bisphenol A (BPA) and phthalate exposure and birth outcomes. Women in the Michigan 
Mother-Infant Pairs cohort provided urine and blood samples during their first trimester and at delivery. Urinary phthalate metabolites and serum BPA were measured at both time points, and birth weight, length, head 
circumference, and gestational age were recorded from medical records. Maternal DEHP metabolite concentrations were significantly higher at delivery compared to the first trimester (p<0.05), suggesting increased 
DEHP exposure late in pregnancy. A number of phthalate metabolites were associated with birth size and gestational age in patterns that varied by sex and timing of exposure, independent of BPA exposure.

Reprod Toxicol. 2016 
Oct:65:59-66.

10.1016/j.reprotox.2016.06.021 27352641 ヒト ⽣殖発⽣ - - - - - - コホート研究 1 1 - - - 1 1 1 - - - - - - - - - - - -

統合_2814 Watkins DJ et al. 2016

Relating Phthalate and BPA 
Exposure to Metabolism in 
Peripubescence: The Role of 
Exposure Timing, Sex, and Puberty

CONTEXT: Exposure to endocrine-disrupting chemicals during development may play a role in the increasing prevalence of metabolic syndrome and type 2 diabetes among children and adolescents by interfering with 
metabolic homeostasis. OBJECTIVE: To explore associations between in utero and peripubertal urinary phthalate metabolite and bisphenol A (BPA) concentrations and markers of peripubertal metabolic homeostasis. 
DESIGN: Early Life Exposure in Mexico to Environmental Toxicants (ELEMENT): a longitudinal cohort study of pregnant women in Mexico City and their offspring. SETTING: Public maternity hospitals in Mexico City. 
PATIENTS OR OTHER PARTICIPANTS: Women recruited during pregnancy; offspring recruited for follow-up at age 8-14 years (n = 250). INTERVENTIONS: None. MAIN OUTCOME MEASURES: Fasting serum c-peptide, 
IGF-1, leptin, and glucose concentrations among children at follow-up; calculated measures of insulin secretion and insulin resistance. RESULTS: Phthalate metabolites and BPA were associated with metabolism 
biomarkers at age 8-14 years in patterns that varied by sex, pubertal status, and exposure timing. For example, in utero monoethyl phthalate was associated with lower insulin secretion among pubertal boys (P = .02) and 
higher leptin among girls (P = .04). In utero di-2-ethylhexyl phthlate was associated with higher IGF-1 among pubertal girls; peripubertal di-2-ethylhexyl phthlate was associated with higher IGF-1, insulin secretion, and 
resistance among prepubertal girls. In contrast, peripubertal dibutyl phthalate, monobenzyl phthalate, and mono-3-carboxypropyl phthalate were associated with lower IGF-1 among pubertal boys. Peripubertal BPA was 
associated with higher leptin in boys (P = .01). CONCLUSIONS: Considering the long-term health effects related to metabolic syndrome, additional research on exposure and metabolic outcomes across developmental 
periods and early adulthood is needed.

J Clin Endocrinol Metab. 
2016 Jan;101(1):79-88.

10.1210/jc.2015-2706 26529628 ヒト 代謝 - - - - - - コホート研究 1 1 - - - 1 1 1 - - - ● - - - - - - - -

統合_2815 Watkins DJ et al. 2017

Phthalate and bisphenol A exposure 
during in utero windows of 
susceptibility in relation to 
reproductive hormones and pubertal 
development in girls

BACKGROUND: Over the past several decades, the age of pubertal onset in girls has shifted downward worldwide. As early pubertal onset is associated with increased risky behavior and psychological issues during 
adolescence and cardiometabolic disease and cancer in adulthood, this is an important public health concern. Exposure to endocrine disrupting chemicals during critical windows of in utero development may play a role in 
this trend. Our objective was to investigate trimester-specific phthalate and BPA exposure in relation to pubertal development among girls in the Early Life Exposure in Mexico to Environmental Toxicants (ELEMENT) birth 
cohort. METHODS: We measured maternal urinary phthalate metabolites and BPA in samples collected during the first, second, and third trimesters of pregnancy. To assess reproductive development among their female 
children, we measured serum testosterone, estradiol, dehydroepiandrosterone sulfate (DHEA-S), inhibin B, and sex hormone-binding globulin (SHBG), and assessed sexual maturation, including Tanner staging for breast 
and pubic hair development and menarche status, at age 8-13 years (n = 120). We used linear and logistic regression to examine measures of trimester-specific in utero exposure as predictors of peripubertal hormone 
levels and pubertal onset, respectively. In secondary analyses, we evaluated estimated exposure at the midpoint of the first trimester and rates of change in exposure across pregnancy in relation to outcomes. RESULTS: 
Several phthalate metabolites measured throughout in utero development were associated with higher serum testosterone concentrations, while a number of metabolites measured in the third trimester were associated 
with higher DHEA-S. For example, an interquartile range (IQR) increase in mean monoethyl phthalate (MEP) levels across pregnancy was associated with 44% higher peripubertal testosterone (95% CI: 13-83%), while an 
IQR increase in di-2-ethylhexyl phthalate metabolites (SigmaDEHP) specifically in the third trimester was associated with 25% higher DHEA-S (95%CI: 4.7-47%). In IQR increase in mean mono-2-ethylhexyl phthalate 
(MEHP) levels across pregnancy was associated with lower odds of having a Tanner Stage >1 for breast development (OR = 0.32, 95%CI: 0.11-0.95), while MEHP in the third trimester was associated with higher odds of 
having a Tanner Stage >1 for pubic hair development (OR = 3.76, 95%CI: 1.1-12.8). Results from secondary analyses were consistent with findings from our main analysis. CONCLUSION: These findings suggest that 
female reproductive development may be more vulnerable to the effects of phthalate or BPA exposure during specific critical periods of in utero development. This highlights the need for comprehensive characterizations 
of in utero exposure and consideration of windows of susceptibility in developmental epidemiological studies. Future research should consider repeated measures of in utero phthalate and BPA exposure within each 
trimester and across pregnancy.

Environ Res. 2017 
Nov:159:143-151.

10.1016/j.envres.2017.07.051 28800472 ヒト ⽣殖発⽣ - - - - - - コホート研究 1 1 - - - 1 1 1 - 1 - ● - - - - - - - -

統合_2816 Watkins DJ et al. 2017

Impact of phthalate and BPA 
exposure during in utero windows of 
susceptibility on reproductive 
hormones and sexual maturation in 
peripubertal males

BACKGROUND: Phthalates and BPA are endocrine disrupting chemicals (EDCs) widely used in consumer products. Evidence suggests that phthalate and BPA exposure alters steroid hormone levels in adults, while in 
utero exposure has been associated with altered fetal reproductive development in boys. However, the impact of exposure during distinct critical windows of in utero development on hormone concentrations and sexual 
maturation during the pubertal transition has not been examined. The objective of this study was to assess trimester-specific in utero phthalate and BPA exposure in relation to measures of reproductive development 
among peripubertal boys in a Mexico City birth cohort. METHODS: We measured maternal urinary phthalate metabolites and BPA during the first, second, and third trimesters of pregnancy. We measured serum levels of 
testosterone, estradiol, dehydroepiandrosterone sulfate (DHEA-S), inhibin B, and sex hormone-binding globulin (SHBG), and assessed sexual maturation (Tanner staging and testicular volume) among male children at age 
8-14 years (n = 109). Linear and logistic regression were used to investigate trimester-specific in utero exposure as predictors of peripubertal hormone levels and sexual maturation, respectively. In sensitivity analyses 
we evaluated estimated exposure at 7 weeks gestation and rates of change in exposure across pregnancy in relation to outcomes. RESULTS: Exposure to phthalates during the third trimester was associated with reduced 
odds of having a Tanner stage >1 for pubic hair development (e.g. MBzP OR = 0.18 per interquartile range (IQR) increase; 95% CI:0.03-0.97) and higher peripubertal SHBG levels (e.g. MBzP 15.2%/IQR; 95% CI:3.2-28%), 
while first and second trimester phthalates were not. In contrast, exposure to DEHP during the first trimester was associated with higher estradiol (11%/IQR; 95% CI:1.5-22%), while second or third trimester DEHP 
exposure was not. Sensitivity analyses yielded similar findings. CONCLUSIONS: Associations between in utero phthalate and BPA exposure and peripubertal measures of male reproductive development are dependent on 
the timing of that exposure during gestation. These findings suggest that future epidemiological studies relating in utero EDC exposure to pubertal outcomes should consider windows of susceptibility.

Environ Health. 2017 
Jun 21;16(1):69.

10.1186/s12940-017-0278-5 28637469 ヒト ⽣殖発⽣ - - - - - - コホート研究 1 1 - - - 1 1 1 - 1 - - - - - - - - - -

統合_2817 Watkins DJ et al. 2014
In utero and peripubertal exposure 
to phthalates and BPA in relation to 
female sexual maturation

The age of pubertal onset for girls has declined over past decades. Research suggests that endocrine disrupting chemicals (EDCs) may play a role but exposure at multiple stages of development has not been considered. 
We examined in utero and peripubertal exposure to bisphenol-A (BPA) and phthalates in relation to serum hormones and sexual maturation among females in a Mexico City birth cohort. We measured phthalate metabolite 
and BPA concentrations in urine collected from mothers during their third trimester (n=116) and from their female children at ages 8-13 years (n=129). Among girls, we measured concurrent serum hormone 
concentrations, Tanner stages for breast and pubic hair development, and collected information on menarche onset. We used linear and logistic regression to model associations between in utero and peripubertal 
measures of exposure with hormones and sexual maturation, respectively, controlling for covariates. An interquartile range (IQR) increase in in utero urinary mono-2-ethylhexyl phthalate (MEHP) was positively associated 
with 29% (95% CI: 9.2-52.6%) higher dehydroepiandrosterone sulfate (DHEA-S), an early indicator of adrenarche, and 5.3 (95% CI: 1.13-24.9) times higher odds of a Tanner stage >1 for pubic hair development. Similar 
relationships were observed with other in utero but not peripubertal di-2-ethylhexyl phthalate (DEHP) metabolites. IQR increases in in utero monobenzyl phthalate (MBzP) and monoethyl phthalate (MEP) were associated 
with 29% and 25% higher serum testosterone concentrations (95% CI: 4.3-59.3; 2.1-54.1), respectively. In addition, we observed suggestive associations between in utero and peripubertal MEP concentrations and 
increased odds of having undergone menarche, and between peripubertal MnBP concentrations and increased odds of having a Tanner stage >1 for both breast and pubic hair development. BPA was not associated with in 
utero or peripubertal serum hormones or sexual maturation. Our findings suggest in utero phthalate exposure may impact hormone concentrations during peripubescence and timing of sexual maturation. Efforts to control 
phthalate exposure during pregnancy should be of high priority.

Environ Res. 2014 
Oct:134:233-41.

10.1016/j.envres.2014.08.010 25173057 ヒト ⽣殖発⽣ - - - - - - コホート研究 1 1 - - - 1 1 1 - 1 - ● - - - - - - - -

統合_2818 Wolff MS et al. 2017

Associations of urinary phthalate 
and phenol biomarkers with 
menarche in a multiethnic cohort of 
young girls

To study potential environmental influences on puberty in girls, we investigated urinary biomarkers in relation to age at menarche. Phenols and phthalates were measured at baseline (6-8 years of age). Menarche was 
ascertained over 11 years for 1051 girls with menarche and biomarkers. Hazards ratios were estimated from Cox models adjusted for race/ethnicity and caregiver education (aHR, 95% confidence intervals [CI] for 5th vs 
1st quintile urinary biomarker concentrations). 2,5-Dichlorophenol was associated with earlier menarche (aHR 1.34 [1.06-1.71]); enterolactone was associated with later menarche (aHR 0.82 [0.66-1.03]), as was mono-3-
carboxypropyl phthalate (MCPP) (aHR 0.73 [0.59-0.91]); the three p-trends were <0.05. Menarche differed by 4-7 months across this range. Enterolactone and MCPP associations were stronger in girls with below-
median body mass index. These analytes were also associated with age at breast development in this cohort. Findings from this prospective study suggest that some childhood exposures are associated with pubertal 
timing.

Reprod Toxicol. 2017 
Jan:67:56-64.

10.1016/j.reprotox.2016.11.009 27851993 ヒト ⽣殖発⽣ - - - - - - コホート研究 1 1 - - - 1 1 1 - 1 - ● - - - - - - - -

統合_2819 Wolff MS et al. 2015
Environmental phenols and pubertal 
development in girls

Environmental exposures to many phenols are documented worldwide and exposures can be quite high (>1 muM of urine metabolites). Phenols have a range of hormonal activity, but knowledge of effects on child 
reproductive development is limited, coming mostly from cross-sectional studies. We undertook a prospective study of pubertal development among 1239 girls recruited at three U.S. sites when they were 6-8 years old 
and were followed annually for 7 years to determine age at first breast or pubic hair development. Ten phenols were measured in urine collected at enrollment (benzophenone-3, enterolactone, bisphenol A, three parabens 
(methyl-, ethyl-, propyl-), 2,5-dichlorophenol, triclosan, genistein, daidzein). We used multivariable adjusted Cox proportional hazards ratios (HR (95% confidence intervals)) and Kaplan-Meier survival analyses to estimate 
relative risk of earlier or later age at puberty associated with phenol exposures. For enterolactone and benzophenone-3, girls experienced breast development 5-6 months later, adjusted HR 0.79 (0.64-0.98) and HR 0.80 
(0.65-0.98) respectively for the 5th vs 1st quintiles of urinary biomarkers (mug/g-creatinine). Earlier breast development was seen for triclosan and 2,5-dichlorophenol: 4-9 months sooner for 5th vs 1st quintiles of urinary 
concentrations (HR 1.17 (0.96-1.43) and HR 1.37 (1.09-1.72), respectively). Association of breast development with enterolactone, but not the other three phenols, was mediated by body size. These phenols may be 
antiadipogens (benzophenone-3 and enterolactone) or thyroid agonists (triclosan and 2,5-dichlorophenol), and their ubiquity and relatively high levels in children would benefit from further investigation to confirm these 
findings and to establish whether there are certain windows of susceptibility during which exposure can affect pubertal development.

Environ Int. 2015 
Nov:84:174-80.

10.1016/j.envint.2015.08.008 26335517 ヒト ⽣殖発⽣ - - - - - - コホート研究 1 1 - - - 1 1 1 - 1 - ● - - - - - - - -

統合_2820 Woods MM et al. 2017

Gestational exposure to endocrine 
disrupting chemicals in relation to 
infant birth weight: a Bayesian 
analysis of the HOME Study

BACKGROUND: Pregnant women are exposed to a mixture of endocrine disrupting chemicals (EDCs). Gestational EDC exposures may be associated with changes in fetal growth that elevates the risk for poor health later 
in life, but few studies have examined the health effects of simultaneous exposure to multiple chemicals. This study aimed to examine the association of gestational exposure to five chemical classes of potential EDCs: 
phthalates and bisphenol A, perfluoroalkyl substances (PFAS), polychlorinated biphenyls (PCBs), polybrominated diphenyl ethers (PBDEs), and organochlorine pesticides (OCPs) with infant birth weight. METHODS: Using 
data from the Health Outcomes and Measures of Environment (HOME) Study, we examined 272 pregnant women enrolled between 2003-2006. EDC concentrations were quantified in blood and urine samples collected at 
16 and 26 weeks gestation. We used Bayesian Hierarchical Linear Models (BHLM) to examine the associations between newborn birth weight and 53 EDCs, 2 organochlorine pesticides (OPPs) and 2 heavy metals. 
RESULTS: For a 10-fold increase in chemical concentration, the mean differences in birth weights (95% credible intervals (CI)) were 1 g (-20, 23) for phthalates, -11 g (-52, 34) for PFAS, 0.2 g (-9, 10) for PCBs, -4 g (-30, 
22) for PBDEs, and 7 g (-25, 40) for OCPs. CONCLUSION: Gestational exposure to phthalates, PFAS, PCBs, PBDEs, OCPs or OPPs had null or small associations with birth weight. Gestational OPP, Pb, and PFAS 
exposures were most strongly associated with lower birth weight.

Environ Health. 2017 
Oct 27;16(1):115.

10.1186/s12940-017-0332-3 29078782 ヒト ⽣殖発⽣ - - - - - - コホート研究 1 1 - - - 1 1 1 - 1 - ● - - - - - - - -

統合_2821 Xu XJ et al. 2015

Associations of cadmium, bisphenol 
A and polychlorinated biphenyl co-
exposure in utero with placental 
gene expression and neonatal 
outcomes

In utero co-exposure to endocrine disrupting compounds can perturb fetal development. However, the effect of co-exposure on pivotal regulatory genes has seldom been investigated. We explored the effects of in utero 
co-exposure to cadmium (Cd), bisphenol A (BPA) and polychlorinated biphenyls (PCBs) on master regulator genes. We recruited 284 healthy pregnant women, of whom 262 provided both cord blood and placenta samples, 
and 200 had all measurements taken. Placental Cd, cord blood BPA and total PCBs in the exposed group were higher than a reference group. KISS1 expression level in placental tissue was threefold higher in the exposed 
group than in the reference, and was positively associated with all toxicants. Leptin and leptin receptor expression were also significantly higher, but were only associated with BPA. From our findings, we conclude that 
lower birth weight is correlated with Cd and PCBs, and may result from the increased KISS1 mRNA expression.

Reproductive 
Toxicology.2015;52:62-
70

10.1016/j.reprotox.2015.02.004 25687722 ヒト - - - - - - - 横断研究 1 1 - - - - - - - - - ● - - - - - - - -

統合_2822 Yang TC et al. 2018

Exposure to Bisphenol A and 
phthalates metabolites in the third 
trimester of pregnancy and BMI 
trajectories

BACKGROUND: Bisphenol A (BPA) and phthalates metabolites are linked to a variety of adverse health consequences but studies have not explored their association with growth trajectories. OBJECTIVE: Explore body 
mass index (BMI) trajectories for tertile exposures to BPA and phthalates metabolites in the third trimester of pregnancy. METHODS: We constructed BMI (kg/m(2) ) trajectories from birth to 14 years in a birth cohort of 
249 children from Mexico City using tertiles of third trimester maternal urinary concentrations of BPA and phthalates metabolites. Fractional age polynomials and mixed effects models were fit separately by sex. Predicted 
models were plotted for each metabolite tertile with the covariates mother's education and BMI centered at average values. RESULTS: Highest predicted BMI trajectories for female children were observed for third tertile 
exposure to the phthalate metabolite mono(2-ethyl-5-carboxypentyl) phthalate. In male children, first tertile exposure to mono-isobutyl phthalate and monobenzyl phthalate and second tertile exposure to mono(2-
ethylhexyl) phthalate and mono(2-ethyl-5-hydroxyhexyl) phthalate predicted the highest BMI trajectory by adolescence. There was no relationshsip between BPA and child growth trajectory. CONCLUSIONS: These results 
suggest sex-specific differences in BMI trajectories by levels of metabolite exposure. Additional studies are needed to consider growth through adolescence in assessing the association of pregnancy exposures on child's 
BMI.

Pediatr Obes. 2018 
Sep;13(9):550-557.

10.1111/ijpo.12279 29700996 ヒト ⽣殖発⽣ - - - - - - コホート研究 1 1 - - - 1 1 1 - 1 - ● - - - - - - - -
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統合_2823 Yang TC et al. 2017
Bisphenol A and phthalates in utero 
and in childhood: association with 
child BMI z-score and adiposity

OBJECTIVE: To assess the relationship between in utero and concurrent child urinary exposures to bisphenol A (BPA) and phthalates with BMI z-score, waist circumference, and sum of triceps and subscapular skinfold 
thickness in Mexican children. METHODS: Among participants (N=249) from the Early Life Exposure in Mexico to ENvironmental Toxicants study, we evaluated associations between maternal third trimester and 
concurrent urinary BPA and individual and summed phthalates metabolites ( summation operatorDi(2-ethylhexyl phthalate), summation operatorhigh molecular weight, summation operatorlow molecular weight) with 
measures of weight status and adiposity in children aged 8-14 years. Linear regressions with specific-gravity corrected and natural log-transformed urinary concentrations were estimated, adjusting for covariates. Effect 
modification by sex was explored. RESULTS: Prenatal urinary exposure to monobenzyl phthalate (MBzP) was inversely associated with child's BMI z-score (beta=-0.21, 95%CI: -0.41, -0.02) and child urinary exposure to 
mono(2-ethylhexyl)phthalate (MEHP) was inversely associated with waist circumference (beta=-1.85, 95%CI: -3.36, -0.35) and sum of skinfold thicknesses (beta=-2.08, 95%CI: -3.80, -0.37) after adjusting for 
confounders. In the childhood exposure period, sex modified the relationships with BPA, MEHP, MBzP, monoethyl phthalate (MEP), mono(2-ethyl-5-hydroxyhexyl) phthalate (MEHHP), mono(2-ethyl-5-oxohexyl) phthalate 
(MEOHP), and mono(2-ethyl-5-carboxypentyl) phthalate (MECPP). In girls, increased BPA exposure was positively associated with sum of skinfold thickness (beta=3.47, 95%CI: 0.05, 6.40) while increased MEHP was 
inversely associated with sum of skinfold thicknesses in boys (beta=-2.95, 95%CI: -5.08, -0.82); these results remained in sensitivity analyses after excluding children who had initiated pubertal development (Tanner 
stage >1 for pubic hair). We did not observe relationships between summed phthalates metabolites at any exposure period with outcome measures. CONCLUSION: Our results identified associations between urinary BPA 
and phthalates metabolites with measures of weight status and adiposity that differed by timing of exposure, sex, and pubertal status. Additional studies are needed to explore how associations may differ between those 
who are pre- and post-pubertal.

Environ Res. 2017 
Jul:156:326-333.

10.1016/j.envres.2017.03.038 28390300 ヒト 代謝 - - - - - - コホート研究 1 1 - - - 1 1 1 - - - ● - - - - - - - -

統合_2824 Zbucka-Kretowska M et al. 2018
Evaluation of Bisphenol A influence 
on endocannabinoid system in 
pregnant women

Bisphenol A (BPA) is a synthetic chemical widely used in the industry, which may potentially evoke negative effects on human health, especially on reproductive processes and fetal development. BPA has been reported to 
act on estrogen, estrogen-related, androgen, thyroid hormone, pregnane X, peroxisome proliferation-activated, and aryl hydrocarbon receptors. However, other potential mechanisms of BPA action on pregnancy cannot be 
excluded. Comprehensive evaluation of BPA effect on pregnant women can be performed by use of metabolomics. In the present study LC-MS-based plasma metabolomics was performed in the group of pregnant women 
with known concentrations of free, conjugated and total BPA. Significant positive correlations were observed between several endocannabinoids (fatty acid amides) and free (r = 0.307-0.557, p-value = 0.05-0.00002) and 
total (r = 0.413-0.519, p-value = 0.008-0.00006) BPA concentrations. Palmitoleamide was positively correlated with conjugated (r = 0.348, p-value = 0.05) while lysophosphatidylethanolamine 18:0 with free (r = 0.519, p-
value = 0.00006) BPA concentration. The docking calculations of BPA and fatty acid amide hydrolase (enzyme degrading endocannabinoids, FAAH) indicated that it can act as a competitive inhibitor by blocking FAAH 
catalytic residues. In vitro study showed that BPA moderately inhibits FAAH activity (15% decrease for 200 ng mL-1 and almost 50% for 200 μg mL-1 of BPA). In the present study for the first time inhibitory potential of 
BPA on FAAH hydrolase is reported. Inhibition of FAAH may lead to a rise of plasma endocannabinoids level. BPA exposure and increased level of endocannabinoids are miscarriage risk factors. Based on obtained results 
it can be hypothesized that BPA may induce adverse pregnancy outcomes by acting on endocannabinoid system.

Chemosphere.2018;203:
387-392

10.1016/j.chemosphere.2018.03.1
95

29627605 ヒト - - - - - - - 横断研究 1 1 - - - - - - - - - - - - - - - - - -

統合_2825 Zheng HJ et al. 2017
Genome-wide alteration in DNA 
hydroxymethylation in the sperm 
from bisphenol A-exposed men

Environmental BPA exposure has been shown to impact human sperm concentration and motility, as well as rodent spermatogenesis. However, it is unclear whether BPA exposure is associated with alteration in DNA 
hydroxymethylation, a marker for epigenetic modification, in human sperm. A genome-wide DNA hydroxymethylation study was performed using sperm samples of men who were occupationally exposed to BPA. Compared 
with controls who had no occupational BPA exposure, the total levels of 5-hydroxymethylcytosine (5hmc) increased significantly (19.37% increase) in BPA-exposed men, with 72.69% of genome regions harboring 5hmc. A 
total of 9,610 differential 5hmc regions (DhMRs) were revealed in BPA-exposed men relative to controls, which were mainly located in intergenic and intron regions. These DhMRs were composed of 8,670 hyper-hMRs 
and 940 hypo-hMRs, affecting 2,008 genes and the repetitive elements. The hyper-hMRs affected genes were enriched in pathways associated with nervous system, development, cardiovascular diseases and signal 
transduction. Additionally, enrichment of 5hmc was observed in the promoters of eight maternally expressed imprinted genes in BPA-exposed sperm. Some of the BPA-affected genes, for example, MLH1, CHD2, SPATA12 
and SPATA20 might participate in the response to DNA damage in germ cells caused by BPA. Our analysis showed that enrichment of 5hmc both in promoters and gene bodies is higher in the genes whose expression has 
been detected in human sperm than those whose expression is absent. Importantly, we observed that BPA exposure affected the 5hmc level in 11.4% of these genes expressed in sperm, and in 6.85% of the sperm genome. 
Finally, we also observed that BPA exposure tends to change the 5hmc enrichment in the genes which was previously reported to be distributed with the trimethylated Histone 3 (H3K27me3, H3K4me2 or H3K4me3) in 
sperm. Thus, these results suggest that BPA exposure likely interferes with gene expression via affecting DNA hydroxymethylation in a way partially dependent on trimethylation of H3 in human spermatogenesis. Our 
current study reveals a new mechanism by which BPA exposure reduces human sperm quality.

PLoS One. 2017 Jun 
5;12(6):e0178535.

10.1371/journal.pone.0178535 28582417 ヒト 精巣 - - - - - - 横断研究 1 1 - - - 1 1 1 - - - ● - - - - - - - -

統合_2826 Zhou AF et al. 2017
Prenatal exposure to bisphenol A 
and risk of allergic diseases in early 
life

BACKGROUND: Prenatal exposure to bisphenol A (BPA) affects immune system and promotes allergy and asthma in mice, but findings in human studies are limited. We investigated whether prenatal exposure to BPA is 
associated with increased risk of allergic diseases in infants. METHODS: We measured BPA concentrations in maternal urine samples collected at delivery from 412 women in Wuhan, China. The occurrence of allergic 
diseases including eczema and wheeze were assessed at age 6 mo through questionnaires. We used logistic regression to evaluate the association between urinary BPA levels and the risk of allergic diseases. RESULTS: 
Mothers of infants with allergic diseases had significantly higher urinary BPA levels than those of infants without allergic diseases (median: 2.35 vs. 4.55 microg/l, P = 0.03). Increased risk of infant allergic diseases was 
associated with creatinine-adjusted maternal urinary BPA concentrations. And this association was limited to females (odds ratio (OR) = 1.36; 95% confidence interval (CI): 1.10-1.79) rather than males. After 
stratification by maternal age, the association was only significant in infants of mothers who were younger than 25 y old (OR = 1.90; 95% CI: 1.09-3.29). CONCLUSION: Prenatal exposure to BPA may potentially increase 
the risk of allergic diseases at very early life in female infants.

Pediatr Res. 2017 
Jun;81(6):851-856.

10.1038/pr.2017.20 28141789 ヒト 免疫 - - - - - - コホート研究 1 1 - - - 1 1 1 - 1 - ● - - - - - - - -

統合_2827 Zhou W et al. 2017
Bisphenol A and Ovarian Reserve 
among Infertile Women with 
Polycystic Ovarian Syndrome

To better understand possible effects of bisphenol A (BPA) exposure on ovarian reserve in women with polycystic ovary syndrome (PCOS), we measured creatinine adjusted urinary BPA (BPA_Cre) concentrations and 
used regression models to evaluate the association between urinary BPA level and antral follicle count (AFC), antimullerian hormone (AMH), day-3 follicle stimulating hormone levels (FSH) and inhibin B (INHB) in 268 
infertile women diagnosed with PCOS. BPA was detected in all women with a median concentration of 2.35 ng/mL (the 25th and 75th percentiles of 1.47 ng/mL and 3.95 ng/mL). A unit increase in BPA_Cre was 
associated with a significant decrease of 0.34 in AFC (beta = -0.34, 95% CI = -0.60, -0.08; p = 0.01). Likewise, BPA was negatively associated with AMH and day-3 FSH levels, but neither of them reached statistical 
significance. No association was observed between BPA and INHB. Our results suggest that in women with PCOS, BPA may affect ovarian follicles and, therefore, reduce ovarian reserve.

International Journal of 
Environmental Research 
and Public 
Health.2017;14(1):7

10.3390/ijerph14010018 28036005 ヒト - - - - - - - 横断研究 1 1 - - - - - - - - - - - - - - - - - -

統合_2828 Zhuang WL et al. 2015

Association of Serum Bisphenol-A 
Concentration and Male 
Reproductive Function Among 
Exposed Workers

Bisphenol-A (BPA) can alter endocrine function in animals, yet the relationship between human exposure to BPA and male reproductive function is not well understood. We collected serum samples from 281 male workers 
exposed to BPA and 278 controls. Serum BPA concentrations were analyzed by gas chromatography-mass spectrometry after derivatization. The serum levels of sex hormone-binding globulin (SHBG) and total 
testosterone (TT) were detected by radioimmunoassay and levels of inhibin B (INB) and androstenedione (AD) by enzyme-linked immunosorbent assay. We examined the association of BPA exposure and male sex hormone 
levels by multivariable linear regression. Both serum BPA concentrations and detection rates were greater in males exposed than those not exposed to BPA, but the two groups did not differ in levels of SHBG, TT, INB, or 
AD. Compared with exposure for ≤5 years, exposure for >5 years was associated with increased serum BPA and SHBG 1evels and decreased AD levels. Compared with undetectable BPA and BPA ≤ 18.75 ng/mL, BPA 
level >18.75 ng/mL was associated with low AD and high SHBG levels (P < 0.05). On adjusted multivariable regression, increased serum BPA level was associated with decreased mean serum AD level (0.18 ng/mL; 95% 
confidence interval CI -0.22 to -0.13) and increased mean serum SHBG level (2.79 nmol/L; 95% CI 2.11-3.46). Serum BPA levels were increased after occupational exposure. BPA exposure was negatively associated with 
serum AD level but positively associated with serum SHBG level.

Arch Environ Contam 
Toxicol. 2015 
Jan;68(1):38-45.

10.1007/s00244-014-0078-7 25213476 ヒト ⽣殖発⽣ - - - - - - 横断研究 1 1 - - - 1 1 1 - - - ● - - - - - - - -

統合_2829 Adoamnei E et al. 2018
Urinary bisphenol A concentrations 
are associated with reproductive 
parameters in young men

Bisphenol A (BPA) is a pervasive environmental toxicant with known reproductive effects on sperm parameters and hormone levels. Several observational studies have investigated the associations between BPA exposure 
and male reproductive function, but findings are inconsistent. The objective of this study was to assess the associations between urinary BPA concentrations and semen quality and reproductive hormone levels in a 
cross-sectional study with 215 healthy young university students (18-23 years old), investigated between 2010 and 2011 in Southern Spain (Murcia Region). All subjects provided urine, blood serum and semen samples on 
a single day. Urinary BPA concentrations were measured by dispersive liquid-liquid microextraction and ultra-high performance liquid chromatography with tandem mass spectrometry detection. Semen quality was 
evaluated by measuring volume, concentration, motility, morphology and total sperm count (TSC). Serum samples were analyzed for reproductive hormones, including follicle-stimulating hormone (FSH), luteinizing 
hormone (LH), testosterone, inhibin B and estradiol. Relationships between urinary BPA concentrations and semen quality parameters and reproductive hormone levels were examined using linear regression, adjusting for 
potential confounders and covariates. Ninety-five percent of the men had detectable urinary BPA concentrations with unadjusted median (5th-95th) of 2.8 (0.16-11.5) ng/mL. After adjustment for important covariates, 
there was a significant positive association between urinary BPA concentrations and serum LH levels (β = 0.07, 95%CI: 0.02;0.12, p-value < 0.01). Urinary BPA concentration was also significantly and inversely 
associated with sperm concentration (β = - 0.04, 95%CI: - 0.07;- 0.02, p-value < 0.01) and TSC (β = - 0.05, 95%CI: - 0.08;- 0.02, p-value < 0.01). No significant associations were found between BPA and other semen 
parameters or reproductive hormone levels. Our results support the hypothesis that BPA exposure may be associated with a reduction in Leydig cell capacity (increased LH levels) and decreased sperm counts in young 
men.

Environ 
Res.2018;161:122-128

10.1016/j.envres.2017.11.002 29156341 ヒト - - - - - - - 横断研究 1 1 - - - - - - - - - ● - - - - - - - -

統合_2830 Aekplakorn W et al. 2015

Relationship of serum bisphenol A 
with diabetes in the Thai population, 
National Health Examination Survey 
IV, 2009

BACKGROUND: Epidemiological studies of the association between bisphenol A (BPA) exposure and diabetes have been inconsistent. The present study determined serum BPA concentrations in the Thai population and 
their association with hyperglycemia and diabetes. METHODS: In all, 2581 serum samples from the Thai National Health Examination Survey (2009) were used to determine BPA levels. Impaired fasting glucose (IFG) was 
defined as fasting plasma glucose >/=100 and <126 mg/dL. Diabetes was defined as a history of a physician's diagnosis or fasting plasma glucose >/=126 mg/dL. Multinomial logistic regression was used to examine 
the association of serum BPA with IFG and diabetes. RESULTS: Of 2581 samples tested, BPA was detected in 2135 samples (weighted percentage 78.1%), with a geometric mean concentration of 0.34 ng/mL BPA. Serum 
BPA levels were significantly higher among those with diabetes or IFG compared with normoglycemic individuals (0.52 and 0.38 vs 0.33 ng/mL, respectively; P < 0.001). After adjusting for potential confounders, compared 
with the first quartile (</=0.071 ng/mL), the overall adjusted odds ratios (OR) of serum BPA concentration in the third and fourth quartiles (0.319-0.745 and >/=0.746 ng/mL, respectively) for IFG were 1.72 (95% 
confidence interval [CI] 1.19, 2.49) and 1.23 (95% CI 0.80, 1.89), respectively; for diabetes, the adjusted OR were 1.88 (95% CI 1.18, 2.99) and 1.83 (95% CI 1.12, 2.95), respectively, with a slightly stronger association 
among men than in women. CONCLUSIONS: Serum BPA concentrations were not associated with IFG, but were positively associated with diabetes in the Thai population. Further prospective studies are needed to 
confirm the relationship.

Journal of 
Diabetes.2015;7(2):240-
249

10.1111/1753-0407.12159 24720399 ヒト - - - - - - - 横断研究 1 1 - - - - - - - - - ● - - - - - - - -

統合_2831 Aekplakorn W et al. 2015
Association of Serum Bisphenol A 
with Hypertension in Thai 
Population

Objective. The present study aimed to examine the association between serum BPA and hypertension and evaluated whether it was influenced by estradiol level. Methods. A subsample of 2588 sera randomly selected 
from the Thai National Health Examination Survey IV, 2009, was measured for serum BPA and estradiol. Logistic regression was used to examine the association controlling for age, sex, diabetes, body mass index, and 
estradiol level. Results. Compared with the lowest quartile, the adjusted odds ratio (AOR) of hypertension for the fourth quartile of serum BPA was 2.16 (95% CI 1.31, 3.56) in women and 1.44 (0.99, 2.09) in men. There 
was no interaction between serum BPA and estradiol level. For analysis using log(BPA) as a continuous variable, the AOR per unit change in log(BPA) was 1.09 (95% CI 1.02, 1.16). Among postmenopausal women, the AOR 
for the fourth quartile of BPA was 2.33 (95% CI 1.31, 4.15) and, for premenopausal women, it was 2.12 (95% CI 0.87, 5.19). Conclusion. Serum BPA was independently associated with hypertension in women and was not 
likely to be affected by estrogen; however, its mechanism related to blood pressure needs further investigation.

International Journal of 
Hypertension.2015;:8

10.1155/2015/594189 25785193 ヒト - - - - - - - 横断研究 1 1 - - - - - - - - - ● - - - - - - - -

統合_2832 Agay-Shay K et al. 2015

Exposure to Endocrine-Disrupting 
Chemicals during Pregnancy and 
Weight at 7 Years of Age: A Multi-
pollutant Approach

BACKGROUND: Prenatal exposure to endocrine-disrupting chemicals (EDCs) may induce weight gain and obesity in children, but the obesogenic effects of mixtures have not been studied. OBJECTIVE: We evaluated the 
associations between pre- and perinatal biomarker concentrations of 27 EDCs and child weight status at 7 years of age. METHODS: In pregnant women enrolled in a Spanish birth cohort study between 2004 and 2006, we 
measured the concentrations of 10 phthalate metabolites, bisphenol A, cadmium, arsenic, and lead in two maternal pregnancy urine samples; 6 organochlorine compounds in maternal pregnancy serum; mercury in cord 
blood; and 6 polybrominated diphenyl ether congeners in colostrum. Among 470 children at 7 years, body mass index (BMI) z-scores were calculated, and overweight was defined as BMI > 85th percentile. We estimated 
associations with EDCs in single-pollutant models and applied principal-component analysis (PCA) on the 27 pollutant concentrations. RESULTS: In single-pollutant models, HCB (hexachlorobenzene), betaHCH (beta-
hexachlorocyclohexane), and polychlorinated biphenyl (PCB) congeners 138 and 180 were associated with increased child BMI z-scores; and HCB, betaHCH, PCB-138, and DDE (dichlorodiphenyldichloroethylene) with 
overweight risk. PCA generated four factors that accounted for 43.4% of the total variance. The organochlorine factor was positively associated with BMI z-scores and with overweight (adjusted RR, tertile 3 vs. 1: 2.59; 
95% CI: 1.19, 5.63), and these associations were robust to adjustment for other EDCs. Exposure in the second tertile of the phthalate factor was inversely associated with overweight. CONCLUSIONS: Prenatal exposure 
to organochlorines was positively associated with overweight at age 7 years in our study population. Other EDCs exposures did not confound this association.

Environ Health 
Perspect. 2015 
Oct;123(10):1030-7.

10.1289/ehp.1409049 25956007 ヒト 代謝 - - - - - - コホート研究 1 1 - - - 1 1 1 - - - ● - - - - - - - -

統合_2833 Aker AM et al. 2016
Phenols and parabens in relation to 
reproductive and thyroid hormones 
in pregnant women

INTRODUCTION: Phenols and parabens are ubiquitous environmental contaminants. Evidence from animal studies and limited human data suggest they may be endocrine disruptors. In the current study, we examined 
associations of phenols and parabens with reproductive and thyroid hormones in 106 pregnant women recruited for the prospective cohort, "Puerto Rico Testsite for Exploring Contamination Threats (PROTECT)". 
METHODS: Urinary exposure biomarkers (bisphenol A, triclosan, benzophenone-3, 2,4-dichlorophenol, 2,5-dichlorophenol, butyl, methyl and propyl paraben) and serum hormone levels (estradiol, progesterone, sex 
hormone-binding globulin (SHBG), free triiodothyronine (FT3), free thyroxine (FT4) and thyroid stimulating hormone) were measured at up to two time points during pregnancy (16-20 weeks and 24-28 weeks). We used 
linear mixed models to assess relationships between exposure biomarkers and hormone levels across pregnancy, controlling for urinary specific gravity, maternal age, BMI and education. In sensitivity analyses, we 
evaluated cross-sectional relationships between exposure and hormone levels stratified by study visit using linear regression. RESULTS: An IQR increase in methyl paraben was associated with a 7.70% increase (95% CI 
1.50, 13.90) in SHBG. Furthermore, an IQR increase in butyl paraben as associated with an 8.46% decrease (95% CI 16.92, 0.00) in estradiol, as well as a 9.34% decrease (95% CI -18.31,-0.38) in estradiol/progesterone. 
Conversely, an IQR increase in butyl paraben was associated with a 5.64% increase (95% CI 1.26, 10.02) in FT4. Progesterone was consistently negatively associated with phenols, but none reached statistical 
significance. After stratification, methyl and propyl paraben were suggestively negatively associated with estradiol at the first time point (16-20 weeks), and suggestively positively associated with estradiol at the second 
time point (24-28 weeks). CONCLUSIONS: Within this ongoing birth cohort, certain phenols and parabens were associated with altered reproductive and thyroid hormone levels during pregnancy. These changes may 
contribute to adverse health effects in mothers or their offspring, but additional research is required.

Environmental 
Research.2016;151:30-
37

10.1016/j.envres.2016.07.002 27448730 ヒト - - - - - - - 横断研究 1 1 - - - - - - - - - ● - - - - - - - -

統合_2834 Akin L et al. 2015

The endocrine disruptor bisphenol A 
may play a role in the 
aetiopathogenesis of polycystic 
ovary syndrome in adolescent girls

AIM: Experimental in vitro studies have shown that bisphenol A affects steroidogenesis, folliculogenesis and ovarian morphology. The aim of this study was to investigate the role of the endocrine disruptor bisphenol A in 
the aetiopathogenesis of polycystic ovary syndrome (PCOS) in adolescents and its relationship with metabolic parameters, insulin resistance and obesity in this population. METHODS: A total of 112 girls with PCOS and 
61 controls between 13 and 19 years of age were enrolled in the study. Serum bisphenol A levels were measured by high-pressure liquid chromatography. An oral glucose tolerance test was also performed. RESULTS: 
Adolescents with PCOS had markedly increased serum bisphenol A levels (mean: 1.1 ng/mL 95% CI: 1.0-1.2) than controls (mean: 0.8 ng/mL 95% CI: 0.6-0.9, p = 0.001). When we compared the subgroups according to 
obesity, the main factor determining the significant increase in bisphenol A was the presence of PCOS, but not obesity (p = 0.029). Bisphenol A was significantly correlated with total testosterone (r = 0.52), free 
testosterone (r = 0.44), dehydroepiandrosterone sulphate (r = 0.37) and Ferriman-Gallwey score (r = 0.43) (p < 0.05). CONCLUSION: Adolescents with PCOS had higher serum bisphenol A levels than controls, 
independent of obesity. Bisphenol A concentrations were significantly correlated with androgen levels, leading us to consider that bisphenol A might play a role in the aetiopathogenesis of PCOS in adolescents.

Acta Paediatr. 2015 
Apr;104(4):e171-7.

10.1111/apa.12885 25469562 ヒト 卵巣 - - - - - - 症例対照研究 1 1 - - - 1 1 1 - - - ● - - - - - - - -

統合_2835 Akiyama E et al. 2015

Facilitation of adipocyte 
differentiation of 3T3-L1 cells by 
debrominated tetrabromobisphenol 
A compounds detected in Japanese 
breast milk

Tetrabromobisphenol A (TeBBPA) is widely used type of brominated flame retardant. In this study, we newly synthesized materials for the debrominated congeners, 2,2',6-tribromobisphenol A (TriBBPA), 2,2'-
dibromobisphenol A (2,2'-DiBBPA), 2,6-dibromobisphenol A (2,6-DiBBPA), and 2-monobromobisphenol A (MoBBPA) and evaluated the actual extent of contamination with bisphenol A (BPA), TeBBPA and debrominated 
congeners in Japanese breast milk samples. TriBBPA was detected at higher levels than that of TeBBPA, while DiBBPA and MoBBPA were detected at lower levels than that of TeBBPA. This observation suggested that 
humans are exposed to debrominated congeners, which might cause adverse effects. Contamination of the congeners in breast milk was concern about risk infant health, having vulnerable defense system. As pilot study 
by in vitro experiment, we assessed the toxic potency of debrominated congeners by studying their effect on adipocyte differentiation in 3T3-L1 cells. We observed 2,6-DiBBPA, TriBBPA and TeBBPA elevated the lipid 
accumulation and adipocyte-specific protein 2 expression in a manner dependent on the number of substituted bromines. Moreover, PPARγ transcriptional activities increased in a dose-dependent manner in the presence 
of 2,6-DiBBPA and TriBBPA as well as TeBBPA. Our study clarified that TeBBPA and its debrominated congeners accumulated in breast milk and the debrominated congeners promoted adipocyte differentiation, showing 
that a comprehensive evaluation of the influences of these compounds including the debrominated congeners of TeBBPA on health in infants is necessary.

Environmental 
Research.2015;140:157-
164

10.1016/j.envres.2015.03.035 25863188 ヒト - - - - - - - バイオモニタリング 1 1 - - - - - - - - - - - - - - - - - -
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統合_2836 Amin MM et al. 2018

Association of exposure to 
Bisphenol A with obesity and 
cardiometabolic risk factors in 
children and adolescents

In this study, the association of exposure to Bisphenol A (BPA) with obesity and cardiometabolic risk factors was investigated on 132 children and adolescents aged 6-18 years living in Isfahan, Iran. Potential contributors 
to BPA exposure were assessed by a questionnaire. Total BPA was detected in urine samples of all participants without significant difference in boys and girls. The mean body mass index (BMI) and waist circumference 
(WC) increased significantly across the BPA tertiles (p for trend = < 0.001). Similar trend was documented for systolic blood pressure (SBP) and diastolic blood pressure (DBP) as well as fasting blood sugar. The risk of 
obesity was 12.48 times higher in participants in the third tertile of BPA than in others (95% CI: 3.36-46.39, p < 0.001). The current study showed significant association between BPA exposure with obesity and some 
cardiometabolic risk factors in children and adolescents, however, further longitudinal studies are necessary to evaluate the clinical effects of this finding. Abbreviations: BMI: Body Mass Index; BPA: Bisphenol A; BSTFA: 
N, O-Bistrifluoroacetamide; CDC: Centers for Disease Control and Prevention; CI: Circumference Interval; DBP: Diastolic Blood Pressure; DLLME: Dispersive liquid-liquid microextraction method; FBS: Fasting Blood 
Glucose; HDL: high-density lipoprotein cholesterol were; LDL: low-density lipoprotein cholesterol; OR: Odd Ratio; PA: Physical Activity; SBP: Systolic Blood Pressure; TC: total cholesterol; TG: triglycerides; WC: Waist 
Circumference.

International Journal of 
Environmental Health 
Research.2018;:

10.1080/09603123.2018.1515896 30203985 ヒト - - - - - - - 横断研究 1 1 - - - - - - - - - ● - - - - - - - -

統合_2837 Andra SS and Makris KC 2015

Association between urinary levels 
of bisphenol A and its 
monochlorinated derivative and 
obesity

Population-based studies suggest the association between exposures to bisphenol A (BPA) and obesity. However, no human studies are available that link exposures to chlorinated derivatives of BPA with obesity 
biomarkers. The objective of this exploratory post hoc analysis of our cross-sectional study's dataset was to evaluate the association between urinary levels of BPA and monochlorinated BPA (mono-ClBPA) with body 
mass index (BMI) in a random sample of 223 adults (>/=18 years) from the general population in Cyprus. Univariate analysis and multiple logistic regressions were performed for descriptive statistics and estimating odds 
ratio (OR) of above normal BMI, respectively. We observed a relatively weak positive association between urinary mono-ClBPA and BMI, such as (i) 76 ng g(-1) in participants with above normal BMI (>/=25 kg m(-2)) 
versus 55 ng g(-1) in those with normal BMI (<25 kg m(-2)) (P for mean difference = 0.053) and (ii) higher percentage of participants with above normal BMI in the high urinary mono-ClBPA tertile (63% in tertile 3 and 57% 
in tertile 2 versus 50% in tertile 1, P for trend = 0.056). Similar tests of association between urinary BPA and BMI showed null outcome. A dichotomously-classified group analysis showed an increased odds ratio (OR) for 
higher BMI in the group with high creatinine-adjusted urinary levels of BPA and mono-ClBPA when compared with the participants group with low levels for both compounds [logistic model adjusted for gender and health 
status as potential confounders; adjusted OR (95% CI): 2.34 (1.10, 5.10), P = 0.027]. Measurements of both BPA and its trace chlorinated derivative in human matrices may be warranted for a comprehensive exposure 
assessment towards improving our understanding of their obesogenic effects.

Journal of 
Environmental Science 
and Health Part a-
Toxic/Hazardous 
Substances & 
Environmental 
Engineering.2015;50(11)
:1169-1179

10.1080/10934529.2015.1047674 26191991 ヒト - - - - - - - 横断研究 1 1 - - - - - - - - - ● - - - - - - - -

統合_2838 Arbuckle TE et al. 2016

Bisphenol A, phthalates and lead 
and learning and behavioral 
problems in Canadian children 6-11 
years of age: CHMS 2007-2009

Childhood developmental disorders and related problems such as learning disabilities and attention deficit hyperactivity disorder (ADHD) account for a growing burden on the family, education and health care systems. 
Exposure to environmental chemicals such as bisphenol A (BPA) and phthalates may play a role in the development of child behavioral problems. Using cross-sectional data from Cycle 1 of the Canadian Health Measures 
Survey (CHMS), we examined the potential association between urinary concentrations of BPA and various phthalate metabolites and child learning and behavioral problems, considering important covariates such as 
gender, blood lead and environmental tobacco smoke (ETS). The Strengths and Difficulties Questionnaire (SDQ) outcomes of interest were emotional symptoms, hyperactivity/inattention, and a total difficulties score with 
borderline and abnormal scores grouped together and compared with children with normal scores. Other outcomes studied included any reported learning disability, a subset of learning disabilities reported as ADD/ADHD 
(attention deficit disorder) and use of psychotropic medications in the past month. Among children ages 6-11 years, the prevalences of any learning disability, ADD, and ADHD were 8.7%, 1.5% and 2.8%, respectively. 
Estimated prevalences for SDQ hyperactivity/inattention, emotional symptoms and total difficulties scores were 16.9%, 15.0%, and 13.0%, respectively. Child's urinary BPA was associated with taking psychotropic 
medications (OR 1.59; 95% CI 1.05-2.40). Urinary MBzP concentration was significantly associated with emotional symptoms in girls (OR 1.38 95% CI 1.09-1.75) but not in boys (OR 1.05 95% CI 0.82-1.36).) Blood lead was 
significantly associated with several of the outcomes examined, with a significant interaction observed between prenatal smoking and blood lead for the total difficulties score (OR=10.57; 95% CI 2.81-39.69 vs. OR=1.98; 
95% CI 1.41-2.79 if mother did not smoke during pregnancy). Although limited by the cross-sectional nature of the study which precludes examining causation, the results suggest that although some indicators of child 
behavior were significantly associated with their urinary BPA and phthalate concentrations, the major chemical associated with adverse behavioral indicators was lead.

Neurotoxicology. 2016 
May:54:89-98.

10.1016/j.neuro.2016.03.014 27021348 ヒト 発達神経 - - - - - - 横断研究 1 1 - - - 1 1 1 - - - ● - - - - - - - -

統合_2839 Ashley-Martin J et al. 2015

Prenatal exposure to phthalates, 
bisphenol A and perfluoroalkyl 
substances and cord blood levels of 
IgE, TSLP and IL-33

The fetal time period is a critical window of immune system development and resulting heightened susceptibility to the adverse effects of environmental exposures. Epidemiologists and toxicologists have hypothesized 
that phthalates, bisphenol A (BPA) and perfluoroalkyl substance have immunotoxic properties. Immunotoxic effects of chemicals may manifest in an altered immune system profile at birth. Immunoglobulin E, thymic 
stromal lymphopoietin (TSLP), and interleukin-33 (IL-33) are integral in the etiology of childhood allergy and detectable at birth. The objective of this study was to determine the association between maternal levels of 
phthalates, bisphenol A (BPA), and perfluoroalkyl substances and elevated umbilical cord blood levels of IgE, TSLP, and IL-33. This study utilized data collected in the Maternal-Infant Research on Environmental 
Chemicals (MIREC) Study, a trans-Canada cohort study of 2001 pregnant women. Of these women, 1258 had a singleton, term birth and cord blood sample. A Bayesian hierarchical model was employed to determine 
associations between log-transformed continuous variables and immune system biomarkers while adjusting for potential confounding from correlated environmental contaminants. Inverse, nonlinear associations were 
observed between maternal urinary MCPP levels and elevated levels of both IL-33/TSLP and IgE and between maternal urinary BPA levels and elevated levels of IL-33/TSLP. In this primarily urban Canadian population of 
pregnant women and their newborns, maternal urinary and plasma concentrations of phthalate metabolites, BPA, and perfluoroalkyl substances were not associated with immunotoxic effects that manifest as increased 
odds of elevated levels of IgE, TSLP or IL-33.

Environ Res. 2015 
Jul:140:360-8.

10.1016/j.envres.2015.04.010 25913155 ヒト 免疫 - - - - - - コホート研究 1 1 - - - 1 1 1 - 1 - ● - - - - - - - -

統合_2840 Awada Z et al. 2018

BPA exposure is associated with 
non-monotonic alteration in ESR1 
promoter methylation in peripheral 
blood of men and shorter relative 
telomere length in peripheral blood 
of women

The aim of this study was to evaluate the potential association of urinary Bisphenol A (BPA) levels with estrogen receptor alpha (ESR1) promoter % methylation and relative telomere length in a sample of 482 participants. 
Urinary BPA concentration was measured using organic phase extraction followed by high performance liquid chromatography mass spectroscopy. Peripheral blood ESR1 promoter % methylation and relative telomere 
length were measured using direct bisulfite sequencing and real-time polymerase chain reaction, respectively. The mean +/- SD urinary BPA concentration adjusted for urinary creatinine was 2.90 +/- 4.81 (mug/g 
creatinine) with a median of 1.86 mug/g creatinine (min-max: <LOD -69.85). There was a potentially non-monotonic relationship between adjusted urinary BPA concentrations and ESR1 promoter % methylation in men. As 
a matter of fact, for the lowest tertile of ESR1 promoter % methylation, the OR and 95% CI of the middle and highest tertiles of urinary adjusted BPA were 2.54 (1.01-6.39) and 1.64 (0.55-4.86) when compared to the 
lowest BPA tertile, respectively. After adjustment for potential confounders, similar results remained in men and appeared in the whole cohort. As for relative telomere length, there was a significant trend whereby higher 
adjusted urinary BPA concentrations were significantly associated with shorter relative telomere length in females. For instance, for the shortest relative telomere length tertile, the OR and 95% CI of the middle and 
highest tertiles of urinary adjusted BPA were 2.91 (1.38-6.16) and 3.19 (1.57-6.49) when compared to the lowest BPA tertile, respectively. This trend remained significant after adjustment for potential confounders.

Journal of Exposure 
Science and 
Environmental 
Epidemiology.2018;:434
76

10.1038/s41370-018-0030-4 29643374 ヒト - - - - - - - 横断研究 1 1 - - - - - - - - - - - - - - - - - -

統合_2841 Bae SY and Y C Hong YC 2015

Exposure to Bisphenol A From 
Drinking Canned Beverages 
Increases Blood Pressure 
Randomized Crossover Trial

Bisphenol A (BPA) is a chemical used in plastic bottles and inner coating of beverage cans, and its exposure is almost ubiquitous. BPA has been associated with hypertension and decreased heart rate variability in the 
previous studies. The aim of the present study was to determine whether increased BPA exposure from consumption of canned beverage actually affects blood pressure and heart rate variability. We conducted a 
randomized crossover trial with noninstitutionalized adults, who were aged >/=60 years and recruited from a local community center. A total of 60 participants visited the study site 3 times, and they were provided the 
same beverage in 2 glass bottles, 2 cans, or 1 can and 1 glass bottle at a time. The sequence of the beverage was randomized. We then measured urinary BPA concentration, blood pressure, and heart rate variability 2 
hours after the consumption of each beverage. The paired t test and mixed model were used to compare the differences. The urinary BPA concentration increased after consuming canned beverages by >1600% compared 
with that after consuming glass bottled beverages. Systolic blood pressure adjusted for daily variance increased by approximately 4.5 mm Hg after consuming 2 canned beverages compared with that after consuming 2 
glass bottled beverages, and the difference was statistically significant. The parameters of the heart rate variability did not show statistically significant differences.The present study demonstrated that consuming 
canned beverage and consequent increase of BPA exposure increase blood pressure acutely.

Hypertension. 2015 
Feb;65(2):313-9.

10.1161/HYPERTENSIONAHA.114
.04261

25489056 ヒト ⼼⾎管 - - - - - - 無作為化クロスオーバー試験 1 1 - - - 1 1 1 - - - - - - - - - - - -

統合_2842 Bae SY et al. 2017

Maternal Urinary Bisphenol A 
Concentration During Midterm 
Pregnancy and Children's Blood 
Pressure at Age 4

Bisphenol A (BPA) has been reported to be associated with adverse health effects, including high blood pressure (BP). BPA is also suspected to cross placenta in pregnancy and might affect children's health. The present 
study was aimed to evaluate the effect of prenatal exposure to BPA on the BP of the child at the age of 4. We followed up 645 children at the age of 4 who were born from women who participated midterm during their 
pregnancy in a birth cohort study from August 2008 to July 2011. Because BPA and BP showed nonlinear association, we constructed a piecewise regression model to examine the association between urinary BPA 
concentration of mother at around 20 weeks of gestation and BP of the child at age 4 and to determine threshold level of BPA for the association. Diastolic BP of the children was positively associated with maternal 
urinary concentration of BPA above the threshold level measured at around 20 weeks of gestation. For 1 log unit increment of prenatal urinary BPA concentration, diastolic BP was increased by 7.9 mm Hg (SE=2.072; 
P=0.0001) after adjusting potential confounders. Pulse pressure was decreased by -8.0 mm Hg (SE=2.528; P=0.0015). However, systolic BP was not significantly associated with prenatal BPA concentration. The present 
study suggests that exposure to BPA during pregnancy is associated with higher diastolic BP of the children above a certain threshold (4.5 mug/g creatinine).

Hypertension. 2017 
Feb;69(2):367-374.

10.1161/HYPERTENSIONAHA.116
.08281

27920131 ヒト ⼼⾎管 - - - - - - コホート研究 1 1 - - - 1 1 1 - - - ● - - - - - - - -

統合_2843 Barrett ES et al. 2017

First-Trimester Urinary Bisphenol A 
Concentration in Relation to 
Anogenital Distance, an Androgen-
Sensitive Measure of Reproductive 
Development, in Infant Girls

INTRODUCTION: Evidence from animal models suggests that prenatal exposure to bisphenol A (BPA), a ubiquitous endocrine-disrupting chemical, is associated with adverse reproductive outcomes in females. Exposure 
during early gestation, a critical period for reproductive development, is of particular concern. Anogenital distance (AGD) is a sensitive biomarker of the fetal hormonal milieu and a measure of reproductive toxicity in 
animal models. In some studies, the daughters of BPA-exposed dams have shorter AGD than controls. Here, we investigate this relationship in humans. METHODS: BPA was assayed in first-trimester urine samples from 
385 participants who delivered infant girls in a multicenter pregnancy cohort study. After birth, daughters underwent exams that included two measures of AGD (AGD-AC: distance from center of anus to clitoris; AGD-AF: 
distance from center of anus to fourchette). We fit linear regression models to examine the association between specific gravity-adjusted (SPG-adj) maternal BPA concentrations and infant AGD, adjusting for covariates. 
RESULTS: BPA was detectable in 94% of women. In covariate-adjusted models fit on 381 eligible subjects, the natural logarithm of SpG-adj maternal BPA concentration was inversely associated with infant AGD-AC 
[beta=-0.56, 95% confidence interval (CI): -0.97, -0.15]. We observed no association between maternal BPA and infant AGD-AF. CONCLUSION: BPA may have toxic effects on the female reproductive system in humans, 
as it does in animal models. Higher first-trimester BPA exposure was associated with significantly shorter AGD in daughters, suggesting that BPA may alter the hormonal environment of the female fetus. 
https://doi.org/10.1289/EHP875.

Environ Health 
Perspect. 2017 Jul 
11;125(7):077008.

10.1289/EHP875 28728138 ヒト ⽣殖発⽣ - - - - - - コホート研究 1 1 - - - 1 1 1 - 1 - ● - - - - - - - -

統合_2844 Berk M et al. 2014

Pop, heavy metal and the blues: 
secondary analysis of persistent 
organic pollutants (POP), heavy 
metals and depressive symptoms in 
the NHANES National 
Epidemiological Survey

OBJECTIVES: Persistent environmental pollutants, including heavy metals and persistent organic pollutants (POPs), have a ubiquitous presence. Many of these pollutants affect neurobiological processes, either 
accidentally or by design. The aim of this study was to explore the associations between assayed measures of POPs and heavy metals and depressive symptoms. We hypothesised that higher levels of pollutants and 
metals would be associated with depressive symptoms. SETTING: National Health and Nutrition Examination Survey (NHANES). PARTICIPANTS: A total of 15 140 eligible people were included across the three examined 
waves of NHANES. PRIMARY AND SECONDARY OUTCOME MEASURES: Depressive symptoms were assessed using the nine-item version of the Patient Health Questionnaire (PHQ-9), using a cut-off point of 9/10 as 
likely depression cases. Organic pollutants and heavy metals, including cadmium, lead and mercury, as well as polyfluorinated compounds (PFCs), pesticides, phenols and phthalates, were measured in blood or urine. 
RESULTS: Higher cadmium was positively associated with depression (adjusted Prevalence Ratios (PR)=1.48, 95% CI 1.16 to 1.90). Higher levels of mercury were negatively associated with depression (adjusted 
PR=0.62, 95% CI 0.50 to 0.78), and mercury was associated with increased fish consumption (n=5500, r=0.366, p<0.001). In addition, several PFCs (perfluorooctanoic acid, perfluorohexane sulfonic acid, 
perfluorodecanoic acid and perfluorononanoic acid) were negatively associated with the prevalence of depression. CONCLUSIONS: Cadmium was associated with an increased likelihood of depression. Contrary to 
hypotheses, many of persistent environmental pollutants were not associated or negatively associated with depression. While the inverse association between mercury and depressive symptoms may be explained by a 
protective role for fish consumption, the negative associations with other pollutants remains unclear. This exploratory study suggests the need for further investigation of the role of various agents and classes of agents 
in the pathophysiology of depression.

Bmj Open.2014;4(7):9 10.1136/bmjopen-2014-005142 25037643 ヒト - - - - - - - 横断研究 1 1 - - - - - - - - - - - - - - - - - -

統合_2845 Beydoun HA et al. 2016
Bisphenol-A and Sleep Adequacy 
among Adults in the National Health 
and Nutrition Examination Surveys

STUDY OBJECTIVES: To evaluate bisphenol-A (BPA) level and its relationship to sleep adequacy in a nationally representative sample of U.S. adults. METHODS: A population-based cross-sectional study was conducted 
using 2005-2010 National Health and Nutrition Examination Survey whereby data were collected using in-person interviews, physical examination and laboratory testing. BPA level was measured in urine samples and 
analyzed as loge-transformed variable and in quartiles (< 0.9 ng/mL; 0.9 to < 1.9 ng/mL; 1.9 to < 3.7 ng/mL; 3.7+ ng/mL). Sleep adequacy was operationalized with three questions: "How much sleep do you usually get at 
night on weekdays or workdays?", "Have you ever told a doctor or other health professionals that you have trouble sleeping?" and "Have you ever been told by a doctor or other health professional that you have a sleep 
disorder?" Sleep duration was further categorized as (< 6 h, >/= 6 h); (< 7 h, 7-8 h, > 8 h); (< 5 h, 5-6 h, 7-8 h, >/= 9 h). Linear, binary, and ordinal logistic regression models were constructed. RESULTS: Loge-
transformed BPA level was inversely related to sleep duration defined, in hours, as a continuous variable, a dichotomous variable (>/= 6, < 6), or an ordinal variable (>/= 9, 7-8, 5-6, < 5), after adjustment for confounders. 
Help-seeking behavior for sleep problems and diagnosis with sleep disorders were not significantly associated with loge-transformed BPA level in fully adjusted models. CONCLUSIONS: Loge-transformed BPA level may 
be associated with fewer hours of sleep among U.S. adults, with implications for prevention. Further research involving diverse populations are needed to confirm these study findings.

Sleep. 2016 Feb 
1;39(2):467-76.

10.5665/sleep.5466 26446109 ヒト その他(睡眠) - - - - - - 横断研究 1 1 - - - 1 1 1 - - - - - - - - - - - -

統合_2846 Beydoun HA et al. 2014

Sex differences in the association of 
urinary bisphenol-A concentration 
with selected indices of glucose 
homeostasis among US adults

PURPOSE: Emerging evidence suggests that exposure to endocrine disruptors may initiate or exacerbate adiposity and associated health problems. This study examined sex differences in the association of urinary level of 
bisphenol-A (BPA) with selected indices of glucose homeostasis among U.S. adults. METHODS: Data analyses were performed using a sample of 1586 participants from the 2005 to 2008 National Health and Nutrition 
Examination Surveys. BPA level and the ratio of BPA-to-creatinine level were defined as log-transformed variables and in quartiles. Selected indices of glucose homeostasis were defined using fasting glucose and insulin 
data. Multivariate linear and logistic regression models for the hypothesized relationships were constructed after controlling for age, sex, race, education, marital status, smoking status, physical activity, total dietary 
intake, and urinary creatinine concentration. RESULTS: Taking the first quartile as a referent, the third quartile of BPA level was positively associated with log-transformed level of insulin and beta-cell function 
(homeostasis model assessment for beta-cell function) as well as insulin resistance (log-transformed homeostasis model assessment for insulin resistance; homeostasis model assessment for insulin resistance 
>/=2.5), with significant BPA-by-sex interaction; these associations were stronger among males than among females. Irrespective of sex, the ratio of BPA-to-creatinine level was not predictive of indices of glucose 
homeostasis. CONCLUSIONS: A complex association may exist between BPA and hyperinsulinemia among adult U.S. men. Prospective cohort studies are needed to further elucidate endocrine disruptors as determinants 
of adiposity-related disturbances.

Annals of 
Epidemiology.2014;24(2
):90-97

10.1016/j.annepidem.2013.07.014 23954568 ヒト - - - - - - - 横断研究 1 1 - - - - - - - - - ● - - - - - - - -

統合_2847 Bi YF et al. 2016

Diabetes Genetic Risk Score 
Modifies Effect of Bisphenol A 
Exposure on Deterioration in 
Glucose Metabolism

CONTEXT: Epidemiology studies showed inconsistent results regarding the relationship between bisphenol A (BPA) exposure and risk of type 2 diabetes (T2D). OBJECTIVE: This study sought to prospectively investigate 
associations of BPA with incident T2D risk and the longitudinal changes in glycemic traits, particularly examining the interaction between gene and BPA exposure on the associations. DESIGN, SETTING, AND 
PARTICIPANTS: A community-based study was conducted at baseline in 2009, including 2209 nondiabetic middle-age and elderly subjects followed for 4 y. Urinary BPA levels were measured at baseline. A genetic risk 
score (GRS) based on 34 T2D common variants that identified and validated in East Asians was created. MAIN OUTCOME MEASURES: Incident T2D was defined according to the 1999 World Health Organization criteria. 
Fasting (FPG) and 2-h post-loading plasma glucose were measured at baseline and followup. RESULTS: Multivariable logistic regression analysis demonstrated no significant association of risk of incident T2D with BPA 
while with increase in the weighted T2D-GRS (odds ratio, 1.89; 95% confidence interval, 1.31-2.72 for each 10-point increment). Similar results were found in 4-y changes of FPG and 2-h post-loading plasma glucose. 
The GRS modified the effect of BPA exposure on 4-y changes in FPG (P for interaction = .01). Each 1 unit of Log_BPA was associated with 0.1 mmol/L increase in FPG (P = .007) in the highest quartile of GRS; no 
associations were found in the lower three quartiles of GRS. CONCLUSIONS: The T2D genetic susceptibility significantly modulated the association of BPA exposure with longitudinal increase in FPG levels.

J Clin Endocrinol Metab. 
2016 Jan;101(1):143-50.

10.1210/jc.2015-3039 26523527 ヒト 代謝 - - - - - - コホート研究 1 1 - - - 1 1 1 - - - ● - - - - - - - -

統合_2848 Braun JM et al. 2017

Associations of Prenatal Urinary 
Bisphenol A Concentrations with 
Child Behaviors and Cognitive 
Abilities

BACKGROUND: Prenatal bisphenol A (BPA) exposure has been associated with adverse neurodevelopment in epidemiological studies. However, prior studies had limited statistical power to examine sex-specific effects, 
and few examined child cognition. OBJECTIVES: We estimated the association between prenatal BPA exposure and child neurobehavior at 3 y of age in a prospective cohort of 812 mothers and their children. METHODS: 
We measured BPA concentration in urine samples collected at approximately 12 wk gestation among women enrolled in a 10-city Canadian cohort study. At approximately 3 y of age, we assessed children's cognitive 
abilities with the Wechsler Primary and Preschool Scale of Intelligence(TM)-III (WPPSI-III) and two scales of the Behavior Rating Inventory of Executive Function-Preschool (BRIEF-P). Parents reported children's behavior 
using the Behavior Assessment System for Children-2 (BASC-2) and the Social Responsiveness Scale(TM)-2 (SRS-2). We estimated covariate-adjusted differences in neurobehavioral outcomes with a doubling in BPA 
concentration and sex-specific associations. RESULTS: BPA was not associated with WPPSI-III scores; child sex did not modify these associations. The association between BPA and BRIEF-P scores was modified by 
child sex (BPAxsex p-values</=0.03). For example, a doubling of BPA concentration was associated with 1-point (95% CI: 0.3, 1.7) poorer working memory in boys and 0.5-point (95% CI: -1.1, 0.1) better scores in girls. 
BPA was not associated with most BASC-2 scales; however, it was associated with more internalizing and somatizing behaviors in boys, but not in girls (BPAxsex p&-values</=0.08). A doubling of BPA concentration was 
associated with poorer SRS-2 scores [beta=0.3 ( 95% CI: 0, 0.7)]; this association was not modified by sex. CONCLUSION: Prenatal urinary BPA concentration was associated with some aspects of child behavior in this 
cohort, and some associations were stronger among boys. https://doi.org/10.1289/EHP984.

Environ Health 
Perspect. 2017 Jun 
16;125(6):067008.

10.1289/EHP984 28657891 ヒト 発達神経 - - - - - - コホート研究 1 1 - - - 1 1 1 - - - ● - - - - - - - -

218



別添-2 統合⽂献リスト  

統合No. 著者名 発⾏年 タイトル アブストラクト 書誌情報 doi PMID
ヒト/動物/in vitro/ex 

vivo/in silico
分野

（疫学/動物） 哺乳動物 経⼝投与
BPA

単独ばく露

⼀般的な動物
種及び系統の
無処置動物

対照群と
3⽤量以上の
BPA投与群

10 mg/kg/⽇
以下の

⽤量設定

コホート研究/症例対照研究
/メタアナリシス

全ての
集団

全ての
ばく露経路

BPA
単独ばく露

遺伝毒性
試験

遺伝毒性試験以外
については100nM
以下の濃度設定の

試験

適格性評価基準
通過

（1534報）

信頼性評価対象
⽂献

(1012報)

疫学納品
⽂献(716報)

動物納品
⽂献(299報)

※１報取得不
可を含む

疫学情報
抽出⽂献

（170報）

動物情報
抽出⽂献

（123報）

EFSA
2023

EFSA
2016

EFSA
2015 BfR KEMI ANSES FDA NIFDS

CLARITY
-BPA

 適格性評価（動物）1：該当、0：該当しない  適格性評価（疫学）1：該当、0：該当しない  適格性評価（in vitro）1：該当、0：該当しない

適格性評価はタイトル及び要旨の情報に基づ
き可能な範囲で実施。明らかに適格性基準不
適合と判断されるもの以外を信頼性評価へ進
め、信頼性評価段階で原著に基づき精査。

引⽤評価機関
●：該当

統合_2849 Chailurkit LO et al. 2016
The Association of Serum Bisphenol 
A with Thyroid Autoimmunity

Introduction: Data on the association of bisphenol A (BPA) exposure and autoimmunity in humans is unclear. Objective: To elucidate the influence of BPA on thyroid autoimmunity, in the present study we assessed the 
association between serum BPA and thyroid autoantibodies. Methods: Serum samples from 2361 subjects, aged >/=15 years, from the Thai 4th National Health Examination Survey were measured for BPA, 
antithyroglobulin (TgAb), antithyroperoxidase (TPOAb) and antithyrotrophin receptor (TRAb) antibodies. Results: The proportion of subjects positive for TgAb, TPOAb and TRAb were 11.1%, 14.9% and 1.9%, respectively. 
With regard to BPA, 51.9% had serum BPA levels exceeding the detection limit of the assay (0.3). There was a significant increasing trend for subjects with TgAb (p < 0.05) and TPOAb (p < 0.001) positivity as BPA 
quartiles increased, particularly in the highest quartile. In contrast, no relationship between BPA quartiles and TRAb was found. Logistic regression analysis showed that age, gender and BPA quartiles were determinants 
of TPOAb or TgAb positivity, independent of BMI. However, only the association between BPA and TPOAb positivity was consistent in both men and women. Conclusions: BPA was independently associated with TPOAb 
positivity. However, its mechanism related to TPOAb positivity, subsequently leading to autoimmune thyroid disease, needs further investigation.

International Journal of 
Environmental Research 
and Public 
Health.2016;13(11):7

10.3390/ijerph13111153 27869686 ヒト - - - - - - - 横断研究 1 1 - - - - - - - - - ● - - - - - - - -

統合_2850 Chailurkit LO et al. 2017

Is bisphenol A exposure associated 
with the development of glucose 
intolerance and increased insulin 
resistance in Thais?

Bisphenol A (BPA), the monomeric component of polycarbonate plastics, reportedly possesses endocrine-disrupting effects. Exposure to low levels of BPA during more vulnerable periods leads to abnormalities related to 
sexual development in experimental animals. Moreover, recently a few epidemiological studies in Caucasians have demonstrated the association of BPA exposure with type 2 diabetes. Therefore, in the present study we 
examined the association of BPA exposure and abnormal glucose tolerance in Thais. This is a cross-sectional study of 240 participants aged at least 50 years, randomly selected by computer-generated random numbers 
within each glucose tolerance status from an oral glucose tolerance study of 661 participants. There were 80 participants in each group of type 2 diabetes, impaired glucose tolerance (IGT) and normal glucose tolerance 
(NGT). Serum BPA was measured by competitive ELISA. The detection rate of BPA was significantly higher in participants with IGT compared to those with NGT ( p < 0.05), while no difference was found between 
participants with type 2 diabetes and NGT. When participants with type 2 diabetes were stratified into those with fasting plasma glucose (FPG) under the diabetic threshold (<126 mg/dL) and those over (>/=126 mg/dL), 
it was found that those with FPG under the diabetic threshold had measurable rates of BPA comparable to those with IGT, and rates significantly higher than the NGT group ( p < 0.05), while those with FPG over the 
diabetic threshold did not have higher rates of measurable BPA compared with the NGT group. In conclusion, BPA exposure is not uncommon in Thais. There is an association between BPA exposure and IGT, but not type 
2 diabetes.

Nutr 
Health.2017;23(3):185-
191

10.1177/0260106017708730 28516806 ヒト - - - - - - - 横断研究 1 1 - - - - - - - - - ● - - - - - - - -

統合_2851 Cho S et al. 2018
High resolution metabolomics to 
determines the risk associated with 
bisphenol A exposure in humans

Although high BPA exposure has been correlated with several metabolic diseases, the underlying mechanisms are unclear. In the present study, a metabolomics approach was used to explore the metabolic variations 
caused by low or high BPA exposure in female (n = 96) and male (n = 98) urine. Fatty acid elongation and sphingolipid metabolism were affected by high BPA exposure in males and females. Fatty acid elongation and 
sphingolipid metabolism were further investigated among age groups consisted of 30-39 yrs old, 40-49 yrs old, and 50-59 yrs old males and females with high or low urinary BPA. High BPA-exposed males in 30 s and 
females in 40 s were found with significant disturbance in fatty acid elongation and sphingolipid metabolism, respectively. Additionally, females in 40 s showed elevated inflammatory metabolites: 6-ketoprostaglandin E1 
and thromboxane. In the present study, we have demonstrated that environmental metabolomics is useful to elucidate the health effects of BPA exposure.

Environ Toxicol 
Pharmacol.2018;58:4347
5

10.1016/j.etap.2017.12.008 29276974 ヒト - - - - - - - 横断研究 1 1 - - - - - - - - - - - - - - - - - -

統合_2852 Choi J et al. 2014

Association between some 
endocrine-disrupting chemicals and 
childhood obesity in biological 
samples of young girls: A cross-
sectional study

Childhood obesity, a major public health concern, has increased worldwide. Endocrine-disrupting chemicals (EDCs) have recently received attention as a cause of obesity. A cross-sectional study using logistic regression 
was conducted to investigate the association between some endocrine disrupting chemicals and obesity in young girls. Endogenous steroids expected to be associated with EDCs were also investigated. The target 
compounds included 7 phthalates (MEP, DBP, MBP, DEHP, MEHP, PA and MBzP), 2 alkylphenols (4-NP and t-OP), bisphenol A and 9 endogenous steroids (DHT, epi-T, T, DHEA, A, P, E1, E2 and E3). PA in urine and MEP, 
DBP and PA in serum showed statistically significant differences between the control and obese groups, those compounds were considered to be associated with obesity. In addition, DHEA in serum showed a 
statistically significant difference between obese and control groups. We concluded that these substances can affect the development of obesity.

Environmental 
Toxicology and 
Pharmacology.2014;38(
1):51-57

10.1016/j.etap.2014.04.004 24908636 ヒト - - - - - - - 横断研究 1 1 - - - - - - - - - ● - - - - - - - -

統合_2853 Corbasson I et al. 2016
Urinary bisphenol-A, phthalate 
metabolites and body composition in 
US adults, NHANES 1999-2006

BACKGROUND: Exposure to bisphenol-A (BPA) and phthalates is highly prevalent. Prior studies have not assessed associations between urinary levels of BPA and phthalate metabolites and body composition. METHODS: 
National Health and Nutrition Examination Survey (NHANES) data from 1999 to 2006 on adults aged ≥20 were analyzed by linear regression for associations between urinary BPA, monoethyl phthalate, monobutyl phthalate 
(MBP), monoethylhexyl phthalate (MEHP), and monobenzyl phthalate (MBzP) and lean mass, fat mass, and percent body fat. RESULTS: BPA and phthalate metabolites were not independently associated with fat mass or 
percent body fat. Significant inverse associations were observed with lean mass, with the strongest association observed for BPA in men (mean lean mass 1.39 kg lower for quartile 4 vs. quartile 1, p trend = 0.02). 
CONCLUSIONS: BPA and some phthalates could have important, negative effects on muscle and may affect conditions related to deficits in lean mass, though additional research is needed.

International Journal of 
Environmental Health 
Research.2016;26(4359
1):606-617

10.1080/09603123.2016.1233524 27643383 ヒト - - - - - - - 横断研究 1 1 - - - - - - - - - ● - - - - - - - -

統合_2854 Costas L et al. 2015
Occupational exposure to endocrine 
disruptors and lymphoma risk in a 
multi-centric European study

BACKGROUND: Incidence rates of lymphoma are usually higher in men than in women, and oestrogens may protect against lymphoma. METHODS: We evaluated occupational exposure to endocrine disrupting chemicals 
(EDCs) among 2457 controls and 2178 incident lymphoma cases and subtypes from the European Epilymph study. RESULTS: Over 30 years of exposure to EDCs compared to no exposure was associated with a 24% 
increased risk of mature B-cell neoplasms (P-trend=0.02). Associations were observed among men, but not women. CONCLUSIONS: Prolonged occupational exposure to endocrine disruptors seems to be moderately 
associated with some lymphoma subtypes.

Br J Cancer. 2015 Mar 
31;112(7):1251-6.

10.1038/bjc.2015.83 25742473 ヒト 発がん - - - - - - 症例対照研究 1 1 - - - 1 1 1 - - - ● - - - - - - - -

統合_2855 Do MT et al. 2017
Urinary bisphenol A and obesity in 
adults: results from the Canadian 
Health Measures Survey

INTRODUCTION: Exposure to bisphenol A (BPA) has been shown to affect lipid metabolism and promote weight gain in animal studies. Recent epidemiological studies also support a link between BPA and obesity in 
human populations, although many were limited to a single adiposity measure or have not considered potential confounding by dietary factors. The purpose of this study is to examine associations between urinary BPA and 
adiposity measures in a nationally representative sample of Canadian adults. METHODS: We performed analyses using biomonitoring and directly measured anthropometric data from 4733 adults aged 18 to 79 years in the 
Canadian Health Measures Survey (2007-2011). We used multinomial and binary logistic regression models to estimate associations of urinary BPA with body mass index (BMI) categories (overweight vs. under/normal 
weight; obesity vs. under/normal weight) and elevated waist circumference (males: >/= 102 cm; females: >/= 88 cm), respectively, while controlling for potential confounders. Linear regression analyses were also 
performed to assess associations between urinary BPA and continuous BMI and waist circumference measures. RESULTS: Urinary BPA was positively associated with BMI-defined obesity, with an odds ratio of 1.54 
(95% confidence interval [CI]: 1.002-2.37) in the highest (vs. lowest) BPA quartile (test for trend, p = .041). Urinary BPA was not associated with elevated waist circumference defined using standard cut-offs. Additionally, 
each natural-log unit increase in urinary BPA concentration was associated with a 0.33 kg/m2 (95% CI: 0.10- 0.57) increase in BMI and a 1.00 cm (95% CI: 0.34-1.65) increase in waist circumference. CONCLUSION: Our 
study contributes to the growing body of evidence that BPA is positively associated with obesity. Prospective studies with repeated measures are needed to address temporality and improve exposure classification.

Health Promotion and 
Chronic Disease 
Prevention in Canada-
Research Policy and 
Practice.2017;37(12):40
3-412

10.24095/hpcdp.37.12.02 29236378 ヒト - - - - - - - 横断研究 1 1 - - - - - - - - - ● - - - - - - - -

統合_2856 Eng DS et al. 2014
Bisphenol A and Chronic Disease 
Risk Factors in US Children (vol 132, 
pg e637, 2013)

OBJECTIVE: To evaluate the relationship between urinary bisphenol A (BPA) levels and measures of adiposity and chronic disease risk factors for a nationally representative US pediatric sample. METHODS: We used the 
NHANES 2003-2010 to evaluate cross-sectional associations between urinary BPA and multiple measures of adiposity, cholesterol, insulin, and glucose for children aged 6 to 18 years, adjusting for relevant covariates 
(eg, demographics, urine creatinine, tobacco exposure, and soda consumption). RESULTS: We found a higher odds of obesity (BMI >/=95th percentile) with increasing quartiles of BPA for quartiles 2 vs 1 (odds ratio [OR] 
1.74, 95% confidence interval [CI] 1.17-2.60, P = .008), 3 vs 1 (OR 1.64, 95% CI 1.09-2.47, P = .02), and 4 vs 1 (OR 2.01, 95% CI 1.36-2.98, P = .001). We also found a higher odds of having an abnormal waist 
circumference-to-height ratio (quartiles 2 vs 1 [OR 1.37, 95% CI 0.98-1.93, P = .07], 3 vs 1 [OR 1.41, 95% CI 1.07-1.87, P = .02], and 4 vs 1 [OR 1.55, 95% CI 1.12-2.15, P = .01]). We did not find significant associations of 
BPA with any other chronic disease risk factors. CONCLUSIONS: Higher levels of urinary BPA were associated with a higher odds of obesity (BMI >95%) and abnormal waist circumference-to-height ratio. Longitudinal 
analyses are needed to elucidate temporal relationships between BPA exposure and the development of obesity and chronic disease risk factors in children.

Pediatrics.2014;133(2):3
46-346

10.1542/peds.2013-0106 23958765 ヒト - - - - - - - 横断研究 1 1 - - - - - - - - - ● - - - - - - - -

統合_2857 Faulk C et al. 2015

Bisphenol A-associated alterations 
in genome-wide DNA methylation 
and gene expression patterns reveal 
sequence-dependent and non-
monotonic effects in human fetal 
liver

Bisphenol A (BPA), a high production volume chemical widely used in consumer products, is an endocrine active compound associated with complex epigenetic responses in animal models and humans. Developmental 
BPA exposure in mice previously revealed widespread changes in the mouse liver methylome. Here, we undertake the first epigenome-wide analysis of the effect of BPA concentration on human fetal liver DNA 
methylation. Enzymatic enrichment of genomic DNA for high CG density and methylation followed by next-generation sequencing yielded data for positional methylation across the genome. Comparing three groups of BPA-
exposed subjects (n=18; 6 per group), high (35.44-96.76 ng/g), low (3.50 to 5.79 ng/g), and non-detect (<0.83 ng/g), revealed regions of altered methylation. Similar numbers of regions of altered methylations were 
detected in pairwise comparisons; however, their genomic locations were distinct between the non-detect and low or high BPA groups. In general, BPA levels were positively associated with methylation in CpG islands 
and negatively associated with methylation in CpG shores, shelves, and repetitive regions. DNA methylation at the SNORD imprinted cluster (15q11q13) illustrated both linear and non-monotonic associations with BPA 
levels. Integrated methylation and RNA-sequencing gene expression analysis revealed differential regulation of transcription at low BPA levels, as well as expression changes in RNA for ligand-binding proteins as BPA 
levels increase. BPA levels in human fetal liver tissue are associated with complex linear and non-monotonic as well as sequence-dependent alterations in DNA methylation. Future longitudinal studies are needed to link 
these changes with altered health risks.

Environ 
Epigenet.2015;1(1):

10.1093/eep/dvv006 27358748 ヒト - - - - - - - 横断研究 1 1 - - - - - - - - - - - - - - - - - -

統合_2858 Ferguson KK et al. 2016

Repeated measures analysis of 
associations between urinary 
bisphenol-A concentrations and 
biomarkers of inflammation and 
oxidative stress in pregnancy

Bisphenol-A (BPA) exposure occurs commonly and may adversely impact pregnancy. Endocrine disruption is posited as the primary mechanism of action, but oxidative stress and inflammation pathways may also be 
important. We investigated associations between BPA exposure and oxidative stress and inflammation in 482 pregnant women. Participants were recruited early in pregnancy and provided urine and plasma at up to four 
visits. We measured total BPA and two biomarkers of oxidative stress (8-hydroxydeoxyguanosine and 8-isoprostane) in urine from each visit. Inflammation markers, including C-reactive protein and four cytokines were 
measured in plasma from the same time points. In adjusted models, an interquartile range increase in BPA was associated with significant increases in both oxidative stress biomarkers (5-9% increase). Additionally, we 
observed significantly higher IL-6 concentrations in association with an interquartile range increase in BPA (8.95% increase). These systemic changes consequent to BPA exposure may mediate adverse birth outcomes 
and/or fetal development.

Reproductive 
Toxicology.2016;66:93-
98

10.1016/j.reprotox.2016.10.002 27751756 ヒト - - - - - - - 横断研究 1 1 - - - - - - - - - ● - - - - - - - -

統合_2859 Ferguson KK et al. 2016

Urinary phthalate metabolite and 
bisphenol A associations with 
ultrasound and delivery indices of 
fetal growth

Growth of the fetus is highly sensitive to environmental perturbations, and disruption can lead to problems in pregnancy as well as later in life. This study investigates the relationship between maternal exposure to 
common plasticizers in pregnancy and fetal growth. Participants from a longitudinal birth cohort in Boston were recruited early in gestation and followed until delivery. Urine samples were collected at up to four time 
points and analyzed for concentrations of phthalate metabolites and bisphenol A (BPA). Ultrasound scans were performed at four time points during pregnancy for estimation of growth parameters, and birthweight was 
recorded at delivery. Growth measures were standardized to a larger population. For the present analysis we examined cross-sectional and repeated measures associations between exposure biomarkers and growth 
estimates in 482 non-anomalous singleton pregnancies. Cross-sectional associations between urinary phthalate metabolites or BPA and growth indices were imprecise. However, in repeated measures models, we 
observed significant inverse associations between di-2-ethylhexyl phthalate (DEHP) metabolites and estimated or actual fetal weight. An interquartile range increase in summed DEHP metabolites was associated with a 
0.13 standard deviation decrease in estimated or actual fetal weight (95% confidence interval=-0.23, -0.03). Associations were consistent across different growth parameters (e.g., head circumference, femur length), and 
by fetal sex. No consistent associations were observed for other phthalate metabolites or BPA. Maternal exposure to DEHP during pregnancy was associated with decreased fetal growth, which could have repercussive 
effects.

Environment 
International.2016;94:53
1-537

10.1016/j.envint.2016.06.013 27320326 ヒト - - - - - - - 横断研究 1 1 - - - - - - - - - ● - - - - - - - -

統合_2860 Findlay LC et al. 2015
Bisphenol A and child and youth 
behaviour: Canadian Health 
Measures Survey 2007 to 2011

BACKGROUND: Bisphenol A (BPA) is a synthetic industrial chemical commonly used in consumer products. Results from the Canadian Heath Measures Survey (CHMS) indicate that more than 90% of children and youth 
aged 6 to 19 have detectable levels of urinary BPA. Childhood concentration levels of BPA have been linked with negative behavioural outcomes. DATA AND METHODS: The data are from the first two cycles (2007 to 2009 
and 2009 to 2011) of the CHMS, which collected biomonitoring indicators via spot blood and urine samples. Behavioural outcomes--hyperactivity/inattention, emotional symptoms, conduct problems, peer problems, and 
prosocial behavior--were assessed with Goodman's Strengths and Difficulties Questionnaire. Geometric mean urinary BPA concentration was examined overall and by demographic and socioeconomic correlates. Six 
multiple logistic regression analyses were conducted to investigate associations between childhood BPA concentrations and risk status for each outcome. RESULTS: Children aged 6 to 8 had higher BPA concentrations 
than did older children and youth. Concentrations were significantly higher among children and youth exposed to second-hand smoke every day or almost every day and those in low or lower-middle income households. 
Higher BPA concentrations were associated with increased odds of hyperactivity among girls and lower prosocial behaviour among boys. INTERPRETATION: These findings suggest an association between urinary BPA 
concentration and children's behavioural outcomes.

Health 
Reports.2015;26(8):435
33

- 26288316 ヒト - - - - - - - 横断研究 1 1 - - - - - - - - - ● - - - - - - - -

統合_2861 Hong SH et al. 2017
Urinary bisphenol A is associated 
with insulin resistance and obesity 
in reproductive-aged women

BACKGROUND/OBJECTIVES: The prevalence of obesity has markedly increased and is closely related to insulin resistance. Although lifestyle and genetic predisposition are significant factors influencing the 
pathophysiology within the body, endocrine-disrupting chemicals (EDCs) are also important triggers of metabolic disturbance. We investigated the relationship between exposure to EDCs and insulin resistance and 
obesity in healthy, reproductive-aged women. SUBJECTS/METHODS: This cross-sectional analysis included 296 healthy, reproductive-aged women between 30 and 49 years. Metabolically healthy was defined as an 
absence of the components of metabolic syndrome. Urinary levels of bisphenol A (BPA), mono-(2-ethyl-5-hydroxyhexyl) phthalate (MEHHP), mono-(2-ethyl-5-oxohexyl) phthalate (MEOHP) and mono-n-butyl phthalate 
(MnBP) were measured by high-performance liquid chromatography and tandem mass spectroscopy (LC-MS). Homoeostatic model analysis of insulin resistance (HOMA-IR) was utilized as an index of insulin resistance. 
RESULTS: Urinary BPA levels were positively correlated with BMI, waist circumference, fasting serum insulin and HOMA-IR. MEHHP, MEOHP and MnBP were not associated with any of the above parameters. In the 
multiple regression analysis, the BPA levels were significantly associated with BMI and waist circumference after adjusting for age, smoking and alcohol consumption status, triglycerides (TG), total cholesterol (TC) and 
high-density lipoprotein (HDL). Fasting insulin and HOMA-IR values were also significantly related to urinary BPA concentration after adjusting for confounding variables. Metabolically unhealthy women exhibited 
significantly higher levels of urinary BPA (P = 0.01) compared to metabolically healthy women. CONCLUSIONS: Higher urinary BPA levels are associated with obesity, insulin resistance and metabolic disruption in Korean 
reproductive-aged women. BPA could play an important role in the pathogenesis of metabolic abnormalities. Further studies are required to elucidate the relationship between EDCs and metabolic disturbances in various 
age and sex groups.

Clinical 
Endocrinology.2017;86(
4):506-512
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統合_2862 Huang YF et al. 2018

Interactive effects of nonylphenol 
and bisphenol A exposure with 
oxidative stress on fetal reproductive 
indices

Nonylphenol (NP) and/or bisphenol A (BPA) may have reproductive effects. Although the mechanisms of action remain unclear, steroid hormones biosynthesis, hypothalamus pituitary adrenal axis activity, oxidative stress, 
and crosstalk interaction of NP and BPA mixture and its pathways may play a contributory role. This cross-sectional study examined whether the interactive effects of NP/BPA and oxidative stress biomarkers played a 
role in reproductive indices (penis length and anogenital distance (AGD)) in 244 mother-fetus pairs. Four bio-markers of oxidative stress, (8-hydroxy-2'-deoxyguanosine (8-OHdG), 8-nitroguanine (8-NO2Gua), 8-iso-pros-
taglandin F2a (8-isoPF2a), and 4-hydroxy-2-nonenal-mercapturic acid (HNE-MA)) were simultaneously analyzed using the high-performance liquid chromatography-electrospray ionization tandem mass spectrometry 
method. No significant associations were found between reproductive indices and NP/BPA or oxidative stress biomarkers. Maternal exposure to a mixture of NP and BPA may enhance 8-OHdG. Interactive effects were 
found in the high 8-isoPF2a group, and prenatal NP exposure was inversely associated with penis length (ẞ = -3.68 mm; p = 0.01). Similar results were noted among boys who were born to mothers in the high 8-isoPF2a 
group, in which BPA was inversely associated with penis length (ẞ = 4.43 mm; p = 0.005). Our findings suggest im-portant implications for prenatal exposure to oxidative stress, as evidenced by the 8-isoPF2a level. Thus, 
NP and BPA may interact to shape fetal reproductive tract development, particularly in boys. The interactive effects of NP/BPA, oxidative stress, and reproductive indices should be considered.

Environmental 
Research.2018;167:567-
574
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統合_2863 Joensen UN et al. 2018

Urinary excretion of phenols, 
parabens and benzophenones in 
young men: Associations to 
reproductive hormones and semen 
quality are modified by mutations in 
the Filaggrin gene

BACKGROUND: The filaggrin gene (FLG) encodes an epidermal protein, filaggrin, which is important for normal skin barrier functions. We previously showed that FLG loss-of-function mutation carriers have a higher 
internal exposure to some non-persistent chemicals such as certain phthalates and parabens, suggesting increased trans-epidermal penetration. Several groups of non-persistent chemicals are suspected endocrine 
disrupters with potential to affect testicular function. OBJECTIVES: To investigate associations between exposure to non-persistent chemicals and testicular function in young Danish men with and without FLG 
mutations. METHODS: We measured urinary concentrations of bisphenol A (BPA) and other simple phenols, parabens, and UV filters including benzophenones (BP-1, BP-3 and 4-HBP) in men genotyped for FLG R501X, 
2282del4, and R2447X loss-of-function mutations; in total 65 mutation carriers and 130 non-carriers (controls) were included. Outcomes were markers of testicular function, assessed by serum reproductive hormones 
and semen quality. RESULTS: We found that associations between urinary chemical concentrations and outcomes were different in cases and controls. Within the group of FLG mutation carriers, higher urinary 
concentrations of BPA, BP-1 and BP-3 were associated with higher testosterone and estradiol serum levels and lower FSH. Similar trends in hormone levels were observed for FLG mutation carriers with measurable 
levels of 4-HBP compared to those who had no detectable levels of urinary 4-HBP. Furthermore, those in the highest urinary BPA quartile had lower sperm motility than those in the lower quartiles. None of these 
associations were evident in the control group. In the control group, however, lower sperm motility and sperm concentration were observed in the men with detectable urinary 4-HBP compared to the men non-detectable 
urinary 4-HBP. We found no association between any parabens and outcomes, nor for the other measured phenols or UV filters. CONCLUSIONS: Associations between male reproductive health parameters and urinary 
levels of BPA and benzophenones such as BP-3, BP-1 and 4-HBP were observed in FLG mutation carriers but not in controls from the same study population. This difference between FLG mutation carriers and non-
carriers is not explained solely by differences in exposure levels of the examined compounds as e.g. BPA and 4-HBP urinary levels did not differ between the two groups. We hypothesise that effects of exposure to these 
compounds may be modulated in FLG mutation carriers by either different levels of co-exposures or by route of uptake, with a higher fraction of the uptake by dermal uptake.

Environ Int.2018;121(Pt 
1):365-374
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統合_2864 Johns LE et al. 2016

Relationships Between Urinary 
Phthalate Metabolite and Bisphenol 
A Concentrations and Vitamin D 
Levels in US Adults: National Health 
and Nutrition Examination Survey 
(NHANES), 2005-2010

Context: Recent research suggests that environmental exposure to endocrine-disrupting chemicals may alter circulating 25-hydroxyvitamin D [25(OH)D] levels in humans. To date, no studies have assessed the 
associations between phthalates and bisphenol A (BPA) and total 25(OH)D in the U.S.ngeneral population. Objective: To explore relationships between urinary concentrations of 11 phthalate metabolites and BPA and 
serum total 25(OH)D in a representative sample of U.S. adults. Design: A cross-sectional study. Setting: U.S. National Health and Nutrition Examination Survey, 2005‒2010. Patients or Other Participants: U.S. general 

�adult population (aged 20 years). Interventions: None Main Outcome Measures: Serum total 25(OH)D measured by liquid chromatography-tandem mass spectrometry. Results: Metabolites of di(2-ethylhexyl) phthalate 
(DEHP) were consistently inversely associated with total 25(OH)D in the overall study population and in gender-stratified models. In the overall population, we detected a significant inverse relationship for the molar sum 

� � � �of DEHP metabolites ( DEHP), where an interquartile range increase in DEHP was associated with a 1.90% decrease (95% confidence interval [CI], 3.64, 0.17) in total 25(OH)D. A positive association was detected for 
monoethyl phthalate. For BPA, we found a statistically significant inverse relationship in women, but not in men. In women, an interquartile range increase in urinary BPA was associated

� �with a 3.71% decrease (95% CI, 6.41, 1.02) in total 25(OH)D. Conclusions: Overall, our results provide suggestive evidence that environmental exposure to phthalates and BPA may alter circulating levels of total 25(OH)D 
in adults. Future human and animal studies are required to resolve the direction, temporality, and impact of these relationships. (J Clin Endocrinol Metab 101: 4062‒4069, 2016)

Journal of Clinical 
Endocrinology & 
Metabolism.2016;101(1
1):4062-4069
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統合_2865 Kataria A et al. 2017

Exposure to bisphenols and 
phthalates and association with 
oxidant stress, insulin resistance, 
and endothelial dysfunction in 
children

BACKGROUND: The health effects of bisphenol A (BPA) and di-(2-ethylhexyl) phthalate (DEHP) have been studied extensively in children. The impact of other chemicals in these two classes has not been investigated as 
fully. METHODS: We conducted a cross-sectional pilot study of 10-13 y old healthy children. We assessed descriptive, univariable, and multivariable associations of urinary metabolites of bisphenols and phthalates with 
oxidant stress, insulin resistance, body mass, and endothelial dysfunction. Possible associations with brachial artery distensibility, pulse wave velocity (markers of vascular stiffness), and serum endothelial cell-derived 
microparticle levels were also assessed. RESULTS: We enrolled 41 participants, 12.1 +/- 1.0 y, most of whom were Mexican Americans (42%) or other Hispanics (34%). Increased BPA levels were associated with 
increased levels of F2-isoprostane (ng/ml) (P = 0.02), with a similar trend for DEHP metabolites. Each log unit increase of high molecular weight (HMW) phthalate metabolites was associated with a 0.550 increase in 
Homeostatic Model Assessment of insulin resistance (HOMA-IR) units (P = 0.019) and altered circulating levels of activated endothelial cell-derived microparticles (% per ml) (P = 0.026). Bisphenol S (BPS), a 
replacement for BPA, was associated with increased albumin (mg):creatinine (g) ratio (P = 0.04). Metabolites of HMW phthalates were also associated with decreased brachial artery distensibility (P = 0.047). 
CONCLUSION: Exposure to bisphenols and phthalates, including a BPA replacement, is associated with increased oxidant stress, insulin resistance, albuminuria, as well as disturbances in vascular function in healthy 
children.

Pediatric 
Research.2017;81(6):85
7-864
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統合_2866 Khalil N et al. 2014
Bisphenol A and cardiometabolic 
risk factors in obese children

BACKGROUND AND OBJECTIVE: Bisphenol-A (BPA) is an endocrine disruptor (ED) that has been associated with obesity and metabolic changes in liver in humans. Non-alcoholic fatty liver disease (NAFLD) affects 40% 
of all obese children in the United States. Association of BPA with NAFLD in children is poorly understood. We investigated if BPA might play a role. METHODS: In a cross sectional study of 39 obese and overweight 
children aged 3-8 years enrolled from the Children Medical Center of Dayton, Ohio, anthropometric, clinical and biochemical assessment of serum samples were conducted. Urinary BPA was measured by liquid 
chromatography-tandem mass spectrometry (LC-MS/MS) and was adjusted for urinary creatinine BPA (creatinine) using linear regression and spline analyses. RESULTS: Higher urinary BPA (creatinine) concentration in 
overweight and obese children was associated with increasing free thyroxine. In male children BPA (creatinine) decreased with age, and was associated with elevated liver enzyme aspartate aminotransferase and 
diastolic blood pressure. The association of BPA (creatinine) persisted even after adjusting for age and ethnicity. Also in males, BPA concentration unadjusted for creatinine was significantly associated with serum 
fasting insulin and homeostasis model assessment for insulin resistance (HOMA-IR) showing non-monotonic exposure-response relationship. CONCLUSION: Urinary BPA in obese children, at least in males is associated 
with adverse liver and metabolic effects, and high diastolic blood pressure.

Science of the Total 
Environment.2014;470:7
26-732
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統合_2867 Kim EJ et al. 2014
Association between urinary levels 
of bisphenol-A and estrogen 
metabolism in Korean adults

Bisphenol-A (BPA) possesses estrogenic properties both in vitro and in vivo as an endocrine disrupting chemical. Humans experience a long-term and cumulative exposure to BPA. BPA was detectable in 97.3% of 1904 
urine specimens from Korean adults. We investigated urinary estrogen concentrations in subjects with low and high BPA concentrations and its possible association with estrogen metabolism. Urine samples were 
collected from a high BPA concentration group (BPA-H; n=100, 11.05 ± 20.47 μg/g creatinine) and a low BPA concentration group (BPA-L; n=100, 0.70 ± 0.22 μg/g creatinine) from Korea Biomonitoring Program of 
Hazardous Materials Survey 2009-2010. Urinary estrogens were enzymatically hydrolyzed, extracted, and then derivatized for quantitative analysis by gas chromatography-mass spectrometry. Estrogen levels were higher 
in the BPA-H group than in the BPA-L group. Concentrations of estrone, 17β-estradiol, and their hydroxylated metabolites in both men and women were significantly higher in the BPA-H group than in the BPA-L group 
(p<0.04). Furthermore, in the BPA-H group, estrogen metabolism to 4-hydroxy-estrone and 4-hydroxy-17β-estradiol was more active than that to 2-hydroxy-estrone and 2-hydroxy-17β-estradiol. Although single 
measurement and/or single spot urine samples limit the measurement of long-term exposure to BPA, we found significant differences of estrogen metabolism in the BPA-H and the BPA-L groups. The increase of 
hydroxyestrogens, especially 4-hydroxyestrogens, can be an important factor resulting negative effects of prolonged exposure to BPA.

Science of the Total 
Environment.2014;470:1
401-1407
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統合_2868 Kim JH et al. 2013

Bisphenol A-associated epigenomic 
changes in prepubescent girls: a 
cross-sectional study in Gharbiah, 
Egypt

BACKGROUND: There is now compelling evidence that epigenetic modifications link adult disease susceptibility to environmental exposures during specific life stages, including pre-pubertal development. Animal studies 
indicate that bisphenol A (BPA), the monomer used in epoxy resins and polycarbonate plastics, may impact health through epigenetic mechanisms, and epidemiological data associate BPA levels with metabolic disorders, 
behavior changes, and reproductive effects. Thus, we conducted an environmental epidemiology study of BPA exposure and CpG methylation in pre-adolescent girls from Gharbiah, Egypt hypothesizing that methylation 
profiles exhibit exposure-dependent trends. METHODS: Urinary concentrations of total (free plus conjugated) species of BPA in spot samples were quantified for 60 girls aged 10 to 13. Genome-wide CpG methylation 
was concurrently measured in bisulfite-converted saliva DNA using the Infinium HumanMethylation27 BeadChip (N = 46). CpG sites from four candidate genes were validated via quantitative bisulfite pyrosequencing. 
RESULTS: CpG methylation varied widely among girls, and higher urinary BPA concentrations were generally associated with less genomic methylation. Based on pathway analyses, genes exhibiting reduced methylation 
with increasing urinary BPA were involved in immune function, transport activity, metabolism, and caspase activity. In particular, hypomethylation of CpG targets on chromosome X was associated with higher urinary BPA. 
Using the Comparative Toxicogenomics Database, we identified a number of candidate genes in our sample that previously have been associated with BPA-related expression change. CONCLUSIONS: These data indicate 
that BPA may affect human health through specific epigenomic modification of genes in relevant pathways. Thus, epigenetic epidemiology holds promise for the identification of biomarkers from previous exposures and 
the development of epigenetic-based diagnostic strategies.

Environmental 
Health.2013;12:15
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統合_2869 Liang H et al. 2017

The Association between Exposure 
to Environmental Bisphenol A and 
Gonadotropic Hormone Levels 
among Men

Bisphenol A (BPA) is an extensively used chemical with endocrine disrupting properties. Although animal and in vivo studies have suggested possible effects of BPA on levels of gonadotropic hormones, human studies are 
limited and inconclusive. The study examined whether environmental BPA exposure was associated with gonadotropic hormones levels in men. A total of 560 men aged 18-55 years were recruited from Sandu County, 
Guizhou Province, China. We collected urine samples for measurement of BPA, and blood samples for measurement of reproductive hormones. We examined serum levels of follicle-stimulating hormone (FSH), luteinizing 
hormone (LH), and total testosterone (T). Relative risk (RR) was obtained by log-binominal regression to explore the association between urinary BPA level and hormone levels. BPA was detected in 70.4% of urine 
samples, with a geometric mean of 0.50 mug/gCr. Men with detectable levels of BPA had a 1.52-fold increased risk of having a high LH level (>75th percentile) when compared with men with undetectable levels of BPA, 
after adjustment for potential confounders (95% confidence interval (CI): 1.04-2.21). The association persisted and slightly intensified among current smokers (adjusted RR (aRR) = 1.76, 95%CI: 1.05-2.95), while it 
weakened among non-smokers (aRR = 1.17, 95%CI: 0.69-1.96). Urinary BPA level was associated with an increased FSH level among smokers (aRR = 1.64, 95%CI: 1.01-2.67). Urinary BPA level was inversely associated 
with total T level among males with body max index (BMI) >/=25 kg/m2 although this association was of borderline significance (aRR = 0.52, 95%CI: 0.26-1.05). In conclusion, environmental exposure to BPA was 
associated with increased serum levels of LH and FSH in male smokers, along with decreased serum levels of total T in men with BMI>/=25 kg/m2. These findings suggest that the effects of environmental BPA 
exposure on hormone levels might be modified by smoking and BMI.

Plos One.2017;12(1):12 10.1371/journal.pone.0169217 28085949 ヒト - - - - - - - 横断研究 1 1 - - - - - - - - - ● - - - - - - - -

統合_2870 Lin CY et al. 2015

Association between levels of serum 
bisphenol A, a potentially harmful 
chemical in plastic containers, and 
carotid artery intima-media 
thickness in adolescents and young 
adults

OBJECTIVE: Bisphenol A (BPA) is a chemical produced at high volumes and used widely in food and drink packaging. In adults, elevated BPA concentrations are associated with cardiovascular disease. BPA exposure is 
plausibly linked to atherosclerosis in adolescents and young adults, but evidence is lacking to date. METHODS: We recruited 886 subjects (12-30 years of age) from a population-based sample of adolescents and young 
adults based on a mass urine screening to determine the relationship between serum levels of BPA and carotid intima-media thickness (CIMT). RESULTS: The geometric mean (standard deviation) of concentrations of 
BPA were 1.72 (5.5) ng/mL After controlling for confounding factors, linear regression analyzes showed a 1-unit increase in natural log BPA was significantly associated with an increase in mean CIMT (mm) (β = 0.005, 
95% C.I. = 0.003-0.007, p < 0.001) and other measurement of CIMT (including right and left side of common carotid artery, carotid bulb and internal carotid artery). CONCLUSION: Higher serum concentrations of BPA 
were associated with increased CIMT in this cross-sectional study of adolescents and young adults. Studies to clarify the mechanisms of these associations are needed.

Atherosclerosis.2015;24
1(2):657-663
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統合_2871 Liu B et al. 2017

Bisphenol A substitutes and obesity 
in US adults: analysis of a 
population-based, cross-sectional 
study

BACKGROUND: Bisphenol F (BPF) and bisphenol S (BPS) are increasingly used to substitute bisphenol A (BPA), a widespread environmental endocrine disruptor and putative obesogen. However, studies on effects of 
BPF and BPS on obesity in humans are lacking. We examined the associations of BPA, BPF, and BPS exposure with obesity in U.S. adults. METHODS: We included 1,521 participants aged 20 years or older from a cross-
sectional study, the National Health and Nutrition Examination Survey 2013-2014. Urinary BPA, BPF, and BPS concentrations were measured using on-line solid phase extraction coupled to high performance liquid 
chromatography and tandem mass spectrometry. We used body mass index and waist circumference to define general obesity and abdominal obesity, respectively. We used logistic regression with sample weights to 
estimate the odds ratios (ORs) of obesity and 95% confidence intervals. FINDINGS: Higher BPA, BPF, and BPS concentrations were observed in obese adults than non-obese adults. After adjustment for demographic, 
socioeconomic, lifestyle factors, and urinary creatinine concentrations, BPA, but not BPF or BPS, was significantly associated with obesity. The OR of general obesity was 1.78 (1.10-2.89) comparing the highest with 
lowest quartile of BPA, 1.02 (0.70-1.47) for BPF, and 1.22 (0.81-1.83) for BPS. The corresponding OR for abdominal obesity was 1.55 (1.04-2.32) for BPA, 1.05 (0.68-1.63) for BPF, and 1.16 (0.72-1.88) for BPS. 
INTERPRETATION: Whereas there were significant associations of BPA exposure with general and abdominal obesity, BPF or BPS, at current exposure level, was not significantly associated with obesity in U.S. adults. 
Continued biomonitoring of these bisphenols in populations and further investigations on their health effects in humans are warranted.

Lancet Planet 
Health.2017;1(3):e114-
e122
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統合_2872 Liu CH et al. 2016
Associations between maternal 
phenolic exposure and cord sex 
hormones in male newborns

STUDY QUESTION: Are maternal urinary phenol concentrations associated with cord steroid hormone levels and anogenital distance (AGD) in male newborns? SUMMARY ANSWER: High maternal urinary Bisphenol A 
(BPA) levels are associated with decreases in cord testosterone levels and the ratio of testosterone to estradiol in male newborns, but there was no significant association with AGD. WHAT IS KNOWN ALREADY: Early 
life exposure to phenolic endocrine disrupting compounds (EDCs) is known to disrupt hormonal activities and affect reproductive development in males. However, studies on the health effects of prenatal human exposure 
are scarce. STUDY DESIGN, SIZE, DURATION: This was a cross-sectional study to investigate the association between maternal phenolic exposure and cord sex steroid hormones and AGD in male newborns. We 
recruited 100 mother-infant pairs from each of two hospitals, one in a polluted town (Guiyu) and the other in a cleaner town (Haojiang), from September 2010 to September 2011. PARTICIPANTS/MATERIALS, SETTING, 
METHODS: One hundred and seventy eight maternal urine samples and 137 cord blood samples were available for quantification, thus 137 complete records entered into the final analysis. Of them, 77 pairs were from 
Guiyu, and 60 were from Haojiang. The chemical concentrations were determined by solid phase extraction and gas chromatography-mass spectrometry (SPE-GC-MS), and cord sex hormones were detected by 
radioimmunoassay (RIA). Neonatal anthropometric parameters including AGD were measured. MAIN RESULTS AND THE ROLE OF CHANCE: Log2-transformed maternal urinary BPA concentration was negatively 
correlated with testosterone level and the ratio of testosterone to estradiol (T/E2) in male fetal cord blood after adjustment for potential confounders in linear regression models (betaadjusted = -31.09 (95% CI, -53.07 to 
-9.11) and betaadjusted = -0.08 (95% CI, -0.13 to -0.01), respectively). Moreover, compared with the lowest quartile group of BPA level, the highest group showed a significant decrease in testosterone level and T/E2 
(betaadjusted = -179.84 (95% CI, -333.45 to -26.24) and betaadjusted = -0.37 (95% CI, -0.81 to 0.07), respectively). No significant associations between AGD or anogenital index (AGI, [AGI = AGD/birthweight (mm/kg)]) 
and phenolic EDCs or cord hormone levels were found. LIMITATIONS, REASONS FOR CAUTION: Results in the present study should be interpreted with caution because of its cross-sectional nature, small sample size 
and sampling time. WIDER IMPLICATIONS OF THE FINDINGS: Testosterone plays an important role in sex differentiation and normal development of the fetus and newborn, and the balance between testosterone and 
estradiol is thought an important mediator of prostate disease. Therefore, our findings may have important implications for human reproductive health. STUDY FUNDING/COMPETING INTERESTS: This work was 
supported by the National Natural Science Foundation of China (21377077) and Guangdong University Project for International Cooperation and Innovation Platform (2013gjhz0007). The authors declare they have no actual 
or potential competing financial interests.
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統合_2873 Liu XQ et al. 2015
Exposure to bisphenol-A and 
reproductive hormones among male 
adults

BACKGROUND: Bisphenol A (BPA) is a suspected human endocrine disruptor which is widely used. METHODS: In order to determine whether urine BPA level is associated with serum reproductive hormone levels among 
male adults, we carried out a cross-sectional study in China. We recruited 592 male workers and collected their urine samples for BPA measurement. We also collected blood samples and examined serum reproductive 
hormones. We used multiple linear regression and log-binomial model to examine associations between urine BPA level and hormone levels after controlling for age and smoking status. RESULTS: An increased urine BPA 
level was associated with increased prolactin (p<0.001), estradiol (p<0.001), sex hormone-binding globulin level (p=0.001), and a reduced androstenedione (p<0.001) and free androgen index level (p=0.021). Males, 
whose urine BPA level was in the 2nd, 3rd and highest quartiles, had respectively 1.58, 1.33 and 3.09-fold increased prevalence of having a high prolactin level (>P75 level). The highest quartile of BPA level was 
associated with 1.63 and 1.50-fold increased prevalence of having a high estradiol and elevated sex hormone-binding globulin level. Males with higher quartile of BPA level had a lower inhibin B level. CONCLUSION: High 
BPA exposure is associated with increased prolactin, estradiol and sex hormone-binding globulin level in males, and may contribute to male infertility.

Environmental 
Toxicology and 
Pharmacology.2015;39(
2):934-941
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統合_2874 Malits J et al. 2018

Renal Function and exposure to 
Bisphenol A and phthalates in 
children with Chronic Kidney 
Disease

RATIONALE AND OBJECTIVE: Exposure to Bisphenol A (BPA) and phthalates is ubiquitous among adults and children in the United States. Among children and adolescents, those with chronic kidney disease (CKD) are 
potentially at greater risk of adverse effects from BPA and phthalate exposure. The objective of this study was to evaluate BPA and phthalate exposure among children with CKD and evaluate associations with three 
measures of kidney function. STUDY DESIGN: Cross sectional study. SETTING, PARTICIPANTS, AND MEASUREMENTS: The CKD population was represented by the Chronic Kidney Disease in Children (CKiD) Study, a 
multicenter, prospective cohort study of children with impaired kidney function in the US. The main outcome was assessment of the relationship between chemical exposures and clinical laboratory findings at enrollment 
into CKiD. Data collected at baseline from participants 1 to 17 years old (N = 538) were analyzed. Urinary BPA and phthalate levels were evaluated at this time point. Data from the National Health and Nutrition 
Examination Survey (NHANES), a nationally representative pediatric population, were used for comparison to the CKiD cohort. RESULTS: Urinary BPA and phthalate levels in the CKiD population were consistently lower 
than levels detected in healthy children. Additionally, BPA was not significantly associated with blood pressure, proteinuria, or estimated glomerular filtration rate (eGFR). Within the CKiD population, for select individual 
and combined phthalates, there was an inverse relationship with the urinary protein:creatinine ratio (LMW phthalates, - 9.53% change; 95% CI: - 14.21, - 4.21; p = 0.001), and in most cases, a positive relationship with 
eGFR (LMW phthalates, a 3.46 unit increase in eGFR, 95% CI: 1.85, 5.07; p < 0.001). LIMITATIONS: Lack of longitudinal data, limited assessment of diet and nutritional status. CONCLUSION: In the study cohort, children 
with CKD did not have increased exposure to BPA and phthalates. Longitudinal studies with repeated measures are likely to be more informative about the possible health effects of prolonged exposure to BPA and 
phthalates in pediatric patients with CKD.

Environ Res. 2018 
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統合_2875 McGuinn LA et al. 2015
Urinary bisphenol A and age at 
menarche among adolescent girls: 
Evidence from NHANES 2003-2010

BACKGROUND: Bisphenol A (BPA) is an environmental estrogen used in the manufacture of polycarbonate plastics and epoxy resins used to make food and beverage packaging. Increasing evidence suggests that BPA 
mimics estrogens in the body and may be associated with putative markers of breast cancer risk. OBJECTIVES: We analyzed the National Health and Nutrition Examination Survey (NHANES) 2003-2010 data to investigate 
the association of BPA with age at menarche in adolescent girls. We hypothesized that urinary BPA, as a surrogate biomarker for BPA exposure, is associated with earlier age at menarche, and that body mass index (BMI) 
may modulate this association. METHODS: We conducted cross-sectional analyses of urinary BPA, BMI and age of menarche in a subsample of 987 adolescent girls aged 12-19, using pooled data from the 2003-2010 
NHANES. Unconditional logistic regression was used to estimate odds ratios (ORs) and 95% confidence intervals (CI) for the association between urinary BPA and early onset of menarche, with adjustment for sampling 
design. We additionally assessed interaction of BPA with BMI. RESULTS: Adolescent girls with moderate BPA levels appeared to be less likely to have early onset of menarche than those with the lowest levels (OR=0.57; 
95% CI=0.30, 1.08) after adjusting for age, race/ethnicity, parental education, country of birth, NHANES cycle, BMI and creatinine. BMI appeared to modify the BPA-menarche association. CONCLUSIONS: Although a non-
significant trend suggests increasing urinary BPA may be associated with delayed menarche in adolescent girls, these results are based on cross-sectional data. Results should be clarified in carefully designed 
longitudinal cohort studies.

Environmental 
Research.2015;136:381-
386

10.1016/j.envres.2014.10.037 25460659 ヒト - - - - - - - 横断研究 1 1 - - - - - - - - - ● - - - - - - - -

統合_2876 Menale C et al. 2017

Bisphenol A is associated with 
insulin resistance and modulates 
adiponectin and resistin gene 
expression in obese children

BACKGROUND: Bisphenol A (BPA) exposure has been associated with increased incidence of diabetes and obesity in adults. OBJECTIVES: To evaluate whether an association between BPA urinary levels and insulin 
resistance as well as adiponectin and resistin production and serum concentrations may occur in obese children. METHODS: Clinical and biochemical features of 141 obese children were collected. Serum resistin and 
adiponectin were evaluated. Insulin resistance and urinary BPA levels were assessed. Moreover, the effect of BPA on adiponectin and resistin gene expression in adipocytes from eight normal weight prepubertal children 
was investigated by quantitative real-time RT-PCR (qPCR). RESULTS: Direct association between BPA and homeostasis model assessment (r = 0.23; p: 0.0069) and a strong inverse association between BPA and 
adiponectin have been found (r = -0.48; p < 0.0001). In adipocytes, resistin expression was detected only after BPA treatment, while adiponectin expression resulted down-regulated after BPA exposure (p < 0.05 at both 
10 and 100 nM BPA concentrations). CONCLUSIONS: We suggest the involvement of BPA in the development of insulin resistance in childhood obesity highlighting that urinary BPA levels are directly associated with 
insulin resistance regardless of BMI. This association may be explained, at least partly, by the findings that BPA affects resistin and adiponectin production in adipose tissue cultures.

Pediatric 
Obesity.2017;12(5):380-
387

10.1111/ijpo.12154 27187765 ヒト - - - - - - - 横断研究 1 1 - - - - - - - - - ● - - - - - - - -

統合_2877 Metwally FM et al. 2016
The impact of bisphenol a (BPA) as 
environmental obesogen on lipids 
and lipids metabolism

Some obese individuals have normal metabolic profile, and some normal-weight persons have impaired metabolic status. Our hypothesis was that one of the potential underlying factors for such differences in 
cardiometabolic profiles might be the exposure to some environmental chemicals. This study aimed to investigate the association ofserum bisphenol A (BPA) and phthalate metabolites with cardiometabolic risk factors in 
children and adolescents independent oftheirweight status. This case‒control study was conducted on a subsample of320 participants ofa national school-based surveillance program in Iran. We measured serum BPA and 
phthalate metabolites by gas chromatography mass spectrophotometry. We compared them in children and adolescents with and without excess weight and those with and without cardiometabolic risk factors (80 in each 
group). We categorized the concentrations ofchemicals to tertiles and then we applied logistic regression models after adjustment for potential confounding factors. The concentrations ofBPA and some metabolites of 
phthalates were significantly different in the four groups studied. MEHP concentration was associated with higher odds ratio of cardiometabolic risk factors in participants with normal weight (OR, 95% CI 2.82, 1.001‒
7.91) and those with excess weight (OR, 95% CI 3.15, 1.27‒7.83). MBP concentration increased the odds ratio of cardiometabolic risk factors only in normal weight children and adolescents (OR, 95% CI 6.59, 2.33‒18.59, 
P< 0.001). In participants without cardiometabolic risk factor, MMP and MEHHP were significantly associated with increased risk ofexcess weight (OR, 95% CI 5.90, 1.21‒28.75 and 7.82, 1.5‒ 41.8, respectively). This 
study showed that the association ofBPA and phthalate with cardiometabolic risk factors is independent ofthe weight status. Our findings suggest that the metabolic impairment in some normal weight children and 
normal metabolic profile of some obese children can be, in part, related to exposure to these environmental chemicals.

International Journal of 
Pharmaceutical and 
Clinical 
Research.2016;8(9):132
3-1330

- - ヒト - - - - - - - 横断研究 1 1 - - - - - - - - - ● - - - - - - - -

統合_2878 Miao MH et al. 2017
Urinary bisphenol A and pubertal 
development in Chinese school-
aged girls: a cross-sectional study

BACKGROUND: Animal studies suggest that bisphenol A (BPA) may perturb pubertal development in females. However, evidence from human studies is limited. METHODS: This was a cross-sectional study to investigate 
the association between BPA exposure and pubertal development in school-aged girls. A total of 655 girls aged 9-18 years were selected from three schools in Shanghai, from May to June 2011. We collected one single 
spot urine sample from each girl. Urine BPA concentrations were measured by modified high-performance liquid chromatography and categorized according to LOD and the median of those above LOD. Pubertal 
development status was assessed by using Tanner staging, and age at menarche was collected as a milestone for mid-puberty. Modified Poisson regression was used to estimate adjusted prevalence ratios (PRs) and 
95% confidence intervals (CIs). RESULTS: After adjustment for potential confounders, girls with detected BPA were more likely to have delayed menarche, a mid-puberty event, compared with girls with undetectable BPA; 
the prevalence ratios (PR) were 0.73 (0.56, 0.95) for those with moderate BPA(LOD-median) and 0.72 (0.52, 0.99) for those with high BPA(>median), respectively. Girls aged 9-12 years with detected BPA were more likely 
to have reached pubic hair stage 2, the indicator of pubarche; while among girls aged >15 years, those with detected BPA were less likely to have reached pubic hair stage 5, the late stage of pubic hair development. 
CONCLUSIONS: BPA exposure was associated with alterations in the timing of pubertal development. Results in the present study should be interpreted with caution because of its cross-sectional nature and the limited 
sample size in each age group.

Environmental 
Health.2017;16:7

10.1186/s12940-017-0290-9 28750633 ヒト - - - - - - - 横断研究 1 1 - - - - - - - - - ● - - - - - - - -

統合_2879 Miao MH et al. 2015
Associations between Bisphenol A 
Exposure and Reproductive 
Hormones among Female Workers

The associations between Bisphenol-A (BPA) exposure and reproductive hormone levels among women are unclear. A cross-sectional study was conducted among female workers from BPA-exposed and unexposed 
factories in China. Women's blood samples were collected for assay of follicle-stimulating hormone (FSH), luteinizing hormone (LH), 17beta-Estradiol (E2), prolactin (PRL), and progesterone (PROG). Their urine samples 
were collected for BPA measurement. In the exposed group, time weighted average exposure to BPA for an 8-h shift (TWA8), a measure incorporating historic exposure level, was generated based on personal air sampling. 
Multiple linear regression analyses were used to examine linear associations between urine BPA concentration and reproductive hormones after controlling for potential confounders. A total of 106 exposed and 250 
unexposed female workers were included in this study. A significant positive association between increased urine BPA concentration and higher PRL and PROG levels were observed. Similar associations were observed 
after the analysis was carried out separately among the exposed and unexposed workers. In addition, a positive association between urine BPA and E2 was observed among exposed workers with borderline significance, 
while a statistically significant inverse association between urine BPA and FSH was observed among unexposed group. The results suggest that BPA exposure may lead to alterations in female reproductive hormone 
levels.

Int J Environ Res Public 
Health. 2015 Oct 
22;12(10):13240-50.

10.3390/ijerph121013240 26506366 ヒト ⽣殖発⽣ - - - - - - 横断研究 1 1 - - - 1 1 1 - - - - - - - - - - - -

統合_2880 Millc N et al. 2015
Estimation of in vivo and in vitro 
exposure to bisphenol A as food 
contaminant

The goal of this cross-sectional study was to examine the occurrence of bisphenol A (BPA) in the morning spot urine taken from 145 female volunteers of various ages. Total urine BPA concentration was detected in 
38.6% samples in the 0.92-70.96 mug/g Cr range. The majority of BPA + women belonged to the 25 + body mass index (BMI) group (54.5% were overweight and 43.4% were obese women). Occurrence of BPA in the urine 
samples was higher at 40 + ages. The maximum BPA concentration of 70.96 mug/g Cr was detected in the urine sample of an obese woman. It is known that BPA is highly toxic in vitro. In this study BPA impaired 
significantly the growth of all investigated cell lines, i.e. the EC50 values were reached at very low concentrations, in the range from 3.24 to 34.85 mug/mL. The obtained in vivo results suggest that a higher exposure to 
BPA could contribute to weight problems in women and the absence of the BPA in vitro selective toxicity studies indicates to its general toxic mode of action and raises awareness of the health risks associated with its 
ubiquitous presence in the environment.

Food and Chemical 
Toxicology.2015;83:268-
274

10.1016/j.fct.2015.07.003 26165726 ヒト - - - - - - - 横断研究 1 1 - - - - - - - - - ● - - - - - - - -

統合_2881 Milosevic N et al. 2017
Possible influence of the 
environmental pollutant bisphenol A 
on the cardiometabolic risk factors

Bisphenol A (BPA) is a ubiquitous environmental pollutant which is often associated with various health issues. In this study 103 healthy female volunteers in reproductive age from Serbian north province Vojvodina were 
enrolled and examined for the BPA exposure in the urine samples after 12 h of fasting. BPA was found in 35.92 % (37/103) of subjects. Statistically significant increment in waist circumference (p = 0.045) and waist-to-
height ratio (p = 0.037) was observed among the BPA positive women in comparison with the women who had the same energetic balance and had not been exposed to BPA. Linear correlation was obtained between the 
BPA concentration in urine samples and body mass index (r(2) = 0.35, p = 0.003) waist circumference (r(2) = 0.21, p = 0.02) and waist-to-height ratio (r(2) = 0.25, p = 0.01) among the obese. High energetic intake and 
reduced physical activity additionally pronounced BPA positive association with obesity. No statistically significant difference was observed in triglycerides, HDL and LDL cholesterol levels between the BPA exposed and 
BPA non-exposed female volunteers.

International Journal of 
Environmental Health 
Research.2017;27(1):43
795

10.1080/09603123.2016.1246654 27771963 ヒト - - - - - - - 横断研究 1 1 - - - - - - - - - ● - - - - - - - -

統合_2882 Minatoya M et al. 2017

Cord Blood Bisphenol A Levels and 
Reproductive and Thyroid Hormone 
Levels of Neonates The Hokkaido 
Study on Environment and 
Children's Health

BACKGROUND: Bisphenol A (BPA) is widely used and BPA exposure is nearly ubiquitous in developed countries. While animal studies have indicated adverse health effects of prenatal BPA exposure including reproductive 
dysfunction and thyroid function disruption possibly in a sex-specific manner, findings from epidemiologic studies have not been enough to prove these adverse effects. Given very limited research on human, the aim of 
this study was to investigate associations between cord blood BPA levels and reproductive and thyroid hormone levels of neonates and whether associations differed by neonate sex. METHODS: The study population 
included 514 participants of the Hokkaido study recruited from 2002 to 2005 at one hospital in Sapporo, Japan. The BPA level in cord blood was determined by ID-LC/MS/MS, and the limit of quantification was 0.040 
ng/ml. We measured nine types of reproductive hormone levels in cord blood, and thyroid hormone levels were obtained from neonate mass screening test data. There were 283 subjects, who had both BPA and hormone 
levels measurements, included for the final analyses. RESULTS: The geometric mean of cord blood BPA was 0.051 ng/ml. After adjustment, BPA level was negatively associated with prolactin (PRL) (beta = -0.38). There 
was an interaction between infant sex and BPA levels on PRL; a weak negative association was found in boys (beta = -0.12), whereas a weak positive association was found in girls (beta = 0.14). BPA level showed weak 
positive association with testosterone, estradiol, and progesterone levels in boys. No association was found between BPA and thyroid hormone levels. CONCLUSIONS: Our findings suggested that fetal BPA levels might 
be associated with changes in certain reproductive hormone levels of neonates in a sex-specific manner, though further investigations are necessary.

Epidemiology.2017;28:S
3-S9

10.1097/EDE.0000000000000716 29028670 ヒト - - - - - - - 横断研究 1 1 - - - - - - - - - ● - - - - - - - -

統合_2883 Mohsen MA et al. 2018
May detectable urinary Bisphenol A 
among children be associated with 
cardiovascular risk factor?

Bisphenol A (BPA) is suspected to be associated with several chronic metabolic diseases. The aim of the present study was to examine the associations of urinary BPA concentrations, with cardio metabolic risk factors 
including: age, gender, lipid profile, High-sensitivity C-reactive protein (hs-CRP) levels among children and adolescents. Itʼs a cross-sectional study enrolling 167 children; 95boys and 72girls. They aged from 6 to 16 years, 
randomly selected from primary, and preparatory schools in Giza, Egypt. All participants were subjected to thorough clinical examination, Anthropometric measurements. Urinary Bisphenol A was detected by high 
performance liquid chromatography-tandem mass spectrometry (HPLC) then total, conjugated, unconjugated, log total, BPA/creatinine and log BPA/creatinine were estimated. Serum samples were assayed for total 
cholesterol, HDL-cholesterol, LDL-cholesterol, triglycerides and High-sensitivity C-reactive protein (hs-CRP).Results: Participants mean age was 11.70 + 3.08,while mean weight and height, was 53.63± 22.47, 149.09 ±
17.99, respectively. Serum total cholesterol, HDL-cholesterol, LDL-cholesterol, triglycerides and hs-CRP) showed no statistically significant differences as regard to age and gender (P> 0.05).No significant association 
between BPA and the age, gender was found(P>0.05).Total BPA/creatinine ratio was significantly positively correlated with the serum total cholesterol and LDL-cholesterol (P<0.05).We did not find significant 
associations between BPA and any other cardiovascular risk factors. Our work provides additional evidence of associations between urinary BPA and cardiovascular risk factors among Egyptian children and 
adolescents.Future policy regulating childrenʼs consumer products is mandatory. © 2018 ISISnet: Innovative Scientific Information Services Network. All rights reserved.

Bioscience 
Research.2018;15(2):12
43-1250
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統合_2884 Morgan M et al. 2017
Environmental estrogen-like 
endocrine disrupting chemicals and 
breast cancer

BACKGROUND: Estrogen-mimicking endocrine disruptors (EEDs) such as polychlorinated biphenyls (PCBs), bisphenol A (BPA), and phthalates have been found ubiquitously throughout our environment. Although exposure 
to EEDs has the ability to interfere with endocrine control of reproductive function and development in both humans and wildlife, inconsistent reports have made it difficult to draw conclusions concerning the hypothesized 
increased risk of breast cancer associated with EEDs. OBJECTIVES: The purpose of this study was to examine the cross-sectional relationship between exposure to PCBs, BPA or phthalates; and risk of breast cancer in 
U.S. women using the Centers for Disease Control and Prevention's National Health and Nutrition Examination Survey (NHANES) data between 1999 and 2004. METHODS: We analyzed data from female participants (20 
years of age and older) collected by NHANES between 1999 and 2004 for exposure assessment based on lipid adjusted serum levels of 6 individual PCB congeners (PCB 074, 099, 118, 138, 153, and 180), the sum of 
dioxin-like PCBs (074 and 118), and the sum of non-dioxin-like PCBs (099 + 138 + 153 + 187). Levels of urinary BPA and seven phthalate metabolites mono-n-butyl phthalate (MnBP), mono-isobutyl phthalate (MiBP), 
mono-ethyl phthalate (MEP), mono-(3-caroxypropyl) phthalate (MCPP), mono-benzyl phthalate (MZP), and three metabolites of di (2-ehtylhexyl) phthalate (DEHP): [mono-2-ethylhexyl phthalate (MEHP), mono-(2-ethyl-5-
hydroxyhexyl) phthalate (MEHHP), and mono-(2-ethyl-5-oxohexyl) phthalate (MEOHP)] were obtained from the 2003-2010 yearly survey cycles in participants aged 6 years and older. Assessments of EEDs or their 
metabolites were analyzed in conjunction with medical and reproductive health questionnaire data. Age, race/ethnicity, age at menarche, body mass index (BMI; kg/m(2)), and lactation were considered as potential 
confounders in our final models. Geometric means (GM) were calculated to compare PCB, BPA or phthalate concentrations in women who self-reported a breast cancer diagnosis versus women who self-reported never 
being diagnosed with breast cancer. Logistic regression models were used to estimate odds ratios (ORs) and 95% confidence intervals (CI) for the association between PCB, BPA or phthalate measurements and breast 
cancer. RESULTS: In age, race/ethnicity, and BMI adjusted models, PCB138 was the only congener found to be significantly associated with breast cancer [OR of 3.16; 95% CI: 1.14-8.76]. We also found the sum of non-
dioxin-like PCBs to be significantly associated with breast cancer [OR of 1.14; 95% CI: 1.00-1.29]. Risk of breast cancer, however, was not found to be significantly associated with phthalate, phthalate metabolites, and 
BPA in unadjusted or adjusted logistic regression models. CONCLUSIONS: Our results suggest a link between environmental exposures to PCB 138 and breast cancer. There were no significant associations between 
phthalates or BPA and breast cancers. These findings should be interpreted with caution because of the use of cross-sectional self-reported data and a small sample size of breast cancer subjects. Nonetheless, our 
finding emphasizes a need of comprehensive environmental molecular epidemiologic study to determine the potential role of environmental exposures to PCBs, phthalates, and BPA in the development of breast cancer.

Molecular and Cellular 
Endocrinology.2017;457
(C):89-102
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統合_2885 Mouneimne Y et al. 2017

Bisphenol A urinary level, its 
correlates, and association with 
cardiometabolic risks in Lebanese 
urban adults

Bisphenol A (BPA) is an endocrine disruptor with multiple purported metabolic effects. This study aimed to measure BPA among Lebanese population, to identify its predictors, and to explore any link to metabolic 
disorders. A representative sample of 501 adults from Lebanon was recruited in a cross-sectional study. Urinary BPA was measured, and data were collected for anthropometric measurements, medical history, food 
intake, and laboratory markers of metabolic conditions. BPA data was divided into tertiles. A total of 89% of the subjects had detectable urinary BPA levels, with an overall mean of 3.67 ± 4.75 μg/L and a mean 
creatinine-adjusted BPA of 2.90 ± 4.79 μg/g. There was a significant positive association with female gender and older age for being in the highest BPA tertile. BPA level was linked to metabolic syndrome (MetS), 
obesity, type-2 diabetes (T2D), hypertension, and dyslipidemia. After adjustment, the trend remained for BPA in association with MetS and T2D. Though urinary BPA in the Lebanese population was higher in older women, 
the levels were similar to world-reported figures. Our results suggest a link with metabolic disorders but not at a significant level. These findings call for longitudinal and broader sample measurements.

Environmental 
Monitoring and 
Assessment.2017;189(1
0):13
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統合_2886 Park C et al. 2017

Associations between urinary 
phthalate metabolites and bisphenol 
A levels, and serum thyroid 
hormones among the Korean adult 
population - Korean National 
Environmental Health Survey 
(KoNEHS) 2012-2014

BACKGROUND: Phthalates and bisphenol A (BPA) have been used extensively in many consumer products, resulting in widespread exposure in the general population. Studies have suggested associations between 
exposure to phthalates and BPA, and serum thyroid hormone levels, but confirmation on larger human populations is warranted. METHODS: Data obtained from nationally representative Korean adults (n=6003) recruited 
for the second round of the Korean National Environmental Health Survey (KoNEHS), 2012-2014, were employed. Three di-(2-ethylhexyl) phthalate (DEHP) metabolites, along with benzyl-butyl phthalate (BBzP) and di-
butyl phthalate (DBP) metabolites, and BPA were measured in subjects' urine. Thyroxine (T4), total triiodothyronine (T3), and thyroid-stimulating hormone (TSH) were measured in serum. The associations between urinary 
phthalates or BPA and thyroid hormone levels were determined. RESULTS: Urinary phthalate metabolites were generally associated with lowered total T4 or T3, or increased TSH levels in serum. Interquartile range (IQR) 
increases of mono-(2-ethyl-5-oxohexyl) phthalate (MEOHP), and mono-(2-ethyl-5-hydroxyhexyl) phthalate (MEHHP) were associated with a 3.7% increase of TSH, and a 1.7% decrease of total T4 levels, respectively. 
When grouped by sex, urinary MEHHP levels were inversely associated with T4 only among males. Among females, mono-benzyl phthalate (MBzP) and mono-n-butyl phthalate (MnBP) levels were inversely associated with 
TSH and T3, respectively. In addition, negative association between BPA and TSH was observed. CONCLUSIONS: Several phthalates and BPA exposures were associated with altered circulatory thyroid hormone levels 
among general Korean adult population. Considering the importance of thyroid hormones, public health implications of such alteration warrant further studies.

Science of the Total 
Environment.2017;584:9
50-957
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統合_2887 Pornkunwilai S et al. 2015
Urinary bisphenol A detection is 
significantly associated with young 
and obese Thai children

Background: Bisphenol A (BPA), a xenoestrogenic monomer, is one of the most common industrial chemicals used in epoxy coatings for canned food and other consumer items. There is only limited information regarding 
the potential health risks from BPA exposure in children and adolescents from Asian countries. Objective: To detect and determine urinary BPA concentrations, and identify possible association between urinary BPA 
levels, demographic characteristics, and BPA exposure risks in Thai children and adolescents. Methods: A cross-sectional study was conducted in 376 children and adolescents aged 3−18 years from kindergarten, 
elementary, and middle schools in Bangkok, Thailand. Urinary concentrations of total BPA were determined by liquid chromatography tandem mass spectrometry (LC−MSMS). Anthropometric data and questionnaires 
regarding BPA exposure risks were collected. Results: BPA was detected in 283 of 376 urine samples (75.3%) with a median adjusted BPA 0.53 μg/g creatinine (range 0.04−1.12). Thirty-one participants (9%) were 
overweight and 39 (11%) were obese. The BPA detection rate was significantly higher in obese children (OR 3.42, 95% confidence interval (CI) 1.18−9.95, P = 0.02) compared with children of normal weight. BPA was 
detected more often in younger children (3‒6 years) when compared with children (6−10 years) and adolescents (10−18 years). There were no significant association between BPA levels and other demographic data or 
BPA exposure risks. Conclusions: BPA exposure in Thai children and adolescents may be lower than exposure in children from the United States, some European nations, and other Asian countries. Obese and younger 
children were significantly associated with BPA detection.

Asian 
Biomedicine.2015;9(3):3
63-372
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統合_2888 Przybyla J et al. 2018

A cross sectional study of urinary 
phthalates, phenols and perchlorate 
on thyroid hormones in US adults 
using structural equation models 
(NHANES 2007-2008)

BACKGROUND: Biomonitoring data shows that people are exposed to phthalates, phenols and perchlorates. Many of these compounds are endocrine disrupting compounds that affect thyroid hormone levels. Yet the 
effect of these compounds on thyroid hormone levels are often evaluated individually rather than as a mixture. Our objective was to examine the association between 11 urinary endocrine disrupting compounds and thyroid 
hormones using structural equation models. METHODS: Using data from the National Health and Nutrition and Examination Survey 2007-2008, we fit a latent variable utilizing urinary measurements of 9 compounds in 
females (perchlorate, bisphenol A, benzophenone-3, mono-2ethyl5carboxypentyl phthalate, mono-n-butyl phthalate, mono-(3-carboxypropyl) phthalate, mono(2ethyl5hydroxyhexyl) phthalate, mono-benzyl phthalate, and 
mono-isobutyl phthalate) and 8 compounds in males (without benzophenone-3). The association of the latent variable with serum thyroid hormones (Total T3, Total T4, and Thyroid Stimulating Hormones) was assessed in 
females (N = 710) and males (N = 850) over the age of 12 controlling for age, race, and urinary creatinine. RESULTS: In males, urinary endocrine disrupting compound levels were negatively associated with thyroxine 
(beta: -0.19, 95% Confidence Interval (95% CI): -0.31, -0.05). In females, urinary endocrine disrupting compound levels were positively associated with triiodothyronine serum concentrations (beta: 0.09, 95% CI: -0.03, 
0.21) however this association was not statistically significant. CONCLUSIONS: This cross-sectional analysis provides additional evidence that environmental exposure to phthalates and phenols is associated with 
endocrine-related processes. Furthermore, these results suggested sex-specific differences in exposure to endocrine disrupting mixtures, and the exposure-response between endocrine disrupting mixtures and thyroid 
hormone levels. Specifically, higher exposure to a mixture of endocrine disrupting compounds was associated with lower levels of total T4 in males but not in females. While a structural methodological framework was 
used to assess these complex relationships, the cross sectional nature of this analysis limits causal inference and further research is needed to determine the clinical significance of these findings.

Environmental 
Research.2018;163:26-
35
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統合_2889 Radwan M et al. 2018
Urinary Bisphenol A Levels and 
Male Fertility

Bisphenol A (BPA) is a high-production volume industrial chemical found in many consumer products. BPA is a suspected potent endocrine disruptor, with endocrine-disrupting properties demonstrated in animal studies. 
Few human studies have examined bisphenol A exposure in relation to male fertility and, results are divergent. The aim of the study is to examine the associations between urinary BPA concentration and male fertility. 
Bisphenol A urinary concentrations were measured using gas chromatography coupled with tandem mass spectrometry in 315 men under 45 years of age with normal sperm concentration (⩾15 mln/ml) recruited from a 
male reproductive health clinic. Participants were interviewed and provided a semen sample. BPA was detected in 98.10% of urine samples, with a median concentration of 1.87 microg/l (1.63 microg/ g creatinine). A 
multiple linear regression analysis identified a positive association between the urinary concentrations of bisphenol A 25th-50th percentile and total sperm sex chromosome disomy ( p = .004). Also when modeled as 
continuous variable urinary BPA concentration increased total sperm sex chromosome disomy ( p = .01). Urinary concentration of BPA also increase the percentage of immature sperm (HDS) ( p = .018) and decrease 
motility ( p = .03). The study provides evidence that exposure to BPA is associated with poorer semen quality. Future studies are needed to confirm these findings.

Am J Mens 
Health.2018;:155798831
8799160
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統合_2890 Rocha BA et al. 2018

Advanced data mining approaches 
in the assessment of urinary 
concentrations of bisphenols, 
chlorophenols, parabens and 
benzophenones in Brazilian children 
and their association to DNA 
damage

Human exposure to endocrine disrupting chemicals (EDCs) has received considerable attention over the last three decades. However, little is known about the influence of co-exposure to multiple EDCs on effect-
biomarkers such as oxidative stress in Brazilian children. In this study, concentrations of 40 EDCs were determined in urine samples collected from 300 Brazilian children of ages 6-14 years and data were analyzed by 
advanced data mining techniques. Oxidative DNA damage was evaluated from the urinary concentrations of 8-hydroxy-2'-deoxyguanosine (8OHDG). Fourteen EDCs, including bisphenol A (BPA), methyl paraben (MeP), 
ethyl paraben (EtP), propyl paraben (PrP), 3,4-dihydroxy benzoic acid (3,4-DHB), methyl-protocatechuic acid (OH-MeP), ethyl-protocatechuic acid (OH-EtP), triclosan (TCS), triclocarban (TCC), 2-hydroxy-4-
methoxybenzophenone (BP3), 2,4-dihydroxybenzophenone (BP1), bisphenol A bis(2,3-dihydroxypropyl) glycidyl ether (BADGE.2H(2)O), 2,4-dichlorophenol (2,4-DCP), and 2,5-dichlorophenol (2,5-DCP) were found in >50% 
of the urine samples analyzed. The highest geometric mean concentrations were found for MeP (43.1 ng/mL), PrP (3.12 ng/mL), 3,4-DHB (42.2 ng/mL), TCS (8.26 ng/mL), BP3 (3.71 ng/mL), and BP1 (4.85 ng/mL), and 
exposures to most of which were associated with personal care product (PCP) use. Statistically significant associations were found between urinary concentrations of 8OHDG and BPA, MeP, 3,4-DHB, OH-MeP, OH-EtP, 
TCS, BP3, 2,4-DCP, and 2,5-DCP. After clustering the data on the basis of i) 14 EDCs (exposure levels), ii) demography (age, gender and geographic location), and iii) 8OHDG (effect), two distinct clusters of samples 
were identified. 8OHDG concentration was the most critical parameter that differentiated the two clusters, followed by OH-EtP. When 8OHDG was removed from the dataset, predictability of exposure variables increased 
in the order of: OH-EtP > OH-MeP > 3,4-DHB > BPA > 2,4-DCP > MeP > TCS > EtP > BP1 > 2,5-DCP. Our results showed that co-exposure to OH-EtP, OH-MeP, 3,4-DHB, BPA, 2,4-DCP, MeP, TCS, EtP, BP1, and 2,5-DCP 
was associated with DNA damage in children. This is the first study to report exposure of Brazilian children to a wide range of EDCs and the data mining approach further strengthened our findings of chemical co-
exposures and biomarkers of effect.
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International.2018;116:2
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統合_2891 Sanlidag B et al. 2018
Evaluation of Dose Dependent 
Maternal Exposure to Bisphenol A 
on Thyroid Functions in Newborns

Bisphenol A (BPA) is an endocrine-disrupting chemical compound that is mainly used in industrial products as packaging and plastics. It usually transmits to humans via oral route from food-contact material. BPA has 
demonstrated to be found in body fluids with a higher amount of fetal tissues due to bio-accumulation. Although it has been reported to affect the endocrine system, results on thyroid functions of newborns are 
conflicting. The aim of the present study is to demonstrate the effect of different levels of BPA in cord blood on the thyroid functions of newborns, according to gender. METHODS: The study population included 88 
newborns. The BPA levels, Thyroid stimulating hormone (TSH) and free thyroxine (fT4) levels of cord blood were measured. In addition, SPINA-GT (thyroid' incretory capasity), TSH Index (TSHI), standardized TSHI (sTSHI) 
were calculated and demographic characteristics of participants were noted. RESULTS: The mean of cord blood BPA was 4.934 +/- 2.33 ng/mL. When evaluated according to quantiles of BPA, no association was found 
between BPA and thyroid hormone levels, as well as, SPINA-GT, TSHI, sTSHI in both genders. CONCLUSION: Although BPA has been shown to contaminate cord blood, no significant effect was detected on thyroid 
hormones, SPINA-GT, TSHI and sTSHI. Further investigations with larger study populations are warranted.

Journal of Clinical 
Medicine.2018;7(6):
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統合_2892 Savastano S et al. 2015

Bisphenol-A plasma levels are 
related to inflammatory markers, 
visceral obesity and insulin-
resistance: a cross-sectional study 
on adult male population

BACKGROUND: The current increase of obesity and metabolic syndrome (MS) focuses attention on bisphenol-A (BPA), "obesogen" endocrine disruptor, main plastic component. Aim was to verify the role of BPA in 
metabolic alterations, insulin resistance, low grade inflammation and visceral obesity. METHODS: A cross-sectional study was performed in 76 out of 139 environmentally exposed adult males, unselected Caucasian 
subjects, enrolled by routine health survey at the "Federico II" University of Naples outpatient facilities. BPA plasma levels (ELISA), metabolic risk factors, homeostasis model assessment of insulin resistance index, 
plasma monocyte chemoattractant protein 1, interleukin-6 (IL-6) and tumor necrosis factor-alpha were performed. Clinical and biochemical parameters have been compared with BPA and pro-inflammatory cytokines 
levels. RESULTS: In total 24 subjects out of 76 (32%) presented with waist circumference (WC) >102 cm, 36 (47%) had impaired fasting glucose and 24 (32%) subjects had insulin resistance [11 out 52 (21%) with WC 
</=102 cm and 13 out of 24 with WC >102 cm (54%), chi(2) 6.825, p = 0.009]. BPA and pro-inflammatory cytokine levels were significantly higher in subjects with visceral adiposity (WC > 102 cm). BPA correlated with 
WC, triglycerides, glucose homeostasis and inflammatory markers. At the multivariate analysis WC and IL-6 remained the main predictors of BPA. CONCLUSIONS: Detectable BPA plasma levels have been found also in 
our population. The strictly association between BPA and WC, components of MS, and inflammatory markers, further supports the BPA role in visceral obesity-related low grade chronic inflammation.

Journal of Translational 
Medicine.2015;13:
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統合_2893 Scinicariello and M F et al. 2016

Serum Testosterone Concentrations 
and Urinary Bisphenol A, 
Benzophenone-3, Triclosan, and 
Paraben Levels in Male and Female 
Children and Adolescents: NHANES 
2011-2012

BACKGROUND: Exposure to environmental phenols (e.g., bisphenol A, benzophenone-3, and triclosan) and parabens is widespread in the population. Many of these chemicals have been shown to have anti-androgenic 
effects both in vitro and in vivo. OBJECTIVE: We examined the association of bisphenol A (BPA), benzophenone-3 (BP-3), triclosan (TCS), and parabens with serum total testosterone (TT) levels in child and adolescent 
participants (ages 6-19 years) in the National Health and Nutrition Examination Survey (NHANES) 2011-2012. METHODS: We performed multivariable linear regression to estimate associations between natural log-
transformed serum TT and quartiles of urinary BPA, BP-3, TCS, and parabens in male and female children (ages 6-11 years) and adolescents (ages 12-19 years). RESULTS: BP-3 and BPA were associated with 
significantly lower TT in male adolescents, and BPA was associated with significantly higher TT in female adolescents. TT was not consistently associated with TCS or total parabens in children or adolescents of either 
sex. CONCLUSIONS: To our knowledge, this is the first study to report an association of both BP-3 and BPA with serum TT in adolescents. Associations between BPA and TT differed according to sex in adolescents, 
with inverse associations in boys and positive associations in girls. BP-3 was associated with significantly lower TT in adolescent boys only. However, because of the limitations inherent to the cross-sectional study 
design, further studies are needed to confirm and elucidate on our findings. Citation: Scinicariello F, Buser MC. 2016. Serum testosterone concentrations and urinary bisphenol A, benzophenone-3, triclosan, and paraben 
levels in male and female children and adolescents: NHANES 2011-2012. Environ Health Perspect 124:1898-1904; http://dx.doi.org/10.1289/EHP150.
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統合_2894 Shiue I et al. 2013

Urinary environmental chemical 
concentrations and vitamin D are 
associated with vision, hearing, and 
balance disorders in the elderly

BACKGROUND: Acute exposure to environmental chemicals can result in loss of consciousness and upon recovery neurological symptoms, but little evidence exists in large epidemiological human studies. Hence, it was 
aimed to determine the relationships between urinary environmental chemicals (including heavy metals, environmental bisphenols, pesticides, arsenic, and phthalates) concentrations and vision, hearing, and balance 
disorders in a national population-based setting. METHODS: United States National Health and Nutrition Examination Surveys is a national population-based multi-year cross-sectional study. Information on demographics 
and vision, hearing, and balance disorders was obtained by household interview using questionnaires in the 2003-2004 cohort (aged 50 and above). Urinary environmental chemicals were detected by mass spectrometry in 
selected but representative people. Analyses involved logistic regression models. RESULTS: Urinary cadmium, molybdenum, and tungsten concentrations, which are commonly associated with heart disease, were 
associated with vision disorder. Urinary 2,4,5-trichlorophenol and arsenic acid concentrations and circulating mono-n-butyl phthalate, mono-benzyl phthalate, and mono-(3-carboxypropyl) phthalate metabolites were 
significantly associated with hearing disorder. Moreover, urinary barium and 4-tert-octyl-phenol concentrations were associated with balance disorder. People who had ears ringing, roaring, or buzzing in the past year 
tended to have higher urinary barium, 2,4-dichlorophenol, and mono-benzyl phthalate concentrations. DISCUSSION: Significant correlations were observed in urinary environmental chemicals and neurobehavioural 
impairment for the first time. However, the causation cannot be established due to its cross-sectional study design. Future studies with a longitudinal aspect and/or in clinical trials are warranted to clearly understand 
the biological mechanism along the pathway before drawing a firm conclusion on these relationships.
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International.2013;53:41
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統合_2895 Spanier AJ et al. 2014
Bisphenol A Exposure Is Associated 
with Decreased Lung Function

OBJECTIVE: To examine the associations of bisphenol A (BPA) exposure with lung function measures and exhaled nitric oxide (FeNO) in children. STUDY DESIGN: We performed a cross-sectional analysis of a subsample 
of US children age 6-19 years who participated in the 2007-2010 National Health and Nutrition Examination Survey. We assessed univariate and multivariable associations of urinary BPA concentration with the predicted 
pulmonary function measures for age, sex, race/ethnicity and height (forced expiratory volume in 1 second [FEV1], forced vital capacity [FVC], forced expiratory flow 25%-75%, and FEV1 divided by FVC) and with FeNO. 
RESULTS: Exposure and outcome data were available for 661 children. Median BPA was 2.4 ng/mL (IQR: 1.3, 4.1). In multivariable analysis, a larger urinary BPA concentration was associated with significantly decreased 
percent predicted forced expiratory flow 25%-75% (%FEF2575) (3.7%, 95% CI 1.0, 6.5) and percent predicted FEV1 divided by FVC (%FEV1/FVC) (0.8%, 95% CI 0.1, 1.7) but not percent predicted FEV1, percent predicted 
FVC, or FeNO. A child in the top quartile of BPA compared with the bottom quartile had a 10% decrease in %FEF2575 (95% CI -1, -19) and 3% decrease in %FEV1/FVC (95% CI -1, -5). CONCLUSIONS: BPA exposure was 
associated with a modest decrease in %FEF2575 (small airway function) and %FEV1/FVC (pulmonary obstruction) but not FEV1, FVC, or FeNO. Explanations of the association cannot rule out the possibility of reverse 
causality.

Journal of 
Pediatrics.2014;164(6):1
403-+
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統合_2896 Supornsilchai V et al. 2016
Increased levels of bisphenol A 
(BPA) in Thai girls with precocious 
puberty

BACKGROUND: Reports on the secular trend of pubertal onset indicate a recent earlier start especially in girls. Bisphenol A (BPA), which posses estrogenic activity, might be a cause of advanced puberty. The objective of 
the study was to determine the association between BPA and advanced puberty. METHODS: A cross-sectional study was conducted in patients with advanced puberty (n=41) compared to age-matched controls (n=47). 
Anthropometric measurements, estradiol, basal and gonadotropin releasing hormone (GnRH)-stimulated follicle stimulating hormone (FSH) and luteinizing hormone (LH) levels, uterine sizes, ovarian diameters and bone 
ages were obtained. Urinary BPA concentrations were analyzed by ultra-performance liquid chromatography-tandem mass spectrometry (UPLC/MSMS) with the lower limit of quantification (LLOQ) of 0.05 ng/mL. 
RESULTS: The median adjust-BPA concentration in advanced puberty group was higher than in control groups [1.44 vs. 0.59 μg/g creatinine (Cr): p<0.05]. We also found that the median adjust-BPA concentration in girls 
with advanced puberty who were overweight/obese, was greater than in the normal pubertal overweight/obese girls (1.74 vs. 0.59 μg/g Cr: p<0.05), and was in the same trend among normal weight girls with advanced 
and normal puberty (0.83 vs. 0.49 μg/g Cr: p=0.09), but not statistically significant. CONCLUSIONS: The present findings suggest that BPA exposure appears to be related to an earlier age at onset of puberty especially 
in obese girls.
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統合_2897 Tai and Y XC et al. 2016

Urinary bisphenol A concentrations 
positively associated with glycated 
hemoglobin and other indicators of 
diabetes in Canadian men

BACKGROUND: Bisphenol A (BPA), an endocrine disrupting chemical (EDC), may pose a risk to human health, including diabetes. However, epidemiological studies from the U.S., China and South Korea showed 
inconsistent results. OBJECTIVE: To examine the associations between BPA and indicators of diabetes in the general Canadian population. METHODS: The analysis was based on cross-sectional data from the Canadian 
Health Measures Survey (CHMS) Cycle 2 (2009-2011). We included 1915 participants with glycated hemoglobin (HbA1c) measurement and 2405 participants with serum glucose (SG) measurement aged 3-79 years, 
respectively. Multiple linear regression analyses were performed to model HbA1c and log-transformed SG levels associated with quartiles of urinary BPA concentrations controlling for potential confounders. Further, in 
adults (age≥18 years), logistic regression analysis was conducted to evaluate the association between BPA and physician-diagnosed diabetes mellitus (DM). Bootstrap weights were applied to all the analyses to account 
for the complex survey design. RESULTS: The geometric mean of urinary BPA was 1.21 (±0.05)µg/L. Overall, a positive association was observed between urinary BPA quartiles and HbA1c levels in men after controlling 
for potential confounders (P<0.05), but not in women and children. Similar patterns were found for the associations of BPA with log-transformed SG levels and doctor-diagnosed DM. CONCLUSIONS: Higher urinary BPA 
levels were associated with adverse glucose homeostasis in Canadian men, independent of major covariates. Prospective studies with longitudinal design are needed to further investigate the causality.
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統合_2898 Teeguarden JG et al. 2015

24-hour human urine and serum 
profiles of bisphenol A: Evidence 
against sublingual absorption 
following ingestion in soup

Extensive first-pass metabolism of ingested bisphenol A (BPA) in the gastro-intestinal tract and liver restricts blood concentrations of bioactive BPA to <1% of total BPA in humans and non-human primates. Absorption of 
ingested BPA through non-metabolizing tissues of the oral cavity, recently demonstrated in dogs, could lead to the higher serum BPA concentrations reported in some human biomonitoring studies. We hypothesized that 
the extensive interaction with the oral mucosa by a liquid matrix, like soup, relative to solid food or capsules, might enhance absorption through non-metabolizing oral cavity tissues in humans, producing higher 
bioavailability and higher serum BPA concentrations. Concurrent serum and urine concentrations of d6-BPA, and its glucuronide and sulfate conjugates, were measured over a 24hour period in 10 adult male volunteers 
following ingestion of 30mug d6-BPA/kg body weight in soup. Absorption of d6-BPA was rapid (t1/2=0.45h) and elimination of the administered dose was complete 24h post-ingestion, evidence against any tissue depot 
for BPA. The maximum serum d6-BPA concentration was 0.43nM at 1.6h after administration and represented <0.3% of total d6-BPA. Pharmacokinetic parameters, pharmacokinetic model simulations, and the 
significantly faster appearance half-life of d6-BPA-glucuronide compared to d6-BPA (0.29h vs 0.45h) were evidence against meaningful absorption of BPA in humans through any non-metabolizing tissue (<1%). This study 
confirms that typical exposure to BPA in food produces picomolar to subpicomolar serum BPA concentrations in humans, not nM concentrations reported in some biomonitoring studies.

Toxicology and Applied 
Pharmacology.2015;288
(2):131-142
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統合_2899 Verstraete SG et al. 2018

Bisphenol a increases risk for 
presumed non-alcoholic fatty liver 
disease in Hispanic adolescents in 
NHANES 2003-2010

BACKGROUND: Bisphenol-A (BPA) is a ubiquitous chemical and recognized endocrine disruptor associated with obesity and related disorders. We explored the association between BPA levels and suspected non-
alcoholic fatty liver disease (NAFLD). METHODS: Unweighted analyses were used to study the relationship between urinary BPA levels and suspected NAFLD (alanine aminotransferase (ALT). > 30 U/L, body mass index 
(BMI) Z-score > 1.064 and evidence of insulin resistance) using National Health and Nutrition Examination Survey (NHANES) data (2003-2010) on 12-19 year olds. Unweighted and weighted analyses were used to 
evaluate the risk with only elevated ALT. RESULTS: We included 944 adolescents with urinary BPA and fasting laboratory tests from a total of 7168 adolescents. Risk of suspected NAFLD was increased in the second 
quartile of BPA levels (1.4-2.7 ng/mL) when compared to the first (< 1.4 ng/mL) (Odds Ratio (OR) 4.23, 95% Confidence Interval (CI) 1.44-12.41). The ORs for the third and second quartiles were positive but did not reach 
statistical significance. The association was stronger in Hispanics (n = 344) with BPA levels in the second (OR 6.12, 95% C.I. 1.62-23.15) quartile and when limiting the analyses to overweight/obese adolescents (n = 
332), in the second (OR 5.56, 95% C.I. 1.28-24.06) and fourth BPA quartiles (OR 6.85, 95% C.I. 1.02-46.22) compared to the first quartile. BPA levels were not associated with ALT elevation. CONCLUSIONS: The risk of 
suspected NAFLD is increased in participants in higher quartiles of BPA exposure, particularly in those of Hispanic ethnicity. Further studies are required to fully understand the potential role of BPA in non-alcoholic fatty 
liver disease.
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統合_2900 Wan Y et al. 2018
Relationship between maternal 
exposure to bisphenol S and 
pregnancy duration

Bisphenol S (BPS) has been progressively used due to the potential safety problems of bisphenol A (BPA). Thus Human studies are needed to investigate the developmental effects of BPS. In this study, the impact of 
maternal BPS exposure on birth outcomes was evaluated with linear and logistic regression models. BPS was analyzed in spot urine samples collected from 985 pregnant women at admission to labor. It was found in 
93.7% of the urine samples with the specific gravity adjusted geometric mean concentration of 0.17 μg/L. One ln-unit increase in urinary BPS was associated with a 0.72-day increase in pregnancy duration (95% CI: 0.34, 
1.09). When stratified by fetal sex, each ln-unit increase in maternal urinary BPS was significantly correlated with increased gestational age [adjusted β = 1.02, 95% confidence intervals (CI): 0.47, 1.57] and increased 
odds of late term birth [adjusted odds ratio = 1.29, 95% CI: 1.00, 1.67] for girls, but not significantly for boys. Including maternal urinary BPA and BPS in one model did not change the results. Associations of BPS with birth 
weight or length were not observed. This is the first report about BPS exposure for pregnant women from China. Higher maternal urinary BPS concentrations were associated with increased gestational age, suggesting 
maternal BPS exposure may interfere with pregnancy duration. The findings require replication but reveal the probable risks posed by the developmental BPS exposure.

Environ Pollut. 2018 
Jul:238:717-724.
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統合_2901 Wang TG et al. 2015

Association of Bisphenol A Exposure 
With Hypertension and Early 
Macrovascular Diseases in Chinese 
Adults A Cross-Sectional Study

Bisphenol A (BPA) is an environmental endocrine disruptor that has been associated with cardiovascular outcomes in previous observational studies. We aimed to examine the relationships of urinary BPA levels with 
hypertension and early macrovascular diseases.This is a cross-sectional study. From June through August 2009, 3246 participants ages 40 years or older were enrolled from Baoshan District, Shanghai, China. Logistic 
regression modes were used to estimate the odds ratios (ORs) for prevalent risk of hypertension, elevated carotid intima-media thickness (CIMT), arterial stiffness, and peripheral artery disease (PAD) with multivariable 
adjustment. We also performed stratification analysis by age and sex.The median (interquartile range) for BPA was 0.81 (0.48, 1.45) ng/mL, which is notably lower than previously reported in the United States and other 
Western countries. Urinary BPA concentrations were negatively associated with hypertension (multivariable-adjusted OR for the highest versus lowest BPA quartile = 0.61; 95% confidence interval [CI]: 0.46, 0.80), 
elevated CIMT (OR = 0.64; 95% CI: 0.47, 0.87), and arterial stiffness (OR = 0.62; 95% CI: 0.44, 0.87). The corresponding OR for PAD (60 cases total) was not significant (OR = 0.89; 95% CI: 0.28, 2.80). The negative 
associations of BPA with hypertension, elevated CIMT, and arterial stiffness were consistent by age and sex stratifications, and were stronger among participants >/=60 versus <60 years of age, and among women than 
men.In contrast with previous investigations, our study suggests negative associations of BPA exposure with hypertension and early macrovascular diseases among middle-aged and elderly Chinese. Future investigations 
are needed to draw more definite conclusions and generalize to other populations.

Medicine.2015;94(43):7 10.1097/MD.0000000000001814 26512580 ヒト - - - - - - - 横断研究 1 1 - - - - - - - - - ● - - - - - - - -

統合_2902 Wang X et al. 2017
Urinary Bisphenol A Concentration 
and Gestational Diabetes Mellitus in 
Chinese Women

BACKGROUND: Bisphenol A (BPA) has been associated with variable metabolic effects in animal models. It is unknown whether BPA exposure affects glucose tolerance in pregnancy. We aimed to investigate whether 
maternal urinary BPA concentration is associated with gestational diabetes mellitus (GDM). METHODS: This study included 620 pregnant women from Shanghai, China 2012-2013. Maternal urinary BPA concentration 
was measured by high-performance liquid chromatography-tandem mass spectrometry (HPLC-MS/MS). GDM (n = 79) was diagnosed according to the criteria of the International Association of Diabetes and Pregnancy 
Study Groups (IADPSG). Multivariate regressions were used to explore the relationships of urinary BPA with GDM, plasma glucose levels in the 75-g 2-hour oral glucose tolerance test (OGTT), birth weight, and ponder 
index. RESULTS: The geometric mean of BPA was 1.32 mug/L. After adjustment for maternal age, education, husband smoking status, prepregnancy body mass index (BMI), and urinary creatinine concentration, plasma 
glucose at 2 hours in the 75-g OGTT was 0.36 mmol/L lower (95% confidence index [CI] = -0.73, 0.01) for women with urine BPA in the high versus the low tertile. For each unit increase in natural log-transformed BPA, 
the odds of GDM was reduced by 27% (odds ratio (OR) = 0.73; 95% CI = 0.56, 0.97), the birth weight decreased by 25.70 g (95% CI = -54.48, 3.07), and ponder index was decreased by 0.02 (100 g/cm) (95% CI = -0.03, 
0.00). CONCLUSIONS: Higher maternal urinary BPA concentrations were associated with reduced risk of GDM and marginally lower birth weight and ponder index.

Epidemiology.2017;28:S
41-S47

10.1097/EDE.0000000000000730 29028674 ヒト - - - - - - - 横断研究 1 1 - - - - - - - - - ● - - - - - - - -

統合_2903 Wang ZL et al. 2017
Urine bisphenol A and pubertal 
development in boys

BACKGROUND: Bisphenol A (BPA) is an environmental endocrine disruptor and is found in many consumer products. Animal studies suggest that BPA may perturb pubertal development in males, although studies in 
humans are limited. OBJECTIVE: This study investigated the association between BPA exposure and pubertal onset and progression among school-aged boys in Shanghai, China. METHODS: A total of 671 boys aged 9-18 
years from three schools (one elementary, one middle, and one high school) in Shanghai were enrolled in a cross-sectional study. Tanner stages for genital and pubic hair development and testicular volume were assessed 
by a specifically trained physician. Information concerning spermarche was self-reported. Urine samples were collected to examine peripubertal BPA exposure levels. Associations between BPA exposure and pubertal 
development, as indicated by the presence of different milestones in early puberty, mid-puberty and late puberty, were assessed using Poisson multivariate regression to derive adjusted prevalence ratios (PRs) and 95% 
confidence intervals (CIs). RESULTS: Earlier onset of genital and pubic hair development was observed in boys with moderate BPA exposure compared with those exposed to the least BPA; the adjusted PRs were 1.31 
(95%CI:1.03, 1.68) and 1.28 (95%CI:1.02, 1.60) for onset of genital maturation and pubic hair development, respectively. A similar trend was seen for onset of testicular development, although the association was not 
statistically significant. Conversely, compared with the lowest level of BPA exposure, moderate BPA exposure was associated with delayed presence of the late stage of genital development, with an adjusted PR of 0.78 
(95%CI: 0.65, 0.92). A suggestive inverse association was also observed between BPA exposure and late progression of testicular development. CONCLUSIONS: Our findings indicate an association between peripubertal 
BPA exposure and earlier pubertal onset, but delayed pubertal progression, in boys. Longitudinal studies of male pubertal development with periodic follow-up are needed to verify these results.

International Journal of 
Hygiene and 
Environmental 
Health.2017;220(1):43-
50

10.1016/j.ijheh.2016.10.004 27769633 ヒト - - - - - - - 横断研究 1 1 - - - - - - - - - ● - - - - - - - -

統合_2904 Yang CW et al. 2014

Visualized Gene Network Reveals 
the Novel Target Transcripts Sox2 
and Pax6 of Neuronal Development 
in Trans-Placental Exposure to 
Bisphenol A

BACKGROUND: Bisphenol A (BPA) is a ubiquitous endocrine disrupting chemical in our daily life, and its health effect in response to prenatal exposure is still controversial. Early-life BPA exposure may impact brain 
development and contribute to childhood neurological disorders. The aim of the present study was to investigate molecular target genes of neuronal development in trans-placental exposure to BPA. METHODOLOGY: A 
meta-analysis of three public microarray datasets was performed to screen for differentially expressed genes (DEGs) in exposure to BPA. The candidate genes of neuronal development were identified from gene ontology 
analysis in a reconstructed neuronal sub-network, and their gene expressions were determined using real-time PCR in 20 umbilical cord blood samples dichotomized into high and low BPA level groups upon the median 
16.8 nM. PRINCIPAL FINDINGS: Among 36 neuronal transcripts sorted from DAVID ontology clusters of 457 DEGs using the analysis of Bioconductor limma package, we found two neuronal genes, sex determining region 
Y-box 2 (Sox2) and paired box 6 (Pax6), had preferentially down-regulated expression (Bonferroni correction p-value <10(-4) and log2-transformed fold change </=-1.2) in response to BPA exposure. Fetal cord blood 
samples had the obviously attenuated gene expression of Sox2 and Pax6 in high BPA group referred to low BPA group. Visualized gene network of Cytoscape analysis showed that Sox2 and Pax6 which were contributed to 
neural precursor cell proliferation and neuronal differentiation might be down-regulated through sonic hedgehog (Shh), vascular endothelial growth factor A (VEGFA) and Notch signaling. CONCLUSIONS: These results 
indicated that trans-placental BPA exposure down-regulated gene expression of Sox2 and Pax6 potentially underlying the adverse effect on childhood neuronal development.

Plos One.2014;9(7):10 10.1371/journal.pone.0100576 25051057 ヒト - - - - - - - 遺伝⼦発現解析 1 1 - - - - - - - - - ● - - - - - - - -

統合_2905 Youssef MM et al. 2016

Cord blood bisphenol-A level in 
relation to gestational age and 
neonatal anthropometric 
measurements in a sample of 
Egyptian new borns

Background: Wide spread human exposure to bisphenol-A and evidence of developmental toxicity in experimental animals has raised significant public health concerns. Objective: To estimate levels of Bisphenol-A in cord 
blood samples of Egyptian newborns, correlating these levels with gestational age and neonatal anthropometric measurements. Subjects and methods: Eighty neonates were recruited randomly from public and private 
Gynecology and Obstetrics Hospitals. Their gestational age ranged from 31 to 39 weeks. Assessment of gestational age was performed in the delivery room. Neonatal anthropometric measurements were carried out 
within the first 24 hours and cord blood Bisphenol-A level was assayed using High Performance Liquid Chromatography (HPLC). Results: BPA was detected in all cord blood samples with levels ranged from 0.87 to 15.11 
ng/ml and median level was 5.06 ng/ml. Neonates with BPA level above the median level had lower gestational age, lower birth weight, length and head circumference when compared to neonates with BPA level below the 
median; the differences were statistically highly significant (p <0.001). BPA level showed highly significant negative correlations with gestational age and anthropometric measures in neonates with BPA level above the 
median. Conclusion: All neonates in this study were subjected to prenatal BPA exposure with varying grades. Adverse effects of BPA on fetal growth are dose-dependent and to some extent sex-dependent. High cord 
blood levels of BPA are negatively associated with gestational length and birth size. © International Journal of Pharmaceutical and Clinical Research. All rights reserved.

International Journal of 
Pharmaceutical and 
Clinical 
Research.2016;8(6):589
-595

- - ヒト - - - - - - - 横断研究 1 1 - - - - - - - - - ● - - - - - - - -

統合_2906 Kishi R et al. 2017

The Hokkaido Birth Cohort Study on 
Environment and Children's Health: 
cohort profile: updated 2017 (環境と
⼦どもの健康に関する北海道出⽣コ
ホート研究 2017年最新版のコホー
トプロファイル)(英語)

The Hokkaido Study on Environment and Children's Health is an ongoing study consisting of two birth cohorts of different population sizes: the Sapporo cohort and the Hokkaido cohort. Our primary study goals are (1) to 
examine the effects of low-level environmental chemical exposures on birth outcomes, including birth defects and growth retardation; (2) to follow the development of allergies, infectious diseases, and neurobehavioral 
developmental disorders and perform a longitudinal observation of child development; (3) to identify high-risk groups based on genetic susceptibility to environmental chemicals; and (4) to identify the additive effects of 
various chemicals, including tobacco smoking. The purpose of this report is to update the progress of the Hokkaido Study, to summarize the recent results, and to suggest future directions. In particular, this report 
provides the basic characteristics of the cohort populations, discusses the population remaining in the cohorts and those who were lost to follow-up at birth, and introduces the newly added follow-up studies and case-
cohort study design. In the Sapporo cohort of 514 enrolled pregnant women, various specimens, including maternal and cord blood, maternal hair, and breast milk, were collected for the assessment of exposures to 
dioxins, polychlorinated biphenyls, organochlorine pesticides, perfluoroalkyl substances, phthalates, bisphenol A, and methylmercury. As follow-ups, face-to-face neurobehavioral developmental tests were conducted at 
several different ages. In the Hokkaido cohort of 20,926 enrolled pregnant women, the prevalence of complicated pregnancies and birth outcomes, such as miscarriage, stillbirth, low birth weight, preterm birth, and small 
for gestational age were examined. The levels of exposure to environmental chemicals were relatively low in these study populations compared to those reported previously. We also studied environmental chemical 
exposure in association with health outcomes, including birth size, neonatal hormone levels, neurobehavioral development, asthma, allergies, and infectious diseases. In addition, genetic and epigenetic analyses were 
conducted. The results of this study demonstrate the effects of environmental chemical exposures on genetically susceptible populations and on DNA methylation. Further study and continuous follow-up are necessary to 
elucidate the combined effects of chemical exposure on health outcomes.

Environ Health Prev 
Med. 2017 May 
18;22(1):46.

10.1186/s12199-017-0654-3 29165157 ヒト ⽣殖発⽣ - - - - - - コホート研究 1 1 - - - 1 1 1 - - - - - - - - - - - -

統合_2907 Bhandari R et al. 2013
Urinary bisphenol A and obesity in 
U.S. children.

Childhood obesity, a major public health problem, can lead to cardiovascular disease in adulthood. Studies have implicated exposure to bisphenol A (BPA), a commonly used chemical, in the development of obesity in 
adults. However, literature is limited on this association in children. We examined the association between urinary BPA and obesity in children aged 6‒18 years from the National Health and Nutrition Examination Survey 
(2003‒ 2008). The primary exposure was urinary BPA and the outcome was obesity, defined as the ≥95th percentile of body mass index specific for age and sex. We found a positive association between increasing levels 
of urinary BPA and obesity, independent of age, sex, race/ethnicity, education, physical activity, serum cotinine, and urinary creatinine. Compared with children in the lowest quartile of BPA (<1.5 ng/mL), children in the 
highest quartile (>5.4 ng/mL) had a multivariable odds ratio for obesity of 2.55 (95% confidence interval (CI): 1.65, 3.95) (Ptrend < 0.01). The observed positive association was predominantly present in boys (odds ratio = 
3.80, 95% CI: 2.25, 6.43) (Ptrend < 0.001) and in non-Hispanic whites (odds ratio = 5.87, 95% CI: 2.15, 16.05) (Ptrend < 0.01). In a representative sample of children, urinary BPA was associated with obesity, predominantly 
in non-Hispanic white boys, independent of major risk factors. bisphenol A; body mass index; children; NHANES; obesity

Am J Epidemiol. 2013, 
177(11):1263-70.

10.1093/aje/kws391 23558351 ヒト - - - - - - - 横断研究 1 1 - - - - - - - - - - - ● - - - - - -

統合_2908 Ehrlich S et al. 2014
Handling of thermal receipts as a 
source of exposure to bisphenol A.

Human exposure to bisphenol A (BPA) has been associated with adverse health outcomes, including reproductive function in adults1 and neurodevelopment in children exposed perinatally.2 Exposure to BPA is primarily 
through dietary ingestion, including consumption of canned foods.3 A lessstudied source of exposure is thermal receipt paper,4 handled daily by many people at supermarkets, ATM machines, gas stations, and other 
settings. We hypothesized that handling of thermal receipts significantly increases BPA exposure, but use of gloves during handling minimizes exposure.

JAMA, 311, 859-860 10.1001/jama.2013.283735 24570250 ヒト - - - - - - - バイオモニタリング 1 1 - - - - - - - - - - - - - - - - - -

統合_2909 Caserta D et al. 2013
The influence of endocrine 
disruptors in a selected population 
of infertile women

Several studies report that endocrine disrupting chemicals (EDC) able to interfere with endocrine homeostasis may affect women's reproductive health. We analyzed EDC serum levels and nuclear receptors (NRs) 
expression in order to have an indication of the internal dose of biologically active compounds and a measurement of indicators of their effects, as a result of the repeated uptake from environmental source. The 
percentage of patients with detectable bisphenol A (BPA) concentrations was significantly higher in the infertile patients compared with fertile subjects. No significant difference was found between the groups with 
regard to perfluorooctane sulfonate (PFOS), perfluorooctanoic acid (PFOA), mono-ethylhexyl phthalate (MEHP) and di-(2-ethylhexyl) phthalate (DEHP) concentrations. Among infertile women, the mean expression of 
estrogen receptor alpha (ERalpha) and beta (Erbeta), androgen receptor (AR) and pregnane X receptor (PXR) was significantly higher than fertile patients. The mean expression of aryl hydrocarbon receptor (AhR) and 
peroxisome proliferator-activated receptor gamma (PPARgamma) did not show significant differences between two groups. Patients with endometriosis had higher levels of PPARgamma than all women with other causes 
of infertility. This study led further support to EDC exposure as a risk factor for women's fertility.

Gynecol Endocrinol. 
2013 May;29(5):444-7.

10.3109/09513590.2012.758702 23347089 ヒト ⽣殖発⽣ - - - - - - 横断研究 1 1 - - - 1 1 1 - - - - - - - - - - - -

統合_2910 Sathyanarayana S et al. 2013
Unexpected results in a randomized 
dietary trial to reduce phthalate and 
bisphenol A exposures

Diet is a primary source of exposure for high-molecular-weight phthalates and bisphenol A (BPA), but little is known about the efficacy of various interventions to reduce exposures. We conducted a randomized trial with 
10 families to test the efficacy of a 5-day complete dietary replacement (Arm 1; n=21) versus written recommendations to reduce phthalate and BPA exposures (Arm 2; n=19). We measured phthalate and BPA 
concentrations in urine samples at baseline, intervention, and post-intervention periods. We used Wilcoxon paired signed-rank tests to assess change in concentrations across time and multi-level mixed effects 
regression models to assess differences between Arms 1 and 2. Urinary di(2-ethylhexyl) phthalate (DEHP) metabolite concentrations increased unexpectedly from a median of 283.7 nmol/g at baseline to 7027.5 nmol/g 
during the intervention (P<0.0001) among Arm 1 participants, and no significant changes were observed for Arm 2 participants. We observed a statistically significant increase in total BPA concentration between baseline 
and intervention periods in Arm 1 but no significant changes in Arm 2. Arm 1 food ingredient testing for DEHP revealed concentrations of 21,400 ng/g in ground coriander and 673 ng/g in milk. Food contamination with 
DEHP led to unexpected increases in urinary phthalate concentrations in a trial intended to minimize exposure. In the absence of regulation to reduce phthalate and BPA concentrations in food production, it may be 
difficult to develop effective interventions that are feasible in the general population. An estimate of DEHP daily intake for children in the dietary replacement Arm was above the US Environmental Protection Agency oral 
reference dose and the European Food Safety Authority's tolerable daily intake, suggesting that food contamination can be a major source of DEHP exposure.

J Expo Sci Environ 
Epidemiol. 2013, 
23(4):378-84.

10.1038/jes.2013.9 23443238 ヒト - - - - - - - バイオモニタリング 1 1 - - - - - - - - - - - ● - - - - - -

統合_2911 Gerona RR et al. 2013

Bisphenol-A (BPA), BPA 
glucuronide, and BPA sulfate in 
midgestation umbilical cord serum in 
a northern and central California 
population

Bisphenol-A (BPA) is an endocrine disrupting chemical used in numerous consumer products, resulting in universal exposure in the United States. Prenatal exposure to BPA is associated with numerous reproductive and 
developmental effects in animals. However, little is known about human fetal exposure or metabolism of BPA during midgestation. In the present study, we present a new liquid chromatography-tandem mass spectrometry 
method to directly measure concentrations of BPA and two predominant metabolic conjugates-BPA glucuronide and BPA sulfate-in umbilical cord serum collected from elective second trimester pregnancy terminations. 
We detected at least one form of BPA in all umbilical cord serum samples: BPA (GM 0.16, range <LOD-52.26 ng/mL), BPA glucuronide (GM 0.14, range <LOD-5.41 ng/mL) and BPA sulfate (GM 0.32, range <LOD-12.65 
ng/mL). Levels of BPA ranged from less than 1/100th to over 400 times higher than levels of BPA in conjugated form. Although levels of BPA in conjugated form exceeded BPA levels in about 3/4 of the samples, BPA levels 
were higher in samples with total BPA above the median. Our findings suggest universal fetal exposure to BPA in our study population, with some at relatively high levels, and we provide the first evidence of detectable 
BPA sulfate in midgestation fetuses.

Environmental science 
& 
technology.2013;47(21):
12477-85

10.1021/es402764d 23941471 ヒト - - - - - - - 横断研究 1 1 - - - - - - - - - - - ● - - - - - -

統合_2912 Yang X et al. 2015

Development of a physiologically 
based pharmacokinetic model for 
assessment of human exposure to 
bisphenol A

A previously developed physiologically based pharmacokinetic (PBPK) model for bisphenol A (BPA) in adult rhesus monkeys was modified to characterize the pharmacokinetics of BPA and its phase II conjugates in adult 
humans following oral ingestion. Coupled with in vitro studies on BPA metabolism in the liver and the small intestine, the PBPK model was parameterized using oral pharmacokinetic data with deuterated-BPA (d6-BPA) 
delivered in cookies to adult humans after overnight fasting. The availability of the serum concentration time course of unconjugated d6-BPA offered direct empirical evidence for the calibration of BPA model parameters. 
The recalibrated PBPK adult human model for BPA was then evaluated against published human pharmacokinetic studies with BPA. A hypothesis of decreased oral uptake was needed to account for the reduced peak 
levels observed in adult humans, where d6-BPA was delivered in soup and food was provided prior to BPA ingestion, suggesting the potential impact of dosing vehicles and/or fasting on BPA disposition. With the 
incorporation of Monte Carlo analysis, the recalibrated adult human model was used to address the inter-individual variability in the internal dose metrics of BPA for the U.S. general population. Model-predicted peak BPA 
serum levels were in the range of pM, with 95% of human variability falling within an order of magnitude. This recalibrated PBPK model for BPA in adult humans provides a scientific basis for assessing human exposure to 
BPA that can serve to minimize uncertainties incurred during extrapolations across doses and species.

Toxicology and applied 
pharmacology.2015;289(
3):442-56

10.1016/j.taap.2015.10.016 26522835 ヒト - - - - - - - PBPKモデル 1 1 - - - - - - - - - ● - - - - - - - -

統合_2913 Thayer KA et al. 2015
Pharmacokinetics of bisphenol A in 
humans following a single oral 
administration

BACKGROUND: Human exposures to bisphenol A (BPA) are widespread. The current study addresses uncertainties regarding human pharmacokinetics of BPA. OBJECTIVE: To reduce uncertainties about the metabolism 
and excretion of BPA in humans following oral administration. METHODS: We exposed six men and eight women to 100 mug/kg bw of deuterated BPA (d6-BPA) by oral administration and conducted blood and urine 
analysis over a three day period. The use of d6-BPA allowed administered d6-BPA to be distinguished from background native (unlabeled) BPA. We calculated the rate of oral absorption, serum elimination, half-life, area 
under the curve (AUC), urinary excretion, and metabolism to glucuronide and sulfate conjugates. RESULTS: Mean serum total (unconjugated and conjugated) d6-BPA Cmax of 1711 nM (390 ng/ml) was observed at Tmax 
of 1.1 +/- 0.50h. Unconjugated d6-BPA appeared in serum within 5-20 min of dosing with a mean Cmax of 6.5 nM (1.5 ng/ml) observed at Tmax of 1.3 +/- 0.52 h. Detectable blood levels of unconjugated or total d6-BPA 
were observed at 48 h in some subjects at concentrations near the LOD (0.001-0.002 ng/ml). The half-times for terminal elimination of total d6-BPA and unconjugated d6-BPA were 6.4 +/- 2.0 h and 6.2 +/- 2.6h, 
respectively. Recovery of total administered d6-BPA in urine was 84-109%. Most subjects (10 of 14) excreted >90% as metabolites within 24h. CONCLUSIONS: Using more sensitive methods, our study expands the 
findings of other human oral pharmacokinetic studies. Conjugation reactions are rapid and nearly complete with unconjugated BPA comprising less than 1% of the total d6-BPA in blood at all times. Elimination of 
conjugates into urine largely occurs within 24h.

Environment 
international.2015;83:10
7-15
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統合_2914 清野 みき ら 2013
【薬疹・薬物障害】 ビスフェノールA
取扱業従事者に⽣じた⽩斑の2例

要約Bisphenol A(以下BPA) はフェノール化合物の⼀種である。BPA 取扱業従事者2名の露出部に⽩斑を⽣じた例を経験した。症例1:51歳,男性。BPA 取扱歴12カ⽉より、後頸部、⼿関節近くの前腕屈側に脱⾊素斑を⽣じた。
マキサカルシトール軟膏外⽤とともに、BPA 取扱業から離脱 (累計取扱歴17ヵ⽉), ⽩斑は縮⼩した。症例2:54歳、男性(症例1の同僚)。BPA取扱歴 21ヵ⽉より前頸部、⼿関節近くの前腕屈側に脱⾊素斑を⽣じた。マキサカル
シトール軟膏外⽤とともに、BPA 取扱業から離脱 (累計取扱歴43ヵ⽉),⽩斑はやや縮⼩した。BPA 取扱業従事者に⽩斑を⽣じた例は、渉猟した限り報告がない。Key words: フェノール化合物,⽩斑、ビスフェノール A

⽪膚科の臨床(0018-
1404)55巻2号 Page159-
163(2013.02)
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統合_2915 Heffernan AL et al. 2013

Age-related trends in urinary 
excretion of bisphenol A in 
Australian children and adults: 
evidence from a pooled sample 
study using samples of convenience

Bisphenol A (BPA or 4,4'-(propane-2,2-diyl)diphenol) is a chemical intermediate in the production of polycarbonate and epoxy resins, and is used in a wide range of applications. BPA has attracted significant attention in 
the past decade due to its frequency of detection in human populations worldwide, and has demonstrated animal toxicity and potential impact on human health, particularly during critical periods of development. The aim 
of this study was to perform a preliminary assessment of age-related trends in urinary concentration and to estimate daily excretion of BPA in Australian children (aged >0 to <5 yr) and adults (>/=15 to <75 yr). This was 
achieved using 79 samples pooled by age and gender, created from 868 individual samples of convenience collected as part of routine, community-based pathology testing. Total BPA was analyzed using online solid phase 
extraction (SPE)-liquid chromatography tandem mass spectrometry (LC-MS/MS) and detected in all samples with a range of 0.65-265 ng/ml. No significant differences were observed between males and females. A urine 
flow model was constructed from published values and was used to provide an estimate of daily excretion per unit body weight for each pooled sample. The daily excretion estimates ranged from 26.2 to 18,200 ng/kg-d for 
children, and from 20.1 to 165 ng/kg-d for adults. Urinary concentrations and estimated excretion rates were inversely associated with age, and estimated daily excretion in infants and young children was significantly 
higher than in adults (geometric mean: 107 and 47.0 ng/kg-d, respectively). Higher excretion of BPA in children may be explained by their higher food consumption relative to body weight compared to adults and 
adolescents, and may also reflect alternative exposure pathways and sources.

Journal of toxicology 
and environmental 
health. Part 
A.2013;76(18):1039-55
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統合_2916 Galloway TS et al. 2018

An engaged research study to 
assess the effect of a 'real-world' 
dietary intervention on urinary 
bisphenol A (BPA) levels in 
teenagers

OBJECTIVE: Bisphenol A (BPA) has been associated with adverse human health outcomes and exposure to this compound is near-ubiquitous in the Western world. We aimed to examine whether self-moderation of BPA 
exposure is possible by altering diet in a real-world setting. DESIGN: An Engaged Research dietary intervention study designed, implemented and analysed by healthy teenagers from six schools and undertaken in their 
own homes. PARTICIPANTS: A total of 94 students aged between 17 and 19 years from schools in the South West of the UK provided diet diaries and urine samples for analysis. INTERVENTION: Researcher participants 
designed a set of literature-informed guidelines for the reduction of dietary BPA to be followed for 7 days. MAIN OUTCOME MEASURES: Creatinine-adjusted urinary BPA levels were taken before and after the 
intervention. Information on packaging and food/drink ingested was used to calculate a BPA risk score for anticipated exposure. A qualitative analysis was carried out to identify themes addressing long-term 
sustainability of the diet. RESULTS: BPA was detected in urine of 86% of participants at baseline at a median value of 1.22 ng/mL (IQR 1.99). No effect of the intervention diet on BPA levels was identified overall (P=0.25), 
but there was a positive association in those participants who showed a drop in urinary BPA concentration postintervention and their initial BPA level (P=0.003). Qualitative analysis identified themes around feelings of 
lifestyle restriction and the inadequacy of current labelling practices. CONCLUSIONS: We found no evidence in this self-administered intervention study that it was possible to moderate BPA exposure by diet in a real-
world setting. Furthermore, our study participants indicated that they would be unlikely to sustain such a diet long term, due to the difficulty in identifying BPA-free foods.

BMJ 
open.2018;8(2):e018742

10.1136/bmjopen-2017-018742 29431133 ヒト - - - - - - - バイオモニタリング 1 1 - - - - - - - - - - - - - - - - - -

統合_2917 Ihde ES et al. 2015
Association of environmental 
chemicals & estrogen metabolites in 
children

BACKGROUND: The prevalence of pediatric hormonal disorders and hormonally-sensitive cancers are rising. Chemicals including bisphenol A (BPA), phthalates, parabens, 4-nonylphenol (4NP) and triclosan have been 
linked to disruption of endocrine pathways and altered hormonal status in both animal and human studies. Additionally, changes in estrogen metabolism have been associated with pediatric endocrine disorders and linked 
to estrogen-dependent cancers. The main objective of the study was to measure the presence of these environmental chemicals in prepubescent children and assess the relationship between chemical metabolites and 
estrogen metabolism. METHODS: 50 subjects (25 male, 25 female) were recruited from the principal investigator's existing patient population at his pediatric primary care office. The first 5 boys and 5 girls in each age 
group (4 through 8 years old inclusive) who presented for annual examinations were included, as long as they were Tanner Stage I (prepubertal) on physical exam, without diagnosis of hormonally-related condition and/or 
cancer and able to give a urine sample. Urine samples were collected in glass containers for analysis of chemical and estrogen metabolites. Study kits and lab analysis were provided by Genova Diagnostics (Duluth, GA). 
Summary statistics for the concentrations of each chemical metabolite as well as estrogen metabolites were computed (minimum, maximum, median and inter-quartile range) for males only, for females only and for all 
subjects. Comparisons between groups (e.g. males v. females) were assessed using the nonparametric Wilcoxon test, since the data was skewed. The correlation between concentrations of chemical metabolites and 
estrogen metabolites in prepubescent children were examined by the Spearman's correlation coefficient (rho). RESULTS: 100 % of subjects had detectable levels of at least five chemicals [corrected] in their urine, and 74 
% had detectable levels of eight or more chemicals. 28 % of subjects had measurable levels of 4NP. No associations were found between the urine levels of chemicals and estrogen metabolites. CONCLUSIONS: 
Endocrine disrupting environmental chemicals were detected in all children in the study, with measurable levels of 4NP in nearly 1/3 of subjects. This is the first known published study of 4NP levels in American children. 
No associations were found between the urine levels of chemicals tested and estrogen metabolites. The presence of multiple chemicals in a majority of children's urine coupled with increasing prevalence of pediatric 
hormonal disorders warrants further research to elucidate potential causal mechanisms in pre- and post-pubertal children.

BMC endocrine 
disorders.2015;15:83

10.1186/s12902-015-0079-1 26680775 ヒト - - - - - - - 横断研究 1 1 - - - - - - - - - - - - - - - - - -

統合_2918 Duan Y et al. 2018

Association of urinary 
concentrations of bisphenols with 
type 2 diabetes mellitus: A case-
control study

Bisphenols, as synthetic chemicals, have been widely detected in environmental and human samples. Epidemiological studies have reported relationships between bisphenol A (BPA) and type 2 diabetes mellitus (T2DM), 
but results are inconsistent. Additionally, the associations between other bisphenols (i.e., the substitutes of BPA) with T2DM have been scarcely reported. A case-control study was conducted to examine the 
associations of urinary bisphenols with T2DM by investigating 8 bisphenols in urine samples of 251 T2DM cases and 251 controls and using different statistic models. Urinary bisphenol AF (BPAF) and bisphenol S (BPS) 
concentrations were significantly positively associated with T2DM in the log-transformed statistical models and adjusted odd ratios (ORs) were separately 4.95 [95% confidence interval (CI): 3.15, 7.79] and 1.73 (95% CI: 
1.37, 2.18), which was consistent with the results in categorical models (OR = 2.03; 95% CI: 1.31, 3.15; p = 0.001 for BPAF; OR = 3.83; 95% CI: 2.37, 6.20; p < 0.001 for BPS). In addition, in the categorical models, elevated 
odds of T2DM were observed in the second BPA quartile (OR = 2.58; 95% CI: 1.38, 4.80) and the third quartile (OR = 1.89; 95% CI: 1.03, 3.46), but not in the fourth quartile, which reflected a nonlinear association between 
urinary BPA and T2DM. Similarly, only significant positive association with T2DM was found in the second quartile of the sum of bisphenols (OR = 2.07; 95% CI: 1.12, 3.82). In the sensitivity analyses, the associations of 
bisphenols with T2DM remained consistent except for BPAF in the categorical model. Our study suggested that several urinary bisphenols were positively associated with T2DM.

Environ Pollut. 2018 
Dec;243(Pt B):1719-
1726.

10.1016/j.envpol.2018.09.093 30408859 ヒト 代謝 - - - - - - 横断研究 1 1 - - - 1 1 1 - - - - - - - - - - - -

統合_2919 Ejaredar M et al. 2017
Bisphenol A exposure and children's 
behavior: A systematic review

Bisphenol A (BPA) is an endocrine disrupting chemical used to synthesize polycarbonate plastics and epoxy resins. Previous research suggests that exposure to it can alter children's behavior. The objective of this study is 
to conduct a systematic review of the existing literature, examining associations between prenatal and childhood BPA exposure and behavior in children up to 12 years of age. We searched electronic bibliographic 
databases (MEDLINE, PubMed, EMBASE, PsycINFO, CINAHL, and ERIC), reference lists of included articles, and conference abstracts (American Psychiatric Association, American Academy of Neurology, Pediatric 
Academic Societies, and International Society of Environmental Epidemiology). We included original studies reporting on the association between prenatal and childhood BPA exposure that measured BPA metabolites in 
urine and children's behavioral outcomes. From 2811 citations, 11 articles met our inclusion criteria. Descriptive analyses indicated that prenatal exposure to maternal BPA concentrations were related to higher levels of 
anxiety, depression, aggression, and hyperactivity in children. BPA exposure in childhood was associated with higher levels of anxiety, depression, hyperactivity, inattention, and conduct problems. Limited observational 
evidence suggests an association between both prenatal and childhood exposure to BPA and adverse behavioral outcomes in children. Prospective cohort studies are needed to clarify these associations.

Journal of exposure 
science & 
environmental 
epidemiology.2017;27(2
):175-183

10.1038/jes.2016.8 26956939 ヒト - - - - - - - メタアナリシス 1 1 - - - - - - - - - - - - - - - - - -

統合_2920 Li L et al. 2019
Bisphenol A exposure and risk of 
thyroid nodules in Chinese women: 
A case-control study

BACKGROUND: Thyroid nodules (TNs) are highly prevalent worldwide and have a pattern of female predominance. Bisphenol A (BPA) is an endocrine disruptor that can lead to adverse effects in human health. However, 
epidemiologic studies revealing the association between BPA exposure and TNs are limited and the results are inconsistent. We aimed to examine the association between urinary BPA and TNs in women who are more 
susceptible to TNs. METHODS: We conducted a case-control study with 1416 women aged 18years or older (705 cases, 711 controls). All participants underwent thyroid ultrasonography. Urinary total BPA (free and 
conjugated) concentration was quantified using the HPLC-MS/MS. We analyzed the association between urinary BPA concentration and the risk of TNs using crude and multivariable logistic regression models. 
Participants were further stratified into thyroid autoantibody positive group (at least one positive) and thyroid autoantibody negative group (both negative) according to the thyroglobulin antibody (TGAb) and thyroid 
peroxidase antibody (TPOAb) levels, and restricted cubic spline regression was also applied to determine the possible nonlinear relationship between urinary BPA and TNs. RESULTS: Compared with women in the first 
quartile, the odds of TNs was 72% (adjusted OR=1.72, 95% CI: 1.25 to 2.35) higher for those in the second quartile, 54% (adjusted OR=1.54, 95% CI: 1.12 to 2.12) higher for those in the third quartile, and 108% (adjusted 
OR=2.08, 95% CI: 1.50 to 2.90) higher for those in the fourth quartile after adjusting for age, BMI, education, HDL-C, LDL-C, triglyceride, total cholesterol, urinary iodine, TGAb and TPOAb. When the study population was 
stratified into thyroid autoantibody positive group and thyroid autoantibody negative group, we found that only in the positive group, the association was significant in model 1 (crude OR=2.80; 95% CI=1.90 to 4.12), model 
2 (adjusted OR=2.84; 95% CI=1.91 to 4.22), model 3 (adjusted OR=4.01; 95% CI=2.57 to 6.27) and model 4 (adjusted OR=3.71; 95% CI=2.36 to 5.83). Multivariable-adjusted restricted cubic spline analysis demonstrated a 
similar result that in the thyroid autoantibody positive group, the association between urinary BPA and TNs risk was near linear (P-overall <0.001; P-non-linear=0.054). CONCLUSION: In Chinese women, higher urinary 
BPA concentration was associated with increased risk of TNs only in those with positive thyroid autoantibodies. Moreover, this association was near linear, indicating that any rise in BPA exposure was associated with 
elevated TNs risk.

Environ Int. 2019 
May:126:321-328.

10.1016/j.envint.2019.02.026 30825751 ヒト 甲状腺 - - - - - - 症例対照研究 1 1 - - - 1 1 1 - - - - - - - - - - - -

統合_2921 Kawamoto T et al. 2015
Comparison of IgG against plastic 
resin in workers with and without 
chemical dermatitis

BACKGROUND: There are many chemical sensitizers which cause allergy in the surrounding environment. However, the identification of substances causing allergy is difficult. We developed a new method to detect IgG 
which reacts against many kinds of chemical-human serum albumin (HSA) adducts at the same time. In this study, the diagnostic significance of the IgG was studied among workers of a company where a mass outbreak 
of chemical dermatitis had occurred after changing a plastic resin to a new one. METHODS: Eleven workers who handled the new plastic resin and suffered from dermatitis (case) and 9 workers who also handled the 
same resin in the same company but were free from dermatitis (control) were the subjects. Immunological dot blotting was carried out to detect serum IgG using originally prepared diagnostic antigens, comprising a 
mixture of HSA and the plastic resin or its components under various conditions. RESULTS: IgG against the plastic resin in use was detected in all workers who suffered from dermatitis. The prevalence of the IgG against 
the plastic resin was significantly higher in workers with than in those without dermatitis. On the other hand, IgG against its components (bisphenol A diglycidyl ether, m-xylylenediamine and butyl 2,3-epoxypropyl ether) 
was detected in a few workers with dermatitis. DISCUSSION: This suggests that IgG against chemical-HSA adduct reflects not only exposure but also causative chemicals of dermatitis. Our method to use a material 
itself as a hapten is practical and useful in the occupational field. CONCLUSION: It is suggested that IgG against chemicals is a useful marker of chemicals inducing dermatitis.

BMC Public Health. 
2015 Sep 21:15:930.

10.1186/s12889-015-2302-4 26390923 ヒト ⽪膚 - - - - - - 症例対照研究 1 1 - - - 1 1 1 - - - - - - - - - - - -

統合_2922 Kim S et al. 2017

Considering common sources of 
exposure in association studies - 
Urinary benzophenone-3 and DEHP 
metabolites are associated with 
altered thyroid hormone balance in 
the NHANES 2007-2008

Epidemiological studies have shown that thyroid hormone balances can be disrupted by chemical exposure. However, many association studies have often failed to consider multiple chemicals with possible common 
sources of exposure, rendering their conclusions less reliable.
In the 2007-2008 National Health and Nutrition Examination Survey (NHANES) from the U.S.A., urinary levels of environmental phenols, parabens, and phthalate metabolites as well as serum thyroid hormones were 
measured in a general U.S. population (≥ 12 years old, n = 1829). Employing these data, first, the chemicals or their metabolites associated with thyroid hormone measures were identified. Then, the 
chemicals/metabolites with possible common exposure sources were included in the analytical model to test the sensitivities of their association with thyroid hormone levels.
Benzophenone-3 (BP-3), bisphenol A (BPA), and a metabolite of di(2-ethylhexyl) phthalate (DEHP) were identified as significant determinants of decreased serum thyroid hormones. However, significant positive 
correlations were detected (p-value < 0.05, r = 0.23 to 0.45) between these chemicals/metabolites, which suggests that they might share similar exposure sources. In the subsequent sensitivity analysis, which included 
the chemicals/metabolite with potentially similar exposure sources in the model, we found that urinary BP-3 and DEHP exposure were associated with decreased thyroid hormones among the general population but BPA 
ex-posure was not. In association studies, the presence of possible common exposure sources should be considered to circumvent possible false-positive conclusions.

Environment 
international.2017;107:2
5-32

10.1016/j.envint.2017.06.013 28651165 ヒト - - - - - - - 横断研究 1 1 - - - - - - - - - - - - - - - - - -

統合_2923 Trachtenberg FL et al. 2014
Dental composite materials and 
renal function in children

OBJECTIVE: To examine whether greater exposure to resin-based composite materials, which may intra-orally release bisphenol A (BPA), is associated with worse renal function outcomes in children. DESIGN: 
Prospective multi-centre study. SETTING: Community health dental clinics in Boston and Maine from 1997-2005.Subjects and methods Five hundred and thirty-four New England Children's Amalgam Trial participants 
aged six to ten years were randomised to treatment with amalgam or resin-based composite restorations over five years of follow-up. INTERVENTIONS: Restorations were placed according to treatment arm, and sealants 
placed per standard of care. Cumulative composite exposure was calculated using surface-years (each treated surface weighted by number years present). MAIN OUTCOME MEASURES: Urinary excretion of albumin, 
gamma-glutamyl transpeptidase (gamma-GT), and N-acetyl-beta-D-glucosaminidase (NAG) were available for 417 children. RESULTS: Analysis of covariance showed no association between exposure to dental 
composites, polyacid-modified compomer, or flowable composite dental sealants and preventative resin restorations with levels of renal function. There was no association between composite materials and thresholds 
indicating renal damage in logistic regression models. CONCLUSIONS: This study found no harmful associations between dental composite materials and renal function in children. Therefore, concerns about renal 
function need not be a consideration in the choice of dental restoration material or placement of preventative dental sealants.

Br Dent J. 2014 
Jan;216(2):E4.

10.1038/sj.bdj.2014.36 24457893 ヒト 腎 - - - - - - コホート研究 1 1 - - - 1 1 1 - - - - - - - - - - - -

統合_2924 Trasande L et al. 2014
Dietary phthalates and low-grade 
albuminuria in US children and 
adolescents

BACKGROUND: Low-grade albuminuria is an indicator of endothelial dysfunction and is associated with an increased risk of cardiovascular disease. A graded level of exposure to bisphenol A was recently identified to be 
associated with increased risk of low-grade albuminuria in children and adults. Because bisphenol A and phthalates coexist as dietary contaminants, this study investigated whether exposure to phthalates is also 
associated with low-grade albuminuria. DESIGN, SETTING, PARTICIPANTS, & MEASUREMENTS: Data were examined from 667 children who participated in the 2009-2010 National Health and Nutrition Examination 
Survey and who had results for urinary phthalate metabolites and albumin excretion. Urinary albumin and creatinine concentrations were measured in a first morning specimen using a solid-phase fluorescent 
immunoassay and a Roche/Hitachi Modular P Chemistry Analyzer with an enzymatic method, respectively. Phthalate metabolites were analyzed in a separate spot urine sample from each participant, using high-
performance liquid chromatography and tandem mass spectroscopy. RESULTS: For each (roughly) 3-fold increase in metabolites of di-2-ethylhexylphthalate (a high molecular weight phthalate commonly found in foods), a 
0.55 mg/g increase in albumin/creatinine ratio (ACR) was identified (P=0.02), whereas a 1.30-fold odds of a higher ACR quartile was also identified for each (roughly) 3-fold increase (P=0.02). Higher ACR was not 
identified in relationship to metabolites of lower molecular phthalates commonly found in lotions or shampoos, suggesting specificity. CONCLUSIONS: Although reverse causation and unmeasured confounders represent 
alternative explanations, these findings, in conjunction with our earlier data on bisphenol A, indicate that a wide array of environmental toxins may adversely affect albuminuria and potentially increase the risk of 
cardiovascular disease. In view of the potential long-term health implications of ongoing exposure in this vulnerable subpopulation, our data support both further study and renewed regulatory efforts to limit exposure 
during childhood.

Clinical journal of the 
American Society of 
Nephrology : 
CJASN.2014;9(1):100-9

10.2215/CJN.04570413 24178978 ヒト - - - - - - - 横断研究 1 1 - - - - - - - - - - - - - - - - - -

統合_2925 Rouiller-Fabre V et al. 2014
Effects of endocrine disruptors on 
the human fetal testis

The modern societies are exposing us to a huge variety of potentially harmful pollutants. Among these endocrine disruptors (EDs) have been especially scrutinized as several were proven to display reprotoxic effects in 
rodent models. In the context of high and growing concerns about the reprotoxicity of EDs, it is crucial to carry out studies in order to assess their impact on the human reproductive function. However, such evidence 
remains scarce. The fetal period is critical for the proper development of the testis and is known as a period of high sensitivity to many EDs. Our team has shown in 2009 that a phthalate, mono-(2-ethylhexyl) phthalate 
(MEHP), has a potential deleterious effect on the development of human male germ cells. This result was the first direct experimental proof of the toxic effect of an ED in human testis. More recently, we also reported 
that bisphenol A (BPA) impaired testosterone production in the human fetal testis. Here, we will summarize the known effects of EDs on the various cell types composing the human developing testis and discuss their 
relevancy to propose future directions.

Annales 
d'endocrinologie.2014;7
5(2):54-7

10.1016/j.ando.2014.03.010 24793993 ヒト - - - - - - - 総説 1 1 - - - - - - - - - - - - - - - - - -

統合_2926 Vitku J et al. 2018
Endocrine disruptors of the 
bisphenol and paraben families and 
bone metabolism

After menopause, when estrogen levels decrease, there is room for the activity of anthropogenic substances with estrogenic properties - endocrine disruptors (EDs) - that can interfere with bone remodeling and changes 
in calcium-phosphate metabolism. Selected unconjugated EDs of the bisphenol group - BPA, BPS, BPF, BPAF, and the paraben family - methyl-, ethyl-, propyl-, butyl-, and benzyl-parabens - were measured by high 
performance liquid chromatography-tandem mass spectrometry in the plasma of 24 postmenopausal women. Parameters of calcium-phosphate metabolism and bone mineral density were assessed. Osteoporosis was 
classified in 14 women, and 10 women were put into the control group. The impact of EDs on calcium-phosphate metabolism was evaluated by multiple linear regressions. In women with osteoporosis, concentrations of 
BPA ranged from the lower limit of quantification (LLOQ) - 104 pg/ml and methyl paraben (MP) from LLOQ - 1120 pg/ml. The alternative bisphenols BPS, BPF and BPAF were all under the LLOQ. Except for MP, no further 
parabens were detected in the majority of samples. The multiple linear regression model found a positive association of BPA (beta=0.07, p<0.05) on calcium (Ca) concentrations. Furthermore, MP (beta=-0.232, p<0.05) 
was negatively associated with C-terminal telopeptide. These preliminary results suggest that these EDs may have effects on calcium-phosphate metabolism.

Physiol Res. 2018 Nov 
28;67(Suppl 3):S455-
S464.

10.33549/physiolres.934005 30484672 ヒト その他(Ca) - - - - - - 症例対照研究 1 1 - - - 1 1 1 - - - - - - - - - - - -
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統合_2927 Zheng LY et al. 2017
Environmental exposures and 
pediatric kidney function and 
disease: A systematic review

BACKGROUND: Environmental chemical exposures have been implicated in pediatric kidney disease. No appraisal of the available evidence has been conducted on this topic. METHODS: We performed a systematic 
review of the epidemiologic studies that assessed association of environmental exposures with measures of kidney function and disease in pediatric populations. The search period went through July 2016. RESULTS: We 
found 50 studies that met the search criteria and were included in this systematic review. Environmental exposures reviewed herein included lead, cadmium, mercury, arsenic, fluoride, aflatoxin, melamine, environmental 
tobacco, bisphenol A, dental procedures, phthalates, ferfluorooctanoic acid, triclosan, and thallium/uranium. Most studies assessed environmental chemical exposure via biomarkers but four studies assessed exposure 
via proximity to emission source. There was mixed evidence of association between metal exposures, and other non-metal environmental exposures and pediatric kidney disease and other kidney disease biomarkers. The 
evaluation of causality is hampered by the small numbers of studies for each type of environmental exposure, as well as lack of study quality and limited prospective evidence. CONCLUSION: There is a need for well-
designed epidemiologic studies of environmental chemical exposures and kidney disease outcomes.

Environmental 
research.2017;158:625-
648

10.1016/j.envres.2017.06.029 28727988 ヒト - - - - - - - システマティックレビュー 1 1 - - - - - - - - - - - - - - - - - -

統合_2928 Stahlhut RW et al. 2018
Experimental BPA exposure and 
glucose-stimulated insulin response 
in adult men and women

Context: Human cross-sectional and animal studies have shown an association of the chemical bisphenol A (BPA) with insulin resistance, type 2 diabetes, and other metabolic diseases, but no human experimental study 
has investigated whether BPA alters insulin/C-peptide secretion. Design: Men and postmenopausal women (without diabetes) were orally administered either the vehicle or a BPA dose of 50 microg/kg body weight, which 
has been predicted by US regulators (Food and Drug Administration, Environmental Protection Agency) to be the maximum, safe daily oral BPA dose over the lifetime. Insulin response was assessed in two cross-over 
experiments using an oral glucose tolerance test (OGTT; experiment 1) and a hyperglycemic (HG) clamp (experiment 2). Main outcomes were the percentage change of BPA session measures relative to those of the 
control session. Results: Serum bioactive BPA after experimental exposure was at levels detected in human biomonitoring studies. In the OGTT, a strong positive correlation was found between hemoglobin A1c(HbA1c) 
and the percentage change in the insulinogenic index (Spearman = 0.92), an indicator of early-phase insulin response, and the equivalent C-peptide index (Pearson = 0.97). In the HG clamp study, focusing on the later-
phase insulin response to a stable level of glucose, several measures of insulin and C-peptide appeared suppressed during the BPA session relative to the control session; the change in insulin maximum concentration 
(Cmax) was negatively correlated with HbA1c and the Cmax of bioactive serum BPA. Conclusions: This exploratory study suggests that BPA exposure to a dose considered safe by US regulators may alter glucose-
stimulated insulin response in humans.

J Endocr Soc. 2018 Sep 
12;2(10):1173-1187.

10.1210/js.2018-00151 30302422 ヒト 代謝 - - - - - - 横断研究 1 1 - - - 1 1 1 - - - - - - - - - - - -

統合_2929 Correia-Sá L et al. 2017
Exposure assessment to bisphenol A 
(BPA) in Portuguese children by 
human biomonitoring

Exposure to bisphenol A (BPA) is known to be widespread and available data suggests that BPA can act as an endocrine disruptor. Diet is generally regarded as the dominant BPA exposure source, namely through leaching 
to food from packaging materials. The aim of this study was to evaluate the exposure of 110 Portuguese children (4-18 years old), divided in two groups: the regular diet group (n = 43) comprised healthy normal 
weight/underweight children with no dietary control; the healthy diet group (n = 67) comprised children diagnosed for obesity/overweight (without other known associated diseases) that were set on a healthy diet for 
weight control. First morning urine samples were collected and total urinary BPA was analyzed after enzymatic hydrolysis via on-line HPLC-MS/MS with isotope dilution quantification. Virtually, all the children were 
exposed to BPA, with 91% of the samples above the LOQ (limit of quantification) of 0.1 mug/L. The median (95th percentile) urinary BPA levels for non-normalized and creatinine-corrected values were 1.89 mug/L (16.0) 
and 1.92 mug/g creatinine (14.4), respectively. BPA levels in the regular diet group were higher than in the healthy diet group, but differences were not significant. Calculated daily BPA intakes, however, were significantly 
higher in children of the regular diet group than in children of healthy diet group. Median (95th percentile) daily intakes amounted to 41.6 (467) ng/kg body weight/day in the regular diet group, and 23.2 (197) ng/kg body 
weight/day in the healthy diet group. Multiple logistic regression analysis revealed that children in the healthy diet group had 33% lower intakes than children in the regular diet group (OR 0.67; 95% CI 0.51-0.89). For both 
groups, however, urinary BPA levels and daily BPA intakes were within the range reported for other children's populations and were well below health guidance values such as the European Food Safety Authority (EFSA) 
temporary tolerable daily intake (t-TDI) of 4 mug/kg body weight/day. In addition, lower daily BPA intakes were more likely linked with the inherent dietary approach rather than with high BMI or obesity.

Environmental science 
and pollution research 
international.2017;24(35
):27502-27514

10.1007/s11356-017-0358-7 28980160 ヒト - - - - - - - 横断研究 1 1 - - - - - - - - - - - - - - - - - -

統合_2930 Lv Y et al. 2016

Exposure of children to BPA through 
dust and the association of urinary 
BPA and triclosan with oxidative 
stress in Guangzhou, China

Both bisphenol A (BPA) and triclosan (TCS) are phenolic compounds widely used in a variety of household applications. These compounds could be released into the environment, enter the human body and cause a series 
of potential health hazards. Children are sensitive and susceptible to these contaminants. To investigate the potential oxidative DNA damage from exposure to BPA and TCS, ninety six urine samples of children (aged 3-6) 
and 57 dust samples were collected from a kindergarten in Guangzhou, China. The concentrations of urinary BPA, TCS and 8-hydroxy-2'-deoxyguanosine (8-OHdG, a biomarker of oxidative DNA damage) in urine were 
determined using a liquid chromatography tandem mass spectrometer. The geometric mean concentrations of urinary BPA, TCS and 8-OHdG were 1.08 μg L(-1), 1.34 μg L(-1) and 1.90 μg L(-1), respectively. The results 
showed that both BPA and TCS exposures were associated with oxidative damage. Significant dose-effects existed between the urinary BPA, TCS levels and the 8-OHdG concentrations. Multiple linear regression 
analysis showed that one percent increase in BPA and in TCS could generate 0.15% and 0.081% increase in 8-OHdG in urine for children in Guangzhou. We also determined the concentrations of BPA in dust using high 
performance liquid chromatography. The mean concentration of BPA was 2.86 μg g(-1) in indoor dust and 3.23 μg g(-1) in outdoor dust. The dust contributes approximately 9.23% to the urinary BPA exposure for the 
children. In conclusion, BPA and TCS exposure correlates with oxidative DNA damage.

Environmental science. 
Processes & 
impacts.2016;18(12):14
92-1499

10.1039/c6em00472e 27808329 ヒト - - - - - - - 横断研究 1 1 - - - - - - - - - - - - - - - - - -

統合_2931 Xie M et al. 2016
Exposure to bisphenol A and the 
development of asthma: A 
systematic review of cohort studies

BACKGROUND: There is conflicting evidence about the association between bisphenol A (BPA) exposure and childhood asthma risk. We aimed to review the epidemiological literature on the relationship between prenatal 
or postnatal exposure to BPA and the risk of childhood asthma/wheeze. METHODS: The PubMed database was systematically searched, and additional studies were found by searching reference lists of relevant articles. 
RESULTS: Six studies fulfilled the eligibility criteria. Three studies found that prenatal BPA exposure is associated with an increased risk of childhood wheeze, while another study reported a reduced risk of wheeze. 
Regarding the postnatal BPA exposure, three studies demonstrated an increased risk of childhood asthma/wheeze. CONCLUSIONS: The mean prenatal BPA was associated with the risk of childhood wheeze/asthma. 
Besides, the influence of BPA exposure during the second trimester of pregnancy on the prevalence of childhood wheeze was marked. Further studies are urgently needed to explore the underlying mechanism about 
adverse effect of BPA exposure on childhood wheeze/asthma.

Reproductive toxicology 
(Elmsford, 
N.Y.).2016;65:224-229

10.1016/j.reprotox.2016.08.007 27542534 ヒト - - - - - - - メタアナリシス 1 1 - - - - - - - - - - - - - - - - - -

統合_2932 LaKind JS et al. 2019

Factors affecting interpretation of 
national biomonitoring data from 
multiple countries: BPA as a case 
study

INTRODUCTION: The use of biomonitoring data as an indicator of national levels of human exposure to environmental chemicals has grown in importance and prevalence. Nationally representative urinary bisphenol A 
(BPA) data are now available for Canada, the United States and Korea. Here we address the following questions: Are urinary BPA data from these countries comparable? What can be discerned regarding geographic 
and/or temporal similarities or differences? Are there generalizable lessons to be learned regarding comparison of biomonitoring results from different countries? METHODS: We examined underlying methods and 
resultant urinary BPA data from national surveys of three countries: Canada (Canadian Health Measures Survey, CHMS, 2009-2015); United States (National Health and Nutrition Examination Survey, NHANES, 2009-
2014); and Korea (Korean National Environmental Health Survey, KoNEHS, 2009-2014). We estimated BPA daily intakes on both a volume- and creatinine-adjusted basis. RESULTS: The three countries use similar 
methods for analyzing urine samples for BPA and participate in external proficiency testing with acceptable results. Field blanks are only used in the CHMS program. There were program-specific differences in fasting 
times of participants. Median urinary BPA levels in Canada remained relatively constant over the three cycles (1.1-1.2ng/ml), while US levels decreased (from 1.9 to 1.3ng/ml) and Korean levels increased (from 0.7 to 
1.1ng/ml) over similar time periods. The most recent survey year data indicate that levels do not differ substantially across countries. Canadian urinary BPA levels have been stable; the subtle, non-significant decrease in 
intakes may be due to higher body weight in the more recent Canadian surveys. In contrast, the decrease in intakes in the US appears to be due to decreases in urinary BPA as body weights in the US have been stable. 
Estimated 95th percentile intakes are over an order of magnitude below current health-based guidance values. DISCUSSION: Our assessment of urinary BPA data from Canada, the US and Korea indicates that 
methodological differences, methods for dilution adjustment, and population characteristics should be carefully considered when interpreting biomonitoring data. Despite the plethora of publications describing issues 
with use of creatinine levels for urinary dilution adjustment, there have been no major methodological advances that would assist in interpreting urinary chemical data. A combination of biomonitoring and traditional 
exposure assessment approaches may be needed to fully assess human exposures to BPA and other chemicals. CONCLUSIONS: National biomonitoring surveys provide important information on population levels of 
chemicals such as BPA and can assist in understanding temporal and geographic similarities, differences, and trends. However, caution must be exercised when using these data to draw anything but broad conclusions, 
due to both intercountry methodological differences and factors affecting urinary chemical levels that are still poorly understood. While the issues raised in this paper do not appear to be a major concern specifically for 
the national-scale monitoring of BPA described here, they must be considered when comparing data for other chemicals measured as part of both national and smaller-scale biomonitoring-based research as well as for 
BPA data from other studies.

Environmental 
research.2019;173:318-
329

10.1016/j.envres.2019.03.047 30951958 ヒト - - - - - - - バイオモニタリング 1 1 - - - - - - - - - - - - - - - - - -

統合_2933 Nahar MS et al. 2015

In utero bisphenol A concentration, 
metabolism, and global DNA 
methylation across matched 
placenta, kidney, and liver in the 
human fetus

While urine has been an easily accessible and feasible matrix for human biomonitoring, analytical measurements in internal tissues and organs can provide more accurate exposure assessments to understand disease 
etiology. This is especially important for the endocrine active compound, bisphenol A (BPA), where studies investigating internal doses at sensitive periods of human development are currently lacking. Herein, BPA 
concentrations, BPA-specific metabolizing enzyme gene expression, and global DNA methylation were characterized across three matched tissues from elective pregnancy terminations of 2nd trimester human fetuses: 
the placenta, liver, and kidney (N=12 each; N=36 total). Compared to liver (free: 0.54-50.5 ng g(-1)), BPA concentrations were lower in matched placenta (<0.05-25.4 ng g(-1)) and kidney (0.08-11.1 ng g(-1)) specimens. 
BPA-specific metabolism gene expression of GUSB, UGT2B15, STS, and SULT1A1 differed across each tissue type; however, conjugation and deconjugation expression patterns were similar across the fetus. Average 
LINE1 and CCGG global methylation were 58.3% and 59.2% in placenta, 79.5% and 66.4% in fetal liver, and 77.9% and 77.0% in fetal kidney, with significant tissue-specific DNA methylation differences in both LINE1 (p-
value<0.001) and CCGG content (p-value<0.001). Total BPA concentrations were positively associated with global methylation for the placenta only using the LINE1 assay (p-value: 0.002), suggesting organ-specific 
biological effects after fetal exposure. Utilizing sensitive human clinical specimens, results are informative for BPA toxicokinetics and toxicodynamics assessment in the developing human fetus.

Chemosphere.2015;124:
54-60

10.1016/j.chemosphere.2014.10.0
71

25434263 ヒト - - - - - - - 横断研究 1 1 - - - - - - - - - - - - - - - - - -

統合_2934 Sarigiannis DA et al. 2016
Integrated exposure and risk 
characterization of bisphenol-A in 
Europe

The current study aims at a comprehensive risk characterization of bisphenol A (BPA) supported by an integrated exposure modelling framework that comprises far field and near field exposure modelling coupled to a 
dynamic lifetime PBTK model. Exposure analysis was done on European data of BPA food residues and human biomonitoring (HBM). The latter were further assimilated through an advanced exposure reconstruction 
modelling framework to estimate the corresponding external and internal systemic dose of BPA and its metabolites. Special attention was paid on the assessment of exposure to BPA during critical developmental stages 
such as gestation by modelling the mother-fetus toxicokinetic interaction. Our findings showed that current exposure levels in Europe are below the temporary Tolerable Daily Intake (t-TDI) of 4 μg/kg_bw/d proposed by 
the European Food Safety Authority. Taking into account age-dependent bioavailability differences, internal exposure of premature neonates hosted in intensive care units was reckoned close to the biologically effective 
dose (BED) resulting from translating the EFSA temporary total daily intake (t-TDI) into equivalent internal dose. Use of the ToxCast21 Biological Pathway Altering Dose (BPAD) as an alternative internal exposure 
reference value, resulted in increased margins of safety compared to the conventional exposure/risk characterization scheme.

Food and chemical 
toxicology : an 
international journal 
published for the British 
Industrial Biological 
Research 
Association.2016;98(Pt 
B):134-147

10.1016/j.fct.2016.10.017 27769850 ヒト - - - - - - - 曝露推定 1 1 - - - - - - - - - - - - - - - - - -

統合_2935 Jin H et al. 2018
Occurrence and Partitioning of 
Bisphenol Analogues in Adults' 
Blood from China

Widespread human exposure and associated adverse health effects led to regulations on the usage of bisphenol A (BPA). Several bisphenol analogues (BPs) have been introduced as BPA alternatives in various 
applications. However, these BPs have been shown to exhibit similar or even stronger endocrine-disrupting activities compared with that of BPA. Currently, information on the human exposure to BPA alternatives remains 
limited. In this study, nine BPs were quantified in 81 pairs of plasma and red blood cell (RBC) samples from Chinese participants. In human plasma, the predominant BPs was BPA, bisphenol S (BPS), and bisphenol AF 
(BPAF), with the mean concentrations of 0.40, 0.15, and 0.073 ng/mL, respectively. BPA (accounting for 63% of total BPs) and BPS (18%) were the major BPs in the RBC fraction. Mass fractions in plasma (F(p)) were 
found to be highest for BPS (mean, 0.78), followed by BPAF (0.71) and BPA (0.67), indicating strong partitioning to the plasma fraction. However, bisphenol AP was more frequently detected in the RBC fraction. Estimated 
total daily intake (EDI) of BPA was in the range of 0.0048-0.75 μg/kg bw/day for the participants, and adults aged >50 years had comparatively lower EDI. To our knowledge, this is the first study to assess the 
occurrence and partitioning of BPA alternatives in paired human plasma and RBCs from the Chinese general population.

Environmental Science 
and 
Technology.2018;52(2):
812-820

10.1021/acs.est.7b03958 29243481 ヒト - - - - - - - バイオモニタリング 1 1 - - - - - - - - - - - - - - - - - -

統合_2936 Myridakis A et al. 2015

Phthalate esters, parabens and 
bisphenol-A exposure among 
mothers and their children in Greece 
(Rhea cohort)

Exposure to endocrine disruptors, used as additives, preservatives, plasticisers and solvents in numerous consumer products, might cause adverse health effects. Humans exposed to these chemicals, metabolise and 
excrete them mostly via urine. Urinary metabolite concentrations are used as biomarkers of exposure. We evaluated the exposure of 4-month pregnant women and their children at 2 years of age to phthalates, parabens 
and bisphenol-A. Concentrations of eight phthalate metabolites, six parabens and bisphenol-A were measured in 239 mother-child pairs of the "Rhea" cohort in Greece. Concentration levels in mother and children were 
comparable with corresponding concentrations in other countries worldwide. Low Spearman correlation coefficients (CC 0.1-0.2, p-value < 0.01) were observed for di-ethyl phthalate (DEP), di-n-butyl phthalate (DnBP), 
butyl-benzyl phthalate (BBP) and ethyl paraben (EPB) between mothers and their children. We observed higher median daily intake (DIu) for mothers (e.g. di-ethyl phthalate 6.9 μg d(-1) kg(-1)) than for their children (1.4 
μg d(-1) kg(-1)) for all examined compounds, except for di-2-ethylhexyl phthalate (DEHP) and bisphenol-A. Principal component analysis (PCA) indicated two main sources of exposure (plastic related and personal care-
hygiene products) for phthalates, parabens and bisphenol-A. Differences in DEHP metabolism were observed among mothers-children and female-male children.

Environment 
international.2015;83:1-
10

10.1016/j.envint.2015.05.014 26072145 ヒト - - - - - - - バイオモニタリング 1 1 - - - - - - - - - - - - - - - - - -

統合_2937 Sayıcı IU et al. 2019

Preliminary study on bisphenol A 
levels and possible exposure history 
of mother and exclusively breastfed 
infant pairs

The aims of this study were to determine bisphenol A (BPA) levels in breast milk and urine specimens of healthy mother and exclusively breastfed infant pairs having no known BPA exposure, and also to examine the 
relationship between BPA levels and possible BPA exposure history. Forty mothers and their 1-2-month-old exclusively breastfeed infant were included in the study. The questionnaires about sociodemographic 
characteristics and possible BPA exposure history were filled out. Breast milk and urine samples were taken. BPA analyses of these samples were conducted using high-performance liquid chromatography coupled with 
mass spectrometry. All mother-infant pairs showed detectable BPA concentrations. The geometric means of BPA levels in breast milk, maternal urine, and infant urine were determined as 0.12 μg/L (0.03-0.59), 0.12 μ
g/L (0.03-0.73), and 0.13 μg/L (0.02-0.44), respectively. Infants whose mothers were consuming yoghurt in plastic containers had relatively higher urinary BPA levels (p = 0.00). Mothers consuming hot beverages in 
plastic glass showed higher breast milk BPA levels (p = 0.033). There were no statistical associations between BPA levels and the use of plastic materials and tools (p > 0.05).Conclusion: The measurable BPA 
concentrations in all breast milk specimens of healthy mothers may reflect possible exposure from dietary or non-dietary sources. Exclusively, breastfed healthy infants without any known BPA exposure may be exposed to 
BPA from their mothers through breastfeeding. What is Known: • Fetuses, neonates and infants are exposed to BPA from their mothers through placental transfer and breastfeeding. • Breast milk is considered a 
continuous low-level exposure to BPA. What is New: • BPA was detected in 100% of maternal urine, infant urine, and breast milk in healthy mother-infant pairs having no known BPA exposure. • The measurable amount of 
BPA in breast milk and infant urine may reflect possible BPA exposure of mother-infant pairs.

Eur J Pediatr. 2019 
Apr;178(4):541-550.

10.1007/s00431-019-03329-4 30707364 ヒト ADME - - - - - - 横断研究 1 1 - - - 1 1 1 - - - - - - - - - - - -

統合_2938 Philippat C et al. 2019

Prenatal Exposure to Select 
Phthalates and Phenols and 
Associations with Fetal and 
Placental Weight among Male Births 
in the EDEN Cohort (France)

BACKGROUND: The placenta performs crucial physiological functions to ensure normal fetal development. Few epidemiological studies investigated placental weight sensitivity to phthalates and phenols. OBJECTIVE: 
Our goal was to explore whether maternal exposure to select phthalates and phenols is associated with changes in placental weight at birth and in placental-to-birth weight ratio (PFR). METHODS: Placental weight and 
birth weight were available for 473 mother-son pairs in the EDEN (Etude des Determinants pre et postnatals du developpement et de la sante de l'Enfant) cohort for whom 9 phenols (4 parabens, 2 dichlorophenols, 
triclosan, benzophenone-3, bisphenol A) and 11 phthalate metabolites were measured in spot urine samples collected between weeks 23 and 29 of gestation. We used adjusted Elastic Net penalized regression models 
(ENET) to select biomarkers associated with placental weight, birth weight and PFR. Unpenalized effect estimates were then obtained by fitting linear regression models simultaneously adjusted for the ENET-selected 
biomarkers and a priori chosen confounders. RESULTS: The multipollutant ENET model for placental weight retained four biomarkers: triclosan and monocarboxy-isononyl phthalate (MCNP), which were negatively 
associated with placental weight, and benzophenone-3 and the sum of parabens, which were positively associated with this outcome. The ENET model for PFR retained two phthalate metabolites [MCNP and 
monocarboxy-isooctyl phthalate (MCOP)], which were negatively associated with this outcome. DISCUSSION: The positive association between the sum of parabens and placental weight was consistent with results of a 
previous study among 49 male births. Our results provide preliminary evidence of possible associations between other compounds such as triclosan, benzophenone-3, MCNP, and MCOP and both placental weight and 
PFR. These associations were not reported in previous studies and should be seen as hypothesis generating. Studies relying on repeated assessments of exposure in prospective mother-child cohorts are needed to 
substantiate the plausibility of the hypotheses generated by our results. https://doi.org/10.1289/EHP3523.

Environ Health 
Perspect. 2019 
Jan;127(1):17002.
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統合_2939 Christensen KL et al. 2015
Reconstruction of bisphenol A intake 
using a simple pharmacokinetic 
model

Bisphenol A (BPA) is used in the manufacture of a range of consumer products, and human biomonitoring studies suggest that exposure to BPA is nearly ubiquitous. We constructed and calibrated a simple 
pharmacokinetic model to predict urinary concentrations of BPA based on a known initial dose. This descriptive (rather than physiologically based) model has three compartments: "stomach/liver," "blood," and "bladder." 
We calibrated and validated the model parameters using blood and urine measurements from nine volunteers who consumed 5 mg of d(1)(6)-BPA. We then applied the model to a second group of eight persons, who 
supplied full volumes of urine over 7 consecutive days and a diary identifying times and types of food and beverage consumed, to "reconstruct" the time and mass of BPA intakes. These reconstructed daily intakes ranged 
on average from 60 to 100 ng/kg-day, within the range of, but slightly higher than, those surmised from other studies. About two-thirds of intakes occurred within an hour of reported food or drink consumption, supporting 
the hypothesis that diet is the main pathway of exposure to BPA. However, one-third of all reconstructed intakes took place outside this time window, suggesting that other sources of BPA exposure may also be relevant.

Journal of exposure 
science & 
environmental 
epidemiology.2015;25(3
):240-8
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統合_2940 Hu J et al. 2016

Serum bisphenol A as a predictor of 
chronic kidney disease progression 
in primary hypertension: a 6-year 
prospective study

OBJECTIVE: Hypertensive nephropathy is one of the major causes of chronic kidney disease (CKD). Bisphenol A (BPA) is associated with elevated blood pressure and urinary albuminuria. The aim of this study is to 
evaluate the association between serum BPA with the progression of CKD in patients with primary hypertension. METHODS: In this prospective study, 302 patients with primary hypertension were followed up for 6 years 
(195 men and 107 women, 65.29 +/- 9.78 years at baseline). The baseline values of serum BPA were measured. Renal function was measured as estimated glomerular filtration rate (eGFR) calculated by the Chronic 
Kidney Disease Epidemiology Collaboration creatinine-cystatin C equation (eGFRcr-cys). Regression models were used to calculate associations of serum BPA with the annual change in eGFR and the risk of CKD 
progression. RESULTS: Baseline serum BPA concentration was 0.61(0.26, 2.44) ng/ml and was significantly negatively correlated with the annual change in eGFR (R = -0.197, P < 0.001). After adjusting for clinical 
factors, baseline serum BPA level had a significant negative association with the annual change in eGFR (beta = -0.132, P = 0.007). Univariate logistic regression analysis showed that the baseline age, SBP, eGFR, and 
serum BPA levels were predictors of CKD stage 3 or greater. In multivariate logistic regression analysis, patients with high serum BPA levels exhibited a five-fold increased risk of developing CKD stage 3 or greater 
compared with patients with low serum BPA levels [odds ratio 4.79 (95% confidence interval 1.81, 14.25), P = 0.004]. CONCLUSION: Serum BPA may be a predictor of CKD progression in patients with primary 
hypertension.

J Hypertens. 2016 
Feb;34(2):332-7.
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統合_2941 Hu Y et al. 2018

The association between the 
environmental endocrine disruptor 
bisphenol A and polycystic ovary 
syndrome: a systematic review and 
meta-analysis

OBJECTIVE: To investigate the association between bisphenol A (BPA) and polycystic ovary syndrome (PCOS). METHODS: A systematic review and meta-analysis using STATA software for observational studies. 
RESULTS: Nine studies involving 493 PCOS patients and 440 controls were included in this review. The meta-analysis demonstrated that PCOS patients had significantly higher BPA levels compared with control groups 
(standardized mean difference (SMD): 2.437, 95% confidence interval (CI): (1.265, 3.609), p < .001). For studies of serum samples detected by enzyme-linked immunosorbent assay (ELISA), subgroup analyses according 
to ethnicity, body mass index (BMI), sample size, detection method (high-performance liquid chromatography (HPLC) and ELISA), PCOS-to-control ratio and study quality displayed that high BPA levels were significantly 
associated with Caucasian PCOS patients (SMD: 0.615, 95% CI: (0.308, 0.922), p < .001), high BMI (SMD: 0.512, 95% CI: (0.180, 0.843), p = .002), high quality (SMD: 0.624, 95% CI: (0.391, 0.856), p < .001), and high 
HOMA-IR (SMD: 0.467, 95% CI: (0.121, 0.813), p = .008). CONCLUSIONS: Serum BPA may be positively associated with women with PCOS and BPA might be involved in the insulin-resistance and hyperandrogenism of 
PCOS. More evidence from high quality studies, advanced detection methods, and larger cohorts for observational trials are needed to further confirm the association between BPA and PCOS.

Gynecol Endocrinol. 
2018 May;34(5):370-
377.

10.1080/09513590.2017.1405931 29191127 ヒト 卵巣(メタアナリシス) - - - - - - メタアナリシス 1 1 - - - 1 1 1 - - - - - - - - - - - -

統合_2942 Hartle JC et al. 2016

The consumption of canned food 
and beverages and urinary 
Bisphenol A concentrations in 
NHANES 2003-2008

BACKGROUND: Exposure to Bisphenol A (BPA) is ubiquitous and includes dietary and environmental pathways. BPA is rapidly glucuronidated in the body, and both BPA and its conjugates can be readily measured in urine. 
OBJECTIVES: To investigate the contribution of canned food and beverages, known sources of BPA contamination, to BPA biomarkers of exposure using dietary and urinary BPA concentration information in a 
representative sample of the U.S. METHODS: We evaluated 7669 NHANES 2003-2008 participants 6 years and older with 24-h dietary recall information and urinary BPA concentrations available. Using linear regression 
models, we evaluated the associations between recent canned food and beverage consumption and urinary BPA concentrations, adjusting for potential confounders. RESULTS: We found 9% of our participants consumed 
one canned food in the past 24h and 2% consumed two or more canned foods. The consumption of one canned food vs. none was associated with 24% (95% CI 1.11, 1.38) higher urinary BPA concentrations. The 
consumption of two or more canned foods vs. none was associated with 54% (95% CI 1.27, 1.88) higher urinary BPA concentrations. The consumption of one or more of some specific types of canned foods vs. none were 
associated with higher urinary BPA concentrations: 41% (95% CI 1.23, 1.63) higher BPA for vegetable and fruit, 70% (95% CI 1.18, 2.44) higher for canned pasta, and 229% (95% CI 1.22, 4.30) higher for canned soup. 
Canned beverages were not associated with urinary BPA concentrations. CONCLUSIONS: Canned food, including some specific types such as canned vegetable and fruit, canned pasta, and canned soup were associated 
with higher levels of urinary BPA concentrations.

Environmental 
research.2016;150:375-
382
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統合_2943 Bonde JP et al. 2016

The epidemiologic evidence linking 
prenatal and postnatal exposure to 
endocrine disrupting chemicals with 
male reproductive disorders: a 
systematic review and meta-analysis

BACKGROUND: More than 20 years ago, it was hypothesized that exposure to prenatal and early postnatal environmental xenobiotics with the potential to disrupt endogenous hormone signaling might be on the causal 
path to cryptorchidism, hypospadias, low sperm count and testicular cancer. Several consensus statements and narrative reviews in recent years have divided the scientific community and have elicited a call for 
systematic transparent reviews. We aimed to fill this gap in knowledge in the field of male reproductive disorders. OBJECTIVE AND RATIONALE: The aim of this study was to systematically synthesize published data on 
the risk of cryptorchidism, hypospadias, low sperm counts and testicular cancer following in utero or infant exposure to chemicals that have been included on the European Commission's list of Category 1 endocrine 
disrupting chemicals defined as having documented adverse effects due to endocrine disruption in at least one intact organism. SEARCH METHODS: A systematic literature search for original peer reviewed papers was 
performed in the databases PubMed and Embase to identify epidemiological studies reporting associations between the outcomes of interest and exposures documented by biochemical analyses of biospecimens 
including maternal blood or urine, placenta or fat tissue as well as amnion fluid, cord blood or breast milk; this was followed by meta-analysis of quantitative data. OUTCOMES: The literature search resulted in 1314 
references among which we identified 33 papers(28 study populations) fulfilling the eligibility criteria. These provided 85 risk estimates of links between persistent organic pollutants and rapidly metabolized compounds 
(phthalates and Bisphenol A) and male reproductive disorders. The overall odds ratio (OR) across all exposures and outcomes was 1.11 (95% CI 0.91-1.35). When assessing four specific chemical subgroups with 
sufficient data for meta-analysis for all outcomes, we found that exposure to one of the four compounds, p,p'-DDE, was related to an elevated risk: OR 1.35 (95% CI 1.04-1.74). The data did not indicate that this increased 
risk was driven by any specific disorder. WIDER IMPLICATIONS: The current epidemiological evidence is compatible with a small increased risk of male reproductive disorders following prenatal and postnatal exposure to 
some persistent environmental chemicals classified as endocrine disruptors but the evidence is limited. Future epidemiological studies may change the weight of the evidence in either direction. No evidence of distortion 
due to publication bias was found, but exposure-response relationships are not evident. There are insufficient data on rapidly metabolized endocrine disruptors and on specific exposure-outcome relations. A particular 
data gap is evident with respect to delayed effects on semen quality and testicular cancer. Although high quality epidemiological studies are still sparse, future systematic and transparent reviews may provide pieces of 
evidence contributing to the narrative and weight of the evidence assessments in the field.

Hum Reprod Update. 
2016 Dec;23(1):104-
125.

10.1093/humupd/dmw036 27655588 ヒト 精巣(メタアナリシス) - - - - - - メタアナリシス 1 1 - - - 1 1 1 - - - - - - - - - - - -

統合_2944 La Rocca C et al. 2018

The LIFE PERSUADED project 
approach on phthalates and 
bisphenol A biomonitoring in Italian 
mother-child pairs linking exposure 
and juvenile diseases

Phthalates and bisphenol A (BPA), plasticizers used in several products of daily life, are considered as endocrine disrupters, therefore children exposure is particularly relevant. The LIFE PERSUADED project aims to 
define the following: (a) the evaluation of internal levels of DEHP's metabolites and BPA in Italian children and their mothers, (b) the association of the exposure with puberty development and obesity diseases, and (c) the 
effects of exposure in juvenile in vivo model. The cross-sectional study has involved 2160 mother-child pairs, including males and females, children and adolescents, from urban and rural areas of North, Center, and South 
Italy. A structured questionnaire and a food diary are designed to evaluate the association between lifestyle variables potentially related to DEHP/BPA exposure and internal levels, through univariate and multivariate 
analyses. Two pilot case-control studies are carried out on idiopathic premature thelarche and precocious puberty (30 girls each group, aged 2-7 years) and idiopathic obesity (30 boys and 30 girls, aged 6-10 years), 
matched to healthy controls. BPA and DEHP's metabolites are analyzed in urine samples from all recruited subjects. Clinical and toxicological biomarkers are evaluated in serum of case-control subjects. Moreover, the 
toxicity study is carried out in a juvenile rodent model exposed to mixtures of BPA and DEHP at dose levels recorded in children population. The scientific results of LIFE PERSUADED will contribute to risk assessment of 
BPA and DEHP.

Environ Sci Pollut Res 
Int. 2018 
Sep;25(25):25618-
25625.

10.1007/s11356-018-2660-4 29974441 ヒト 代謝 - - - - - - 横断研究 1 1 - - - 1 1 1 - - - - - - - - - - - -

統合_2945 Wang B et al. 2019

Urinary bisphenol A concentration 
and glucose homeostasis in non-
diabetic adults: a repeated-
measures, longitudinal study

AIMS/HYPOTHESIS: Bisphenol A (BPA) has been shown to be potentially associated with type 2 diabetes; however, there is little evidence associating BPA exposure with glucose metabolic outcomes prior to diabetes 
onset. We aimed to examine BPA exposure in relation to glucose homeostasis among non-diabetic individuals. METHODS: This longitudinal cohort study comprised 2336 Chinese adults aged 40 years or above (62.8% 
women) and free of diabetes at baseline in 2009, followed for 4 years. Urinary BPA and glucose metabolic traits including fasting plasma glucose (FPG), 2 h post-load plasma glucose, fasting serum insulin, HOMA-IR and 
HOMA-B were measured at baseline and follow-up. Repeated-measures analysis was performed to evaluate associations of urinary BPA concentration with markers of glucose homeostasis. RESULTS: After full 
adjustment for confounders including BMI, each tenfold increase in urinary BPA concentrations was associated with a 3.39% increase in FPG (95% CI 2.24%, 4.55%) and an 11.6% decrease in HOMA-B (95% CI -15.8%, -
7.18%) in women. The inverse association between urinary BPA and HOMA-B was more prominent among overweight or obese individuals (change -13.7%; 95% CI -19.3%, -7.61%) compared with those who were of 
normal weight (change -6.74%; 95% CI -13.2%, 0.20%) (p(interaction) = 0.07). Moreover, the ORs of fasting hyperglycaemia and beta cell dysfunction corresponding to a tenfold increase in urinary BPA concentrations were 
1.37 (95% CI 1.10, 1.72) and 1.30 (95% CI 1.02, 1.65) in women, respectively. No significant associations existed between urinary BPA and glucose metabolic markers in men. CONCLUSIONS/INTERPRETATION: Our 
findings suggest that exposure to BPA was independently associated with impaired glucose homeostasis before the development of diabetes in middle-aged and elderly women.

Diabetologia. 2019 
Sep;62(9):1591-1600.

10.1007/s00125-019-4898-x 31093692 ヒト 代謝 - - - - - - コホート研究 1 1 - - - 1 1 1 - - - - - - - - - - - -

統合_2946 Wu S et al. 2019

Urinary bisphenol A and incidence 
of metabolic syndrome among 
Chinese men: a prospective cohort 
study from 2013 to 2017

OBJECTIVES: Experimental studies suggested that bisphenol A (BPA) exposure increased the risk of metabolic syndrome (MetS) through the mechanism of insulin resistance. All previous epidemiological studies of BPA 
and MetS were cross-sectional studies, and their findings were mixed. This study aims to provide further evidence on the association between urinary BPA and risk of MetS using a prospective cohort study in China. 
METHODS: The study population was from the Shenzhen Night shift workers' cohort. A total of 1227 male workers were recruited from the baseline survey in 2013 and then followed until 2017. Modified Adult Treatment 
Panel III criteria were used to identify the cases of MetS. Urinary BPA concentration was assessed using high-performance liquid chromatography-tandem mass spectrometry, and it was categorised into three subgroups 
by tertiles to obtain the adjusted HR (aHR) and 95% CI using Cox proportional hazard model. RESULTS: During 4 years of follow-up, 200 subjects developed MetS. Compared with the lowest urinary BPA subgroup, a 
weakly increased risk of MetS was suggested among those with the middle (aHR=1.19, 95% CI 0.87 to 1.63) and high level of urinary BPA (aHR=1.16, 95% CI 0.84 to 1.59); however, the significant association with MetS 
was restricted primarily to the smokers, showing a positive gradient with urinary BPA (middle level: aHR=2.40, 95% CI 1.13 to 5.08; high level: aHR=2.87, 95% CI 1.38 to 5.98; p trend=0.010). CONCLUSION: This 
prospective cohort study provided further evidence that exposure to BPA may increase the risk of MetS, and this association was further positively modified by cigarette smoking.

Occup Environ Med. 
2019 Oct;76(10):758-
764.

10.1136/oemed-2019-105893 31439688 ヒト 代謝 - - - - - - コホート研究 1 1 - - - 1 1 1 - - - - - - - - - - - -

統合_2947 Zhao S et al. 2019

Urinary bisphenol A (BPA) 
concentrations and exposure 
predictors among pregnant women 
in the Laizhou Wan Birth Cohort 
(LWBC), China

Although BPA use is widespread and often detectable in humans, little is known about its exposure levels and potential exposure predictors in pregnant women in China. We investigated the BPA exposure levels in 
pregnant women and its health implications and potential exposure predictors. Urinary BPA levels were measured for 506 pregnant women in northern China. Hazard quotients (HQs) based on estimated daily intakes 
(EDIs) were conducted. Sociodemographic characteristics and food consumption during pregnancy were collected and seasons of sample collection were recorded. The detection rate of urinary BPA was 86.6% and the 
median concentrations were 0.48 mug/L (1.05 mug/g creatinine). The EDI (median = 0.008 mug/kg bw/day) was much lower than the recommended tolerable daily doses and the HQ (median = 0.002) much lower than 1. 
The urine collected in summer had significantly higher BPA levels than that collected in other seasons (beta = 0.225; 95% CI - 0.008, 0.458; p = 0.03). Women "always consuming shellfish" had significantly higher BPA 
levels than those "seldom consuming shellfish" (beta = 0.341; 95% CI 0.022, 0.66; p = 0.04). The study found a wide exposure to BPA among pregnant women in this region, which might be associated with seasonal 
variation and shellfish consumption. Although the HQs suggested no obvious risk, further attention to the comprehensive exposure and potential determinants should be paid in view of its endocrine-disrupting potential.

Environ Sci Pollut Res 
Int.2019;26(19):19403-
19410.

10.1007/s11356-019-05062-9 31073831 ヒト - - - - - - - バイオモニタリング 1 1 - - - - - - - - - - - - - - - - - -

統合_2948 Hu CY et al. 2018
The association between prenatal 
bisphenol A exposure and birth 
weight: a meta-analysis

The association between prenatal BPA exposure and birth weight is controversial. Here, a meta-analysis was performed to estimate the association between prenatal BPA exposure and birth weight. We searched 
literature addressing the association of interest in relevant databases. Data were independently extracted and analyzed using partial regression coefficient (beta) and/or odds ratio (OR) and their 95% confidence intervals 
(CIs). We identified 140 references and included 8 studies. Based on the results of meta-analysis, the association between prenatal BPA exposure and continuous birth weight was estimated to be 4.42g (95% CI: -8.83 to 
17.67g) when comparing the highest vs. the lowest BPA concentration. Findings from this study indicated that prenatal BPA exposure was not statistically associated with continuous birth weight. However, more 
evidence, based on large prospective cohort studies, is required to provide conclusive evidence on whether or not prenatal BPA exposure is associated with birth weight.

Reprod Toxicol. 2018 
Aug:79:21-31.

10.1016/j.reprotox.2018.04.013 29709518 ヒト ⽣殖発⽣(メタアナリシス) - - - - - - メタアナリシス 1 1 - - - 1 1 1 - 1 - - - - - - - - - -

統合_2949 Moreira Fernandez MA et al. 2019

Study of possible association 
between endometriosis and 
phthalate and bisphenol A by 
biomarkers analysis

Endocrine disrupting chemicals (EDCs) such as phthalates and bisphenol A (BPA) are substances that may interfere with the actions of endogenous hormones and may be associated with estrogen-related diseases such 
as endometriosis. This paper describes a case-control study to evaluate the relationship between endometriosis and phthalates and BPA exposure, through biomarkers analysis in urine. The biomarkers of exposure 
analyzed were metabolites mono-methyl phthalate, mono-isobutyl phthalate (MiBP), mono-butyl phthalate, mono-cyclohexyl phthalate, mono-(ethylhexyl) phthalate, mono-isononyl phthalate, mono-octyl phthalate (MOP), 
mono-benzyl phthalate and BPA. Urine samples were collected from women aged 18-45 years old. The Study group (n = 30) and Control group (n = 22) were composed of women using as criteria confirmation of 
endometriosis by videolaparoscopy surgery with histological diagnosis and the absence of the disease, respectively. The analytical method used liquid phase microextraction with determination by gas chromatography 
coupled to mass spectrometry. The concentrations of biomarkers were adjusted by the creatinine concentration in urine samples of the two groups. The values obtained for the Study Group were compared with the values 
obtained for the Control Group. The chi-square test and Odds Ratio were used to compare dichotomized phthalate metabolites and BPA metabolite by endometriosis. All nine metabolites were found in different 
concentrations in the urine samples in both groups The phthalate metabolites that had the highest concentrations, were MOP and MiBP, in which the values of 670 mug g(-1) and 560 mug g(-1), respectively. The 
relationship between endometriosis and the all grouped metabolites was evaluated, but was not statistically significant with a 95% CI [X(2) (df = 1) = 1.471; p = 0.225]. However, odds ratio (95% confidence interval - CI) 
for MiBP, which was found at relatively high concentrations in the samples, by endometriosis was 1.929 (0.507-7.332). The food habits and gynecologic history were evaluated and no difference was found between 
groups. Although no evidences of causal link was found, this study contributes to show that other analysis must be done for evaluating the association between endometriosis and compounds suspected of being EDC.

J Pharm Biomed Anal. 
2019 Aug 5:172:238-
242.

10.1016/j.jpba.2019.04.048 31063881 ヒト ⼦宮 - - - - - - 症例対照研究 1 1 - - - 1 1 1 - - - - - - - - - - - -

統合_2950 Özel Ş et al. 2019
Serum levels of phthalates and 
bisphenol-A in patients with primary 
ovarian insufficiency

OBJECTIVES: Phthalates and bisphenol-A (BPA) may pose a risk for human reproduction. Adverse effects of endocrine disturbing chemicals on animal ovaries have been proposed previously. This study was designed to 
measure the concentrations of phthalate diesters or their metabolites in serum to evaluate their relevance with primary ovarian insufficiency (POI). METHODS: This study was designed as a cross sectional and case-
control study. The study group consisted of 30 women diagnosed with POI whereas 30 healthy fertile women without any systemic diseases were recruited as a control group. The two groups were matched with respect 
to age and body mass index and tobacco smoking. Serum phthalate diesters and BPA levels were measured in both groups. RESULTS: The mean serum level of mono-buthyl phthalate (MBP) was statistically significantly 
higher in POI group than in control group (8.45 +/- 4.2 vs. 5.0 +/- 3.47 ng/mL, p < .001). Other serum phthalate metabolites and BPA concentrations were similar among the groups. CONCLUSIONS: Serum levels of BPA 
and phthalate metabolites are increased in women diagnosed with POI. However, MBP is the most significant one among them. MBP may be a contributing risk factor in the development of POI.

Gynecol Endocrinol. 
2019 Apr;35(4):364-367.

10.1080/09513590.2018.1534951 30638094 ヒト 卵巣 - - - - - - 横断研究 1 1 - - - 1 1 1 - - - - - - - - - - - -

統合_2951 Arbuckle TE et al. 2016

Processed data for CHMS 2007-
2009: Bisphenol A, phthalates and 
lead and learning and behavioral 
problems in Canadian children 6-19 
years of age

This article presents processed data from an analysis of cross-sectional data from Cycle 1 of the Canadian Health Measures Survey (CHMS) to examine the potential association between urinary concentrations of BPA 
and phthalate metabolites and child learning and behavioral problems, considering important covariates such as gender, blood lead and environmental tobacco smoke (ETS). These processed data are related to the 
research on a subset of the children (Arbuckle et al., 2016) [1]. The Strengths and Difficulties Questionnaire (SDQ) outcomes of interest were emotional symptoms, hyperactivity/inattention, and a total difficulties SDQ 
score, with borderline and abnormal scores grouped together and compared with children with normal scores. Other outcomes studied included reported learning disability, ADD/ADHD (attention deficit disorder/attention 
deficit hyperactivity disorder) and use of psychotropic medications to treat behavioral disorders in the past month. Data are presented for all children 6-19 years of age combined. Weighted simple logistic regression 
estimates for important covariates of each of the outcomes from CHMS Cycle 1 children are reported. Odds ratios based on weighted multiple logistic regression estimates for urinary BPA and phthalate metabolites 
(including specific gravity as a covariate) and blood lead are presented for the reported outcomes ADD/ADHD, learning disability and psychotropic medications, as well as the SDQ outcomes emotional symptoms, 
hyperactivity/inattention and total difficulties.

Data Brief. 2016 Jun 
22:8:784-802.

10.1016/j.dib.2016.06.017 27500191 ヒト 発達神経 - - - - - - 横断研究 1 1 - - - 1 1 1 - - - - - - - - - - - -

統合_2952 Jensen TK et al. 2019

Prenatal bisphenol A exposure is 
associated with language 
development but not with ADHD-
related behavior in toddlers from the 
Odense Child Cohort

Bisphenol A (BPA) is a non-persistent chemical with endocrine disrupting abilities widely used in a variety of consumer products. The fetal brain is particularly sensitive to chemical exposures due to its rapid growth and 
complexity. Some studies have reported associationbetween maternal BPA exposure and behavior but few have assessed impact on cognitive development, and to our knowledge no studies have specifically assessed the 
impact on language development. We therefore assessed whether maternal urinary BPA concentration during pregnancy was associated with language development and attention-deficit and hyperactivity disorder (ADHD) 
symptoms in offspring aged 18-36 months in the prospective Odense Child Cohort. BPA was analyzed in 3rd trimester maternal fasting urine spot samples. Language development was addressed among 535 children using 
the Danish adaptation of the MacArthur-Bates Communicative Development Inventories at median age 21 months; ADHD traits were assessed by parents of 658 children using the Child Behavior Checklist for ages 
1(1/2)-5 years at mean age 2.7 years. Associations were assessed using logistic regression models comparing children below the 15th percentile score for language and above the 85 percentiles score for ADHD with the 
other children while stratifying by sex and adjusting for maternal education, duration of breastfeeding and maternal urine phthalates. BPA was detected in 85.3% of the urine samples (median 1.2 ng/ml). Boys of mothers 
with BPA exposure in the highest tertile had an odds ratio of 3.70 (95% CI 1.34-10.21) of being in the lowest 15th percentile of vocabulary score compared to boys of mothers within the lowest tertile of BPA exposure after 
adjustment, whereas no association was found in girls. No clear dose-response relationship between maternal BPA and ADHD scores above the 85th percentile was found for either sex. Since early language development 
is a predictor of future reading skills and educational success, more epidemiological studies assessing BPA exposure and language skills are needed to confirm our findings.

Environ Res. 2019 
Mar:170:398-405.

10.1016/j.envres.2018.12.055 30623887 ヒト 発達神経 - - - - - - コホート研究 1 1 - - - 1 1 1 - - - - - - - - - - - -
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統合_2953 Kasper-Sonnenberg M et al. 2014

Phthalate metabolites and bisphenol 
A in urines from German school-
aged children: results of the 
Duisburg birth cohort and Bochum 
cohort studies

Some phthalates and also bisphenol A (BPA) interfere with the human endocrine system and are labelled as reproductive toxicants. Children's exposure to these contaminants is suspected to be associated with 
developmental disorders and other health impairments. We provide biomonitoring data on 21 urinary phthalate metabolite and BPA levels in first morning urine of 8-10 year old children. Participants were children born 
between 1999 and 2002 of the Duisburg birth cohort (8-9 years, N=113) and of the Bochum cohort study (8-10 years, N=352). Additionally, for the Duisburg birth cohort we compare current data of children from Duisburg 
(8-9 years) with data from 2 years earlier when the children were 6-7 years old. We analyzed influences of important covariates on exposure levels by multiple regression analysis and those from two sampling time points 
by generalized equation estimation models adjusted for important covariates. Compared to recently published studies the phthalate metabolite and BPA concentrations were within the range of background levels. There 
were no significant differences between children from Bochum and Duisburg. Comparison between the two Duisburg birth cohort data sets (2007-2008 and 2009-2010) showed significant correlations for most of the 
phthalate metabolites (r Spearman between 0.25 and 0.51; p </= 0.05) but not for BPA (r Spearman=0.162; p=0.143). Most of the phthalate metabolites in the groups of the 6-7 and 8-9 years old Duisburg children were 
negatively associated with higher age, except for BPA concentrations with nearly constant levels. Exposure levels may be influenced by changes in child specific exposure patterns with age but also by the rapidly changing 
phthalate market.

Int J Hyg Environ 
Health. 2014 
Nov;217(8):830-8.

10.1016/j.ijheh.2014.06.001 24986699 ヒト 発達神経 - - - - - - コホート研究 1 1 - - - 1 1 1 - - - - - - - - - - - -

統合_2954 Arbuckle TE et al. 2014
Phthalate and bisphenol A exposure 
among pregnant women in Canada-
-results from the MIREC study

Bisphenol A (BPA) and phthalates are endocrine disruptors possibly linked to adverse reproductive and neurodevelopmental outcomes. These chemicals have commonly been measured in urine in population surveys; 
however, such data are limited for large populations of pregnant women, especially for the critical first trimester of pregnancy. The aim of the study was to measure BPA and phthalate metabolites in first trimester urine 
samples collected in a large national-scale pregnancy cohort study and to identify major predictors of exposure. Approximately 2000 women were recruited in the first trimester of pregnancy from ten sites across Canada. 
A questionnaire was administered to obtain demographic and socio-economic data on participants and a spot urine sample was collected and analyzed for total BPA (GC-MS/MS) and 11 phthalate metabolites (LC-
MS/MS). The geometric mean (GM) maternal urinary concentration of total BPA, uncorrected for specific gravity, was 0.80 (95% CI 0.76-0.85) mug/L. Almost 88% of the women had detectable urinary concentrations of 
BPA. An analysis of urinary concentrations of BPA by maternal characteristics with specific gravity as a covariate in the linear model showed that the geometric mean concentrations: (1) decreased with increasing 
maternal age, (2) were higher in current smokers or women who quit during pregnancy compared to never smokers, and (3) tended to be higher in women who provided a fasting urine sample and who were born in Canada, 
and had lower incomes and education. Several of the phthalate metabolites analyzed were not prevalent in this population (MCHP, MMP, MiNP, MOP), with percentages detectable at less than 15%. The phthalate 
metabolites with the highest measured concentrations were MEP (GM: 32.02 mug/L) and MnBP (GM: 11.59 mug/L). MBzP urinary concentrations decreased with maternal age but did not differ by time of urine collection; 
whereas the DEHP metabolites tended to be higher in older women and when the urine was collected later in the day. This study provides the first biomonitoring results for the largest population of pregnant women 
sampled in the first trimester of pregnancy. The results indicate that exposure among this population of pregnant women to these chemicals is comparable to or even lower than that observed in a Canadian national 
population-based survey.

Environ Int.2014;68:55-
65.

10.1016/j.envint.2014.02.010 24709781 ヒト - - - - - - - バイオモニタリング 1 1 - - - - - - - - - - - - - - - - - -

統合_2955 Pollard SH et al. 2019

Male exposure to bisphenol A (BPA) 
and semen quality in the Home 
Observation of Periconceptional 
Exposures (HOPE) cohort

BACKGROUND: Exposure to bis-phenol A (BPA) has been associated with reduced semen quality. The objective of this study was to examine associations between BPA measured in serial daily first-morning urine 
samples and semen quality parameters among men trying to conceive. METHODS: This prospective, preconception cohort included 161 men ages 18-40 without known subfertility. Men collected daily, first morning urine 
during their female partner's fertile window. Semen samples were collected through intercourse after the fertile window. RESULTS: Samples from 161 men were analyzed. Higher geometric mean (GM) BPA exposures 
(ng/mL) were found among men with abnormal sperm tail morphology (GM = 3.12, 95% CI = 2.43, 4.01) compared to men with normal morphologic findings (GM = 2.39, 95% CI = 2.17, 2.74). There was no association with 
sperm count. CONCLUSION: Higher exposure to BPA was associated with abnormal sperm tail morphology in this prospective, pre-conception cohort.

Reprod Toxicol. 2019 
Dec:90:82-87.

10.1016/j.reprotox.2019.08.014 31445078 ヒト 精巣 - - - - - - 横断研究 1 1 - - - 1 1 1 - - - - - - - - - - - -

統合_2956 Bansal A et al. 2019

In utero bisphenol A exposure is 
linked with sex specific changes in 
the transcriptome and methylome of 
human amniocytes

CONTEXT: Prenatal exposure to bisphenol A (BPA) is linked to obesity and diabetes but the molecular mechanisms driving these phenomena are not known. Alterations in deoxyribonucleic acid (DNA) methylation in 
amniocytes exposed to BPA in utero represent a potential mechanism leading to metabolic dysfunction later in life. OBJECTIVE: To profile changes in genome-wide DNA methylation and expression in second trimester 
human amniocytes exposed to BPA in utero. DESIGN: A nested case-control study was performed in amniocytes matched for offspring sex, maternal race/ethnicity, maternal age, gestational age at amniocentesis, and 
gestational age at birth. Cases had amniotic fluid BPA measuring 0.251 to 23.74 ng/mL. Sex-specific genome-wide DNA methylation analysis and RNA-sequencing (RNA-seq) were performed to determine differentially 
methylated regions (DMRs) and gene expression changes associated with BPA exposure. Ingenuity pathway analysis was performed to identify biologically relevant pathways enriched after BPA exposure. In silico Hi-C 
analysis identified potential chromatin interactions with DMRs. RESULTS: There were 101 genes with altered expression in male amniocytes exposed to BPA (q < 0.05) in utero, with enrichment of pathways critical to 
hepatic dysfunction, collagen signaling and adipogenesis. Thirty-six DMRs were identified in male BPA-exposed amniocytes and 14 in female amniocyte analysis (q < 0.05). Hi-C analysis identified interactions between 
DMRs and 24 genes with expression changes in male amniocytes and 12 in female amniocytes (P < 0.05). CONCLUSION: In a unique repository of human amniocytes exposed to BPA in utero, sex-specific analyses 
identified gene expression changes in pathways associated with metabolic disease and novel DMRs with potential distal regulatory functions.

J Clin Endocrinol Metab. 
2020 Feb 1;105(2):453-
467.

10.1210/clinem/dgz037 31536135 ヒト 代謝 - - - - - - 症例対照研究 1 1 - - - 1 1 1 - - - - - - - - - - - -

統合_2957 Adesman A et al. 2017

Formula Feeding as a Risk Factor for 
Attention-Deficit/Hyperactivity 
Disorder: Is Bisphenol A Exposure a 
Smoking Gun?

OBJECTIVE: Breastfeeding during infancy is associated with a lower risk of attention-deficit/hyperactivity disorder (ADHD). Although this is presumably due to breast milk's nutritional advantages, formula-fed infants 
have, until recently, also been exposed to bisphenol A (BPA), a neurotoxic chemical previously used to manufacture baby bottles and formula cans. Our goal was to examine the association between formula feeding and 
preschool ADHD in 2 comparable, serial cohorts of preschool children who differ in BPA exposure during infancy. METHODS: Cross-sectional analysis of the 2007 and 2011/12 National Survey of Children's Health 
(NSCH). Logistic regression was used to model preschool ADHD diagnoses as a function of breastfeeding, adjusting for 12 possible confounding variables using a propensity score. RESULTS: In the 2007 data set 
(weighted n = 9,644,405), formula-fed subjects had a 5-fold increased odds of ADHD compared with breastfed subjects (adjusted odds ratio [aOR]: 5.58, 95% confidence interval [CI], 2.16-14.41). In the 2011/12 data set 
(n = 9,732,865), there was no significant association between formula feeding and later ADHD (aOR: 1.05, 95% CI, 0.42-2.64). This is despite an increase in the prevalence of preschool ADHD in 2011 (0.88%) compared 
with 2007 (0.40%) (Rao-Scott χ, p < .0075). CONCLUSION: Compared with breastfed infants, ADHD was more common among formula-fed infants in the 2007 but not the 2011/12 sample, where exposure to BPA was 
markedly reduced. These findings suggest that the reduced prevalence of ADHD among breastfed infants may not be due to the nutritional benefits of breast milk, but rather early exposure to BPA, a neurotoxic chemical 
previously found in infant formula.

J Dev Behav Pediatr. 
2017 Sep;38(7):545-
551.

10.1097/DBP.0000000000000468 28727611 ヒト 発達神経 - - - - - - 横断研究 1 1 - - - 1 1 1 - - - - - - - - - - - -

統合_2958 Ferloni A et al. 2019

Fetal exposure to bisphenol A: 
Presence of bisphenol A in urine of 
pregnant women assisted in a 
hospital in the City of Buenos Aires. 
Year 2013

Introduction: Bisphenol A (BPA) is an endocrine disruptor (ED) possibly linked to adverse reproductive and neurodevelopmental effects that is used as an additive in food and beverage containers. There are no data of BPA 
levels in the Argentine population. The objective of this study was to measure BPA in the urine of pregnant women. Methods: Cross-sectional study. Detection of BPA in pregnant women of the Hospital Italiano de Buenos 
Aires in 2013, using gas chromatography and mass spectrometry with a limit of quantification of 2 ng / ml and detection of 0.8 ng / ml. The proportion of women exposed to BPA within the 95% confidence interval (IC 95%) 
is described. Results: 149 pregnant women, average age 32 years (Standard Deviation 5.3), 81% (95% CI 73.9-86.9) workers and 83.7% (95% CI 76.7-89.1) have university or higher education, 66.4% (95% CI 58-74.0) of the 
urinary samples were quantifiable, with a median BPA of 4.3 ng/mg Cr (RI 3.2-6.7). Conclusions: This study shows that exposure to BPA during the process of embryonic development in a sector of the population of 
Argentina is widespread. In Argentina, the use of this ED is only regulated in baby bottles.

Rev Fac Cien Med Univ 
Nac 
Cordoba.2019;76(2):86-
91.

10.31053/1853.0605.v76.n2.22806 31216162 ヒト - - - - - - - 横断研究 1 1 - - - - - - - - - - - - - - - - - -

統合_2959 Mansouri V et al. 2019

Exposure to phthalates and 
bisphenol A is associated with 
higher risk of cardiometabolic 
impairment in normal weight 
children

Some obese individuals have normal metabolic profile, and some normal-weight persons have impaired metabolic status. Our hypothesis was that one of the potential underlying factors for such differences in 
cardiometabolic profiles might be the exposure to some environmental chemicals. This study aimed to investigate the association of serum bisphenol A (BPA) and phthalate metabolites with cardiometabolic risk factors in 
children and adolescents independent of their weight status. This case-control study was conducted on a subsample of 320 participants of a national school-based surveillance program in Iran. We measured serum BPA 
and phthalate metabolites by gas chromatography mass spectrophotometry. We compared them in children and adolescents with and without excess weight and those with and without cardiometabolic risk factors (80 in 
each group). We categorized the concentrations of chemicals to tertiles and then we applied logistic regression models after adjustment for potential confounding factors. The concentrations of BPA and some 
metabolites of phthalates were significantly different in the four groups studied. MEHP concentration was associated with higher odds ratio of cardiometabolic risk factors in participants with normal weight (OR, 95% CI 
2.82, 1.001-7.91) and those with excess weight (OR, 95% CI 3.15, 1.27-7.83). MBP concentration increased the odds ratio of cardiometabolic risk factors only in normal weight children and adolescents (OR, 95% CI 6.59, 
2.33-18.59, P < 0.001). In participants without cardiometabolic risk factor, MMP and MEHHP were significantly associated with increased risk of excess weight (OR, 95% CI 5.90, 1.21-28.75 and 7.82, 1.5-41.8, 
respectively). This study showed that the association of BPA and phthalate with cardiometabolic risk factors is independent of the weight status. Our findings suggest that the metabolic impairment in some normal 
weight children and normal metabolic profile of some obese children can be, in part, related to exposure to these environmental chemicals. Graphical abstract.

Environ Sci Pollut Res 
Int. 2019 
Jun;26(18):18604-
18614.

10.1007/s11356-019-05123-z 31055746 ヒト 代謝 - - - - - - 横断研究 1 1 - - - 1 1 1 - - - - - - - - - - - -

統合_2960 Zhang W et al. 2019
Exposure to Bisphenol a Substitutes 
and Gestational Diabetes Mellitus: A 
Prospective Cohort Study in China

Background: The association of bisphenol A (BPA) and gestational diabetes mellitus (GDM) has been investigated in only a small number of studies, and research on the associations between BPA substitutes and GDM is 
scarce. Objective: We aimed to investigate the associations of four bisphenols [bisphenol A (BPA), bisphenol S (BPS), bisphenol F (BPF), and bisphenol AF (BPAF)] levels in urine sample with the risk of gestational 
diabetes mellitus (GDM) and plasma glucose levels. Methods: A total of 1,841 pregnant women from a cohort study were recruited at their first prenatal examination between 2013 and 2015 in Wuhan, China. 
Concentrations of four bisphenols (BPA, BPS, BPF, BPAF) were measured in first-trimester urine samples using Ultra-high performance liquid chromatography system coupled to a Triple Quadrupole mass spectrometer 
(UHPLC-TQMS). An oral glucose tolerance test (OGTT) was performed at 24-28 gestational weeks and GDM was diagnosed post hoc using International Association of Diabetes and Pregnancy Study Groups criteria. We 
used multivariable logistic regression models to examine the associations of urinary bisphenols with the risk of GDM, and multiple linear regression models to determine the associations between bisphenols exposure and 
plasma glucose levels. Results: Urinary BPAF was associated with increased odds of GDM among women with normal pre-pregnancy BMI [adjusted odds ratio (aOR) = 1.70 (95% CI: 1.08, 2.67) for the highest group 
compared to the lowest group], and the association remained significant after additional adjustment for other bisphenols [aOR = 1.68 (95% CI: 1.03, 2.72)]. No significant associations were observed for other bisphenols 
and GDM. Consistent with the result of GDM, women in the highest BPAF category had a mean of 0.05 mmol/L (95% CI: 0.01, 0.09) higher fasting plasma glucose (FPG) levels than women in the lowest category. For BPA 
and plasma glucose, non-linear associations were observed between urinary BPA and FPG and the sum of the PG z-score among women who were overweight (p for non-linear association < 0.05). We also found that the 
per-unit increase in natural log transformed specific gravity adjusted BPS [ln (SG-adj BPS)] was associated with a 0.03 mmol/L (95% CI: 0.01, 0.04) increase in FPG levels and the associations might be modified by fetal 
sex (p for interaction < 0.05). Among women with female fetus, a per-unit increase in ln (SG-adj BPS) was associated with a 0.04 mmol/L (95% CI: 0.02, 0.06) increase in FPG, a 0.11 mmol/L (95% CI: 0.04, 0.17) increase 
in 1 h-PG and a 0.19 mmol/L (95% CI: 0.08, 0.30) increase in the sum of PG z-score. Conclusions: Our results provide evidence that BPAF and BPS might be potential risk factors of GDM, which require to be studied 
further.

Front Endocrinol 
(Lausanne). 2019 Apr 
30:10:262.

10.3389/fendo.2019.00262 31114544 ヒト ⽣殖(妊娠糖尿病) - - - - - - コホート研究 1 1 - - - 1 1 1 - 1 - - - - - - - - - -

統合_2961 Murphy L et al. 2019
Exposure to bisphenol A and 
diabetes risk in Mexican women

Bisphenol A (BPA) is an endocrine-disrupting chemical widely used in the production of polycarbonate plastics and epoxy resins, which has been previously linked to diabetes among non-Hispanic populations. As part of a 
case control study for breast cancer, only controls with BPA information were included in this report. The final sample size comprises 70 self-reported diabetics and 334 non-diabetics. Urinary free bisphenol A (BPA-F) 
(mug/L) was determined by solid-phase extraction and HPLC/FLD analysis. Logistic regression models were used to evaluate the association between BPA-F and self-reported diabetes. After adjusting by age, urinary 
BPA-F (4.06-224.53 mug/g creatinine) was associated with diabetes exposure (OR = 1.85; 95% CI 1.04, 3.28) compared with women in the reference category (0.67-4.05 mug/g creatinine). BPA may be an environmental 
cofactor of diabetes. More studies are needed to confirm this result, especially in Hispanic populations.

Environ Sci Pollut Res 
Int. 2019 
Sep;26(25):26332-
26338.

10.1007/s11356-019-05731-9 31286379 ヒト 代謝 - - - - - - 横断研究 1 1 - - - 1 1 1 - - - - - - - - - - - -

統合_2962 Wang B et al. 2014
Exposure to bisphenol A among 
school children in eastern China: a 
multicenter cross-sectional study

Bisphenol A (BPA) is one of the highest production and consumption volume chemicals in the world. Although exposure of children to BPA has been studied in Western countries, little is known about its level in China. In 
this study, total BPA was measured in the morning urine samples of 666 school children aged 9-12 years from three regions in eastern China in 2012. A rapid and sensitive ultraperformance liquid chromatography (UPLC) 
tandem mass spectrometry (MS/MS) method was used for the measurement and urinary concentrations of BPA were presented as unadjusted (ng/ml), creatinine-adjusted (mug/g creatinine) and specific gravity (SG)-
adjusted (ng/ml) forms. BPA was detected in 98.9% of urine samples with their unadjusted concentrations ranging from 0.1 to 326.0 ng/ml (LOD=0.06 ng/ml), indicating that the exposure of BPA was common for school 
children living in eastern China. The geometric mean and median of BPA was 1.11 ng/ml (creatinine-adjusted: 2.32 mug/g creatinine; SG-adjusted: 1.17 ng/ml) and 1.00 ng/ml (creatinine-adjusted: 2.22 mug/g creatinine; 
SG-adjusted: 1.07 ng/ml), respectively. The highest urinary BPA level was found in the age group of 12 years with GM concentration of 1.55 ng/ml, and it decreased with decreasing age (11 years: 1.18 ng/ml; 10 years: 
1.05 ng/ml; and 9 years: 0.99 ng/ml), but there was a lack of consistency for age associated with BPA levels in three study areas. The estimated daily intake of BPA (0.023 mug/kg bw/day) was much lower than the 
tolerable daily and reference dose of 50 mug/kg bw/day recommended by either the European Food Safety Authority or the US Environment Protection Agency. There was no significant difference in urinary BPA 
concentrations between children who were overweight or obese and those with normal weight (P=0.26), whereas BPA daily intake was unexpectedly higher among normal-weight children (P=0.003). Compared with 
creatinine correction, the correction method of specific gravity is preferred to evaluate BPA exposure for children.

J Expo Sci Environ 
Epidemiol. 2014 
Nov;24(6):657-64.

10.1038/jes.2014.36 24866264 ヒト 代謝 - - - - - - 横断研究 1 1 - - - 1 1 1 - - - - - - - - - - - -

統合_2963 Ji H et al. 2018

Exposure of environmental 
Bisphenol A in relation to routine 
sperm parameters and sperm 
movement characteristics among 
fertile men

Although several human studies have examined bisphenol A (BPA) exposure in relation to routine sperm parameters, evidence of BPA's effects on sperm movement characteristics is limited. We examined associations of 
BPA exposure with sperm parameters including sperm movement characteristics among fertile men. The cross-sectional study was conducted in Sandu County, Guizhou Province, China. Subjects provided semen samples 
analyzed by computer-aided sperm analysis (CASA) system and urine samples for BPA assay. They were invited to complete an in-person interview with a structured questionnaire to obtain demographics, lifestyle 
factors, etc. In final analyses, 500 subjects were included. We used multivariate linear regression analyses to estimate associations between BPA and sperm parameters after adjusting for potential confounders. BPA was 
detected in 73.6% of urine samples, with a geometric mean of 0.44 mug/gCreatinine. Compared with subjects of undetected BPA, subjects with detected BPA had increased Linearity (LIN, beta: 2.19, 95% confidence 
interval (CI): 0.37, 4.0), Straightness (STR, beta: 1.47, 95% CI: 0.19, 2.75), Wobble (WOB, beta: 1.75, 95% CI: 0.26, 3.25), reduced Amplitude of lateral head displacement (ALH, beta: -0.26, 95% CI: -0.5, -0.02) and Mean 
angular displacement (MAD, beta: -2.17, 95% CI: -4.22, -0.11). Subjects in the highest tertile of creatinine-adjusted BPA group had lower sperm concentration than those with undetected BPA. Dose-response 
relationships of BPA with LIN, WOB, ALH, MAD and sperm concentration were demonstrated by statistically significant trends across tertiles of creatinine-adjusted BPA concentrations. Similar results were obtained 
using unadjusted BPA concentrations. Exposure to environmental BPA would decrease sperm concentration and sperm swing characteristics (ALH and MAD), and increase sperm velocity ratios (LIN, STR and WOB), 
which might mediate further effects on impaired male fecundity.

Sci Rep. 2018 Dec 
3;8(1):17548.

10.1038/s41598-018-35787-5 30510208 ヒト 精巣 - - - - - - 横断研究 1 1 - - - 1 1 1 - - - - - - - - - - - -

統合_2964 Liu J et al. 2018

Exposure and dietary sources of 
bisphenol A (BPA) and BPA-
alternatives among mothers in the 
APrON cohort study

Diet is regarded as the main source of bisphenol A (BPA) exposure, but comparatively little is known about dietary sources of BPA-alternatives. Here we measured exposure of BPA and BPA-alternatives among pregnant 
women in Canada, estimated their 24-h intakes and examined the importance of various dietary sources. Free and total BPA, bisphenol S (BPS) and bisphenol F (BPF) were measured in 467 second trimester maternal 
urine samples, and in 455 paired samples collected at three months postpartum. Linear regression was used to evaluate associations between urinary concentrations of bisphenols and 24-h dietary recall data. The 
geometric means of total BPA in second trimester and postpartum urine (1.2 and 0.95ng/mL, respectively) were 5-7 times higher than corresponding total BPS (0.16 and 0.17ng/mL). The detection frequency of BPF was 
only 9% (i.e. >1.0ng/mL). However, at both time points 95th percentiles of total BPF (7.3 and 4.2ng/mL, respectively) were similar to total BPA (8.2 and 5.0ng/mL). Free BPS and BPF were detected in <2% of samples, but 
were detectable when total BPS or BPF concentrations were highest, always at <1% of the total concentration. The tolerable daily intake for total BPA (i.e. 18nmol/kgBW/d) was not exceeded, but for BPS the estimated 
24-h intake was as high as 14nmol/kgBW/d (95th percentile: 0.12nmol/kgBW/d), and for BPF was even higher among the highest centile of exposure (maximum and 95th percentile: 30, 0.81nmol/kgBW/d). Canned food 
consumption was associated with higher total BPA, but was not associated with BPS. For BPF, mustard consumption may be an important exposure source, particularly among the highest exposed. Relatively high 
exposure to BPS and BPF in a minority of pregnant women highlights the need to better understand the associated health risks and exposure sources of BPA-alternatives.

Environ Int. 2018 
Oct:119:319-326.

10.1016/j.envint.2018.07.001 29990952 ヒト その他 - - - - - - コホート研究 1 1 - - - 1 1 1 - - - - - - - - - - - -
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統合_2965 Philips EM et al. 2019

Early pregnancy bisphenol and 
phthalate metabolite levels, 
maternal hemodynamics and 
gestational hypertensive disorders

STUDY QUESTION: Are early-pregnancy urinary bisphenol and phthalate metabolite concentrations associated with placental function markers, blood pressure (BP) trajectories during pregnancy and risk of gestational 
hypertensive disorders? SUMMARY ANSWER: Early-pregnancy bisphenols and phthalate metabolites were not consistently associated with maternal BP changes or gestational hypertensive disorders, but subclinical, 
statistically significant associations with placental angiogenic markers and placental hemodynamics were identified. WHAT IS KNOWN ALREADY: In vitro studies suggest that bisphenols and phthalate metabolites may 
disrupt early placental development and affect the risk of gestational hypertensive disorders. Previous studies investigating effects of bisphenols and phthalate metabolites on gestational hypertensive disorders reported 
inconsistent results and did not examine placental function or BP throughout pregnancy. STUDY DESIGN, SIZE, DURATION: In a population-based prospective cohort study, bisphenol and phthalate metabolite 
concentrations were measured in a spot urine sample in early pregnancy among 1396 women whose children participated in postnatal follow-up measurements. PARTICIPANTS/MATERIALS, SETTING, METHODS: After 
exclusion of women without any BP measurement or with pre-existing hypertension, 1233 women were included in the analysis. Urinary bisphenol and phthalate metabolite concentrations were measured in early-
pregnancy [median gestational age 13.1 weeks, inter-quartile range 12.1-14.5]. Molar sums of total bisphenols and of low molecular weight phthalate, high molecular weight (HMW) phthalate, di-2-ethylhexylphthalate, 
and di-n-octylphthalate metabolites were calculated. Placental angiogenic markers (placental growth factor (PlGF), soluble fms-like tyrosine kinase (sFlt)-1), placental hemodynamic function measures (umbilical artery 
pulsatility index (PI), uterine artery resistance index (RI), notching and placental weight), and maternal BP were measured in different trimesters. Information on gestational hypertensive disorders was obtained from 
medical records. MAIN RESULTS AND THE ROLE OF CHANCE: Each log unit increase in HMW phthalate metabolites was associated with a 141.72 (95% CI: 29.13, 373.21) higher early pregnancy sFlt-1/PlGF ratio (range 
in total sample 9-900). This association was driven by mono-[(2-carboxymethyl)hexyl]phthalate. In the repeated measurements regression models, each log unit increase in bisphenol A was associated with a 0.15 SD 
(95% CI: 0.03, 0.26) higher intercept and -0.01 SD (95% CI: -0.01, -0.00) decreasing slope of the umbilical artery PI Z-score and a -1.28 SD (95% CI: -2.24, -0.33) lower intercept and 0.06 SD (95% CI: 0.02, 0.11) increasing 
slope of the uterine artery RI Z-score. These associations remained significant after Bonferroni correction. Early-pregnancy bisphenols or phthalate metabolites showed no consistent associations with any other 
outcome. LIMITATIONS, REASONS FOR CAUTION: Information on a large number of potential confounders was available but was partly self-reported. Bisphenols and phthalate metabolites, which typically have a half-life 
of 24-48 h, were measured via single spot urine samples in early-pregnancy. In addition, at the current sample size, the study was powered to detect an odds ratio of 1.57 for gestational hypertension and 1.78 for pre-
eclampsia, but was underpowered to perform multivariable analyses for these outcomes. Further studies combining data from different cohorts may be necessary to increase power. These limitations are possible sources 
of non-differential misclassification leading to bias toward the null. WIDER IMPLICATIONS OF THE FINDINGS: Bisphenols and phthalate metabolites were not associated with longitudinal changes in BP in pregnancy in 
our low-risk population. The observed subclinical associations of phthalates with the sFlt-1/PlGF ratio and of bisphenol A with placental hemodynamics may contribute to adverse pregnancy outcomes. Our results are 
therefore more supportive of an association of early pregnancy bisphenols and phthalate metabolites with risk for pre-eclampsia than with gestational hypertension. STUDY FUNDING/COMPETING INTEREST(S): This 
analysis was supported by Grant (ES022972) from the National Institutes of Health, USA. The content is solely the responsibility of the authors and does not represent the official views of the National Institutes of Health. 
The authors report no conflicts of interest.

Hum Reprod. 2019 Feb 
1;34(2):365-373.
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統合_2966 Martinez MA et al. 2018

Comparing dietary and non-dietary 
source contribution of BPA and 
DEHP to prenatal exposure: A 
Catalonia (Spain) case study

Bisphenol A (BPA) and Di-(2-ethylhexyl) phthalate (DEHP) are two wide spread chemicals classified as endocrine disruptors (ED). The present study aims to estimate the non-dietary (dermal, non-dietary ingestion and 
inhalation) exposure to BPA and DEHP for a pregnant women cohort. In addition, to assess the prenatal exposure for the fetus, a physiologically based pharmacokinetic (PBPK) model was used. It was adapted for 
pregnancy in order to assess the internal dosimetry levels of EDs (BPA and DEHP) in the fetus. Estimates of exposure to BPA and DEHP from all pathways along with their relative importance were provided in order to 
establish which proportion of the total exposure came from diet and which came from non-dietary exposures. In this study, the different oral dosing scenarios (dietary and non-dietary) were considered keeping inhalation 
as a continuous exposure case. Total non-dietary mean values were 0.002microg/kgbw/day (0.000; 0.004microg/kgbw/day for 5th and 95th percentile, respectively) for BPA and 0.597microg/kgbw/day 
(0.116microg/kgbw/day and 1.506microg/kgbw/day for 5th and 95th percentile, respectively) for DEHP. Indoor environments and especially dust ingestion were the main non-dietary contributors to the total exposure of 
BPA and DEHP with 60% and 81%. However, as expected, diet showed the higher contribution to total exposure with >99.9% for BPA and 63% for DEHP. Although diet was considered the primary source of exposure to 
BPA and phthalates, it must be taken into account that with non-dietary sources the first-pass metabolism is lacking, so these may be of equal or even higher toxicological relevance than dietary sources. The present 
study is in the framework of "Health and environmental-wide associations based on large population surveys" (HEALS) project (FP7-603946).

Environ Res. 2018 
Oct:166:25-34.
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統合_2967 Kim HK et al. 2019
Body fluid concentrations of 
bisphenol A and their association 
with in vitro fertilization outcomes

Bisphenol A (BPA) is an endocrine-disrupting chemical thought to mimic the action of oestrogens. There have been reports suggesting an association between BPA exposure and infertility in humans. In this prospective 
cohort study, 146 couples undergoing in vitro fertilization (IVF) were recruited. Total BPA concentrations were measured in urine, plasma, follicular fluid and semen samples using LC-MS/MS. Pregnancy (serum β-HCG 
>1.2 mIU/mL) was observed in 67 (45.9%) out of 146 couples. The mean of urine BPA for all participants was 3.7 ng/mL. In the logistic regression models, BPA concentrations of body fluids (female/male urine, 
female/male plasma, follicular fluid, and semen) did not significantly affect the outcomes such as pregnancy, presence of good quality embryo, or the proportion of normally fertilized oocytes. In the multiple linear 
regression models, BPA concentrations of body fluids did not significantly affect the parameters such as number of retrieved oocytes, peak E2 level, sperm concentration, and sperm motility. In conclusion, BPA 
concentrations in body fluids were not significantly associated with IVF outcomes such as pregnancy, good quality embryo, normally fertilized oocytes, number of retrieved oocytes, peak E2 level, sperm concentration, and 
sperm motility. Therefore, we could not find the evidence that the non-occupational low-dose exposure to BPA affects IVF outcomes.

Hum Fertil (Camb). 
2021 Jul;24(3):199-207.

10.1080/14647273.2019.1612104 31099279 ヒト ⽣殖発⽣ - - - - - - コホート研究 1 1 - - - 1 1 1 - 1 - - - - - - - - - -

統合_2968 Philips EM et al. 2018

Bisphenol and phthalate 
concentrations and its determinants 
among pregnant women in a 
population-based cohort in the 
Netherlands, 2004-5

BACKGROUND: Exposure to bisphenols and phthalates in pregnancy may lead to adverse health effects in women themselves and their offspring. OBJECTIVE: To describe first trimester bisphenol and phthalate urine 
concentrations, including bisphenol and phthalate replacements, and determine nutritional, socio-demographic and lifestyle related determinants. METHODS: In a population-based prospective cohort of 1396 mothers, we 
measured first trimester bisphenol, phthalate and creatinine urine concentrations (samples collected in 2004-2005, median gestational age 12.9 weeks [inter-quartile range (IQR) 12.1-14.4]). We examined associations of 
potential determinants with log-transformed bisphenol and phthalate concentrations. Outcomes were back-transformed. Nutritional analyses were performed in a subgroup of 642 Dutch participants only, as the Food 
Frequency Questionnaire was aimed at Dutch food patterns. RESULTS: Bisphenol A, bisphenol S, and bisphenol F were detected in 79.2%, 67.8% and 40.2% of the population, respectively. Mono-n-butylphthalate, mono-
(2-ethyl-5-hydroxyhexyl)phthalate and monobenzylphthalate were detected in > 90% of the population. Nutritional intake was not associated with bisphenol and phthalate concentrations after correction for multiple 
testing was applied. Obesity was associated with higher high-molecular-weight phthalate concentrations and the lack of folic acid supplement use with higher di-n-octylphthalate concentrations (respective mean 
differences were 46.73nmol/l [95% CI 14.56-93.72] and 1.03nmol/l [0.31-2.06]). CONCLUSION: Bisphenol S and F exposure was highly prevalent in pregnant women in the Netherlands as early as 2004-5. Although 
associations of dietary and other key factors with bisphenol and phthalate concentrations were limited, adverse lifestyle factors including obesity and the lack of folic acid supplement use seem to be associated with 
higher phthalate concentrations in pregnant women. The major limitation was the availability of only one urine sample per participant. However, since phthalates are reported to be quite stable over time, results 
concerning determinants of phthalate concentrations are expected to be robust.

Environ Res. 2018 
Feb:161:562-572.
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統合_2969 Hu C et al. 2019

Bisphenol A, Chlorinated Derivatives 
of Bisphenol A and Occurrence of 
Myocardial Infarction in Patients 
with Type 2 Diabetes: Nested Case-
Control Studies in Two European 
Cohorts

A positive association between Bisphenol A (BPA) exposure and coronary heart disease has been shown, but not in patients with type 2 diabetes (T2D). During the treatment of drinking water, chlorination leads to the 
formation of chlorinated derivatives of Bisphenol A (ClxBPA), that have higher estrogenic activity than BPA. No evidence exists for a relationship between exposure to ClxBPA and myocardial infarction in patients with 
T2D. The objective of this study was to evaluate the relationship between exposure to BPA, ClxBPA and the occurrence of myocardial infarction (MI) in patients with T2D. Two nested case-control studies in two 
independent European cohorts were performed. Each case with incident MI during follow-up was matched to one control on age, sex, and personal cardiovascular history in the same cohort. Association between baseline 
urine concentrations of BPA and of ClxBPA and incident MI was determined. Exposure to BPA was 31% in the ESTHER cohort and 18% in the SURDIAGENE cohort. In a meta-analysis of the two studies, occurrence of MI 
was significantly associated with urine BPA detection: adjusted OR = 1.97 (1.05-3.70), p = 0.04. Exposure to ClxBPA significantly differed in the SURDIAGENE and ESTHER studies: 24% and 8%, respectively (p = 0.0003). 
It was very strongly associated with MI in the SURDIAGENE cohort with an adjusted odds ratio (OR) of 14.15 (2.77-72.40) but this association was not replicated in the ESTHER study: adjusted OR: 0.17 (0.02-1.23). 
Whether these results may be explained by different water chlorination processes in France and Germany, resulting in different ClxBPA exposure levels, requires further investigation.

Environ Sci Technol. 
2019 Aug 
20;53(16):9876-9883.

10.1021/acs.est.9b02963 31310111 ヒト ⼼⾎管(メタアナリシス) - - - - - - メタアナリシス 1 1 - - - 1 1 1 - - - - - - - - - - - -

統合_2970 Manfo FPT et al. 2019

Bisphenol A differentially affects 
male reproductive function 
biomarkers in a reference population 
and agro pesticides users from 
Djutitsa, Cameroon

The consequences of bisphenol A (BPA) exposure on male reproductive function were studied in two populations from Cameroon, farmers using agro pesticides in Djutitsa (rural area) and townsmen in Yaounde (urban 
area, Centre region). Urinary BPA concentration from all participants was measured, and the values were correlated with biochemical markers of male reproductive function. The data showed that BPA could be detected 
in 92.6% of urine participants, with an average concentration of 2.18 +/- 1.97 microg/g creatinine but with no significant difference between the urinary BPA concentration from rural and urban populations. From BPA 
urinary concentration, the BPA average daily intake was estimated to be 0.06 +/- 0.05 mug/kg/day (3.51 microg/day per individual) in the Cameroon population. Interestingly, free and bioavailable testosterone 
concentrations and estradiol/testosterone ratio correlated with BPA levels in the overall population. When data were analysed according to residence, BPA correlated with total testosterone levels ( r = -0.433) and 
estradiol/testosterone ratio ( r = 0.338) in the urban residents only, while the rural population exhibited significant increases in sex-hormone-binding globulin with increased BPA exposure. Our data showed that the male 
Cameroon population is exposed to BPA but that inconstant BPA association to endocrine reproductive markers suggests that other environmental factors in combination with BPA exposure might influence testicular 
function.

Toxicol Ind Health. 2019 
Apr;35(4):324-335.

10.1177/0748233719838437 30983554 ヒト ⽣殖発⽣ - - - - - - 横断研究 1 1 - - - 1 1 1 - - - - - - - - - - - -

統合_2971 Rodríguez-Carrillo A et al. 2019
Bisphenol A and cognitive function 
in school-age boys: Is BPA 
predominantly related to behavior?

BACKGROUND: Bisphenol A (BPA) has been associated with impairments in children's behavior, but few studies have investigated its relationship with cognitive function. OBJECTIVE: To investigate the association of 
urinary BPA concentrations with cognitive domains and intelligence quotient (IQ) in Spanish boys. METHODS: BPA levels were quantified by liquid chromatography-tandem mass spectrometry (LC-MS-MS) in one spot 
urine sample from 269 boys of the INMA-Granada cohort, in their follow-up at 9-11 years of age. Cognitive function was evaluated by a trained psychologist using a comprehensive neuropsychological test battery 
(including general intelligence, language skills, working memory, attention, impulsivity, visual-motor coordination, processing speed and executive function, among others). Cross-sectional associations between BPA 
levels and neuropsychological standardized scores were analyzed by adjusted linear and logistic regression models. RESULTS: Median (P25, P75) BPA concentrations were 4.76 (2.77, 9.03) mug/L and 4.75 (2.75, 10.2) 
mug/g of creatinine (Cr). Boys in the third and fourth quartile of volume-based BPA concentrations showed better processing speed scores than boys in the first quartile (beta = 5.47; 95%CI: 1.4, 9.4 and beta = 3.57; 
95%CI: -0.4, 7.5, respectively); and boys in the third quartile showed better inhibitory control (beta = 1.6; 95%CI: -0.3, 3.5) and impulsivity (beta= -4.2; 95%CI: -9.0, 0.0). In contrast, boys in the fourth quartile showed poorer 
working memory scores than those in the first quartile (beta= -1.0; 95%CI: -2.1, -0.1). All these associations were attenuated when Cr-standardized BPA concentrations were considered. Cr-based BPA concentrations 
were also associated with a higher risk of being below the 20th percentile of working memory scores [OR(a) = 1.51; 95%CI: 1.01, 2.25]. DISCUSSION: Our findings do not support an association between urinary BPA 
concentrations and cognitive function or IQ among boys, except for working memory. BPA was previously found to be associated with behavior problems in the same study population, suggesting that BPA may 
predominantly affect the behavior of children rather than their cognitive function, in line with previous epidemiologic studies.

Neurotoxicology. 2019 
Sep:74:162-171.

10.1016/j.neuro.2019.06.006 31238050 ヒト 発達神経 - - - - - - 横断研究 1 1 - - - 1 1 1 - - - - - - - - - - - -

統合_2972 Huang S et al. 2019

Bisphenol A and bisphenol S 
exposures during pregnancy and 
gestational age - A longitudinal 
study in China

Bisphenol A (BPA) and its substitute bisphenol S (BPS) are endocrine-disrupting chemicals and metabolized rapidly in human body. BPA exposure in late pregnancy has been suggested to be associated with preterm birth 
(PTB), but the associations of trimester BPA and BPS exposures with gestational age have been rarely studied. We aimed to examine maternal urinary BPA and BPS levels longitudinally measured across pregnancy in 
relation to gestational age and PTB. A prenatal cohort study was conducted between 2014 and 2015 in Wuhan, China. Maternal urinary BPA and BPS concentrations were measured in a complete series of urine samples 
collected in the 1st, 2nd and 3rd trimesters from 850 pregnant women and corrected by specific gravity. In comparison with the lowest tertile of maternal urinary BPA, higher levels of averaged BPA concentration across 
pregnancy was associated with a 1.97-day decrease in gestation (95% CI: 3.25, -0.68) and an adjusted odds ratio of 3.19 (95% CI: 1.00, 10.45) for PTB. Higher BPA concentrations in three trimesters were also negatively 
associated with gestational age and positively correlated with PTB. In contrast, only a positive association of third-trimester BPS with gestational age was found, but the significant association disappeared in the 
adjusted models. Both maternal trimester and averaged BPA exposure across pregnancy were significantly associated with shortened gestation and increased risk of PTB. However, the results showed little evidence of a 
relationship between BPS and PTB.

Chemosphere. 2019 
Dec:237:124426.

10.1016/j.chemosphere.2019.1244
26

31362131 ヒト ⽣殖発⽣ - - - - - - コホート研究 1 1 - - - 1 1 1 - 1 - - - - - - - - - -

統合_2973 Mustieles V et al. 2019
Bisphenol A and adiposity measures 
in peripubertal boys from the INMA-
Granada cohort

INTRODUCTION: Childhood obesity is one of the most serious public health challenges of our times. Although an important body of experimental evidence highlights the obesogenic potential of endocrine disruptors such 
as bisphenol A (BPA), the epidemiological evidence remains inconclusive and limited. OBJECTIVE: To assess associations between urinary BPA concentrations and several adiposity measures in peripubertal boys from the 
Environment and Childhood (INMA) cohort in Granada, Spain. MATERIAL AND METHODS: BPA concentrations were determined in spot urine samples from 298 boys aged 9-11, and their weight, height, waist 
circumference, and percentage body fat mass were measured. Overweight/obesity was defined as BMI z-score >/=85th percentile and abdominal obesity as waist-to-height ratio (WHtR) >/=0.5. Associations were 
assessed using multivariable linear and logistic regression models. RESULTS: In adjusted models, each natural log-unit increase in urinary BPA concentrations was associated with higher BMI z-score (beta = 0.22; 
95%CI = 0.03, 0.41) and increased odds of overweight/obesity (OR = 1.46; 95%CI = 1.05, 2.05). Children with higher BPA concentrations had higher WHtR values (beta = 0.007; 95%CI = -0.001, 0.015), and BPA was 
associated with a greater risk of abdominal obesity (OR = 1.45; 95%CI = 1.03, 2.06). No associations were found with % body fat mass. CONCLUSIONS: BPA may exert an obesogenic effect in peripubertal boys, potentially 
increasing the risk of overweight/obesity, especially abdominal obesity. However, these results should be interpreted with caution given the modest sample size and the possibilities of reverse causality and residual 
confounding by diet and lifestyle patterns.

Environ Res. 2019 
Jun:173:443-451.

10.1016/j.envres.2019.03.045 30974370 ヒト 代謝 - - - - - - 横断研究 1 1 - - - 1 1 1 - - - - - - - - - - - -

統合_2974 Chang CH et al. 2019

Associations between prenatal 
exposure to bisphenol a and 
neonatal outcomes in a Taiwanese 
cohort study: Mediated through 
oxidative stress?

This study determined whether maternal bisphenol A (BPA) exposure influences birth outcomes through oxidative stress and estimated the daily intake of BPA through breast milk for infants. One hundred and eighty-six 
pregnant women without pregnancy complications were enrolled and maternal urine was collected in the third trimester. Postnatal breast milk was collected in the first and third months after delivery. Concentrations of 
BPA were determined through ultra performance liquid chromatography coupled with quadrupole time-of-flight mass spectrometry. Generalized additive model-penalized regression splines and a multivariable regression 
model were employed to determine the effects of BPA exposure and oxidative stress levels on birth outcomes. A causal mediation analysis was conducted to clarify the mediation effects of oxidative stress due to 
maternal BPA exposure on birth outcomes. The daily intake of BPA in breast milk was calculated using probabilistic risk assessment methods. The geometric means (geometric standard deviation) of BPA levels for 
maternal urine and first- and third-month breast milk were 2.19 (2.88) μg/g creatinine., 1.35 (3.53) ng/g, and 3.17 (2.97) ng/g, respectively. No significant mediation existed among maternal BPA exposure, oxidative stress 
level, and neonatal head circumference. Three percent of 1-monthold babies and 1% of 3-month-old babies exceeded the BPA tolerable daily intake of 4 μg/kg-bw/day proposed by the European Food Safety Authority. 
This study revealed the BPA exposure profile for pregnant women and infants in northern Taiwan. The marginally significant correlation between maternal BPA exposure and neonatal head circumference should be 
considered.

Chemosphere. 2019 
Jul:226:290-297.

10.1016/j.chemosphere.2019.03.0
93

30933738 ヒト ⽣殖発⽣ - - - - - - コホート研究 1 1 - - - 1 1 1 - - - - - - - - - - - -

統合_2975 Chin HB et al. 2019

Association of urinary 
concentrations of early pregnancy 
phthalate metabolites and bisphenol 
A with length of gestation

BACKGROUND: Environmental exposure to phthalates and bisphenol A (BPA) may have endocrine disrupting effects that alter length of gestation. We assessed the association between the urinary concentrations of 11 
phthalate metabolites and BPA with length of gestation in a cohort of women followed from before conception with daily 1st-morning urinary hormone measures that identified day of implantation. METHODS: Pre-
implantation and post-implantation urinary phthalate metabolites and BPA concentrations were measured in pooled urine samples designed to limit single-measure variability due to the likely episodic nature of these 
exposures and the short half-life of these compounds. We estimated associations between these exposure biomarkers early in pregnancy with length of gestation from implantation to spontaneous birth. Cox proportional 
hazards models were used to estimate the hazard of birth among 125 naturally-conceived, singleton live births with censoring for medical interventions that artificially shortened pregnancy. RESULTS: Higher 
concentrations of mono (2-ethyl-5-hydroxyhexyl) phthalate (a metabolite of di (2-ethylhexyl) phthalate (DEHP)) during the pre-implantation window were associated with reduced probability of birth, i.e., longer gestations 
(hazard ratio (HR): 0.55, 95% CI: 0.35, 0.86; p = 0.01). The HR for the molar sum of the four DEHP metabolites measured showed a similar association (HR: 0.67, 95% CI: 0.43, 1.05). Higher concentrations of mono (3-
carboxypropyl) phthalate (MCPP), a non-specific metabolite of several high molecular-weight phthalates, measured post-implantation were associated with increased risk of earlier birth, i.e. shorter length of gestation, 
HR: 1.59, CI: 1.02, 2.49. CONCLUSIONS: Early gestational exposure to DEHP and possibly other high-molecular weight phthalates, (as reflected by urinary MCPP concentrations) may influence the length of pregnancy. 
Such effects could have consequences for neonatal and maternal health.

Environ Health. 2019 
Aug 30;18(1):80.

10.1186/s12940-019-0522-2 31470855 ヒト ⽣殖発⽣ - - - - - - コホート研究 1 1 - - - 1 1 1 - - - - - - - - - - - -

統合_2976 Dalkan C et al. 2020

Association of cord blood bisphenol 
A (BPA) with cord blood 
adiponectin, leptin, fetal growth; 
adiposity and neoantal 
complications in a newborn cohort

Objective: To evaluate the relation between cord blood bisphenol A (BPA), leptin, adiponectin, birth weight, height, skin thickness, and postnatal results.Method: This study was performed in near East University Medical 
Faculty, Nicosia, Cyprus with 150 healthy newborns. Cord blood leptin, adiponectin, BPA levels were measured by ELISA and birth weight, heights and back, waist, and arm skin thickness were measured and postnatal 
problems noted.Results: One hundred eighty-seven newborns were included in the study. Mean ± SD of BPA, adiponectin, leptin levels were 48.3 ± 2.22 ng/mL, 65.60 ± 15.29 µg/mL and 3.08 ± 2.08 ng/mL. Mean birth 
weight, height, head circumferences were 3156.76 ± 493.45 g, 48.28 ± 2.04 cm, 34.14 ± 1.74 cm. The association anthropometric measurements, BPA, leptin, and adiponectin levels were not statistically significant 
(p>.05). The relation between cord blood leptin, adiponectin, and BPA levels and small for gestation, large for gestation and average for gestation groups were not significant (p>.05). Moreover, relation between back, 
waist and arm skin thickness and BPA, leptin, and adiponectin were not statistically significant (p>.05). However, newborns who were hospitalized and had newborn jaundice had higher BPA levels (p<.05).Conclusion: In 
previous studies, higher BPA levels were associated with small for gestational age (SGA) birth, however, this relation was not noted in our study. Furthermore, there is no relation between skin thickness, BPA, leptin, and 
adiponectin. This difference may be as a result of higher cord BPA levels compared with previous studies.

J Matern Fetal Neonatal 
Med. 2020 
Aug;33(15):2588-2593.

10.1080/14767058.2018.1555808 30606068 ヒト ⽣殖発⽣ - - - - - - 横断研究 1 1 - - - 1 1 1 - - - - - - - - - - - -

228



別添-2 統合⽂献リスト  

統合No. 著者名 発⾏年 タイトル アブストラクト 書誌情報 doi PMID
ヒト/動物/in vitro/ex 

vivo/in silico
分野

（疫学/動物） 哺乳動物 経⼝投与
BPA

単独ばく露

⼀般的な動物
種及び系統の
無処置動物

対照群と
3⽤量以上の
BPA投与群

10 mg/kg/⽇
以下の

⽤量設定

コホート研究/症例対照研究
/メタアナリシス

全ての
集団

全ての
ばく露経路

BPA
単独ばく露

遺伝毒性
試験

遺伝毒性試験以外
については100nM
以下の濃度設定の

試験

適格性評価基準
通過

（1534報）

信頼性評価対象
⽂献

(1012報)

疫学納品
⽂献(716報)

動物納品
⽂献(299報)

※１報取得不
可を含む

疫学情報
抽出⽂献

（170報）

動物情報
抽出⽂献

（123報）

EFSA
2023

EFSA
2016

EFSA
2015 BfR KEMI ANSES FDA NIFDS

CLARITY
-BPA

 適格性評価（動物）1：該当、0：該当しない  適格性評価（疫学）1：該当、0：該当しない  適格性評価（in vitro）1：該当、0：該当しない

適格性評価はタイトル及び要旨の情報に基づ
き可能な範囲で実施。明らかに適格性基準不
適合と判断されるもの以外を信頼性評価へ進
め、信頼性評価段階で原著に基づき精査。

引⽤評価機関
●：該当

統合_2977 Braun JM et al. 2019

Association between gestational 
urinary bisphenol a concentrations 
and adiposity in young children: The 
MIREC study

BACKGROUND: Bisphenol A (BPA) is a high production volume chemical and because of its use in many consumer products, exposure is ubiquitous. Gestational BPA exposure has been associated with excess adiposity in 
rodent studies, but not consistently in human studies. We investigated the relation between gestational BPA exposure and early childhood adiposity in a prospective cohort study of 719 mother-child pairs. METHODS: We 
used data from the MIREC Study, a prospective Pan-Canadian pregnancy and birth cohort study. We measured BPA in urine samples collected at an average of 12.1 weeks (range: 6.3-15 weeks) gestation and measured 
children's weight, height, waist/hip circumference, and subscapular/triceps skinfold thickness at an average age of 3.5 years (range: 1.9-6.2). We estimated covariate-adjusted associations of log(2)-transformed BPA 
concentrations with child adiposity measures and examined whether these associations differed in boys and girls. RESULTS: Median BPA concentrations were 0.8 ng/mL (IQR: 0.5-1.4). Among both boys and girls, each 2-
fold increase in BPA concentrations was associated with higher waist-to-hip ratio (beta: 0.003; 95% CI: 0.001, 0.005). The association of BPA with waist circumference and subscapular skinfold thickness was modified 
by sex (sex x BPA interaction p-values<0.2). In girls, each 2-fold increase in BPA concentrations was associated with a 0.2 cm (95% CI: 0.0, 0.5) and 0.15 mm (95% CI: 0.01, 0.30) increase in waist circumference and 
subscapular skinfolds, respectively. Associations were generally null or slightly inverse in boys. CONCLUSIONS: In this cohort, gestational urinary BPA concentrations were associated with subtle increases in girl's 
central adiposity during early childhood.

Environ Res. 2019 
May:172:454-461.

10.1016/j.envres.2019.02.038 30831435 ヒト 代謝 - - - - - - コホート研究 1 1 - - - 1 1 1 - - - - - - - - - - - -

統合_2978 Rashidi BH et al. 2017
A case-control study of bisphenol A 
and endometrioma among subgroup 
of Iranian women

BACKGROUND: Endometriosis is a multifactorial hormonally related complex disease with unknown etiology. Epidemiologic data were suggested the possible effects of endocrine disrupting chemicals such as bisphenol 
A (BPA) on endometriosis. BPA is similar to endogenous estrogen and has the ability to interact with estrogen receptors and stimulate estrogen production. Our aim was to evaluate the relationship between urinary BPA 
concentrations in women with endometrioma. MATERIALS AND METHODS: This case-control study consisted of fifty women who have been referred to gynecology and infertility center with endometrioma and were 
candidates for operative laparoscopy and ovarian cystectomy as cases. Fifty women who had not any evidence of endometrioma in clinical and ultrasound evaluation and came to the same clinic for routine check-up were 
selected as controls. One-time urine sample was collected after receiving informed consent before surgery and medical intervention. Total BPA in urine was measured with high-performance liquid chromatography 
method and detection limit was 0.33 ng/mL. RESULTS: Percentage of urine samples containing BPA was 86% of cases and 82.4% of control. Urinary BPA showed a right-skewed distribution. The mean concentration of 
BPA was 5.53 ± 3.47 ng/mL and 1.43 ± 1.57 ng/mL in endometriosis and control group, respectively (P < 0.0001, Mann-Whitney U-test). The logistic regression showed that the odds ratio of the BPA was 1.74 (95% 
confidence interval: 1.40-2.16) after adjustment of age, parity, body mass index <30, and educational status. CONCLUSION: This study showed a positive association between urinary BPA concentrations and 
endometrioma. However, further large-scale studies are needed to confirm this hypothesis.

J Res Med Sci. 2017 Jan 
27:22:7.

10.4103/1735-1995.199086 28400829 ヒト ⼦宮 - - - - - - 症例対照研究 1 1 - - - 1 1 1 - - - - - - - - - - - -

統合_2979 Amin DM 2019

Role of copeptin as a novel 
biomarker of bisphenol A toxic 
effects on cardiac tissues: 
biochemical, histological, 
immunohistological, and genotoxic 
study

Copeptin is a precursor for arginine vasopressin which is usually elevated in acute stress and cardiac emergencies. Bisphenol A (BPA) is an ideal plasticizing factor used in manufacturing of plastics and epoxy resins. To 
evaluate the cardio toxicity of bisphenol A and to assess copeptin as a cardio toxic diagnostic and prognostic biomarker in Wistar rats. Sixty Wistar rats were classified into three groups: group I, naive group received 
regular diet and water; group II, vehicle group administered corn oil; and group III, each rat received BPA daily with (30 mg/kg/day S.C). After 4 weeks, blood samples were collected for estimating serum copeptin levels. 
Then, the hearts were subjected to histological, immunohistochemical, and electron microscopic examination. Cell suspensions from the hearts were examined to determine the extent of DNA damage by comet assay. 
Bisphenol A induced a significant increase in mean values of serum copeptin level, histopathological changes in the form of dilated congested blood vessels and extensive collagen fiber deposition in the myocardium. 
Ultrastructurally, disturbed indented nuclei, focal lysis of myofibrils, normal cross striations loss, mitochondrial swelling, and intercalated disks distortion were noticed. Immunohistochemical study showed a significant 
increase in TLR2 immunoreactions in the myocytes of BPA administered rats. In addition, comet assay showed that bisphenol A exposure produced DNA damage in cardiac cells. We concluded that bisphenol A has 
deleterious effects on cardiac tissues mean, while copeptin is a good diagnostic and prognostic biomarker.

Environmental Science 
and Pollution Research, 
26, 36037‒36047

10.1007/s11356-019-06855-8 31713131 動物 - 1 0 1 1 0 30 mg/kg/⽇ - - - - - - - - - - - - ● - - - - - - - -

統合_2980 Badding MA, Barraj L, Williams AL, Scrafford C 
and Reiss R 2019

CLARITY-BPA Core Study: analysis 
�for non monotonic dose-responses 

and biological relevance

The results of a large 2-year bisphenol A (BPA) rat study conducted by the NTP, called the CLARITY-BPA Core Study, were recently released. This study addressed some of the toxicological issues associated with BPA, 
including endocrine disruption and non-monotonic dose responses (NMDR). The study involved oral gavage treatment of rats to BPA at doses of 2.5‒25,000 μg/kg-bw/day. To address NMDR, the 81 statistically 
significant findings (based on the primary statistical tests) from the Core Study were evaluated using a recently published methodology that relies upon six checkpoints to determine if there is evidence for a NMDR. 
Failure to meet the majority of the checkpoints indicates limited evidence of NMDR. The analysis found that only 2 of the 81 findings met at least 5 of the checkpoints: an increase in percent basophils in stop-dose 
females and decreased total bile acids in stop-dose males. However, these findings are not concordant or consistent with those of other BPA data. Importantly, none of the endocrine-related or reproductive endpoints 
fulfilled at least 5 of the checkpoints. This analysis found limited evidence for NMDR associated with BPA treatment in the study. These results are consistent with the conclusions reached in the Core Study report.

Food Chem Toxicol. 
2019 Sep:131:110554.

10.1016/j.fct.2019.06.001 31207305 動物 ⼀般毒性(⽤量反応性解析) 1 1 1 SD rat：1 5⽤量：1

2.5, 25, 250, 
2500,25000 µ

g/kg：1
and 25,000 μ

g/kg:1

- - - - - - 1 1 - 1 - - ● - - - - - - - -

統合_2981 Balabanic D, Filipi č M, Krivograd Klemenčič A 
and Žegura B 2021

Genotoxic activity of endocrine 
disrupting compounds commonly 
present in paper mill Effluents

In the present study we evaluated cytotoxic and genotoxic activities of endocrine disrupting compounds (EDCs), including dimethyl phthalate (DMP), diethyl phthalate (DEP), dibutyl phthalate (DBP), benzyl butyl phthalate 
(BBP), di(2-ethylhexyl) phthalate (DEHP), bisphenol A (BPA), and nonylphenol (NP), which have been previously identified in effluents from two paper mills with different paper production technologies (virgin or recycled 
fibres). Moreover, we evaluated genotoxic activity of the effluents from these two paper mills and compared it to the activity of artificial complex mixtures consisting of the seven EDCs at concentrations detected in 
corresponding paper mill effluents. None of the EDCs was genotoxic in Salmonella typhimurium (SOS/umuC assay), while all induced DNA damage in human hepatocellular carcinoma (HepG2) cells (comet assay). After 4 
h of exposure genotoxic effects were determined at concentrations ≥ 1 μg/L for BBP and DEHP, ≥10 μg/L for DMP, DEP, DBP, and BPA, and ≥100 μg/L for NP, while after 24 h of exposure DNA damage occurred at ≥
10 μg/L for DBP, BPA and NP, and ≥100 μg/L for DMP, DEP, BBP and DEHP. The effluents and corresponding artificial mixtures of EDCs from paper mill that uses virgin fibres did not induce DNA damage in HepG2 
cells, while the effluents and corresponding artificial mixtures for the paper mill that uses recycled fibres were genotoxic. Genotoxic activity of effluents was significantly higher compared to corresponding artificial 
mixtures suggesting the presence of further unknown compounds contributing to the effect. Wastewater monitoring based on chemical analysis is limited to determination of targeted compounds and does not take into 
account possible interactions between chemicals in mixtures. Therefore, it alone cannot provide an adequate information on potential toxic effects required for the assessment of genotoxic activity of real environmental 
samples and their potential threats to the environment and human health.

Sci Total Environ. 2021 
Nov 10:794:148489.

10.1016/j.scitotenv.2021.148489 34217092 in vitro - - - - - - - - - - 1 1 - 1 - - - - - ● - - - - - - - -

統合_2982 Bansal R and Zoeller RT 2019

CLARITY-BPA: Bisphenol A or 
propylthiouracil on thyroid function 
and effects in the developing male 
and female rat brain

The CLARITY-BPA experiment, a large collaboration between the National Institute of Environmental Health Sciences, the National Toxicology Program, and the US Food and Drug Administration, is designed to test the 
effects of bisphenol A (BPA) on a variety of endocrine systems and end points. The specific aim of this subproject was to test the effect of BPA exposure on thyroid functions and thyroid hormone action in the developing 
brain. Timed-pregnant National Center for Toxicological Research Sprague-Dawley rats (strain code 23) were dosed by gavage with vehicle control (0.3% carboxymethylcellulose) or one of five doses of BPA [2.5, 25, 250, 
2500, or 25,000 µg/kg body weight (bw) per day] or ethinyl estradiol (EE) at 0.05 or 0.50 µg/kg bw/d (n = 8 for each group) beginning on gestational day 6. Beginning on postnatal day (PND) 1 (day of birth is PND 0), the 
pups were directly gavaged with the same dose of vehicle, BPA, or EE. We also obtained a group of animals treated with 3 ppm propylthiouracil in the drinking water and an equal number of concordant controls. Neither 
BPA nor EE affected serum thyroid hormones or thyroid hormone‒sensitive end points in the developing brain at PND 15. In contrast, propylthiouracil (PTU) reduced serum T4 to the expected degree (80% reduction) and 
elevated serum TSH. Few effects of PTU were observed in the male brain and none in the female brain. As a result, it is difficult to interpret the negative effects of BPA on the thyroid in this rat strain because the thyroid 
system appears to respond differently from that of other rat strains.

Endocrinology. 2019 
Aug 1;160(8):1771-
1785.

10.1210/en.2019-00121 31135896 動物 甲状腺 1 1 1 1 1 1 - - - - - - 1 1 - 1 - 1 ● - - - - - - - ●

統合_2984 Chen M, Li S, Hao M, Chen J, Zhao Z, Hong S, 
Min J, Tang J, Hu M and Hong L 2020

T-type calcium channel blockade 
induces apoptosis in C2C12 
myotubes and skeletal muscle via 
endoplasmic reticulum stress 
activation

Loss of T-type calcium channel (TCC) function has been reported to result in decreased cell viability and impaired muscle regeneration, but the underlying mechanisms remain largely unknown. We previously found that 
expression of TCC is reduced in aged pelvic floor muscle of multiple vaginal delivery mice, and this is related to endoplasmic reticulum stress (ERS) activation and autophagy flux blockade. In the present work, we further 
investigated the effects of TCC function loss on C2C12 myotubes and skeletal muscle, which is mediated by promotion of ERS and ultimately contributes to mitochondrial-related apoptotic cell death. We found that 
application of a TCC inhibitor induced mitochondria-related apoptosis in a dose-dependent manner and also reduced mitochondrial transmembrane potential (MMP), induced mito-ROS generation, and enhanced 
expression of mitochondrial apoptosis proteins. Functional inhibition of TCC induced ERS, resulting in disorder of Ca2+ homeostasis in endoplasmic reticulum, and ultimately leading to cell apoptosis in C2C12 myotubes. 
Tibialis anterior muscles of T-type α1H channel knockout mice displayed a smaller skeletal muscle fiber size and elevated ERS-mediated apoptosis signaling. Our data point to a novel mechanism whereby TCC blockade 
leads to ERS activation and terminal mitochondrial-related apoptotic events in C2C12 myotubes and skeletal muscles.

FEBS Open Bio. 2020 
Oct;10(10):2122-2136.

10.1002/2211-5463.12965 32865339 動物 ⾻格筋 1 0 0 0 0 0 - - - - - - 1 1 - 1 - - ● - - - - - - - -

統合_2985
Di Pietro P, DʼAuria R, Viggiano A, Ciaglia E, 
Meccariello R, Russo RD, Puca AA, Vecchione 
C, Nori SL and Santoro A

2020

Bisphenol A induces DNA damage in 
cells exerting immune surveillance 
functions at peripheral and central 
level

Bisphenol A (BPA) is a synthetic xenoestrogen diffused worldwide. Humans are chronically exposed to low doses of BPA from food and drinks, thus BPA accumulates in tissues posing human health risk. In this study, we 
investigated the effects of BPA on peripheral blood mononuclear cells (PBMC) from human healthy donors, and in glia and microglia of rat offspring at postnatal day 17 (17PND) from pregnant females who received BPA 
soon after coupling and during lactation and weaning. Results indicated that BPA affected Phytoemagglutinin (PHA) stimulated PBMC proliferation causing an S-phase cell cycle accumulation at nanomolar concentrations 
while BPA was almost ineffective in resting PBMC. Furthermore, BPA induced chromosome aberrations and the appearance of shattered cells characterized by high number of fragmented and pulverized chromosomes, 
suggesting that the compound could cause a massive genomic rearrangement by inducing catastrophic events. The BPA-induced DNA damage was observed mainly in TCD4+ and TCD8+ subsets of T lymphocytes and 
was mediated by the increase of ERK1/2 phosphorylation, p21/Waf1 and PARP1 protein expression. Intriguingly, we observed for the first time that BPA-induced effects were associated to a sex specific modulation of ER
α and ERβ in human PBMC. Immunofluorescence analysis of rat hippocampus corroborated in vitro findings showing that BPA induced ɣH2AX phosphorylation in microglia and astrocytosis by decreasing ERα expression 
within the dentate gyrus. Overall these results suggest that BPA can alter immune surveillance functions at both peripheral and central level with a potential risk for cancer, neuroinflammation and neurodegeneration.

Chemosphere. 2020 
Sep:254:126819.

10.1016/j.chemosphere.2020.1268
19

32334263 in vitro - - - - - - - - - - 1 0 不明 1 - - - - - ● - - - - - - - -

統合_2986 Escarda-Castro E, Herraez MP and Lombó M 2021
Effects of bisphenol A exposure 
during cardiac cell differentiation

Heart development requires a precise temporal regulation of gene expression in cardiomyoblasts. Therefore, the transcriptional changes in differentiating cells can lead to congenital heart diseases. Although the genetic 
mutations underlie most of these alterations, exposure to environmental contaminants, such as bisphenol A (BPA), has been recently considered as a risk factor as well. In this study we investigated the genotoxic and 
epigenotoxic effects of BPA throughout cardiomyocyte differentiation. H9c2 cells (rat myoblasts) were exposed to 10 and 30 μM BPA before and during the last two days of cardiac-driven differentiation. Then, we have 
analysed the phenotypic and molecular modifications (at transcriptional, genetic and epigenetic level). The results showed that treated myoblasts developed a skeletal muscle cell-like phenotype. The transcriptional 
changes induced by BPA in genes codifying proteins involved in heart differentiation and function depend on the window of exposure to BPA. The exposure before differentiation repressed the expression of heart 
transcription factors (Hand2 and Gata4), whereas exposure during differentiation reduced the expression of cardiac-specific genes (Tnnt2, Myom2, Sln, and Atp2a1). Additionally, significant effects were observed 
regarding DNA damage and histone acetylation levels after the two periods of BPA exposure: in cells exposed to the toxicant the percentage of DNA repair foci (formed by the co-localization of γH2AX and 53BP1) 
increased in a dose-dependent manner, whereas the treatment with the toxicant triggered a decrease in the epigenetic marks H3K9ac and H3K27ac. Our in vitro results reveal that BPA seriously interferes with the 
process of cardiomyocyte differentiation, which could be related to the reported in vivo effects of this toxicant on cardiogenesis.

Environ Pollut. 2021 Oct 
1:286:117567.

10.1016/j.envpol.2021.117567 34126515 in vitro - - - - - - - - - - 1 1 10 µMおよび30 µM 1 - - - - - ● - - - - - - - -

統合_2987 Franklyn H, Budiawan B, Handayani S and Dani 
I 2020

Study of urinary 8-hydroxy-2ʼ-
deoxyguanosine (8-OHdG) in rats 
(Rattus norvegicus) due to 
bisphenol A (BPA) exposure based 
on fenton-like reaction

This study was conducted to analyze the formation of DNA adduct 8-OHdG due to oxidative damage of DNA caused by Bisphenol (BPA) and chromium (VI) exposure. The in vivo study was conducted in the rat (Rattus 
norvegicus) group with exposure of BPA (2 mg/kg BW), the mixture of BPA (2 mg/kg BW) and Cr (VI) (1.28 µg/kg BW) for 28 days, respectively. Urine of rats was collected every week as samples for tracking the 8-OHdG 
compounds. The formation of 8-OHdG in urine samples was analyzed using LC-MS/MS with reverse-phase chromatography. Mixture of ammonium acetate pH 4.0 20 mM and acetonitrile were used as mobile phase in 
LC-MS/MS for an elution gradient. The results showed that the exposure of BPA, the mixture of BPA and Cr (VI) might cause the formation of urinary 8-OHdG in rats. The longer exposure time causes the increase level of 
urinary 8-OHdG formations. The study also showed that urinary 8-OHdG concentration increases due to synergistic effect between BPA and Cr (VI) exposure.

Proceedings of the IOP 
Conference Series: 
Materials Science and 
Engineering, 763, 
012024

10.1088/1757-
899X/763/1/012024

- 動物 - 1 1 1 不明 0 2 mg/kg BW - - - - - - - - - - - - ● - - - - - - - -

統合_2988 Gonzalez-Cadavid NF 2019

Cellular-molecular signature and 
mechanism of BPA effects on Penile 
erection ‒ CLARITY-BPA grantee 
study results

- -
10.22427/NTP-DATA-018-00009-
0001-000-9

- 動物 - 1 1 1 1 1 2.5、25、250、2500、25,000 µg/kg/⽇ - - - - - - - - - - - - ● - - - - - - - -

統合_2989 Hanioka N, Isobe T, Tanaka-Kagawa T and 
Ohkawara S 2020

Wogonin glucuronidation in liver and 
intestinal microsomes of humans, 
monkeys, dogs, rats, and mice

Wogonin, one of the flavonoids isolated from Scutellaria baicalensis, exhibits some beneficial bioactivities, including anti-inflammatory and anticancer effects, and is metabolized into glucuronide by UDP-
glucuronosyltransferase (UGT) enzymes in humans. In the present study, wogonin glucuronidation was examined in the liver and intestinal microsomes of humans, monkeys, dogs, rats, and mice using a kinetic analysis.

The kinetics of wogonin glucuronidation by liver microsomes followed the biphasic model in all species examined. CLint values (x-intercept) based on v versus V/[S] plots were rats > humans ≈ monkeys > mice > dogs. 
The kinetics of intestinal microsomes fit the Michaelis‒Menten model for humans, monkeys, rats, and mice and the substrate inhibition model for dogs. CLint values were rats > monkeys > mice > dogs > humans. The 
tissue dependence of CLint values was liver microsomes > intestinal microsomes for humans, dogs, and rats, and liver microsomes ≈ intestinal microsomes for monkeys and mice.

These results demonstrated that the metabolic abilities of UGT enzymes toward wogonin in the liver and intestines markedly differ among humans, monkeys, dogs, rats, and mice, and suggest that species differences are 
closely associated with the biological effects of wogonin.

Xenobiotica, 50, 906‒
912

10.1080/00498254.2020.1725180 32005083 動物 - 0 0 0 0 0 0 - - - - - - - - - - - - ● - - - - - - - -

統合_2990 Hercog K, Maisanaba S, Filipic M, Sollner-
Dolenc M, Kač L and Žegura B 2019

Genotoxic activity of bisphenol A 
and its analogues bisphenol S, 
bisphenol F and bisphenol AF and 
their mixtures in human 
hepatocellular carcinoma (HepG2) 
cells

The use of bisphenol A (BPA) in manufacturing of plastics is being gradually replaced by presumably safer analogues such as bisphenol S (BPS), bisphenol F (BPF) and bisphenol AF (BPAF). Despite their widespread 
occurrence in the environment, there is a knowledge gap in their toxicological profiles. We investigated cytotoxic/genotoxic effects as well as changes in the expression of selected genes involved in the xenobiotic 
metabolism, response to oxidative stress and DNA damage upon exposure to BPs and their mixtures in human hepatocellular carcinoma HepG2 cells.
BPS and BPF slightly decreased the viability of HepG2 cells, while BPAF was the most cytotoxic compound tested. BPA, BPF and BPAF induced the formation of DNA double strand breaks determined with γH2AX assay, 
while BPS was inactive (5‒20 μg/mL). All four BPs up-regulated the expression of CYP1A1 and UGT1A1, while BPS up-regulated and BPAF down-regulated also the expression of GST1A. Only BPA up-regulated oxidative 
stress responsive gene GCLC, while BPAF up-regulated the expression of CDKN1A and GADD45a.
At concentrations relevant for human exposure (ng/mL range) BPA and its analogues as individual compounds and in mixtures did not exert genotoxic activity, whereas BPA and BPAF as well as the mixtures up-regulated 
the expressions of CYP1A1 and UGT1A1.

Sci Total Environ. 2019 
Oct 15:687:267-276.

10.1016/j.scitotenv.2019.05.486 31207516 in vitro - - - - - - - - - - 1 1 ヒトへの曝露に関連する濃度（ng/mL範囲） 1 - - - - - ● - - - - - - - -
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統合_2991 Hercog K,  Štern A, Maisanaba S, Filipic M and 
Žegura B 2020

Plastics in cyanobacterial blooms̶
genotoxic effects of binary mixtures 
of cylindrospermopsin and 
bisphenols in HepG2 cells

Ever-expanding environmental pollution is causing a rise in cyanobacterial blooms and the accumulation of plastics in water bodies. Consequently, exposure to mixtures of cyanotoxins and plastic-related contaminants 
such as bisphenols (BPs) is of increasing concern. The present study describes genotoxic effects induced by co-exposure to one of the emerging cyanotoxins̶cylindrospermopsin (CYN)̶(0.5 µg/mL) and BPs (bisphenol 
A (BPA), S (BPS), and F (BPF); (10 µg/mL)) in HepG2 cells after 24 and 72 h of exposure. The cytotoxicity was evaluated with an MTS assay and genotoxicity was assessed through the measurement of the induction of 
DNA double strand breaks (DSB) with the γH2AX assay. The deregulation of selected genes (xenobiotic metabolic enzyme genes, DNA damage, and oxidative response genes) was assessed using qPCR. The results 
showed a moderate reduction of cell viability and induction of DSBs after 72 h of exposure to the CYN/BPs mixtures and CYN alone. None of the BPs alone reduced cell viability or induced DSBs. No significant difference 
was observed between CYN and CYN/BPs exposed cells, except with CYN/BPA, where the antagonistic activity of BPA against CYN was indicated. The deregulation of some of the tested genes (CYP1A1, CDKN1A, 
GADD45A, and GCLC) was more pronounced after exposure to the CYN/BPs mixtures compared to single compounds, suggesting additive or synergistic action. The present study confirms the importance of co-exposure 
studies, as our results show pollutant mixtures to induce effects different from those confirmed for single compounds.
Keywords: cylindrospermopsin; CYN; bisphenols; BPA; BPS; BPF; BPAF; co-exposure; genotoxicity; cytotoxicity

Toxins (Basel). 2020 
Mar 31;12(4):219.

10.3390/toxins12040219 32244372 in vitro - - - - - - - - - - 1 1 10 µg/mL 1 - - - - - ● - - - - - - - -

統合_2992 Hu X, Biswas A, Sharma A, Sarkodie H, Tran I, 
Pal I and De S 2021

Mutational signatures associated 
with exposure to carcinogenic 
microplastic compounds bisphenol A 
and styrene oxide

Microplastic pollutants in oceans and food chains are concerning to public health. Common plasticizing compounds Bisphenol-A (BPA) and Styrene-7,8-Oxide (SO) are now labeled as carcinogens. We show that BPA and 
SO cause deoxyribonucleic acid damage and mutagenesis in human cells, and analyze the genome-wide point mutation and genomic rearrangement patterns associated with BPA and SO exposure. A subset of the single- 
and doublet base substitutions shows mutagenesis near or at guanine, consistent with these compoundsʼ preferences to form guanosine adducts. Presence of other mutational signatures suggest additional mutagenesis 
probably due to complex effects of BPA and SO on diverse cellular processes. Analyzing data for 19 cancer cohorts, we find that tumors of digestive and urinary organs show relatively high similarity in mutational profiles, 
and the burden of such mutations increases with age. Even within the same cancer type, proportions of corresponding mutational patterns vary among the cohorts from different countries, as does the amount of 
microplastic waste in ocean waters. BPA and SO are relatively mild mutagens, and other environmental agents can also potentially generate similar, complex mutational patterns in cancer genomes. Nonetheless, our 
findings call for systematic evaluation of public health consequences of microplastic exposure worldwide.

NAR Cancer. 2021 Mar 
1;3(1):zcab004.

10.1093/narcan/zcab004 33718875 in vitro - - - - - - - - - - 1 1 不明 1 - - - - - ● - - - - - - - -

統合_2993
Izumi G, Nakano H, Nakano K, Whitehead GS, 
Grimm SA, Fessler MB, Karmaus PW and Cook 
DN

2021
CD11b+ lung dendritic cells at 
different stages of maturation 
induce Th17 or Th2 differentiation

Dendritic cells (DC) in the lung that induce Th17 differentiation remain incompletely understood, in part because conventional CD11b+ DCs (cDC2) are heterogeneous. Here, we report a population of cDCs that rapidly 
accumulates in lungs of mice following house dust extract inhalation. These cells are Ly-6C+, are developmentally and phenotypically similar to cDC2, and strongly promote Th17 differentiation ex vivo. Single cell RNA-
sequencing (scRNA-Seq) of lung cDC2 indicates 5 distinct clusters. Pseudotime analysis of scRNA-Seq data and adoptive transfer experiments with purified cDC2 subpopulations suggest stepwise developmental 
progression of immature Ly-6C+Ly-6A/E+ cDC2 to mature Ly-6C‒CD301b+ lung resident cDC2 lacking Ccr7 expression, which then further mature into CD200+ migratory cDC2 expressing Ccr7. Partially mature Ly-
6C+Ly-6A/E‒CD301b‒ cDC2, which express Il1b, promote Th17 differentiation. By contrast, CD200+ mature cDC2 strongly induce Th2, but not Th17, differentiation. Thus, Th17 and Th2 differentiation are promoted by 
lung cDC2 at distinct stages of maturation.

Nature 
Communications, 12, 
5029

10.1038/s41467-021-25307-x 34413303 動物 - 1 0 0 不明 不明 不明 - - - - - - - - - - - - ● - - - - - - - -

統合_2994 Karaman FE, Caglayan M, Sancar-Bas S, Ozal-
Coskun C, Arda-Pirincci P and Ozden S 2019

�Global and region specific post-
transcriptional and post-
translational modifications of 
bisphenol A in human Prostate 
cancer cells

Bisphenol A (BPA), as synthetic monomer used in the production of polycarbonate plastic and epoxy resins, has endocrine disruptor properties and high risk on human health. Epigenetic alterations could act an important 
role in BPA-induced toxicity, but its mechanism has not been fully understood. We investigated the effects of BPA on gene expression of chromatin modifying enzymes, promoter methylation of tumor suppressor genes and 
histone modifications in human prostate carcinoma cells (PC-3). IC50 value of BPA was determined as 217 and 190 μM in PC-3 cells by MTT and NRU tests, respectively. We revealed an increase in global levels of 5-
methylcytocine and 5-hydroxymethylcytocine at 10 μM of BPA for 96 h. We observed a significant increase on promoter DNA methylation and decrease on gene expression of p16 gene while no change was observed for 
Cyclin D2 and Rassf1. Significant changes were observed in global histone modifications (H3K9ac, H3K9me3, H3K27me3, and H4K20me3) in PC-3 cells. According to these results, we investigated wide-range epigenetic 
modifications using PCR arrays. After 96 h BPA exposure, chromatin modifying enzymes including KDM5B and NSD1 were significantly downregulated. Also, promoter methylation of tumor suppressor genes including BCR, 
GSTP1, LOX, MGMT, NEUROG1, PDLIM4, PTGS2, PYCARD, TIMP3, TSC2 and ZMYDN10 altered significantly. ChIP results showed that H3K9ac, H3K9me3 and H3K27me3 modifications on p16 gene showed significant 
increases after 1 and 10 μM of BPA exposure. In conclusion, epigenetic signatures such as DNA methylation and histone modifications could be proposed as molecular biomarkers of BPA-induced prostate cancer 
progression.

Environ Pollut. 2019 
Dec;255(Pt 2):113318.

10.1016/j.envpol.2019.113318 31610501 in vitro - - - - - - - - - - 1 0 不明 1 - - - - - ● - - - - - - - -

統合_2995 Kim JH and Hong YC 2020

Modification of PARP4, XRCC3, and 
RAD51 gene polymorphisms on the 
relation between bisphenol A 
exposure and liver abnormality

Repair genes may play critical roles in the relationships between environmental exposure and health outcomes. However, no evidence is available about the effect of repair gene polymorphisms on the relationship between 
bisphenol A (BPA) exposure and liver abnormality. Therefore, we evaluated the effect of nine genotyped polymorphisms in three repair genes, poly(ADP-ribose) polymerase family member 4 (PARP4), X-ray repair cross 
complementing 3 (XRCC3), and RAD51 recombinase (RAD51), on the relationship between BPA exposure and liver abnormality using repeated measures data for an elderly population. A significant association between 
BPA levels and liver abnormality was found only in elders with the PARP4 G-C-G haplotype, XRCC3 G-A-G haplotype, or RAD51 T-A-A haplotype (odds ratio (OR) = 2.16 and p = 0.0014 for PARP4; OR = 1.57 and p = 0.0249 
for XRCC3; OR = 1.43 and p = 0.0422 for RAD51). Particularly, PARP4 and XRCC3 showed significant interactions with BPA exposure in relation to liver abnormality (p < 0.05 for both genes). These results indicate that 
PARP4, XRCC3, and RAD51 gene polymorphisms have modification effects on the relationship between BPA exposure and liver abnormality.
Keywords: bisphenol A; liver abnormality; repair gene polymorphism

Int J Environ Res Public 
Health. 2020 Apr 
17;17(8):2794.

10.3390/ijerph17082794 32316696 ヒト 肝 - - - - - - panel study 1 1 - - - 1 1 1 - - - ● - - - - - - - -

統合_2996 Kim S, Gwon D, Kim JA, Choi H and Jang CY 2019

Bisphenol A disrupts mitotic 
progression via disturbing spindle 
attachment to kinetochore and 
centriole duplication In cancer cell 
lines

Bisphenol A [BPA, 2,2-bis-(4-hydroxyphenyl)propane] is one of the most prevalent synthetic environmental estrogens; as an endocrine disruptor, it is associated with endocrine-related cancers including breast, ovarian, 
and prostate. However, the mechanisms by which BPA contributes to carcinogenesis are unclear. This study aims to clarify its toxic effects on mitotic cells and investigate the molecular mechanism. In vitro effects of 
BPA on mitotic progression were examined by performing experiments on HeLa cells. Proteins involved in mitotic processes were detected by Western blot, live cell imaging, and immunofluorescence staining. The results 
showed that BPA increased chromosomal instability by perturbing mitotic processes such as bipolar spindle formation and spindle microtubule attachment to the kinetochore. BPA prolonged mitotic progression by 
disturbing spindle attachment and concomitant activating spindle assembly checkpoint (SAC). Mechanistically, BPA interfered proper localization of HURP to the proximal ends of spindle microtubules, Kif2a to the minus 
ends of spindle microtubules, and TPX2 on the mitotic spindle. This mislocalization of microtubule associated proteins (MAPs) is postulated to lead to spindle attachment failure. Furthermore, BPA caused multipolar 
spindle by inducing centriole overduplication and premature disengagement. Although BPA acts as an estrogen receptor (ER) agonist, mitotic defects caused by BPA occurred in an ER-independent manner. Our findings 
indicate that BPA may stimulate carcinogenesis not only by acting as an endocrine disruptor but also by increasing chromosomal instability during mitosis.

Toxicol In Vitro. 2019 
Sep:59:115-125.

10.1016/j.tiv.2019.04.009 30980863 in vitro - - - - - - - - - - 1 1 不明 1 - - - - - ● - - - - - - - -

統合_2997
Kiwitt-Cardenas J, Adoamnei E, Arense-Gonzalo 
JJ, Sarabia-Cos L, Vela-Soria F, Fernández MF, 
Gosálvez J, Mendiola J and Torres-Cantero AM

2021

Associations between urinary 
concentrations of bisphenol A and 
sperm DNA fragmentation in young 
men

Background
Bisphenol A (BPA) is one of the most common endocrine disruptor compounds in our environment, promoting a xenoestrogenic state. Numerous studies have shown a relationship between exposure to BPA and male 
infertility problems. Spermatic DNA integrity is a critical factor for the correct transmission of paternal genetic material to the embryo. However, only a very few studies have investigated the association between urinary 
BPA concentrations and human sperm DNA fragmentation (SDF).
Method
Cross-sectional study conducted with 158 healthy university students (18‒23 years), recruited between 2010 and 2011 in the Region of Murcia (Spain). The subjects provided urine and semen samples on a single day. 
Urinary BPA concentrations were measured by dispersive liquid‒liquid microextraction and ultrahigh performance liquid chromatography with tandem mass spectrometry detection, and SDF analysed using the Sperm 
Chromatin Dispersion test. Statistical analyses were made using linear regression adjusting for potential covariates and confounding factors.
Results
No association was found between urinary BPA concentrations and SDF index in the total group. However, in the subgroup of men with SDF index> 30%, significant positive associations across quartiles (p-trend=0.02) 
and as a continuous BPA levels were observed (
 = 0.055, 95%, CI: 0.002; 0.108).
Conclusion
Our results show that, within the subgroup of men with relatively high SDF index, the higher the concentration of BPA the greater the SDF index. Nonetheless, more studies are required to confirm these results and draw 
conclusions in other male populations

Environmental 
Research, 199

10.1016/j.envres.2021.111289 34004170 ヒト - - - - - - - 横断研究 1 1 - - - - - - - - - ● - - - - - - - -

統合_2998 Kose O, Rachidi W, Beal D, Erkekoglu P, 
Fayyad-Kazan H and Kocer Gumusel B 2020

The effects of different bisphenol 
derivatives on oxidative stress, DNA 
damage and DNA repair in RWPE-1 
cells: a comparative study

Bisphenol A (BPA) is a well-known endocrine disruptor and it is widely used mainly in the plastics industry. Due to recent reports on its possible impact on health (particularly on the male reproductive system), bisphenol 
F (BPF) and bisphenol S (BPS) are now being used as alternatives. In this study, RWPE-1 cells were used as a model to compare cytotoxicity, oxidative stress-causing potential and genotoxicity of these chemicals. In 
addition, the effects of the bisphenol derivatives were assessed on DNA repair proteins. RWPE-1 cells were incubated with BPA, BPF, and BPS at concentrations of 0‒600 μM for 24 h. The inhibitory concentration 20 
(IC20, concentration that causes 20% of cell viability loss) values for BPA, BPF, and BPS were 45, 65, and 108 μM, respectively. These results indicated that cytotoxicity potentials were ranked as BPA > BPF > BPS. We 
also found alterations in superoxide dismutase, glutathione peroxidase and glutathione reductase activities, and glutathione and total antioxidant capacity in all bisphenol-exposed groups. In the standard and modified 
Comet assay, BPS produced significantly higher levels of DNA damage vs the control. DNA repair proteins (OGG1, Ape-1, and MyH) involved in the base excision repair pathway, as well as p53 protein levels were down-
regulated in all of the bisphenol-exposed groups. We found that the BPA alternatives were also cytotoxic and genotoxic, and changed the expressions of DNA repair enzymes. Therefore, further studies are needed to 
assess whether they can be used safely as alternatives to BPA or not.

 J Appl Toxicol. 2020 
May;40(5):643-654.

10.1002/jat.3934 31875995 in vitro - - - - - - - - - - 1 1 0〜600 µM 1 - - - - - ● - - - - - - - -

統合_3000 Majid M, Ijaz F, Baig MW, Nasir B, Khan MR and 
Haq IU 2019

Scientific validation of 
ethnomedicinal use of Ipomoea 
batatas L. Lam. as aphrodisiac and 
gonadoprotective agent against 
bisphenol A induced testicular 
toxicity in male Sprague Dawley rats

Sweet potato (Ipomoea batatas L. Lam.), known as “Shakarqandi” in Pakistan, is an imperative root vegetable with large size, traditionally used as aphrodisiac, antiprostatic, anti-inflammatory, antidiabetic, cardiotonic, 
and anticancer agent. Present study was conducted to gauge aphrodisiac potential of Ipomoea batatas ethyl acetate (IPT-EA, IPA-EA) and methanol (IPT-M, IPA-M) extracts from tuber and aerial part, respectively, via 
behavioral and biochemical tests and their possible protective role in BPA-induced gonadotoxicity at the dose 300 mg/kg in male Sprague Dawley rats. Phytochemical analysis was done qualitatively and quantitatively 
through total phenolic and flavonoid content (TPC and TFC) and high performance liquid chromatographic (HPLC-DAD) fingerprinting while antioxidant profiling used multimode in vitro assays. To calculate sexual 
excitement mount latency, intromission latency, mount frequency, intromission frequency, ejaculatory latency, and postejaculatory interval were examined while for biochemical ratification semen characteristics, levels of 
testosterone, follicle stimulating hormone (FSH), luteinizing hormone (LH), and estradiol were measured. Gonadoprotective ability was assessed through comet assay and histomorphological examination of testes. 
Qualitative analysis ensured the presence of phenols, flavonoids, tannins, anthocyanin, saponins, coumarins, terpenoids, and betacyanin. Quantitatively maximal TPC (304.32±7.20 μg GAE/mg dry extract) and TFC 
(214.77±4.09 μg QE/mg DE) were estimated in IPA-EA extract. IPT-EA yielded maximum rutin (7.3±0.12) and myricetin (2.7±0.14 μg/mg DE) while IPA-EA and IPA-M yielded maximum caffeic acid (4.05±0.22 and 1.92
±0.17 μg/mg DE, respectively) in HPLC-DAD analysis. Extracts enhanced sexual excitement, improved semen quality, levels of testosterone, FSH, LH, and estradiol, and successfully attenuated toxic effects of BPA. 
Levels of endogenous antioxidant enzymes (CAT, SOD, POD, and GSH) were restored and NO abundance was minimized. Significant stimulation in sexual behavior, amelioration of toxicity symptoms, elevated spermatic 
production, raised viability, vitalized levels of gonadal hormones, maintained endogenous enzymes, genoprotection, and reformed testicular histology endorsed I. batatas as a better aphrodisiac alternative and 
gonadoprotective agent.

BioMed Research 
International, 2019, 
8939854

10.1155/2019/8939854 31111071 動物 - 1 1 1 1 0 300 mg/kg - - - - - - - - - - - - ● - - - - - - - -

統合_3001 Mohammed ET, Hashem KS, Ahmed AE, Aly 
MT, Aleya L and Abdel-Daim MM 2020

Ginger extract ameliorates bisphenol 
A (BPA)-induced disruption in 
thyroid hormones synthesis and 
metabolism: involvement of Nrf-

�2/HO 1 pathway

Environmental exposure to BPA is alarming because of the potential health threats for example those concerning the thyroid glands which may show signs of oxidative stress. This original study aimed to investigate the 
possible antioxidant protective effects of ginger extract (GE) against BPA-induced thyroid injury in male rats, focusing on its effect on Nrf-2/HO-1 signaling and thyroid hormone synthesis regulating genes. The cascade 
of events in thyroid injury induced by chronic exposure to BPA (200 mg/kg b.w/day for 35 days) involved a preliminary overproduction of ROS followed by significant (p ≤ 0.05) depletion of reduced glutathione (GSH) levels 
and superoxide dismutase (SOD) activity as well as significant increases of malondialdehyde (MDA) contents, myeloperoxidase (MPO) activity and inducible nitric oxide synthase (iNOS) gene expression. These actions 
consequently down-regulate the Nrf-2/HO-I signaling which eventually resulting in the DNA fragmentation within the thyroid tissues. Moreover, BPA administration caused a reduction of thyroid iodide uptake evidenced by 
significant inhibitions (p ≤ 0.05) of sodium-iodide symporter (NIS), thyroid peroxidase (TPO) and thyroid-stimulating hormone receptor (TSHR) mRNA expressions within the thyroid glands. A subsequent significant 
decreased serum levels of T3 and T4 accompanied by a significantly increased serum TSH level were also detected. These findings were confirmed by the severe pathological changes detected in the thyroid tissue of BPA 
treated rats. These biochemical and histological alterations were significantly alleviated with ginger administration (250 mg/kg b.w/day for 35 days) plus BPA. In conclusion, ginger extract is a potent antioxidant that can 
effectively protect against BPA-induced thyroid oxidative damage by activating the Nrf-2/HO-1 gene expressions and enhancing the thyroid hormones synthesis.
This is the first study to show the contribution of Nrf-2/HO-1 pathway to the protective effect of ginger extract against BPA-induced thyroid oxidative damage and thyroid hormonal disruption.

Science of the Total 
Environment, 703, 
134664

10.1016/j.scitotenv.2019.134664 31757552 動物 - 1 1 1 不明 0 200 mg/kg - - - - - - - - - - - - ● - - - - - - - -

統合_3002 Montevil M, Acevedo N, Schaeberle CM, 
Bharadwaj M, Fenton SE and Soto AM 2020

A combined morphometric and 
statistical approach to assess 
nonmonotonicity in the developing 
mammary gland of rats in the 
CLARITY-BPA study

Background: The Consortium Linking Academic and Regulatory Insights on Bisphenol-A (CLARITY-BPA) is a rare collaboration of guideline-compliant (core) studies and academic hypothesis-based studies to assess the 
effects of bisphenol A (BPA).

Objectives: We aimed to a) determine whether BPA showed effects on the developing rat mammary gland using new quantitative and established semiquantitative methods in two laboratories, b) develop a software tool 
for automatic evaluation of quantifiable aspects of the mammary ductal tree, and c) compare those methods.

Methods: Sprague-Dawley rats were exposed to BPA, vehicle, or positive control [ethinyl estradiol (EE2)] by oral gavage beginning on gestational day (GD)6 and continuing with direct dosing of the pups after birth. There 
were two studies: subchronic and chronic. The latter used two exposure regimes, one stopping at postnatal day (PND)21 (stop-dose) the other continuing until tissue harvest (continuous). Glands were harvested at 
multiple time points; whole mounts and histological specimens were analyzed blinded to treatment.

Results: The subchronic study's semiquantitative analysis revealed no significant differences between control and BPA dose groups at PND21, whereas at PND90 there were significant differences between control and 
the lowest BPA dose and between control and the lowest EE2 dose in animals in estrus. Quantitative, automatized analysis of the chronic PND21 specimens displayed nonmonotonic BPA effects, with a breaking point 
between the 25 and 
250
μ
g
/

Environ Health 
Perspect. 2020 
May;128(5):57001.

10.1289/EHP6301.32438830 32438830 動物 ⼦宮内暴露〜⽣後経⼝暴露による雌仔動物の⼦宮内膜への影響 1 1 ;  g a v a g e ,  ⺟ 動 物 の g e s t a t i o n a l d a y  ( G D  )  6  〜 ⽣ 後 雌 の 仔 動 物 へ  p o s t  n a t a l  d a y  ( P N D )  2 1  あ る い は P N D  9 0 ま で 投 与 1 1; SD rat  0 ,  2 . 5 ,  2 5 ,  2 6 0 ,  2 , 7 0 0  µ g / k g  B W / d a y  f o r  2 1  P N D  s t u d y ,  0 ,   2 . 5 ,  2 5 ,  2 5 0 ,  2 , 5 0 0 ,  a n d  2 5 , 0 0 0   µ g / k g  B W / d a y  f o r  9 0  P N D  s t 1 - - - - - - 1 1 - 1 - 1 ● - - ● - - - ● ●

統合_3003 Nair VA, Valo S, Peltomaki P, Bajbouj K and 
Abdel-Rahman WM 2020

Oncogenic potential of bisphenol a 
and common environmental 
contaminants in human mammary 
epithelial cells

There is an ample epidemiological evidence to support the role of environmental contaminants such as bisphenol A (BPA) in breast cancer development but the molecular mechanisms of their action are still not fully 
understood. Therefore, we sought to analyze the effects of three common contaminants (BPA; 4-tert-octylphenol, OP; hexabromocyclododecane, HBCD) on mammary epithelial cell (HME1) and MCF7 breast cancer cell 
line. We also supplied some data on methoxychlor, MXC; 4-nonylphenol, NP; and 2-amino-1-methyl-6-phenylimidazo [4‒b] pyridine, PhIP. We focused on testing the prolonged (two months) exposure to low nano-molar 
concentrations (0.0015‒0.0048 nM) presumed to be oncogenic and found that they induced DNA damage (evidenced by upregulation of pH2A.X, pCHK1, pCHK2, p-P53) and disrupted the cell cycle. Some agents induced 
epigenetic (methylation) changes of tumor suppressor genes TIMP3, CHFR, ESR1, IGSF4, CDH13, and GSTP1. Obviously, the accumulation of these molecular alterations is an essential base for cancer development. 
Consistent with this, we observed that these agents increased cellular invasiveness through collagen. Cellular abilities to form colonies in soft agar were increased for MCF7. Toxic agents induced phosphorylation of 
protein kinase such as EGFR, CREB, STAT6, c-Jun, STAT3, HSP6, HSP27, AMPKα1, FAK, p53, GSK-3α/β, and P70S6 in HME1. Most of these proteins are involved in potential oncogenic pathways. Overall, these data 
clarify the molecular alterations that can be induced by some common environmental contaminants in mammary epithelial cells which could be a foundation to understand environmental carcinogenesis.
Keywords: bisphenol A; breast cancer; hexabromocyclododecane; methoxychlor; nonylphenol; octylphenol

Int J Mol Sci. 2020 May 
25;21(10):3735.

10.3390/ijms21103735 32466334 in vitro - - - - - - - - - - 1 0 0.0015〜0.0048 nM 1 - - - - - ● - - - - - - - -

統合_3004 Ozgür M, Yılmaz S. G, Uçar A and Yılmaz S 2021
Cytotoxic effects of bisphenol a as 
an endocrine disruptor on human 
lymphocytes

Background: Endocrine compounds, such as Bisphenol A (BPA), stimulate or inhibit the activities of hormones, nuclear receptors in the central nervous system, liver and other organs. They may be disposed of in the 
environment inadverdently around industrial sites. The aim of this study was to evaluate the cytotoxic effects of BPA on human lymphocytes in culture at varying concentrations.
Methods: 0.1 mL heparinized 0.2 mL peripheral blood taken from a healthy male and a female were plated in culture media under sterile conditions. To prepare the reference dose at a concentration of 0.05 mg/mL, 0.027g 
BPA was dissolved in 1 L dimethyl sulfoxide and the highest dose of 50 μg/mL BPA solution was prepared. After separating the stock solution, 50 μg/mL BPA was diluted to prepare 20, 10 or 5 μg/mL doses.
Results: After 24 h of incubation, abnormal cell±Standart Error (%)[AC±SE (%)] 1.10±1.0, chromosomal aberration/cell±Standart Error (CA/cell±SE) 0.025±0.01 was determined in control group, and AC±SE (%) 2.00
±0.98 in control group. After 48 h of incubation 0.98, CA/cell±SE was found to be 0.020±0.01. After 24 and 48 h of incubation, AC±SE (%) and CA/cell±SE ratios were 30.00±3.24, 34.00±3.35 and 0.325±0.03, 0.430±
0.04, respectively.
Conclusion: The cytotoxic effect of BPA on human lymphocytes was investigated in this study at reference concentration and lower doses. Our findings support the fact that BPA substitutes may not be sufficiently safe 
for widespread use as industrial chemicals.

Iranian Journal of 
Toxicology, 15, 115‒120

10.32598/IJT.15.2.753.1 - in vitro - - - - - - - - - - 1 0 20、10、または 5 µg/mL - - - - - - ● - - - - - - - -
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統合_3005 Pan D, Feng D, Ding H, Zheng X, Ma Z, Yang B 
and Xie M 2020

Effects of bisphenol A exposure on 
DNA integrity and protamination of 
mouse spermatozoa

Background
Bisphenol A is widely used in the manufacture of polycarbonate plastics and has caused increasing concern over its potential adverse impacts on spermatogenesis. However, the effect of bisphenol A on spermiogenesis 
is yet to be explored.

Objectives
To evaluate whether bisphenol A has adverse effects on DNA integrity and protamination of spermatogenic cell.

Materials and methods
Newborn male mice were subcutaneously injected with bisphenol A (0.1, 5 mg/kg body weight, n = 15) or coin oil (control group, n = 20) daily from post-natal day 1 until 35. At post-natal day 70, epididymis caudal 
spermatozoa and testes were collected. Sperm count, sperm motility, and sperm morphology were analyzed. The sperm chromatin structure assay was performed to examine the sperm DNA fragmentation. Terminal 
deoxynucleotidyl transferase dUTP nick end labeling (TUNEL) method was used to assess apoptosis of spermatogenic cells. The ultrastructural features of testicular sections were examined under a transmission 
electron microscope. Western blot and RT-PCR were used to detect the expression levels of transition protein (Tnp) 1 and Tnp2, protamine (Prm) 1 and Prm2 protein, and mRNA in mice testes.

Results
Bisphenol A significantly reduced sperm counts, impaired sperm motility, and increased the percentage of malformed spermatozoa. Poor sperm chromatin integrity and increased TUNEL-positive spermatogenic cells were 
also observed in mice exposed to bisphenol A. Ultrastructural analysis of testes showed that bisphenol A exposure caused incomplete chromatin condensation, retention of residual cytoplasm, and abnormal acrosome 
formation. In addition, the relative expression levels of Tnp2 and Prm2 in mice testes decreased significantly in bisphenol A groups.

Discussion and conclusion
Our findings identified that neonatal bisphenol A exposure may negatively contribute to the sperm quality in adult mice. Mechanistically, we showed that bisphenol A reduced sperm chromatin integrity along with increased 
DNA damage, which may be due to poor protamination of spermatozoa.

Andrology, 8, 486‒496 10.1111/andr.12694 31489793 動物 - 1 0 1 不明 0 0.1、5 mg/kg 体重 - - - - - - - - - - - - ● - - - - - - - -

統合_3006 Panpatil VV, Kumari D, Chatterjee A, Kumar S, 
Bhaskar V, Polasa K and Ghosh S 2020

Protective effect of turmeric against 
bisphenol - A induced genotoxicity 
in rats

In this study, the protective role of turmeric on genotoxic effects of Bisphenol-A exposure in Wistar rats by in vivo experiment were investigated. Bisphenol-A is a known endocrine disruptor and suspected carcinogen, that 
comes diet through plastics for food packaging and food processing. In this study, rats were divided into three groups of twelve animals each and were administered with Bisphenol-A by oral gavage with levels of 0, 50 
and, 100 μg. Half of the animals in each group were fed with feed which contained 3% turmeric (wt/wt), for a period of 4 wk, while the rest of the rats received the same diet treatment without the addition of turmeric. At 
the end of the experiment, all rats were terminated and the internal organs such as liver, kidney, femurs were collected and analyzed. Mean and SD values were compared by one-way ANOVA and Kruskal-Wallis-Wilcoxon 
test, the formation of micronuclei was compared using Mann-Whitney U-test. Significant decrease in serum malondialdehyde and urinary 8-hydroxy-2′-deoxyguanosine levels were observed in Bisphenol-A+turmeric 
groups as compared to Bisphenol-A groups. Bisphenol-A groups exhibited significantly higher mean levels of DNA damage in liver and kidney as compared to the untreated control group. Bisphenol-A group showed 
significant increase in the formation of micronuclei which was approximately threefold higher as compared to the control group. A significant decrease in DNA migration was observed in Bisphenol-A+turmeric fed groups 
in liver and kidney. Turmeric feeding significantly inhibited the micronuclei formation induced by Bisphenol-A. The study results indicate that turmeric can protect against Bisphenol-A induced genotoxicity in rats.

Journal of Nutritional 
Science and 
Vitaminology, 66, S336‒
S342

10.3177/jnsv.66.S336 33612621 動物 - 1 1 1 不明 0 0, 50 and, 100 µg - - - - - - - - - - - - ● - - - - - - - -

統合_3007 Plank AC, Frey S, Basedow LA, Solati J, Canneva 
F, von Horsten S, Kratz O, Moll GH and Golub Y 2021

Prenatally traumatized mice reveal 
hippocampal methylation and 
expression changes of the stress-
related genes Crhr1 and Fkbp5

In our previous study, we found that prenatal trauma exposure leads to an anxiety phenotype in mouse pups, characterized by increased corticosterone levels and increased anxiety-like behavior. In order to understand the 
mechanisms by which aversive in utero experience leads to these long-lasting behavioral and neuroendocrine changes, we investigated stress reactivity of prenatally traumatized (PT) mice, as well as the expression and 
methylation levels of several key regulatory genes of the stress axis in the dorsal hippocampus (dHPC) of the PT embryo and adult mice. We detected increased corticotropin-releasing hormone receptor 1 (Crhr1) and 
decreased FK506 binding protein 5 (Fkbp5) mRNA levels in the left dHPC of adult PT mice. These alterations were accompanied by a decreased methylation status of the Crhr1 promoter and an increased methylation 
status of the Fkbp5 promoter, respectively. Interestingly, the changes in Fkbp5 and Crhr1 mRNA levels were not detected in the embryonic dHPC of PT mice. Together, our findings provide evidence that prenatal trauma 
has a long-term impact on stress axis function and anxiety phenotype associated with altered Crhr1 and Fkbp5 transcripts and promoter methylation.

Translational 
Psychiatry, 11, 183

10.1038/s41398-021-01293-y 33758173 動物 - 1 不明 0 1 不明 不明 - - - - - - - - - - - - ● - - - - - - - -

統合_3008
Qiu B, Xu Y, Wang J, Liu M, Dou L, Deng R, 
Wang C, Williams KE, Stewart RB, Xie Z, Ren W, 
Zhao Z, Shou W, Liang T and Yong W

2019
Loss of FKBP5 affects neuron 
synaptic plasticity: an 
electrophysiology insight

FKBP5 (FKBP51) is a glucocorticoid receptor (GR) binding protein, which acts as a co-chaperone of heat shock protein 90 (HSP90) and negatively regulates GR. Its association with mental disorders has been identified, 
but its function in disease development is largely unknown. Long-term potentiation (LTP) is a functional measurement of neuronal connection and communication, and is considered one of the major cellular mechanisms 
that underlies learning and memory, and is disrupted in many mental diseases. In this study, a reduction in LTP in Fkbp5 knockout (KO) mice was observed when compared to WT mice, which correlated with changes to 
the glutamatergic and GABAergic signaling pathways. The frequency of mEPSCs was decreased in KO hippocampus, indicating a decrease in excitatory synaptic activity. While no differences were found in levels of 
glutamate between KO and WT, a reduction was observed in the expression of excitatory glutamate receptors (NMDAR1, NMDAR2B and AMPAR), which initiate and maintain LTP. The expression of the inhibitory 
neurotransmitter GABA was found to be enhanced in Fkbp5 KO hippocampus. Further investigation suggested that increased expression of GAD65, but not GAD67, accounted for this increase. Additionally, a functional 
GABAergic alteration was observed in the form of increased mIPSC frequency in the KO hippocampus, indicating an increase in presynaptic GABA release. Our findings uncover a novel role for Fkbp5 in neuronal synaptic 
plasticity and highlight the value of Fkbp5 KO as a model for studying its role in neurological function and disease development.

Neuroscience, 402, 23‒
36

10.1016/j.neuroscience.2019.01.02
1

30685540 動物 - 1 不明 0 0 不明 不明 - - - - - - - - - - - - ● - - - - - - - -

統合_3009 Ramos C, Ladeira C, Zeferino S, Dias A, Faria I, 
Cristovam E, Gomes M and Ribeiro E 2019

Cytotoxic and genotoxic effects of 
environmental relevant 
concentrations of bisphenol A and 
interactions with doxorubicin

Bisphenol A (BPA) is one of the most widely utilized endocrine disruptors to which humans are exposed, particularity through ingestion. BPA is an aneugenic compound with a putative association to tumorigenesis. 
Although extensively studied in estrogen responsive cells, information regarding its effects on cells from the upper gastrointestinal tract exposed to free/active forms of BPA is still scarce. Similarly, BPA interactions with 
other drugs have been neglected, although it has been suggested to have a potential role in doxorubicin (DOX) chemoresistance. This study is intended to assess potential cytotoxic and genotoxic effects of BPA, as well 
as its interactions with DOX, in Human epithelial type 2 cells (Hep-2) originated from a human laryngeal carcinoma and in a DNA damage responsive cell line, the human lung fibroblasts (MRC-5). Cell viability was 
analyzed through the resazurin assay. The G protein-coupled estrogen receptor 1 (GPER) expression was visualized by immunodetection. Genotoxicity, namely DNA damage and oxidative DNA damage, were assessed by 
comet assay and micronuclei induction, and mitotic disruption was evaluated cytologically by fluorescent microscopy with DAPI staining. Cytotoxicity analysis showed that exposure to BPA per se does not affect cellular 
viability. Nevertheless, the genotoxic analysis showed that BPA induced an increase of DNA damage in the Hep-2 cell line and in oxidative damage in the MRC-5 cell line. An increase of micronuclei was also observed in 
both cell lines following BPA exposure. BPA and DOX co-exposures suggested that BPA acts as an antagonist of DOX effects in both cell lines. The interaction with DOX appears to be cell type dependent, exhibiting a 
non-monotonic response curve in MRC-5 cells, a GPER expressing cell line. Our study emphasizes the need for a deeper knowledge of BPA interactions, particularly with chemotherapeutic agents, in the context of risk 
assessment and public health.

Mutat Res Genet 
Toxicol Environ 
Mutagen. 2019 
Feb:838:28-36.

10.1016/j.mrgentox.2018.11.009 30678825 in vitro - - - - - - - - - - 1 1 - 1 - - - - - ● - - - - - - - -

統合_3010 Sahu C, Charaya A, Singla S, Dwivedi DK and 
Jena G 2020

Zinc deficient diet increases the 
toxicity of bisphenol A in rat testis

Zinc (Zn) plays an important role in maintaining the process of spermatogenesis and reproductive health. Bisphenol A (BPA), an endocrine disrupting chemical is known to be a reproductive toxicant in different animal 
models. The present study was designed to study the effect of two of the utmost determinative factors (Zn deficient condition and influence of toxicant BPA) on germ cell growth and overall male reproductive health in the 
testis, epididymis, and sperm using (a) biochemical, (b) antioxidant, (c) cellular damage, (d) apoptosis, and (e) protein expression measurements. Rats were divided into Control (normal feed and water), BPA (100 
mg/kg/d), zinc deficient diet (ZDD; fed with ZDD), and BPA + ZDD for 8 weeks. Body and organ weights, sperm motility and counts, and sperm head morphology were evaluated. The histology of testes, epididymides, and 
prostate was investigated. Testicular deoxyribonucleic acid (DNA) damage was evaluated by Halo and Comet assay, apoptosis of sperm and testes were quantified by TUNEL assay. Serum protein electrophoretic 
patterns and testicular protein expressions such as Nrf-2, catalase, PCNA, and Keap1 were analyzed by Western blot analysis. The results showed that BPA significantly increased the testicular, epididymal, and prostrate 
toxicity in dietary Zn deficient condition due to testicular hypozincemia, hypogonadism, increased cellular and DNA damage, apoptosis, as well as perturbations in protein expression.

Journal of Biochemical 
and Molecular 
Toxicology, 34

10.1002/jbt.22549 32609952 動物 - 1 1 1 不明 0 100 mg/kg/⽇ - - - - - - - - - - - - ● - - - - - - - -

統合_3011 Song RH, Wang B, Yao QM, Li Q, Jia X and 
Zhang JA 2019

The impact of obesity on thyroid 
autoimmunity and dysfunction: a 
systematic review and meta-analysis

Background: To help inform decision making in the clinical setting, we carried out a systematic review and meta-analysis to estimate the association of thyroid disease risks with obesity.

Methods: Pubmed, Embase, Web of Science, Cochrane database and Google Scholar electronic databases were searched from inception to October 31, 2018 without language restrictions to explore the relationship 
between thyroid disorders and obesity. The relative risk (RR) or odds risk (OR) for thyroid disorders were pooled using the SPSS and STATA software.

Results: A total of 22 studies were included in the study. (1) Meta-analysis showed that obesity was significantly associated with an increased risk of hypothyroidism (RR = 1.86, 95% CI 1.63‒2.11, P < 0.001). Meta-
analyses after stratification further showed that obese population had increased risks of overt hypothyroidism (RR = 3.21, 95% CI 2.12‒4.86, P < 0.001) and subclinical hypothyroidism (RR = 1.70, 95% CI 1.42‒2.03, P < 
0.001). (2) Further meta-analysis also showed obesity was clearly associated with Hashimoto's thyroiditis (RR = 1.91, 95% CI 1.10‒3.32, P = 0.022), but not with Graves' disease. (3) In the meta-analysis of antibodies, 
obesity was correlated with positive thyroid peroxidase antibody (TPOAb) (RR = 1.93, 95% CI 1.31‒2.85, P = 0.001), but not with positive thyroglobulin antibody (TGAb).

Conclusions: Obesity was significantly related to hypothyroidism, HT, and TPOAb, implying that prevention of obesity is crucial for thyroid disorders.

Front Immunol. 2019 
Oct 1:10:2349.

10.3389/fimmu.2019.02349 31681268 ヒト 代謝(メタアナリシス) - - - - - - メタアナリシス 1 1 - - - 1 1 1 - - - ● - - - - - - - -

統合_3012 Su KZ, Li YR, Zhang D, Yuan JH, Zhang CS, Liu 
Y, Song LM, Lin Q, Li MW and Dong J 2019

Relation of circulating resistin to 
insulin resistance in Type 2 diabetes 
and obesity: a systematic review 
and meta-analysis

Background: Resistin, a cysteine-rich polypeptide encoded by the RETN gene, which plays an important role in many mechanisms in rodent studies, including lipid metabolism, inflammation and insulin resistance. 
Nevertheless, the relationship between resistin and insulin resistance in humans is under debate. The present study was designed to clarify the correlation between resistin and insulin resistance.

Methods: A systematic literature search was performed using PubMed, Embase and Cochrane Library until March 3, 2019 with the keywords “resistin” and “insulin resistance.” Funnel plots and Egger's test were used to 
detect publication bias. A random-effects model was used to calculate the pooled effect size. Subgroup analysis and meta regression was performed to identify the sources of heterogeneity.

Results: Fifteen studies were included in our systematic review. Among them, 10 studies with Pearson coefficients were used for meta-analysis. We found resistin levels were weakly correlated with insulin resistance in 
those with T2DM and obesity (r = 0.21, 95% CI: 0.06‒0.35, I2 = 59.7%, P = 0.003). Nevertheless, subgroup analysis suggested that circulating resistin levels were significantly positively correlated with insulin resistance 
in individuals with hyperresistinemia (≥14.8 ng/ml) (r = 0.52, 95% CI: 0.35‒0.68, I2 = 0.0%, P = 0.513). And there was no relationship between circulating resistin and insulin resistance in those with normal circulating 
resistin levels (<14.8 ng/ml) (r = 0.08, 95% CI: −0.01‒0.18, I2 = 0.0%, P = 0.455). Publication bias was insignificant (Egger's test P = 0.592).

Conclusion: In T2DM and obese individuals, resistin levels were positively correlated with insulin resistance in those with hyperresistinemia, but not in those with normal circulating resistin levels.

Front Physiol. 2019 Nov 
19:10:1399.

10.3389/fphys.2019.01399 31803062 ヒト 代謝(メタアナリシス) - - - - - - メタアナリシス 1 1 - - - 1 1 1 - - - ● - - - - - - - -

統合_3014 Yang L, Baumann C, De La Fuente R and 
Viveiros MM 2020

Mechanisms underlying disruption 
of oocyte spindle stability by 
bisphenol compounds

Accurate chromosome segregation during meiotic division depends on the assembly of a bipolar spindle apparatus and formation of correct chromosome-microtubule (MT) interactions (Chmátal et al. 2015). Thus, 
exposure to spindle disrupting compounds can promote meiotic errors, which in turn lead to aneuploidy in oocytes and genomic instability in developing embryos upon fertilization (Nagaoka et al. 2012). The adverse effects 
posed by environmental toxicants on gamete quality and function is a growing concern. In the current study, we tested the effect of bisphenol compounds, including bisphenol A (BPA) and bisphenol F (BPF), on assembled 
meiotic spindle organization in ovulated MII oocytes, a critical stage prior to fertilization.

Biphenol A, widely used in plastics manufacture, is recognized as a potent endocrine disruptor with estrogen-like activity as it can bind to intracellular (ERα, ERβ) and cell surface (GPR30) estrogen receptors to affect 
cell signaling and proliferation (Acconcia et al. 2015, Gore et al. 2015). Increasing evidence supports that BPA has significant detrimental effects on human and animal health (Gore et al. 2015, Pelch et al. 2019), which has 
prompted some restrictions on its use. Yet, it remains highly prevalent. Moreover, the use of replacement analogs, such as bisphenol S (BPS) and bisphenol F (BPF), has increased in recent years. However, these 
compounds are structurally similar to BPA and also pose potential safety concerns (Sartain & Hunt 2016, Pelch et al. 2019). Studies demonstrate that BPA adversely affects various aspects of the reproductive system in 
males and females, including germ cell development and function (Peretz et al. 2014). In females, maternal exposure to environmentally relevant doses of BPA has been shown to disrupt early ovarian follicle development 
(Hunt et al. 2012, Berger et al. 2016) and promote increased rates of oocyte meiotic abnormalities, including aneuploidy (Hunt et al. 2003, Pacchierotti et al. 2008). Meiotic abnormalities in oocytes are also evident, 
following in vitro ovarian culture with continuous exposure to BPA (Lenie et al. 2008).

While the endocrine disrupting activity of BPA is well documented, studies also point to damaging effects on microtubules (MTs) that are less understood. Microtubule and spindle defects have been reported in response 
to BPA exposure during mitotic division in diverse systems, including somatic cells lines (Pfeiffer et al. 1997), plant cells (Adamakis et al. 2019), and sea urchin embryos (George et al. 2008). Meiotic abnormalities in 
mammalian oocytes following maternal in vivo exposure (Hunt et al. 2003) or ovarian follicle culture (Lenie et al. 2008), with BPA were frequently associated with meiotic spindle MT disruption. Notably, exposure to BPA or 
common replacement analogs during in vitro meiotic maturation has been shown to hinder the progression to metaphase-II (MII) as well as disrupt meiotic spindle assembly and organization in mouse (Can et al. 2005, 
Eichenlaub-Ritter et al. 2008), porcine (Zalmanova et al. 2017), bovine (Campen et al. 2018), and human (Machtinger et al. 2013) oocytes. Nevertheless, the underlying mechanisms of bisphenol-mediated spindle MT 
disruption in oocytes remain poorly defined. Oocytes exposed to bisphenol during meiotic maturation often fail to progress to MII, making it difficult to discern between potential direct effects on spindle MTs and 
disruption of meiosis. Moreover, many investigations used cumulus cell-enclosed oocytes when testing BPA exposure in vitro, raising the question as to whether meiotic abnormalities might also be partially attributed to 
bisphenol effects on the surrounding granulosa cells (Peretz et al. 2014, Mansur et al. 2017).

In the current study, we exposed ovulated oocytes to BPA and a common replacement analog, BPF, to gain a better understanding of the direct effect(s) of bisphenols on MTs and spindle organization. The aim was to test 
the acute impact of bisphenols on assembled MII spindle organization and stability rather than the regulation of initial spindle assembly. Our results demonstrate rapid MT-disrupting activity, by BPA and BPF, which is 
detrimental to oocyte spindle organization and stability as well as spindle-associated factors. Moreover, we show differences in BPA and BPF action on MTs, as well as identify an important link between bisphenol-
mediated MT disruption and Aurora Kinase A activity.

Reproduction. 2020 
Apr;159(4):383-396.

10.1530/REP-19-0494 31990668 in vitro - - - - - - - - - - 1 1 5, 25, 50 µg/ml 1 - - - - - ● - - - - - - - -

統合_3015 Yang Y, Liu C, Yang J, Yuan F, Cheng R, Chen R, 
Shen Y and Huang L 2021

Impairment of sirtuin 1-mediated 
DNA repair is involved in bisphenol 
A-induced aggravation of 
macrophage inflammation and 
atherosclerosis

Bisphenol A (BPA), an environmental pollutant, has received considerable attention worldwide for its hazardous effects of promoting atherosclerosis and increasing the risk of cardiovascular diseases (CVDs). However, 
the mechanisms involved are unclear. We aimed to investigate the mechanisms underlying BPA-aggravated atherosclerosis and potential preventive treatments. Four-week-old male Ldlr−/- C57BL/6 mice were 
administered 250 μg/L BPA via drinking water for 30 weeks with or without a Western diet and/or resveratrol (RESV) for 12 weeks. Chronic BPA exposure significantly aggravated atherosclerosis, enhanced the 
production of inflammatory cytokines but not lipid levels, promoted macrophage infiltration into plaque areas. Moreover, peritoneal macrophages isolated from BPA-exposed mice exhibited a more pro-inflammatory 
phenotype in response to cholesterol crystal treatment than those from control mice. The comet assay revealed that the DNA repair capacity of BPA-exposed macrophages was impaired, and western blotting showed that 
sirtuin 1 and Nijmegen breakage syndrome 1 (NBS1) expression was reduced. However, restoring sirtuin 1 by RESV administration significantly blocked the BPA-induced decrease in NBS1 and subsequently attenuated the 
BPA-induced impairment of DNA repair and apoptosis, as indicated by phosphorylated H2AX expression and staining and PARP expression. Moreover, RESV administration significantly ameliorated BPA-aggravated NOD-
like receptor pyrin domain 3 and caspase 1 activation and interleukin-1β production, which were abolished by NBS1 knockdown. Furthermore, RESV administration prevented BPA-induced aggravation of atherosclerosis. 
Our findings indicate that impairment of sirtuin 1-mediated DNA repair is involved in BPA-induced aggravation of macrophage inflammation and atherosclerosis and that RESV might be a promising preventive and 
therapeutic agent for BPA-related CVDs.

Chemosphere, 265, 
128997

10.1016/j.chemosphere.2020.1289
97

33239236 動物 - 1 1 1 Ldlr-/- C57BL/6 0 250 µg/L - - - - - - - - - - - - ● - - - - - - - -

統合_3016 Yin L, Siracusa JS, Measel E, Guan X, Edenfield 
C, Liang S and Yu X 2020

High-content image-based single-
cell phenotypic analysis for the 
testicular toxicity prediction induced 
by bisphenol a and its analogs 
bisphenol S, bisphenol AF, and 
tetrabromobisphenol A in a three-
dimensional testicular cell Co-
culture model

Emerging data indicate that structural analogs of bisphenol A (BPA) such as bisphenol S (BPS), tetrabromobisphenol A (TBBPA), and bisphenol AF (BPAF) have been introduced into the market as substitutes for BPA. Our 
previous study compared in vitro testicular toxicity using murine C18-4 spermatogonial cells and found that BPAF and TBBPA exhibited higher spermatogonial toxicities as compared with BPA and BPS. Recently, we 
developed a novel in vitro three-dimensional (3D) testicular cell co-culture model, enabling the classification of reproductive toxic substances. In this study, we applied the testicular cell co-culture model and employed a 
high-content image (HCA)-based single-cell analysis to further compare the testicular toxicities of BPA and its analogs. We also developed a machine learning (ML)-based HCA pipeline to examine the complex phenotypic 
changes associated with testicular toxicities. We found dose- and time-dependent changes in a wide spectrum of adverse endpoints, including nuclear morphology, DNA synthesis, DNA damage, and cytoskeletal 
structure in a single-cell-based analysis. The co-cultured testicular cells were more sensitive than the C18 spermatogonial cells in response to BPA and its analogs. Unlike conventional population-averaged assays, 
single-cell-based assays not only showed the levels of the averaged population, but also revealed changes in the sub-population. Machine learning-based phenotypic analysis revealed that treatment of BPA and its 
analogs resulted in the loss of spatial cytoskeletal structure, and an accumulation of M phase cells in a dose- and time-dependent manner. Furthermore, treatment of BPAF-induced multinucleated cells, which were 
associated with altered DNA damage response and impaired cellular F-actin filaments. Overall, we demonstrated a new and effective means to evaluate multiple toxic endpoints in the testicular co-culture model through 
the combination of ML and high-content image-based single-cell analysis. This approach provided an in-depth analysis of the multi-dimensional HCA data and provided an unbiased quantitative analysis of the phenotypes 
of interest.

Toxicological Sciences, 
173, 313‒335

10.1093/toxsci/kfz233 31750923 in vitro - - - - - - - - - - 1 0 25, 50, 100, 200, and 400 µM - - - - - - ● - - - - - - - -
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統合_3017 Yu H, Chen Z, Hu K, Yang Z, Song M, Li Z and 
Liu Y 2020

Potent clastogenicity of bisphenol 
compounds in mammalian cells ̶ 
human CYP1A1 being a major 
activating enzyme

Bisphenols (BPs) are environmental pollutants with relevant DNA damage in human population; however, they are generally inactive in standard mutagenicity assays, possibly due to insufficient metabolic activation. In this 
study, induction of micronuclei and double-strand DNA breaks by BPA, BPF, and BPS in Chinese hamster V79-derived cell lines expressing various human CYP enzymes and a human hepatoma (C3A) (metabolism-
proficient) cell line were investigated. Molecular docking of BPs to human CYPs indicated some substrate‒enzyme potentials, including CYP1A1 for each compound, which did not induce micronuclei in V79-derived cell 
lines expressing human CYP1A2, 2E1, or 3A4 but became positive in human CYP1A1-expressing (V79-hCYP1A1) cells. In V79-hCYP1A1 and C3A cells, all compounds induced double-strand DNA breaks and micronuclei 
formation, which were blocked/significantly attenuated by 1-aminobenzotriazole (CYP inhibitor) or 7-hydroxyflavone (selective CYP1A1 inhibitor). Coexposure of C3A cells to pentachlorophenol (sulfotransferase 1 
inhibitor) or ketoconazole (UDP-glucuronosyltransferase 1A inhibitor) potentiated micronuclei induction by each compound, with thresholds lowered from 2.5‒5.0 to 0.6‒1.2 μM. Immunofluorescence staining of 
centromere protein B with micronuclei formed in C3A cells by each compound indicated pure clastogenic effects. In conclusion, BPs are potently clastogenic in mammalian cells, which require activation primarily by 
human CYP1A1 and are negatively modulated by phase II metabolism.

Copyright © 2020 American Chemical Society

Environ Sci Technol. 
2020 Dec 
1;54(23):15267-15276.

10.1021/acs.est.0c04808 33201683 in vitro - - - - - - - - - - 1 1 不明 1 - - - - - ● - - - - - - - -

統合_3018 Yuan J, Kong Y, Ommati MM, Tang Z, Li H, Li L, 
Zhao C, Shi Z and Wang 2019

Bisphenol A-induced apoptosis, 
oxidative stress and DNA damage in 
cultured rhesus monkey embryo 
renal epithelial Marc-145 cells

Bisphenol A (BPA) is widely used in the production of epoxy resins and polycarbonate plastics. Under harsh situations, these plastics likely desorb BPA, which then can seep into the environment. Various concentrations 
of BPA have been detected in most biological fluid. However, there is paucity of information on the detrimental effects of BPA and its subsequent cellular events in chronic kidney disease (CKD). Hence, in this in vitro 
study, we aimed to investigate the effects of BPA on renal epithelial cell activation, apoptosis, and DNA damage. Rhesus monkey embryo renal epithelial Marc-145 cells were exposed to 0, 10−1, 10−2, 10−3, 10−4, 10−
5, and 10−6 M of BPA. Alterations in intracellular apoptosis, oxidative stress, and DNA damage were evaluated. The results showed that BPA decreased cell viability, superoxide dismutase (SOD) activity and glutathione 
(GSH) level, with concomitant increases in apoptosis related indices, lactate dehydrogenase (LDH) activity, reactive oxygen species (ROS) generation, thiobarbituric acid reactive substances (TBARS) content, and the 
rate of comet Marc-145 cells with a dose-dependent manner. The data indicated that increased oxidative stress, apoptosis and DNA damage in epithelial Marc-145 cells might play a pivotal role in the mechanism of BPA-
induced nephrotoxicity.

Chemosphere. 2019 
Nov:234:682-689.

10.1016/j.chemosphere.2019.06.1
25

31234085 in vitro - - - - - - - - - - 1 1 0、10−1、10−2、10−3、10−4、10−5、および10−6M 1 - - - - - ● - - - - - - - -

統合_3019 Yuan J, Che S, Zhang L, Li X, Yang J, Sun X and 
Ruan Z 2021

Assessing the combinatorial 
cytotoxicity of the exogenous 
contamination with BDE-209, 
bisphenol A, and acrylamide via 
high-content analysis

Food is often exposed to multiple types of contaminants, and the coexistence of contaminants may have antagonistic, additive or synergistic effects. This study investigated the combinatorial toxicity of the three most 
widespread exogenous contaminants, decabrominated diphenyl ether (BDE-209), bisphenol A (BPA), and acrylamide (ACR) to HepG2 cells. A mathematical model (Chou-Talalay) and high-content analysis (HCA) were 
used to probe the nature of the contaminantsʼ interactions and their cytotoxicity mechanisms, respectively. The results highlighted that for the individual pollutants, the cytotoxicity order was BDE-209> BPA > ACR, and 
varying combinations of contaminants exhibited additive/synergistic effects. In general, combining multiple contaminants significantly increased intracellular reactive oxygen species (ROS), Ca2+ flux, DNA damage and 
Caspase-3, and decreased mitochondrial membrane potential (MMP) and nucleus roundness, indicating that the additive or synergistic mechanism of the combined contaminations was disturbance to multiple organelles. 
This study emphasizes the complexity of human exposure to food contaminants and provides a scientific basis for formulating strict regulatory standards.

Chemosphere. 2021 
Dec:284:131346.

10.1016/j.chemosphere.2021.1313
46

34217936 in vitro - - - - - - - - - - 不明 1 不明 1 - - - - - ● - - - - - - - -

統合_3020 Zahra Z, Khan MR, Majid M, Maryam S and 
Sajid M 2020

Gonadoprotective ability of 
Vincetoxicum arnottianum extract 
against bisphenol A-induced 
testicular toxicity and hormonal 
imbalance in male Sprague Dawley 
rats

Vincetoxicum arnottianum (Wight) of family Apocynaceae is a rich source of therapeutic alkaloids, phenolics and flavonoids. Study aims to evaluate the protective potential of methanol extract of Vincetoxicum arnottianum 
(VAM) on bisphenol A (BPA)-induced testicular toxicity in male Sprague Dawley rat. Quantitative analysis of VAM for total phenolic (TPC), total flavonoid (TFC) and total alkaloid content (TAC) along with HPLC analysis 
for polyphenolics was carried out. BPA-induced testicular toxicity was determined through analysis of antioxidant enzymes, DNA damages and testicular histopathology along with reproductive hormones in serum of rat. 
VAM was constituted of TFC (382.50 ± 1.67 μg GAE/mg), TPC (291.17 ± 0.82 μg RE/mg), TAC (16.5 ± 0.5%), ferulic acid (2.2433 μg/mg) and vanillic acid (2.1249 μg/mg). VAM co-administration to BPA-treated rats 
attenuated the toxic effects of BPA and restored the body and testis weights. Altered level of luteinizing hormone (LH), testosterone and follicle-stimulating hormone (FSH) in serum, and level of antioxidants (GSH, POD, 
CAT and SOD) and nitric oxide in testis tissues of BPA-induced toxicity were significantly restored by VAM. Histological and comet assay studies also sanctioned the protective potential of VAM in BPA-intoxicated rats. 
The presence of polyphenols and alkaloids might contribute towards the scavenging and ameliorative potential of VAM in testicular toxicity induced by BPA.

Andrologia. 2020 
Jul;52(6):e13590.

10.1111/and.13590 32293051 動物 精巣 1 0 (腹腔内) 1 1 0 不明 - - - - - - 1 1 - 1 - - ● - - - - - - - -

統合_3021 Zhang S, Bao J, Gong X, Shi W and Zhong X 2019

Hazards of bisphenol A ̶ blocks 
RNA splicing leading to abnormal 
testicular development in offspring 
male mice

This study was conducted to investigate the effects of maternal exposure to BPA on testicular development in offspring males. Pregnant Kunming mice were randomly divided into 7 groups with 20 mice in each group. 
Group A was the control group and the mice were given distilled water orally. Mice in groups B, C, D, E, F, G received BPA orally at a dose of 0.05 mg/kg/d, 0.5 mg/kg/d, 5 mg/kg/d, 10 mg/kg/d, 20 mg/kg/d, 50 mg/kg/d, 
respectively. F0 mice were exposed to BPA for 40 days from gestation day 0 to lactation day 21. F1 male mice were sacrificed at weaning (postnatal day 21). Histological observations revealed architectural damages in 
testis in BPA exposed groups. The testicular organ index increased significantly when the BPA oral exposure dose was above 20 mg/kg/d (P < 0.05). BPA contents in serum of F1 male mice increased significantly when 
BPA was above 5 mg/kg/d (P < 0.05), while the contents significant increased in maternal serum when BPA was higher than 0.5 mg/kg/d. The damage of cell nuclear DNA of testis was significantly aggravated when BPA 
was above 5 mg/kg/d. The expression of AR in the testis was significantly increased when BPA was above 20 mg/kg/d (P < 0.05). Transcriptome sequencing showed that the Snrnp 40 which encoding U5 snRNA subunit 
was significantly up-regulated in spliceosome pathway, and the Hnrnpu which encoding splicing universal protein component was significantly down-regulated. The blockage of spliceosome might be one of the reasons 
why BPA affects testicular development.

Chemosphere. 2019 
Sep:230:432-439.

10.1016/j.chemosphere.2019.05.0
44

31121507 動物 精巣 1 1 1 1 1 1 - - - - - - 1 1 - 1 - - ● - - ● - - - - -

統合_3022 Zhang H, Wang Z, Meng L, Kuang H, Liu J, Lv X, 
Pang Q and Fan R 2020

Maternal exposure to environmental 
bisphenol A impairs the neurons in 
hippocampus across generations

Humans from fetal to adult stages are chronically and passively exposed to bisphenol A (BPA, an endocrine disruptor) due to its ubiquitous existence in daily life. To investigate the long-term neurotoxicity of maternal 
exposure to BPA for offspring, mice were used as the animal model. In this study, pregnant mice (F0) were orally dosed with BPA (i.e. mice from low-, medium- and high-exposed groups were treated with 0.5, 50, 5000 μ
g/kg·bw of BPA per day) until weaning. Then, the first generation (F1) mice were used to generate the F2 ones. The offspring of mice not exposed to BPA served as the control groups. The Y-maze test, comet assay, 
hematoxylin-eosin (HE) staining method, Golgi-Cox assay and liquid chromatography-tandem mass spectrometry (LC/MS/MS) were conducted to study any alterations to learning and memory abilities, the morphological 
variations in hippocampal neurons and transmitter levels of F1 and F2 mice induced by BPA exposure. Results showed that even a low-dose of maternal BPA exposure could sex-dependently and significantly impair the 
learning and memory ability of F1 male mice, but not of generation F2. Furthermore, decreased neuron quantities and spine densities in hippocampi were observed in both F1 and F2 generations after maternal BPA 
exposure. However, DNA damage of brain cells were only limited to F1 offspring, in which DNA damage was only observed in the low-exposed male mice and medium-exposed female mice. Additionally, maternal BPA 
exposure leads to variations in hippocampal neurotransmitter levels, indicated by the decreased ratio of Glu/GABA in F1 offspring. In conclusion, maternal exposure to an environmental dose of BPA resulted in lasting 
adverse effects on neurological development for offspring mice.

Toxicology. 2020 Feb 
28:432:152393.

10.1016/j.tox.2020.152393 32027964 動物 神経 1 1 1 1 1 1 - - - - - - 1 1 - 1 - 1 ● - - - - - - - -

統合_3024 Barberio L., Paulesu L., Canesi L., Grasselli E., 
and Mandalà M 2021

Bisphenol a Interferes with Uterine 
Artery Features and Impairs Rat 
Feto-Placental Growth

Bisphenol A (BPA) is a widespread environmental contaminant, found in human fluids and tissues. Maternal BPA exposure is associated with alterations in pregnancy outcomes. Because maternal uterine circulation plays 
a crucial role in normal placenta and fetal growth, we hypothesized that BPA compromises the function of uterine arteries (UAs) and fetoplacental development. Female rats were orally administered with BPA (2.5, 25 and 
250 µg/kg/day) or with its vehicle (ethanol) for 30 days before pregnancy and during the first 20 days of pregnancy. To compare the effect of BPA in the reproductive vs. systemic circulation, it was tested on UAs and 
mesenteric arteries (MAs). Arteries were isolated and examined by pressure myography. Moreover, fetuses and placentas were weighed to provide an index of reproductive performance. In UAs of BPA-treated rats, lumen 
diameter, acetylcholine-relaxation and expressions of endothelial nitric oxide synthase 3 (NOS3), estrogen receptor α (ERα) and peroxisome proliferator-activated receptor ɣ (PPARɣ) were reduced. Conversely, no 
changes were observed in MAs. BPA treatment also reduced placental weights, while fetal weights were increased. For the first time, our results indicate that UAs represent a specific target of BPA during pregnancy and 
provide insight into the molecular mechanisms that underlie its negative effects on pregnancy outcomes.

Int J Mol Sci. 2021 Jun 
27;22(13):6912.

10.3390/ijms22136912 34199136 動物 ⽣殖発⽣毒性 1 1 1 1 1 1 - - - - - - 1 1 - 1 - - - - - ● - - - - -

統合_3025

Bruno K.A., Mathews J.E., Yang A.L., Frisancho 
J.A., Scott A.J., Greyner H.D., Molina F.A., 
Greenaway M.S., Cooper G.M., Bucek A., 
Morales-Lara A.C., Hill A.R., Mease A.A., Di 
Florio D.N., Sousou J.M., Coronado A.C., Stafford 
A.R., and Fairweather D

2019

BPA Alters Estrogen Receptor 
Expression in the Heart After Viral 
Infection Activating Cardiac Mast 
Cells and T Cells Leading to 
Perimyocarditis and Fibrosis

Myocarditis is an inflammatory heart disease that leads to dilated cardiomyopathy (DCM) and heart failure. Sex hormones play an important role in the development of myocarditis with testosterone driving disease in 
males and estrogen being cardioprotective in females. The human population is widely exposed to the endocrine disruptor bisphenol A (BPA) from plastics such as water bottles, plastic food containers, copy paper, and 
receipts. Several clinical and numerous animal studies have found an association between elevated BPA levels and cardiovascular disease. A recent report found elevated levels of BPA in the serum of patients with DCM 
compared to healthy controls. In this study we examined whether exposure to BPA for 2 weeks prior to viral infection and leading up to myocarditis at day 10 altered inflammation in female BALB/c mice housed in standard 
plastic cages/water bottles with soy-free food and bedding. We found that a human relevant dose of BPA (25 μg/L) in drinking water, with an estimated exposure of 5 μg BPA/kg BW, significantly increased myocarditis 
and pericarditis compared to control water without altering viral genome levels in the heart. BPA exposure activated ERα and ERβ in the spleen 24 h after infection and phosphorylated ERα and ERβ during myocarditis, 
but decreased ERα and increased ERβ mRNA in the heart as measured by qRT-PCR. Exposure to BPA significantly increased CD4+ T cells, IFNγ, IL-17A, TLR4, caspase-1, and IL-1β in the heart. BPA exposure also 
increased cardiac fibrosis compared to controls. Mast cells, which are associated with cardiac remodeling, were found to increase in number and degranulation, particularly along the pericardium. Interestingly, plastic 
caging/water bottle exposure alone led to increased mast cell numbers, pericardial degranulation and fibrosis in female BALB/c mice compared to animals housed in glass cages/water bottles with soy-free food and 
bedding. These data suggest that BPA exposure may increase the risk of developing myocarditis after a viral infection in women

Front Endocrinol 
(Lausanne). 2019 Sep 
4:10:598.

10.3389/fendo.2019.00598 31551929 動物 ⼼臓 1 1 1 1 1 1 - - - - - - 1 1 - 1 - 1 - - - ● - - - - -

統合_3026 Cao T., Cao Y., Wang H., Wang P., Wang X., Niu 
H., and Shao C 2020

The Effect of Exposure to Bisphenol 
A on Spermatozoon and the 
Expression of Tight Junction Protein 
Occludin in Male Mice

Although bisphenol A (BPA) has been associated with impaired spermatogenesis, the mechanisms remain unclear. Tight junction occludin plays important roles in spermatogenesis. The objective of the present study was 
to explore the effects of BPA exposure in adolescent mice. Male mice were orally treated with low-dose (0.05 mg/kg/d), middle-dose (5.0 mg/kg/d), or high-dose (50 mg/kg/d) BPA in corn oil from postnatal day (PND) 35 
to 65. Animals were killed on PND 65 and PND 125. On PND 65, the sperm count, sperm motility, and the expression of occludin showed a dose-related decline. On PND 125, the sperm count, sperm motility, and the 
expression of occludin were in recovery. However, there remained significant decreases in these parameters in the 50 mg/kg/d group on PND 125 compared with the control. The dose-related effects on the measured 
parameters and occludin expression suggest an early suppressive or damaging effect on the blood‒testis barrier followed by recovery after dosing ceased. At a BPA dose of 50 mg/kg/d, recovery did not occur, suggesting 
that higher doses of BPA may cause irreversible damage to reproduction in male mice.

Dose Response. 2020 
May 
18;18(2):155932582092
6745.

10.1177/1559325820926745 32523488 動物 精⼦ 1 1 1 1 1 1 - - - - - - 1 1 - 1 - 1 - - - ● - - - - -

統合_3027 Dobrzyńska M.M., Gajowik A., and Radzikowska 
J 2022

The impact of preconceptional 
exposure of F0 male mice to 
bisphenol A alone or in combination 
with X-rays on the intrauterine 
development of F2 progeny

Bisphenol A (BPA) is used for the production of polycarbonates and epoxy resins. Exposure to chemical and physical environmental factors may influence the health of exposed individuals, and of the next generations.
This paper describes the prenatal effects in the F2 generation of mice after exposure of F0 pubescent or mature males to BPA (5 mg/kg bw, 10 mg/kg bw, 20 mg/kg bw), X-rays (0.05 Gy) or a combination of both factors 
in low doses (0.05 Gy + 5 mg/kg bw BPA) for 8 weeks. F1 males were mated with females from the same group but from a different litter. The females were sacrificed before parturition and examined for the number of 
implantations, live foetuses, as well as early and late post-implantation deaths. The fertility of males and the percentage of pregnant females in each group were also assessed.
Exposure of pubescent F0 males to 10 mg/kg bw of BPA decreased the frequency of fertile males. Following exposure of pubescent males, the frequency of pregnant females decreased in the groups of 10 mg/kg bw and 
20 mg/kg bw of BPA, whereas after exposure of adult F0 males in the groups of 5 mg/kg bw and 20 mg/kg bw of BPA, no significant changes in the frequency of total, live and dead implantations in all the experimental 
groups were found.
The results observed in regard to prenatal development of the F2 generation suggest that sperm of the sons of F0 pubescent males exposed to BPA contains genetic defects that affect the possibility of fertilization. The 
results of both pubescent and mature males exposed to BPA showed that fertilized eggs died before implantation, probably due to defects induced in the sperm. This confirmed that BPA induced transgenerational effects 
in male germ cells.

Mutat Res Genet 
Toxicol Environ 
Mutagen. 2022 
Jun:878:503480.

10.1016/j.mrgentox.2022.503480 35649674 動物 ⽣殖毒性 1 1: 飲⽔ 1 1 1 1 - - - - - - 1 1 - 1 - 1 - - - ● - - - - -

統合_3030 Gao L., Luo D., Wu D., Sun Q., Liu Y., Wen D., 
and Jia L 2022

Effects of mammalian target of 
rapamycin and aryl hydrocarbon 
receptor-mediating autophagy 
signaling on the balance of 
Th17/Treg cells during perinatal 
bisphenol A exposure in female 
offspring mice

Bisphenol A (BPA)'s immunotoxic properties have received increasing interest, which can lead to immune dysfunction and related disease development. However, the mechanism is not completely clear. A growing body of 
evidence suggests that autophagy has important roles in innate immunity, inflammatory response, and adaptive immunity. This study aimed to investigate the possible mechanisms of mammalian target of rapamycin 
(mTOR), aryl hydrocarbon receptor (AhR), and autophagy in Treg/Th17 imbalance induced by perinatal BPA exposure. Our results showed that the number of Th17 cells in the spleen of offspring female mice significantly 
increased, while the number of Treg cells decreased significantly, which was consistent with the expression levels of up-regulation of RORγt protein and a down-regulation Foxp3 protein. The levels of mTOR, p-mTOR, 
P62, and AhR protein expression increased, and LC3 protein decreased in spleen. However, in the thymus, we found that RORγt and Foxp3 proteins changed most significantly in the low-dose BPA group, and the same as 
p-mTOR and P62 protein levels. We conjectured that the potential mechanism of the imbalance of Th17/Treg upon perinatal exposure to BPA was probably associated with autophagy dysfunction. Proper autophagy plays 
an important role in maintaining the homeostasis of the thymic and spleen immune system.

Environ Toxicol. 2022 
Jul;37(7):1781-1789.

10.1002/tox.23525 35357751 動物 免疫 1 1 0 1 0 1 - - - - - - 1 1 - 1 - - - - - ● - - - - -

統合_3031 Gao T., Yin Z., Wang M., Fang Z., Zhong X., Li J., 
Hu Y., Wu D., Jiang K., and Xu X 2020

The effects of pubertal exposure to 
bisphenol-A on social behavior in 
male mice

Puberty is a crucial developmental period for structural modifications of brain and activation of the neural circuits underlying sex differences in social behavior. It is possible that pubertal exposure to bisphenol-A (BPA), a 
common EED with a weak estrogenic activity, influences social behavior. After being exposed to BPA at 0.04, 0.4, 4 mg kg−1 for 18 days, the 7-week-old male mice were tested with social play and three-chamber. The 
results showed that pubertal BPA exposure decreased social play between adolescent males and sociability of adolescent males. Further, pubertal BPA exposure reduced sociability and inhibited social novel preferences 
of adult males. BPA inhibited social interactions with opposite sex but improved socio-sexual exploration and the low-intensity mating behavior (mounting) with same sex in adult males. In residential-intruder test, BPA-
exposed adult males showed a decrease in aggressiveness and an enhancement in prosocial behavior with intruder. Western blot analysis showed that BPA (especially at 4 mg/kg/d) down-regulated the levels of AR in the 
amygdala and the striatum but up-regulated the levels of DR1 and DAT proteins in the striatum of adult males. BPA at 4 mg kg−1 decreased the levels of T in the serum and the brain. These results suggest that pubertal 
BPA exposure affects social play and sociability of adolescent males and even results in long-term effects on social behavior of adult males. BPA-induced down-regulations of the levels of AR in the amygdala and the 
striatum and up-regulation of the levels of DR1 and DAT in the striatum may be involved.

Chemosphere. 2020 
Apr:244:125494.

10.1016/j.chemosphere.2019.1254
94

31812767 動物 発達神経 1 1 1 1 1 1 - - - - - - 1 1 - 1 - 1 - - - ● - - - - -

統合_3032 Hanioka N., Isobe T., Tanaka-Kagawa T., Jinno 
H., and Ohkawara S 2022

In vitro glucuronidation of bisphenol 
A in liver and intestinal microsomes: 
interspecies differences in humans 
and laboratory animals

Bisphenol A (BPA) is an endocrine-disrupting chemical, and is predominantly metabolized into glucuronide in mammals. The present study was conducted in order to examine the hepatic and intestinal glucuronidation of 
BPA in humans and laboratory animals such as monkeys, dogs, rats, and mice in an in vitro system using microsomal fractions. Km, Vmax, and CLint values in human liver microsomes were 7.54 µM, 17.7 nmol/min/mg 
protein, and 2.36 mL/min/mg protein, respectively. CLint values in liver microsomes of monkey, dogs, rats, and mice were 1.5-, 2.4-, 1.7- and 8.2-fold that of humans, respectively. In intestinal microsomes, Km, Vmax, and 
CLint values in humans were 39.3 µM, 0.65 nmol/min/mg protein, and 0.02 mL/min/mg protein, respectively. The relative levels of CLint in monkey, dogs, rats, and mice to that of humans were 7.0-, 12-, 34-, and 29-fold, 
respectively. Although CLint values were higher in liver microsomes than in intestinal microsomes in all species, and marked species difference in the ratio of liver to intestinal microsomes was observed as follows: 
humans, 118; monkeys, 25; dogs, 23; rats, 5.9; mice, 33. These results suggest that the functional roles of UDP-glucuronosyltransferase (UGT) enzymes expressed in the liver and intestines in the metabolism of BPA 
extensively differ among humans, monkeys, dogs, rats, and mice.

Drug Chem Toxicol. 
2022 Jul;45(4):1565-
1569.

10.1080/01480545.2020.1847133 33187449 in vitro - - - - - - - - - - 1 0 不明 1 - - - - - - - - ● - - - - -
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統合_3034 Karmakar P.C., Ahn J.S., Kim Y.H., Jung S.E., 
Kim B.J., Lee H.S., and Ryu B.Y 2020

Gestational exposure to bisphenol a 
affects testicular morphology, germ 
cell associations, and functions of 
spermatogonial stem cells in male 
offspring

Exposure to bisphenol A (BPA) in the gestational period damages the reproductive health of offspring; detailed evidence regarding BPA-induced damage in testicular germ cells of offspring is still limited. In this study, 
pregnant mice (F0) were gavaged with three BPA doses (50 μg, 5 mg, and 50 mg/kg body weight (bw)/day; tolerable daily intake (TDI), no-observed-adverse-effect-level (NOAEL), and lowest-observed-adverse-effect 
level (LOAEL), respectively) on embryonic days 7 to 14, followed by investigation of the transgenerational effects of such exposure in male offspring. We observed that the NOAEL- and LOAEL-exposed F1 offspring had 
abnormalities in anogenital distance, nipple retention, and pubertal onset (days), together with differences in seminiferous epithelial stages and testis morphology. These effects were eradicated in the next F2 and F3 
generations. Moreover, there was an alteration in the ratio of germ cell population and the apoptosis rate in germ cells increased in F1 offspring at the LOAEL dose. However, the total number of spermatogonia remained 
unchanged. Finally, a reduction in the stemness properties of spermatogonial stem cells in F1 offspring was observed upon LOAEL exposure. Therefore, we provide evidence of BPA-induced disruption of physiology and 
functions in male germ cells during the gestational period. This may lead to several reproductive health issues and infertility in offspring.

Int J Mol Sci. 2020 Nov 
17;21(22):8644.

10.3390/ijms21228644 33212759 動物 ⽣殖発⽣毒性 1 1 1 1 1 1 - - - - - - 1 1 - 1 - 1 - - - ● - - - ● -

統合_3035 Lee Y.J., Lim Y.H., Shin C.H., Kim B.N., Kim J.I., 
Hong Y.C., Cho Y.M., and Lee Y.A 2022

Relationship between bisphenol A, 
bisphenol S, and bisphenol F and 
serum uric acid concentrations 
among school-aged children

Background
Hyperuricemia has a suspected relationship with hypertension, metabolic syndrome, kidney disease, and cardiovascular disease. Endocrine disruptors may affect uric acid metabolism; however, few epidemiologic studies 
have been performed in children regarding newly developed bisphenol A (BPA) substitutes. We evaluated the associations between BPA, bisphenol S (BPS), and bisphenol F (BPF) exposure and serum uric acid 
concentrations in 6-year-old Korean children.

Methods
From the Environment and Development of Children cohort study, six-year-old children (N = 489; 251 boys) who underwent an examination during 2015‒2017 were included. Anthropometry, questionnaires, and biological 
samples were evaluated. BPA, BPS, and BPF levels were measured from spot urine samples, and log-transformed or categorized into groups for analysis. We constructed linear regression models adjusting for age, sex, 
urinary creatinine levels, body mass index z-scores, and estimated glomerular filtration rates.

Results
Mean serum uric level was 4.2 mg dL-1 (0.8 SD) without sex-differences. Among the three bisphenols, higher BPS exposure was associated with increased serum uric acid concentrations (P-value for trend = 0.002). 
When BPS levels were categorized into three groups (non-detection < 0.02 μg L-1 vs. medium BPS; 0.02‒0.05 μg L-1 vs. high BPS ≥ 0.05 μg L-1), the high BPS group showed higher serum uric acid concentrations (by 
0.26 mg dL-1, P = 0.003) than the non-detection group after adjusting for covariates, which was significant in boys but not girls.

Discussions
Urinary BPS levels was positively associated with serum uric acid concentrations in 6-year-old children, and the association was more pronounced in boys. Considering the increasing use of BPS and concerning effect of 
hyperuricemia on health outcomes, their positive relationship should be investigated further.

PLoS ONE 17 (6), 
e0268503

10.1371/journal.pone.0268503 35709251 ヒト - - - - - - - 横断研究 1 1 - - - - - - - - - - - - ● - - - - -

統合_3036 Li L., Wang M.Y., Jiang H.B., Guo C.R., Zhu X.D., 
Yao X.Q., Zeng W.W., Zhao Y., and Chi L.K 2022

Bisphenol A induces testicular 
oxidative stress in mice leading to 
ferroptosis

Bisphenol A is a common environmental factor and endocrine disruptor that exerts a negative impact on male reproductive ability. By exploring bisphenol A-induced testicular cell death using the Institute of Cancer 
Research (ICR) mouse model, we found that a ferroptosis phenomenon may exist. Mice were divided into six groups and administered different doses of bisphenol A via intragastric gavage once daily for 45 consecutive 
days. Serum was then collected to determine the levels of superoxide dismutase and malondialdehyde. Epididymal sperm was also collected for semen analysis, and testicular tissue was collected for ferritin content 
determination, electron microscope observation of mitochondrial morphology, immunohistochemistry, real-time quantitative polymerase chain reaction, and western blot analysis. Exposure to bisphenol A was found to 
decrease sperm quality and cause oxidative damage, iron accumulation, and mitochondrial damage in the testes of mice. In addition, bisphenol A was confirmed to affect the expression of the ferroptosis-related genes, 
glutathione peroxidase 4 (GPX4), ferritin heavy chain 1 (FTH1), cyclooxygenase 2 (COX2), and acyl-CoA synthetase 4 (ACSL4) in mouse testicular tissues. Accordingly, we speculate that bisphenol A induces oxidative 
stress, which leads to the ferroptosis of testicular cells. Overall, the inhibition of ferroptosis may be a potential strategy to reduce male reproductive toxicity caused by bisphenol A.

Asian J Androl. 2023 
May-Jun;25(3):375-381.

10.4103/aja202266 36153926 動物 精巣 1 1 1 1 1 1 - - - - - - 1 1 - 1 - 1 - - - ● - - - - -

統合_3037 Lin M., Hua R., Ma J., Zhou Y., Li P., Xu X., Yu 
Z., and Quan S 2021

Bisphenol A promotes autophagy in 
ovarian granulosa cells by inducing 
AMPK/mTOR/ULK1 signalling 
pathway

Bisphenol A (BPA) is a widespread endocrine-disrupting chemical with estrogen like effects, which could interfere with the human reproductive system by disrupting the normal function of granulosa cells (GCs) leading to 
abnormal ovarian function. However, the mechanism of its toxicity on human GCs has not been clearly described thus far.
Methods
106 normogonadotropic infertile women undergoing their first in-vitro fertilization-embryo transfer (IVF-ET) cycle were recruited. Urinary BPA level and the early outcomes of IVF-ET were analysed. Patients were divided 
to low and high BPA exposure groups using the median urinary BPA concentration as the cut-off value. In-vivo and in-vitro studies were conducted using mice and human granulosa cell line (KGN cells). Female Kunming 
mice approximately 6‒8 weeks of age were poisoned with BPA at different dosages (1, 10 or 100 μg/kg) by oral gavage once daily for 2 weeks, while KGN cells were exposed to BPA at the concentration of 1, 10 or 100 
nM for 24 h, 48 h or 72 h. BPA-induced ovarian morphologic changes were analysed by histopathology investigation. Cell viability and apoptosis were evaluated using CCK-8, TUNEL and flowcytometric, respectively. 
Hormone levels were determined using ELISA and the molecular mechanism studies were conducted using immunofluorescence, RT-PCR and western blots.
Results
The oocyte retrieval rate, maturation rate and embryo implantation rate significantly decreased with the higher level of urinary BPA concentration. Peak E2 level was lower in high BPA group, but no statistical significance 
could be observed. In BPA treated mice, cystic dilation of the follicles with a decreased number of GCs could be observed histopathologically. Decreased E2, P4 and AMH level and GCs autophagy could be detected both 
in-vivo and in-vitro with the activation of AMPK/mTOR/ULK1 signalling pathway. As being confirmed in KGN cells, phosphorylated AMPK and ULK1 increased while phosphorylated mTOR decreased, and by inhibition 
autophagy using knockdown of AMPK or 3-MA, adverse effects of BPA exposure in-vitro could be reversed.
Conclusion
BPA exposure might abnormally influence human ovarian functions leading to abnormal folliculogenesis by activation of autophagy in GCs through AMPK/mTOR/ULK1 pathway.

Environ Int. 2021 
Feb:147:106298.

10.1016/j.envint.2020.106298 33387880 ヒト、動物、in vitro 卵巣/卵巣機能 1 1 1 1: 昆明マウス 1 1 コホート 1 1 1 0 1、10、100 nM 1 1 1 1 1 - - - - ● - - - - -

統合_3038 Lite C., Ahmed S.S.S.J., Santosh W., and 
Seetharaman B 2019

Prenatal exposure to bisphenol-A 
altered miRNA-224 and protein 
expression of aromatase in ovarian 
granulosa cells concomitant with 
elevated serum estradiol levels in F1 
adult offspring

This study was aimed to predict bisphenol-A (BPA)-responsive miRNA's using an in silico approach and to study their expression in granulosa cells of animals exposed prenatally to BPA. Pregnant Wistar rats were 
exposed to BPA through water (25 μg/L, 250 μg/L, and 2.5 mg/L) during gestation. The expression of miRNA-133b, miRNA-378 and miRNA-224 were analyzed in ovarian granulosa cells. BPA affected the postnatal 
developmental landmarks such as weight of the pups at birth and reduced anogenital distance. BPA exposed animals showed elevated serum estradiol (E2) levels, while follicle-stimulating hormone levels were reduced. 
The expression of miRNA-224 and aromatase protein levels were found to be increased. This preliminary finding reveals the impact of early life exposure to BPA on the long-term ovarian functions that may be mediated 
through miRNA-based granulosa cell response. Besides, it is also a compelling indicator for the subclinical response that could have important consequences on female fertility.

J Biochem Mol Toxicol. 
2019 Jun;33(6):e22317.

10.1002/jbt.22317 30817060 動物、in silico 卵巣 1 1 1 1 1 1: 飲⽔中濃度 - - - - - - 1 1 - 1 - - - - - ● - - - - -

統合_3039 Liu R., Cai D., Li X., Liu B., Chen J., Jiang X., Li 
H., Li Z., Teerds K., Sun J., Bai W., and Jin Y 2022

Effects of Bisphenol A on 
reproductive toxicity and gut 
microbiota dysbiosis in male rats

Bisphenol A (BPA) is an environmental endocrine disruptor. Recent studies have shown an association between decreased spermatogenesis and gut microbiota alteration. However, the potential associations and 
mechanisms of BPA exposure on spermatogenesis, hormone production, and gut microbiota remain unknown. This study aims to investigate BPA-induced male reproductive toxicity and the potential link with gut 
microbiota dysbiosis. Male Sprague Dawley rats were exposed to BPA at different doses by oral gavage for thirty consecutive days. The extent of testicular damage was evaluated by basic parameters of body weight and 
hematoxylin-eosin (H&E) staining. Next, we determined the mRNA levels and protein levels of apoptosis, histone-related factors, and mammalian target of rapamycin (mTOR) pathway in testes. Finally, 16 S rDNA 
sequencing was used to analyze gut microbiota composition after BPA exposure. BPA exposure damaged testicular histology, significantly decreased sperm count, and increased sperm abnormalities. In addition, BPA 
exposure caused oxidative stress and cell apoptosis in testes. The levels of histone (H2A, H3) were significantly increased, while ubiquitin histone H2A (ub-H2A) and ubiquitin histone H2B (ub-H2B) were markedly 
reduced. Furthermore, BPA activated the PI3K and AKT expression, but the protein expressions of mTOR and 4EBP1 in testes were inhibited significantly. Additionally, the relative abundance of class 
Gammaproteobacteria, and order Betaproteobacteriales was significantly higher when treated with a high dose of BPA compared to the control group, which was negatively correlated with testosterone level. This study 
highlights the relationship between BPA-induced reproductive toxicity and gut microbiota disorder and provides new insights into the prevention and treatment of BPA-induced reproductive damage.

Ecotoxicol Environ Saf. 
2022 Jul 1:239:113623.

10.1016/j.ecoenv.2022.113623 35567931 動物 精巣 1 1 1 1 1 0 - - - - - - 1 1 - 1 - - - - - ● - - - - -

統合_3040 Loffredo L.F. and Berdnikovs M.E.C.S 2020

Endocrine disruptor bisphenol a 
(BPA) triggers systemic para‐
inflammation and is sufficient to 
induce airway allergic sensitization 
in mice

Allergic airway diseases are accompanied by increased permeability and an inflammatory state of epithelial barriers, which are thought to be susceptible to allergen sensitization. Although exogenous drivers (proteases, 
allergens) of epithelial barrier disruption and sensitization are well studied, endogenous contributors (diet, xenobiotics, hormones, and metabolism) to allergic sensitization are much less understood. Xenoestrogens are 
synthetic or natural chemical compounds that have the ability to mimic estrogen and are ubiquitous in the food and water supply of developed countries. By interfering with the estrogen produced by the endocrine system, 
these compounds have the systemic potential to disrupt the homeostasis of multiple tissues. Our study examined the potential of prototypical xenoestrogen bisphenol A (BPA) to disrupt epithelial homeostasis in vitro and 
promote allergic responses in vivo. We found that BPA exposure in epithelial cultures in vitro significantly inhibited epithelial cell proliferation and wound healing, as well as promoted the expression of the innate alarmin 
cytokine TSLP in a time-and dose-dependent manner. In vivo, the exposure to BPA through water supply or inhalation induced a systemic para-inflammatory response by promoting the expression of innate inflammatory 
mediators in the skin, gut, and airway. In a murine tolerogenic antigen challenge model, chronic systemic exposure to BPA was sufficient to induce airway sensitization to innocuous chicken egg ovalbumin in the complete 
absence of adjuvants. Mechanistic studies are needed to test conclusively whether endocrine disruptors may play an upstream role in allergic sensitization via their ability to promote a para-inflammatory state.
Keywords: bisphenol A; estrogen; xenoestrogens; para-inflammation; endocrine; alarmins; allergy; asthma

Nutrients. 2020 Jan 
28;12(2):343.

10.3390/nu12020343 32012983 動物、in vitro - 1 1 1 BALB/cJ 0 25 mg/L - - - 1 0 100, 500 nM 1 - - - - - - - - ● - - - - -

統合_3041 Lupinek C., Hochwallner H., Johansson C., Mie 
A., Rigler E., Scheynius A., Alm J., and Valenta R 2019

Maternal allergen-specific IgG might 
protect the child against allergic 
sensitization

Background
Analysis of allergen-specific IgE responses in birth cohorts with microarrayed allergens has provided detailed information regarding the evolution of specific IgE responses in children. High-resolution data regarding early 
development of allergen-specific IgG are needed.
Objective
We sought to analyze IgG reactivity to microarrayed allergens in mothers during pregnancy, in cord blood samples, in breast milk, and in infants in the first years of life with the aim to investigate whether maternal 
allergen-specific IgG can protect against IgE sensitization in the offspring.
Methods
Plasma samples from mothers during the third trimester, cord blood, breast milk collected 2 months after delivery, and plasma samples from children at 6, 12, and 60 months of age were analyzed for IgG reactivity to 164 
microarrayed allergens (ImmunoCAP ISAC technology) in 99 families of the Swedish birth cohort Assessment of Lifestyle and Allergic Disease During Infancy (ALADDIN). IgE sensitizations to microarrayed allergens were 
determined at 5 years of age in the children.
Results
Allergen-specific IgG reactivity profiles in mothers, cord blood, and breast milk were highly correlated. Maternal allergen-specific IgG persisted in some children at 6 months. Children's allergen-specific IgG production 
occurred at 6 months and reflected allergen exposure. Children who were IgE sensitized against an allergen at 5 years of age had significantly higher allergen-specific IgG levels than nonsensitized children. For all 164 
tested allergens, children from mothers with increased (>30 ISAC standardized units) specific plasma IgG levels against an allergen had no IgE sensitizations against that allergen at 5 years of age.
Conclusion
This is the first detailed analysis of the molecular IgG recognition profile in mothers and their children in early life. High allergen-specific IgG reactivity in the mother's plasma and breast milk and in cord blood seemed to 
protect against allergic sensitization at 5 years of age.

J Allergy Clin Immunol. 
2019 Aug;144(2):536-
548.

10.1016/j.jaci.2018.11.051 30685457 ヒト 免疫 - - - - - - コホート 1 1 - - - 1 1 1 - - - - - - ● - - - - -

統合_3042 Lv Y., Li L., Fang Y., Chen P., Wu S., Chen X., Ni 
C., Zhu Q., Huang T., Lian Q., and Ge R.S 2019

In utero exposure to bisphenol A 
disrupts fetal testis development in 
rats

Bisphenol A (BPA) is widely used in consumer products and is a potential endocrine disruptor linked with abnormal development of male reproductive tract. However, its action and its effects on the pathways in the 
development of male gonad are still unclear. Here we report that effects of BPA exposure during gestation on male gonad development. Sprague-Dawley rats were gavaged daily with BPA (0, 4, 40, and 400 mg/kg body 
weight) from gestational day 12 to day 21. BPA dose-dependently decreased serum testosterone levels (0.45 ± 0.08 ng/ml and 0.32 ± 0.08 ng/ml for 40 and 400 mg/kg BPA, respectively) versus the control level (1.11 ±
 0.22 ng/ml, Mean ± SE). BPA lowered Leydig cell Insl3 and Hsd17b3 mRNA and their protein levels at doses of 40 and 400 mg/kg. BPA also lowered Leydig cell (Lhcgr, Cyp11a1, and Cyp17a1) and Sertoli cell (Amh) mRNA 
and their protein levels at 400 mg/kg. BPA decreased fetal Leydig cell number via inhibiting their proliferation, but it did not affect fetal Sertoli cell number. In conclusion, the current study shows that in utero exposure to 
BPA inhibits fetal Leydig and Sertoli cell differentiation, possibly disrupting the development of male reproductive tract.

Environ Pollut. 2019 
Mar:246:217-224.

10.1016/j.envpol.2018.12.006 30557795 動物 精巣 1 1 1 1 1 1 - - - - - - 1 1 - 1 - - - - - ● - - - - -

統合_3043 Malaisé Y., Le Mentec H., Sparfel L., and 
Guzylack-Piriou L 2020

Differential influences of the BPA, 
BPS and BPF on in vitro IL-17 
secretion by mouse and human T 
cells

The endocrine disruptor and food contaminant bisphenol A (BPA) is frequently present in consumer plastics and can produce several adverse health effects participating in the development of inflammatory and 
autoimmune diseases. Regulatory restrictions have been established to prevent risks for human health, leading to the substitution of BPA by structural analogues, such as bisphenol S (BPS) and F (BPF). In this study, we 
aimed at comparing the in vitro impact of these bisphenols from 0.05 to 50,000 nM on Th17 differentiation, frequency and function in mouse systemic and intestinal immune T cells and in human blood T cells. This study 
reports the ability of these bisphenols, at low and environmentally relevant concentration, i.e, 0.05 nM, to increase significantly IL-17 production in mouse T cells but not in human T lymphocytes. The use of an aryl 
hydrocarbon receptor (AhR) specific inhibitor demonstrated its involvement in this bisphenol-induced IL-17 production. We also observed an increased IL-17 secretion by BPS and BPF, and not by BPA, in mouse naive T 
cells undergoing in vitro Th17 differentiation. In total, this study emphasizes the link between bisphenol exposures and the susceptibility to develop immune diseases, questioning thus the rational of their use to replace 
BPA.

Toxicology in Vitro 69 10.1016/j.tiv.2020.104993 32911021 in vitro - - - - - - - - - - 1 0 0.05〜50,000 mg/kg - - - - - - - - - ● - - - - -

統合_3044 Malaisé Y., Lencina C., Cartier C., Olier M., 
Menard S., and Guzylack-Piriou L 2020

Perinatal oral exposure to low doses 
of bisphenol A, S or F impairs 
immune functions at intestinal and 
systemic levels in female offspring 
mice

Bisphenol A (BPA), one of the highest-volume chemicals produced worldwide, has been identified as an endocrine disruptor. Many peer-reviewing studies have reported adverse effects of low dose BPA exposure, 
particularly during perinatal period (gestation and/or lactation). We previously demonstrated that perinatal oral exposure to BPA (via gavage of mothers during gestation and lactation) has long-term consequences on 
immune response and intestinal barrier functions. Due to its adverse effects on several developmental and physiological processes, BPA was removed from consumer products and replaced by chemical substitutes such 
as BPS or BPF, that are structurally similar and not well studied compare to BPA. Here, we aimed to compare perinatal oral exposure to these bisphenols (BPs) at two doses (5 and 50 μg/kg of body weight (BW)/day (d)) 
on immune response at intestinal and systemic levels in female offspring mice at adulthood (Post Natal Day PND70).

Methods
Pregnant female mice were orally exposed to BPA, BPS or BPF at 5 or 50 μg/kg BW/d from 15th day of gravidity to weaning of pups at Post-Natal Day (PND) 21. Humoral and cellular immune responses of adult offspring 
(PND70) were analysed at intestinal and systemic levels.

Results
In female offspring, perinatal oral BP exposure led to adverse effects on intestinal and systemic immune response that were dependant of the BP nature (A, S or F) and dose of exposure. Stronger impacts were observed 
with BPS at the dose of 5 μg/kg BW/d on inflammatory markers in feces associated with an increase of anti-E. coli IgG in plasma. BPA and BPF exposure induced prominent changes at low dose in offspring mice, in term 
of intestinal and systemic immune responses, provoking an intestinal and systemic Th1/Th17 inflammation.

Conclusion
These findings provide, for the first time, results of long-time consequences of BPA, S and F perinatal exposure by oral route on immune response in offspring mice. This work warns that it is mandatory to consider 
immune markers and dose exposure in risk assessment associated to new BPAʼs alternatives.

Environ Health 19 (1), 
93

10.1186/s12940-020-00614-w 32867778 動物 - 1 1 1 不明 0 5 および 50 µg/kg - - - - - - - - - - - - - - - ● - - - - -
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統合_3045
Malaisé Y., Lencina C., Placide F., Bacquie V., 
Cartier C., Olier M., Buettner M., Wallbrecht M., 
Menard S., and Guzylack-Piriou L

2020

Oral exposure to bisphenols induced 
food intolerance and colitis in vivo 
by modulating immune response in 
adult mice

Bisphenol (BP) A, a known food contaminant, is a possible risk factor in the epidemic of non-communicable diseases (NCD) including food intolerance and inflammatory bowel diseases (IBD). Regulatory restrictions 
regarding BPA usage led to BPA removal and replacement by poorly described substitutes, like BPS or BPF (few data on occurrence in food and human samples and biological effect). Oral tolerance protocol to ovalbumin 
(OVA) in WT mice and Il10−/− mice prone to IBD were used respectively to address immune responses towards food and microbial luminal antigens following BP oral exposure. Both mice models were orally exposed for 
five weeks to BPA, BPS or BPF at 0.5, 5 and 50 μg/kg of body weight (bw)/day (d). Oral exposure to BPs at low doses (0.5 and 5 μg/kg bw/d) impaired oral tolerance as indicated by higher humoral and pro-inflammatory 
cellular responses in OVA-tolerized mice. However, only BPF exacerbate colitis in Il10−/− prone mice associated with a defect of fecal IgA and increased secretion of TNF-α in colon. These findings provide a unique 
comparative study on effects of adult oral exposure to BPs on immune responses and its consequences on NCD related to intestinal luminal antigen development.

Food Chem Toxicol. 
2020 Dec:146:111773.

10.1016/j.fct.2020.111773 33011352 動物 免疫 1 1 0 1 1 1 - - - - - - 1 1 - 1 - - - - - ● - - - - -

統合_3046
Misme-Aucouturier B., De Carvalho M., Delage 
E., Dijoux E., Klein M., Brosseau C., Bodinier M., 
Guzylack-Piriou L., and Bouchaud G

2022
Oral exposure to bisphenol A 
exacerbates allergic inflammation in 
a mouse model of food allergy

Allergic diseases are increasing worldwide, and their precise causes are not fully understood. However, this observation can be correlated with growing chemical pollution of the environment. Bisphenol A (BPA) alters the 
immune system, microbiota and barrier functions. Here, we studied the effect of oral BPA at levels equivalent to human exposure to understand the mechanisms of immunological, physiological and microbial action on 
food allergies. In a murine model of allergy, we evaluated the effect of direct oral exposure to BPA at 4 µg/kg bw/d corresponding to tolerable daily intake (TDI). We studied symptoms, intestinal physiology and humorall 
and cellular immune responses during food allergy. We explored the relationship between oral exposure to BPA and changes in the gut microenvironment. Markers of food allergy and intestinal permeability were increased 
following exposure to BPA. We also observed a modulated humorall and T-cell response with aggravation of food allergy inflammation. Moreover, BPA exposure induced gut dysbiosis and decreased microbial diversity 
induced by food allergy. Altogether, these results suggest that the 2015 European Food Safety Authority (EFSA) TDI should be reviewed to consider the immunotoxicity of BPA.

Toxicology 472 10.1016/j.tox.2022.153188 35430321 動物 - 1 1 1 不明 0 4µg/kg bw/d - - - - - - - - - - - - - - - ● - - - - -

統合_3047 Molangiri A., Varma S., M S., Kambham S., 
Duttaroy A.K., and Basak S 2022

Prenatal exposure to bisphenol S 
and bisphenol A differentially affects 
male reproductive system in the 
adult offspring

Early exposure to bisphenol may result in adverse reproductive health in later life. The use of bisphenol S (BPS) has increased considerably after bisphenol A (BPA) is regulated worldwide. However, little is known about 
the fetal exposure to BPS compared with BPA and its effects on the reproductive system in the adult male offspring. Here, we investigated the effects of orally administered BPS and BPA (0.4, 4.0, 40.0 μg/kg bw/d) 
during gestation (gD4-21) on testicular development by evaluating the sperm DNA damage & methylation and testicular functions in the 90 d Wistar rats. Male offspring prenatally exposed to BPS (0.4 μg/kg) had higher 
plasma testosterone than BPA and control. The testis histology reveals thickened membrane by producing a wide interstitial gap between seminiferous tubules, increased testicular inflammation, oxidative stress, TIMP-1 
expression, and decreased VCAM-1 expression. BPS promotes apoptosis by up-regulating IL-6, cleaved caspases, and a spike in sperm DNA fragmentation. Prenatal BPS exposure reduces sperm motility mediated via 
impaired PI3K-AKT signaling and increases testicular TEX11 expression in the offspring. Exposure of the fetus to BPS interferes developmental programming of the male reproductive system in the offspring. BPS could be 
an equally potent endocrine disruptor affecting male reproductive functions.

Food Chem Toxicol. 
2022 Sep:167:113292.

10.1016/j.fct.2022.113292 35842007 動物 免疫 1 1 1 1 1 1 - - - - - - 1 1 - 1 - 1 - - - ● - - - - -

統合_3048 Osman M.A., Mahmoud G.I., Elgammal M.H., 
and Hasan R.S 2021

Bisphenol a hormonal disrupture 
and preventive effect of rose water 
and clove oil

Bisphenol A (BPA) which considered synthetic estrogen that is an essential component of many plastic industries. This research was done to see the impacts of exposure of BPA on reproductive organs and hormonal 
levels in male and female albino Sprague-Dawley rats. The protective effect of rose water and clove oil on BPA was investigated. Ninety rats were divided into 18 groups, 9 groups of males and they are like for females. 
Rats were exposed to different oral gavage route 3 times a week by  doses of BPA (20 µg, 20 mg, 200 mg) /kg b.wt for 6 weeks and BPA was solubilized in corn oil. BPA  induced a significant decrease in total and free 
testosterone in male rats, in contrast to a significant  increase in thyroid-stimulating hormone (TSH), progesterone, estrogen (E2), and prolactin (PRL), while  a decrease in Follicle-stimulating hormone (FSH) compared 
to control groups. Histopathological  examination revealed that rosewater and clove oil reduced testes and ovary damages induced by BPA.  Rosewater and clove oil components were scanned using GC/MS, which 
showed that rosewater and  clove oil contains phenols, flavonoids, and these inevitably confirm that a prominent role in preventing  the damage during treatment. Results indicated that the used doses of BPA disrupted the 
sex hormone  levels in both male and female rats caused reproductive impaired. The chemical and histopathological  analysis results indicated that clove oil and rose water improved the adverse effect of BPA. Rosewater  
and clove oil improved the changes which were stimulated by BPA. Keywords: Bisphenol A; Clove oil; Rose water; Ovary; Testes; Sex hormones; TSH.

Biointerface Research 
in Applied Chemistry 11 
(2), 8780-8803

10.33263/BRIAC112.87808803 - 動物 ホルモンレベル 1 1 1 1 1 1 - - - - - - 1 1 - 1 - 1 - - - ● - - - - -

統合_3050
Ruiz-Pino F., Miceli D., Franssen D., Vazquez 
M.J., Farinetti A., Castellano J.M., Panzica G., 
and Tena-Sempere M

2019

Environmentally relevant perinatal 
exposures to bisphenol a disrupt 
postnatal Kiss1/NKB neuronal 
maturation and puberty onset in 
female mice

Background:
The timing of puberty is highly sensitive to environmental factors, including endocrine disruptors. Among them, bisphenol A (BPA) has been previously analyzed as potential modifier of puberty. Yet, disparate results have 
been reported, with BPA advancing, delaying, or being neutral in its effects on puberty onset. Likewise, mechanistic analyses addressing the central and peripheral actions/targets of BPA at puberty remain incomplete and 
conflictive.
Objective:
We aimed to provide a comprehensive characterization of the impact of early BPA exposures, especially at low, real-life doses, on the postnatal development of hypothalamic Kiss1/NKB neurons, and its functional 
consequences on female pubertal maturation.
Methods:
Pregnant CD1 female mice were orally administered BPA at 5, 10, or 40μ g/kg body weight (BW)/d from gestational day 11 to postnatal day 8 (PND8). Vaginal opening, as an external marker of puberty onset, was 
monitored daily from PND19 to PND30 in the female offspring. Blood and brain samples were collected at PND12, 15, 18, 21, and 30 for measuring circulating levels of gonadotropins and analyzing the hypothalamic 
expression of Kiss1/kisspeptin and NKB.
Results:
Perinatal exposure to BPA, in a range of doses largely below the no observed adverse effect level (NOAEL; 5mg/kg BW/d, according to the FDA), was associated with pubertal differences in the female progeny compared 
with those exposed to vehicle alone, with an earlier age of vaginal opening but consistently lower levels of circulating luteinizing hormone. Mice treated with BPA exhibited a persistent, but divergent, impairment of Kiss1 
neuronal maturation, with more kisspeptin cells in the rostral (RP3V) hypothalamus but consistently fewer kisspeptin neurons in the arcuate nucleus (ARC). Detailed quantitative analysis of the ARC population, essential 
for pubertal development, revealed that mice treated with BPA had persistently lower Kiss1 expression during (pre)pubertal maturation, which was associated with lower Tac2 (encoding NKB) levels, even at low doses (5
μ g/kg BW/d), in the range of the tolerable daily intake (TDI), recently updated by the European Food Safety Authority.
Conclusions:
Our data attest to the consistent, but divergent, effects of gestational exposures to low concentrations of BPA, via the oral route, on phenotypic and neuroendocrine markers of puberty in female mice, with an 
unambiguous impact on the developmental maturation not only of Kiss1, but also of the NKB system, both essential regulators of puberty onset.

Environ Health 
Perspect. 2019 
Oct;127(10):107011.

10.1289/EHP5570 31652106 動物 発達神経毒性 1 1 1 1 1 1 - - - - - - 1 1 - 1 - 1 - - - ● - - - - -

統合_3052 Shi M., Sekulovski N., MacLean J.A., Whorton 
A., and Hayashi K 2019

Prenatal Exposure to Bisphenol A 
Analogues on Female Reproductive 
Functions in Mice

This study was performed to examine whether prenatal exposure to bisphenol (BP) A analogues, BPE and BPS, negatively impacts female reproductive functions and follicular development using mice as a model. CD-1 
mice were orally exposed to control treatment (corn oil), BPA, BPE, or BPS (0.5, 20, or 50 µg/kg/day) from gestational day 11 (the presence of vaginal plug = 1) to birth. Exposure to BPA, BPE, and BPS accelerated the 
onset of puberty and exhibited abnormal estrous cyclicity, especially with lower doses. Females exposed to BPA, BPE, and BPS exhibited mating difficulties starting at 6 months of age. By 9 months, mice exhibited various 
fertility problems including reduced pregnancy rate, parturition issues, and increased dead pups at birth. Furthermore, the levels of serum testosterone were elevated by BPE or BPS exposure at the age of 9 months, 
whereas estrogen levels were not affected. On the other hand, the dysregulated expression of steroidogenic enzymes was observed in the ovary at 3, 6, or 9 months of age by BPE or BPS exposure. When we examined 
neonatal ovary on postnatal day 4, BPA, BPE, and BPS exposure inhibited germ cell nest breakdown and reduced number of primary and secondary follicles. These results suggest that prenatal exposure to BPA analogues, 
BPE, and BPS, have effects on fertility in later reproductive life probably due to the disruption of early folliculogenesis.

bisphenol A, bisphenol S, ovary, reproduction, mice
Topic: estrusfertilitygerm cellshair folliclenewborninfertilityovarian follicleperiodicityreproductive physiological processenzymesmiceovarypubertyvaginafolliculogenesisfemale reproductive functionbisphenol aprenatal 
exposure
Issue Section: PRENATAL BPA AND FEMALE REPRODUCTION

Toxicol Sci. 2019 Apr 
1;168(2):561-571.

10.1093/toxsci/kfz014 30629253 動物 卵巣 1 1 1 1 1 1 - - - - - - 1 1 - 1 - - - - - ● - - - - -

統合_3053 Ullah A., Pirzada M., Jahan S., Ullah H., Razak 
S., Rauf N., Khan M.J., and Mahboob S.Z 2019

Prenatal BPA and its analogs BPB, 
BPF, and BPS exposure and 
reproductive axis function in the 
male offspring of Sprague Dawley 
rats

Research in the past has indicated associated long-term and low levels of exposure of bisphenol A (BPA) in early life and neuroendocrine disorders, such as obesity, precocious puberty, diabetes, and hypertension. BPA 
and its analogs bisphenol B (BPB), bisphenol F (BPF), and bisphenol S (BPS) have been reported to have similar or even more toxic effect as compared to BPA. Exposure of rats to BPA and its analogs BPB, BPF, and BPS 
resulted in decreased sperm production, testosterone secretion, and histological changes in the reproductive tissues of male rats. In the present study, BPA, BPB, BPF, and BPS were administered in drinking water at 
concentrations of (5, 25, and 50 μg/L) from pregnancy day (PD) 1 to PD 21. Body weight (BW), hormonal concentrations, antioxidant enzymes, and histological changes were determined in the reproductive tissues. BPA 
and its analogs prenatal exposure to female rats induced significant statistical difference in the antioxidant enzymes, plasma testosterone, and estrogen concentrations in the male offspring when compared with the 
control. Histological parameters of both testis and epididymis revealed prominent changes in the reproductive tissues. The present study suggests that BPA and its analogs BPB, BPF, and BPS different concentrations led 
to marked alterations in the development of the male reproductive system.

Hum Exp Toxicol. 2019 
Dec;38(12):1344-1365.

10.1177/0960327119862335 31514588 動物 精巣 1 1 1 1 1 1 - - - - - - 1 1 - 1 - 1 - - - ● - - - ● -

統合_3054 Wang G., Li Y., Li Y., Zhang J., Zhou C., Wu C., 
Zhu Q., and Shen T 2020

Maternal vitamin D supplementation 
inhibits bisphenol A-induced 
proliferation of Th17 cells in adult 
offspring

Bisphenol A (BPA) exposure can increase the risk of immune-related diseases in later life. Vitamin D3 (Vit D3) has been shown to have multiple immunomodulatory actions and has been used to treat immune diseases. 
However, the potential beneficial effects of Vit D3 on BPA-induced adverse effects in the immune system have not explored. We hypothesize that VitD3 may ameliorate BPA-induced side effects in the immune system, 
even in offspring of VitD3-supplemented mothers. Here, we established our experimental model by exposing pregnant dams with 1000 nM BPA with or without VitD3 (0.25 μg/kg, 1 μg/kg and 4 μg/kg) treatment. We 
show that mother's exposure to BPA increases proliferation of the spleen T helper 17 (Th17) cells and serum protein level of IL-17 in the offspring; however, VitD3 supplementation in mothers dose-dependently 
ameliorated these BPA-induced side effects on the immune system in the offspring as evidenced by attenuated upregulation of Th17 proliferation, and RORγt, IL-17, IL-6, and IL-23 expressions in the offspring. Our data 
provide the first evidence that maternal VitD3 supplementation offers benefits to the offspring by attenuating BPA-induced side effects on the immune system through vitamin D receptor (VDR)-dependent regulation of 
transcription factors and cytokines, suggesting its translational potential.

Food and Chemical 
Toxicology 144

10.1016/j.fct.2020.111604 32702508 動物 - 1 1 1 ICR 0 1000 nM - - - - - - - - - - - - - - - ● - - - - -

統合_3056 Wang Y., Wu Y., and Zhang S 2022
Impact of bisphenol-A on the 
spliceosome and meiosis of sperm in 
the testis of adolescent mice

Background
Bisphenol-A (BPA) has estrogenic activity and adversely affects humans and animals' reproductive systems and functions. There has been a disagreement with the safety of BPA exposure at Tolerable daily intake (TDI) 
(0.05 mg/kg/d) value and non-observed adverse effect level (5 mg/kg/d). The current study investigated the effects of BPA exposure at various doses starting from Tolerable daily intake (0.05 mg/kg/d) to the lowest 
observed adverse effect level (50 mg/kg/d) on the testis development in male mice offspring. The BPA exposure lasted for 63 days from pregnancy day 0 of the dams to post-natal day (PND) 45 of the offspring.

Results
The results showed that BPA exposure significantly increased testis (BPA ≥ 20 mg/kg/d) and serum (BPA ≥ 10 mg/kg/d) BPA contents of PND 45 mice. The spermatogenic cells became loose, and the lumen of 
seminiferous tubules enlarged when BPA exposure at 0.05 mg/kg/d TDI. BPA exposure at a low dose (0.05 mg/kg/d) significantly reduced the expression of Scp3 proteins and elevated sperm abnormality. The significant 
decrease in Scp3 suggested that BPA inhibits the transformation of spermatogonia into spermatozoa in the testis. The RNA-seq proved that the spliceosome was significantly inhibited in the testes of mice exposed to 
BPA. According to the RT-qPCR, BPA exposure significantly reduced the expression of Snrpc (BPA ≥ 20 mg/kg/d) and Hnrnpu (BPA ≥ 0.5 mg/kg/d).

Conclusions
This study indicated that long-term BPA exposure at Tolerable daily intake (0.05 mg/kg/d) is not safe because low-dose long-term exposure to BPA inhibits spermatogonial meiosis in mice testis impairs reproductive 
function in male offspring.

BMC Vet Res. 2022 Jul 
15;18(1):278.

10.1186/s12917-022-03336-y 35841026 動物 精巣 1 1 1 1 1 1 - - - - - - 1 1 - 1 - 1 - - - ● - - - - -

統合_3057 Wei Y., Han C., Geng Y., Cui Y., Bao Y., Shi W., 
and Zhong X 2019

Maternal exposure to bisphenol A 
during pregnancy interferes testis 
development of F1 male mice

This study was conducted to investigate the effects of maternal exposure to bisphenol A (BPA) on testis development of F1 male mice. The BPA exposure model of pregnant mice was prepared by intragastric 
administration of BPA at the doses of 0, 2.5, 5, 10, 20, and 40 mg/kg/day at gestation day (GD) 0.5‒17.5. The testis index of the offspring mice was calculated at postnatal day (PND) 21 and PND 56. The results showed 
that maternal exposure to 20 mg/kg BPA during pregnancy significantly increased the testicular index of F1 males at PND 21, and 40 mg/kg BPA significantly decreased the testicular index of F1 males at PND 56 (P < 
0.01). BPA significantly reduced serum testosterone (T) and estradiol (E2) levels, and improved testicular ERα and ERβ levels in F1 males at both PND 21 and PND 56. BPA exposure also upregulated transcription of 
testicular Dnmt1 and inhibited the transcription of testicular Dnmt3A and Dnmt3B in F1 mice at PND 21. BPA reduced the transcriptional level of testicular DNA methyltransferase (Dnmt), increased the expression of 
testicular caspase-7, caspase-9, and bax, and decreased the expression of bcl-2 in F1 mice at PND 56. Consistent with that, BPA improved the apoptosis rate in the testis at PND 56 (P < 0.01 or P < 0.05). Our study 
indicates that BPA disrupts the secretion of testosterone, estradiol, and estrogen receptors by interfering with the transcription of testicular DNA methyltransferase (Dnmt) in offspring males, which damages testicular 
tissues and affects the potential reproductive function.

Environ Sci Pollut Res 
Int. 2019 
Aug;26(23):23491-
23504.

10.1007/s11356-019-05579-z 31201698 動物 精巣 1 1 1 1 1 1 - - - - - - 1 1 - 1 - 1 - - - ● - - - - -

統合_3058 Wei Y., Han C., Li S., Cui Y., Bao Y., and Shi W 2020
Maternal exposure to bisphenol A 
during pregnancy interferes ovaries 
development of F1 female mice

This study was conducted to investigate the effects of maternal exposure bisphenol A (BPA) on ovaries development of F1 female mice. The BPA exposure model of pregnant mice was prepared by intragastric 
administration of BPA at the doses of 0, 2.5, 5, 10, 20, 40 mg kg−1 d−1 at gestation day (GD) 0.5‒17.5. The ovarian index of the offspring mice was calculated at postnatal day (PND) 21 and PND 56. The results showed 
that BPA at 5 mg/kg, 10 mg/kg, 20 mg/kg and 40 mg/kg significantly increased the abortion rate of the pregnant mice, and each dose of BPA significantly reduced the survival rate of the pups (P < 0.01 or P < 0.05). 
Besides, there was a non-monotonic dose-response relationship between serum hormone, ovarian receptor levels and BPA in F1 females at both PND 21 and 56. BPA increased the ovarian/uterine index in F1 females at 
both PND 21 and 56, increased the mRNA relative transcript levels of ovarian ERα, PgR and DNA methyltransferase (DNMT) in F1 females at PND 21, while decreased at PND 56 (P < 0.01 or P < 0.05). BPA also increased 
the relative expression of caspase-7, caspase-9, bax, inhibited the relative expression of bcl-2 in F1 females at both PND 21 and 56, and increased the apoptosis rate in the ovaries in F1 mice at PND 56 (P < 0.01). The 
number of follicles in the ovary was increased in F1 females at PND 21, and the ovaries were significantly atrophied when sexual maturity (PND 56). Our results indicated that BPA could disturb the contents of DNMT and 
make reproductive injury to the offspring females.

Environ Sci Pollut Res 
Int. 2019 
Aug;26(23):23491-
23504.

10.1016/j.theriogenology.2019.09.
045

31593881 動物 卵巣発達 1 1 1 1: 昆明マウス 1 1 - - - - - - 1 1 - 1 - 1 - - - ● - - - ● -

統合_3059 Wu S., Huang D., Su X., Yan H., Ma A., Li L., Wu 
J., and Sun Z 2020

The prostaglandin synthases, COX-2 
and L-PGDS, mediate prostate 
hyperplasia induced by low-dose 
bisphenol A

This study aimed to identify prostaglandin synthases (PGS) that mediate bisphenol A (BPA)-induced prostatic hyperplasia and explore their underlying mechanisms. In an in vivo study, male adult Sprague‒Dawley rats 
were treated with different concentrations of BPA (10, 30, 90, or 270 μg/kg, i.g., daily), or with vehicle for 4 weeks. Results revealed that low-dose BPA induced prostatic hyperplasia with increased PCNA/TUNEL ratio. It 
significantly upregulated the expression of cyclooxygenase-2 (COX-2) and NF-κB in the dorsolateral prostate (P < 0.05) and the expression of lipocalin-type prostaglandin D synthase (L-PGDS) in ventral prostate (P < 
0.05). The level of estradiol (E2)/testosterone (T) and expression of androgen receptor (AR) and estrogen receptor α (ERα) were also altered. In vitro studies showed that low-dose BPA (0.1‒10 nM) promoted the 
proliferation of human prostate fibroblasts and epithelial cells, and significantly upregulated the expression of COX-2 and L-PGDS in the cells. The two types of cell proliferation induced by BPA were inhibited by COX-2 
inhibitor (NS398) and L-PGDS inhibitor (AT56), with increased apoptosis level. These findings suggested that COX-2 and L-PGDS could mediate low-dose BPA-induced prostatic hyperplasia through pathways involved in 
cell proliferation and apoptosis, which might be related to the functions of ERα and AR. The role of COX-2/NF-κB pathway in dorsolateral prostate requires further research.

Sci Rep. 2020 Aug 
4;10(1):13108.

10.1038/s41598-020-69809-y 32753632 動物 前⽴腺 1 1 1 1 1 1 - - - - - - 1 1 - 1 - 1 - - - ● - - - - -
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統合_3060 Wu S., Huang D., Su X., Yan H., Wu J., and Sun 
Z 2019

Oral exposure to low-dose bisphenol 
A induces hyperplasia of 
dorsolateral prostate and 
upregulates EGFR expression in 
adult Sprague-Dawley rats

Prostate is sensitive to endocrine hormone level, and the synergetic effect of estrogen and androgen is critical in prostate growth. The change of signal pathways caused by the imbalance of estrogen and androgen might 
function in the occurrence of prostate diseases. As a well-known endocrine disruptor compound, bisphenol A (BPA) can disturb the normal function of endocrine hormone and affect prostate development. This study aims 
to investigate effects of BPA on the dorsolateral prostate (DLP) and the related gene expression of the tissue in adult Sprague-Dawley (SD) rats and to explore the mechanism for the effect of low-dose BPA on DLP 
hyperplasia. Three-month-old male SD rats were treated with BPA (10.0, 30.0, or 90.0 µg (kg.day)−1, gavage) or vehicle (gavage) for 4 weeks. BPA significantly increased the DLP weight, the DLP organ coefficient, and 
the prostate epithelium height (p < 0.01) of rats dose-dependently. Microarray analysis and quantitative real-time polymerase chain reaction showed that BPA significantly upregulated the transcriptional levels of some 
genes, including pituitary tumor transforming gene 1, epidermal growth factor, Sh3kbp1, and Pcna. Furthermore, the expression of PCNA (p < 0.01), androgen receptor (p < 0.01), and EGF receptor (EGFR) (p < 0.001) in 
DLP was increased significantly by BPA treatment, and the expression of estrogen receptor alpha was also upregulated. The findings evidenced that low-dose BPA could induce DLP hyperplasia in adult rats, and the 
upregulated EGF/EGFR pathway that was responsive to estrogen and androgen might play an essential role in the DLP hyperplasia induced by low-dose BPA.

Toxicol Ind Health. 2019 
Oct;35(10):647-659.

10.1177/0748233719885565 31771501 動物 前⽴腺 1 1 1 1 1 1 - - - - - - 1 1 - 1 - 1 - - - ● - - - - -

統合_3061 Yanagisawa R., Koike E., Win-Shwe T.T., and 
Takano H 2019

Oral exposure to low dose bisphenol 
A aggravates allergic airway 
inflammation in mice

Bisphenol A (BPA) is widely used in many consumer products and has adverse effects on human health including allergic diseases. We investigated the effects of low dose BPA, comparable to actual human oral exposure, 
on allergic asthma in mice. C3H/HeJ male mice were fed a chow diet containing BPA (equivalent to 0.09, 0.90, or 9.01 μg/kg/day) and were intratracheally administered ovalbumin (OVA, 1 μg/animal) every two weeks 
from 5‒11 weeks of age. All doses of BPA plus OVA enhanced pulmonary inflammation and airway hyperresponsiveness, and increased lung mRNA levels of Th2 cytokine/chemokine, and serum OVA-specific IgE and IgG1 
compared to OVA alone, with greater effects observed in the middle- and high-dose BPA plus OVA groups. Furthermore, high-dose BPA with OVA decreased lung mRNA levels of ERβ and AR compared with OVA. 
Furthermore, BPA enhanced OVA-restimulated cell proliferation and protein levels of IL-4 and IL-5 in mediastinal lymph node (MLN) cells in OVA-sensitized mice. In bone marrow (BM) cells, middle-dose BPA with OVA 
increased Gr-1 expression. In conclusion, oral exposure to low-dose BPA at levels equivalent to human exposure can aggravate allergic asthmatic responses through enhancement of Th2-skewed responses, lung hormone 
receptor downregulation, and MLN and BM microenvironment change.

Toxicology Reports 6, 
1253-1262

10.1016/j.toxrep.2019.11.012 31788436 動物 - 1 0 1 C3H/HeJSlc 1 0.09、0.90、または9.01 µg/kg/⽇相当 - - - - - - - - - - - - - - - ● - - - - -

統合_3062 Zou H., Wang S., Liu Y., Mo J., Yang L., Zhao Y., 
Yi P., Niu Y., Huang Y., and Lu Y 2020

The effect of hormonal levels and 
oxidative stress on bisphenol A and 
soy isoflavone reproductive toxicity 
in murine offspring

Previous studies have suggested that human exposure to bisphenol A (BPA) and soy isoflavones (SIFs) can occur during pregnancy. The combination of these chemicals is hypothesized to have a toxic impact on the fetus. 
While BPA is an industrial chemical used widely in the manufacture of polycarbonate plastics and epoxy resins, SIFs are naturally occurring estrogen-like phytoestrogens. To determine the impact of the combination of 
BPA and SIFs on fetal development, the body weight, organ weight, anogenital distance and histopathological changes in the testes of F1 offspring were assessed in mice. Hormonal effects were determined by measuring 
serum levels of estrogen receptor (ESR), follicle-stimulating hormone (FSH), luteinizing hormone (LH) and testosterone (T). Additionally, mitochondrial DNA copy numbers, and the serum levels of malondialdehyde and 
superoxide dismutase, were determined to evaluate alterations in oxidative stress and potential toxicity. Exposure to BPA increased the body weight of the pups and reduced the ratio of anogenital distance to body weight, 
as well as testes weight. Moreover, BPA exposure also induced testicular lesions. The seminiferous tubules of testis were denatured in varying degrees and the lumen wall structure was disordered. The levels of ESR in 
all offspring and the T levels in male offspring significantly increased, compared with controls. Co-exposure to BPA and SIFs exacerbated these changes in body weight, testicular lesions and hormonal levels, relative to 
BPA exposure alone. Additionally, oxidative damage was only induced by high-dose BPA. Collectively, these findings suggested that BPA and SIFs could have synergistic effect on the reproductive system, which could be 
mediated by the regulation of ESR expression and testosterone release.

Mol Med Rep. 2020 
Dec;22(6):4938-4946.

10.3892/mmr.2020.11544 33173981 動物 ホルモンレベル 1 1 1 1 1 1 - - - - - - 1 1 - 1 - - - - - ● - - - - -

統合_3063

Gayrard, V., Lacroix, M. Z., Grandin, F. C., Collet, 
S. H., Mila, H., Vigui, C.,G ly, C. A, Rabozzi, B., 
Bouchard, M., L andri, R., Toutain, P. L., & 
Picard-Hagen,N.

2019
Oral Systemic Bioavailability of 
Bisphenol A and Bisphenol S in 
Pigs.

Background: Given its hormonal activity, bisphenol S (BPS) as a substitute for bisphenol A (BPA) could actually increase the risk of endocrine disruption if its toxicokinetic (TK) properties, namely its oral availability and 
systemic persistency, were higher than those of BPA.

Objectives: The TK behavior of BPA and BPS was investigated by administering the two compounds by intravenous and oral routes in piglet, a known valid model for investigating oral TK.

Methods: Experiments were conducted in piglets to evaluate the kinetics of BPA, BPS, and their glucuronoconjugated metabolites in plasma and urine after intravenous administration of BPA, BPS, and BPS glucuronide 
(BPSG) and gavage administration of BPA and BPS. A population semiphysiologically based TK model describing the disposition of BPA and BPS and their glucuronides was built from these data to estimate the key TK 
parameters that drive the internal exposure to active compounds.

Results: The data indicated that almost all the BPS oral dose was absorbed and transported into the liver where only 41% of BPS was glucuronidated, leading to a systemic bioavailability of 57.4%. In contrast, only 77% of 
the oral dose of BPA was absorbed and underwent an extensive first-pass glucuronidation either in the gut (44%) or in the liver (53%), thus accounting for the low systemic bioavailability of BPA (0.50%). Due to the higher 
systemic availability of BPS, in comparison with BPA, and its lower plasma clearance (3.5 times lower), the oral BPS systemic exposure was on average about 250 times higher than for BPA for an equal oral molar dose of 
the two compounds.

Conclusion: Given the similar digestive tracts of pigs and humans, our results suggest that replacing BPA with BPS will likely lead to increased internal exposure to an endocrine-active compound that would be of concern 
for human health. https://doi.org/10.1289/EHP4599.

Environ Health 
Perspect. 2019 
Jul;127(7):77005.

10.1289/EHP4599 31313948 動物 ADME 1 1 1 0 0 0 - - - - - - 1 1 - 1 - - - - - - - - - ● -

統合_3064
Goodrich, J. M., Ingle, M. E., Domino, S. E., 
Treadwell, M. C., Dolinoy, D. C.,Burant, C., 
Meeker, J. D., & Padmanabhan, V.

2019

First trimester maternal exposures to 
endocrine disrupting chemicals and 
metals and fetal size in the Michigan 
Mother Infant Pairs study.

Exposures to endocrine disrupting chemicals and metals are near ubiquitous worldwide, and their potential impact on children is a major public health concern. This pilot study was designed to characterize exposures to 
phthalates, phenols and metals among pregnant women in the first trimester, and to examine associations with fetal biometrics and birth weight. A total of 41 chemicals and elements were analyzed in urine from 56 
mothers with full-term newborns from the Michigan Mother-Infant Pairs study. Bivariate analyses identified predictors of exposure biomarkers. Associations between birth weight, Fenton z-scores and second trimester 
fetal biometrics with toxicants were examined via multivariable linear regression. An average of 30 toxicants were detected in maternal urine. Fast food consumption was associated with several phthalate metabolites, 
phenols and metals, and canned food consumption with bisphenol F (P &lt;0.05). Mono (3-carboxypropyl) phthalate was significantly associated with higher birth weight and Fenton z-score while the opposite was 
observed for bisphenol S. Estimated femur length from ultrasonography was significantly inversely associated with arsenic, barium and lead. While limited by sample size, this study is one of the first to evaluate birth 
outcomes with respect to emerging endocrine disrupting chemicals and to examine associations between toxicants and fetal biometrics. Exposure assessment was provided by the National Institute of Environmental 
Health Sciences' Children's Health Exposure Analysis Resource (NIEHS CHEAR), a resource available to children's studies with the goal of combining data across cohorts in an effort to characterize the impact of 
toxicants on child health from birth and beyond.

Keywords: birth outcomes; metals; phenols; phthalates; prenatal exposures.

J Dev Orig Health Dis. 
2019 Aug;10(4):447-
458.

10.1017/S204017441800106X 30696509 ヒト ⽣殖発⽣ - - - - - - コホート 1 1 - - - 1 1 1 - - - - - - - - - - ● -

統合_3065 ljaz, S., Ullah, A., Shaheen, G., & Jahan, S. 2020

Exposure of BPA and itsalternatives 
like BPB, BPF, and BPS impair 
subsequent reproductive 
potentialsin adult female Sprague 
Dawley rats.

Bisphenol A (BPA) and its alternatives are extensively used in household and industrial products. BPA and its alternatives have affinity for estrogen receptors and mimic its actions. The present study aims to examine the 
comparative effects of BPA and its alternatives bisphenol B (BPB), bisphenol F (BPF), and bisphenol S (BPS) on the reproductive health in adult female rats. One hundred and seventy post-weaning female rats (90 ± 25) 
were divided into 17 groups and assigned for different treatments. Control and treated groups were injected with concentrations of 50-500 µg/ml and 5-50 mg/kg of BPA, BPB, BPF, and BPS for 28 days. The results 
showed adverse morphological and histopathological alterations in rat ovaries in all treated groups. A remarkable decrease was observed in antral and corpus luteum follicles while rise in atretic and cystic follicles in the 
ovaries of BPA and its alternatives 5 and 50 mg/kg treated groups when compared with control. Significant decrease in catalase (CAT), super oxidase (SOD), and peroxidase (POD) levels was noted while increase in the 
values of thiobarbituric acid reactive substance (T-BARS) and reactive oxygen species (ROS) was observed when BPA and its alternatives groups were compared with the control. Hormones were also observed with 
alterations in their concentrations when treated groups were compared with the control. The current data suggest that BPA and its alternatives exposure during the pre-pubertal stage have the potential to induce oxidative 
stress and histopathological changes during follicular development in female rats.

Keywords: Bisphenol A, B, F and S; ROS; antioxidant enzymes; histopathology; oxidative stress markers.

Toxicology mechanisms 
and methods, 30(1),60-
72.

10.1080/15376516.2019.1652873 31424294 動物 - 1 0 1 不明 不明 50-500 µg/mlと5-50 mg/kg - - - - - - - - - - - - - - - - - - - ● -

統合_3066 Shi, M., Whorton, A. E., Sekulovski, N., Maclean, 
J. A., & Hayashi, K. 2019

Prenatal exposure to bisphenol A, E, 
and S induces transgenerational 
effects on male reproductive 
functions in mice.

This study was performed to examine the transgenerational effects of bisphenol (BP) A analogs, BPE, and BPS on male reproductive functions using mice as a model. CD-1 mice (F0) were orally exposed to control 
treatment (corn oil), BPA, BPE, or BPS (0.5 or 50 µg/kg/day) from gestational day 7 (the presence of vaginal plug = 1) to birth. Mice from F1 and F2 offspring were used to generate F3 males. Prenatal exposure to BPA, 
BPE, and BPS decreased sperm counts and/or motility and disrupted the progression of germ cell development as morphometric analyses exhibited an abnormal distribution of the stages of spermatogenesis in F3 males. 
Dysregulated serum levels of estradiol-17β and testosterone, as well as expression of steroidogenic enzymes in F3 adult testis were also observed. In the neonatal testis, although apoptosis and DNA damage were not 
affected, mRNA levels of DNA methyltransferases, histone methyltransferases, and their associated factors were increased by BP exposure. Furthermore, BP exposure induced immunoreactive expression of DNMT3A in 
Sertoli cells, strengthened DNMT3B, and weakened H3K9me2 and H3K9me3 in germ cells of the neonatal testis, whereas DNMT1, H3K4me3, and H3K27ac were not affected. In adult testis, stage-specific DNMT3B was 
altered by BP exposure, although DNMT3A, H3K9me2, and H3K9me3 expression remained stable. These results suggest that prenatal exposure to BPA, BPE, and BPS induces transgenerational effects on male 
reproductive functions probably due to altered epigenetic modification following disruption of DNMTs and histone marks in the neonatal and/or adult testis.

Toxicological Sciences, 
172(2), 303-315.

10.1093/toxsci/kfz207 31532523 動物 - 1 1 1 不明 0 0.5または50 µg/kg/⽇ - - - - - - - - - - - - - - - - - - - ● -

統合_3067 Gear R, Kendziorski JA, Belcher SM. 2017

Effects of bisphenol A on incidence 
and severity of cardiac lesions in the 
NCTR-Sprague-Dawley rat: A 
CLARITY-BPA study.

The goal of this study was to determine whether bisphenol A (BPA) had adverse effects indicative of cardiac toxicity. As part of the "Consortium Linking Academic and Regulatory Insights on BPA Toxicity" (CLARITY-
BPA), study dams and offspring were exposed by daily gavage to five doses of BPA ranging from 2.5 to 25000μg/kg/day, 0.05 or 0.5μg/kg/day 17α-ethinyl-estradiol (EE) or 0.3% carboxymethylcellulose vehicle. 
Exposure-related effects were analyzed in isolated hearts by quantitative morphometry and histopathology. No dose-related changes in body weight were detected. Across all exposure groups including vehicle controls, 
body weight of continuously dosed males was reduced compared to males dosed only until PND21. Heart weight was increased only in females exposed to EE, and consistent alterations in LV wall thickness were not 
observed. Exposure-related changes in collagen accumulation were minor and limited to highest EE exposure groups with increased collagen accumulation in PND21 males. Decreased collagen was observed in hearts of 
BPA or EE exposed females at PND90 and PND180. In BPA or EE treated females cardiomyopathy incidence and severity was significantly increased compared to control females at PND21 with myocardial degeneration 
observed in both males and females at PND21 and PND90.

Keywords: BPA; Cardiomyopathy; Disruptor; EDC; Endocrine; Estrogen; Heart.

Toxicol Lett. 2017 Jun 
5:275:123-135.

10.1016/j.toxlet.2017.05.011 28499613 動物 ⼼臓 1 1 1 1 1 1 - - - - - - 1 1 - 1 - 1 ● - - - - - - - ●

統合_3068
Cheong A, Johnson SA, Howald EC, Ellersieck 
MR, Camacho L, Lewis SM, Vanlandingham 
MM, Ying J, Ho SM, Rosenfeld CS.

2018

Gene expression and DNA 
methylation changes in the 
hypothalamus and hippocampus of 
adult rats developmentally exposed 
to bisphenol A or ethinyl estradiol: a 
CLARITY-BPA consortium study.

Bisphenol A (BPA), an endocrine disrupting chemical (EDC), is a ubiquitous pollutant. As part of the Consortium Linking Academic and Regulatory Insights on BPA Toxicity (CLARITY-BPA), we sought to determine whether 
exposure of Sprague-Dawley rats to 2,500 μg/kg/day BPA (BPA) or 0.5 μg/kg/day ethinyl estradiol (EE) from gestational day 6 through postnatal day 21 induces behavior-relevant gene expression and DNA methylation 
changes in hippocampus and hypothalamus at adulthood. RNA and DNA were isolated from both regions. Expression of ten genes (Dnmt1, Dnmt3a, Dnmt3b, Esr1, Esr2, Avp, Ar, Oxt, Otr, and Bdnf) presumably altered by 
early-life BPA/EE exposure was examined. Three genes (Bdnf, Dnmt3b, and Esr1) were studied for DNA methylation changes in their putative 5' promoter regions. Molecular changes in hippocampus were correlated to 
prior Barnes maze performance, including sniffing correct holes, distance traveled, and velocity. Exposure to BPA and/or EE disrupted patterns of sexually dimorphic gene expression/promoter DNA methylation observed in 
hippocampus and hypothalamus of controls. In the hippocampus of female offspring, BPA exposure resulted in hypermethylation of the putative 5' promoter region of Bdnf, while EE exposure induced hypomethylation. Bdnf 
methylation was weakly associated with Bdnf expression in hippocampi of female rats. Hippocampal Bdnf expression in females showed a weak negative association with sniffing correct hole in Barnes maze. 
Hippocampal expression of Avp, Esr2, Oxt, and Otr was strongly associated with velocity of control rats in Barnes maze. Findings suggest BPA exposure induced non-EE-like gene expression and epigenetic changes in 
adult rat hippocampi, a region involved in spatial navigation.

Epigenetics. 
2018;13(7):704-720.

10.1080/15592294.2018.1497388 30001178 動物 発達神経 1 1 1 1 1 1 - - - - - - 1 1 - 1 - - ● - - - - - - - ●
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