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Evaluation of aluminum toxicity
to neuronal development and
estimation of aluminum exposure
in population in Japan

Yasuhiro Irino, Kobe University
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Widespread use of aluminum

Neurotoxicity of high levels of
aluminum

Epidemiological relationship between
aluminum and the incidence of
Alzheimer’s disease

Inclusion in food, medicines, and food
additives such as baking powder
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Risk assessment of aluminum

Aluminum is
Included in food additives
Widely used for cookware, containers
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Aluminum is frequently ingested in a daily life
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Risk assessment of aluminum
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Mission of Food Safety Commission

1: Conduct risk assessment

2: Share risk information on food
Risk

Assessment
3: Response to emergency

and food-induced accidents

Risk
communica
tion

Response &
Disclosure
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Research for risk assessment

1: Conduct risk assessment

Food Safety Commission has been supporting
researches to promote and advance risk assessment
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Objective of this study

Clinical study: measurement of aluminum in blood

Establish a methodology for aluminum measurement
Analyze aluminum in blood of population in Japan

Animal study: comprehensive behavior analysis

Explore new indicators of neurotoxicity in Aluminum-treated mice
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Difficulties for analyzing aluminum in blood

Low concentration of aluminum in blood
Complicated sample preparation

Small sample volume
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ICP-MS (Inductively Coupled Plasma Mass Spectrometry)

Sufficiently low detection limits

Ability to overcome matrix related
interferences

Ability to cope with small sample
volumes

Reliable linearity to measure in a wide
concentration range

Robustness for high sample throughput
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Quantification of Aluminum in blood

Method

human serum

N2

pretreat with a solution composed of 0.7 mM Ammonia,
0.01 mM EDTA, 0.07% TritionX100, 1.5% 1-butanol, and
add 20 ppb Rh (rhodium) as internal standard

N2
Analysis with ICP-MS
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HIESAE | %8 Agilent 7700x ICP-MS

ICP-MSH T /ST A—43

Rf B 3 (W) 1550
F!) 7H R (L/min) 1.05
RATL—F v /NRE (°C) 2
AR iRE (mL/min) 4.5
HRAE—F He
BEHT-YDIFEHFFRE(s) 3.0

Quantification of Aluminum in blood

Condition| Device: Agilent 7700x ICP-MS

ICP-MS parameters used in this study

Rf Power (W) 1550
Carrier gas (L/min) 1.05
Spray chamber temp (°C) 2
Gas flow (mL/min) 4.5
Gas mode used He
Integration time per mass (s) 3.0
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ICP-MS (Inductively Coupled Plasma Mass Spectrometry)
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Quantification of Aluminum in blood

Detection limit and Quantifiable range

Detection limit: 1 ppb 0.20-
Range: 1 ppb —100 ppb 015

0.104

0.054

Intensity Ratio (Al/Rh)

Accuracy check

Certified Reference Material (CRM)
Acceptable range: 92-116 ppb
Acquired value in our analysis: 111.45 ppb

0 60 80 100
Al (ppb)
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Subject information

Subject information

Number of subjects 51
Male 29
Female 22

Age (years) of subjects

Mean 13.1
Median 13
Range 1-27
0-10 (n.) 18 (M:10, F:8)
11-20 (n.) 25(M:13, F:12)

over 21 (n.) 8(M:6, F:2)
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Aluminum in blood in population of different ages in Japan

200+

n=18 n=25 n=8
Ave. 56.89 ppb Ave. 32.91 ppb Ave. 14.51 ppb
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Aluminum in blood in population of age 0-10 in Japan
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Aluminum in blood in population of age 11-20 in Japan
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Aluminum in blood in population of age over 21 in Japan
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Aluminum in blood in Japan (whole range of age)

200+

n=29 n=22
Ave. 36.07 ppb Ave. 40.32 ppb
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Aluminum exposure experiments

Exposure of pregnant mice to aluminum

Day 1 Day 6 Day 16 (PO) Day 43 (P27~29)
| )
E6 mice  Aluminum Parturition Scarification

exposure from
Day6 to Scarification
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Effect of in-utero exposure to aluminum on postnatal

increase of body weight
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Effect of in-utero exposure to aluminum on postnatal

body weight (g)

body weight (g)

body weight of males and females
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Comprehensive behavior analysis

C57BL/6)J
female (n=19) Negative control
female (n=19) Aluminum exposure
75 ppm Al in drink water
4 weeks 10 weeks

| %

behavior analysis
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Results of comprehensive behavior analysis

m

General health, General health No effect of Aluminum
neurological screening

Light/dark transition test Anxiety No effect of Aluminum

Open field test Exploratory activity, No effect of Aluminum
affectivity

Elevated plus test Anxiety No effect of Aluminum

Hot plate test Pain sensitivity No effect of Aluminum

46




WERE 1T BTG R

HEWTHT AL HRRETHENITE TILIOFEELGL
PERSii
A—42—0OykT ARk EE5E ST

TL IV AT R REEHT—TAT

-l i
R—YILRB&EFIKIKT AN SD#RITEI D@

{EEECIERE N DETE
{ERECIERE N DT

711/50)%/ d~Lz

FILERETIL/NILR
MFEDETIERHY

FILSRETAMN X5
E T TO/N=yH RAER
MNIENTWNSEEEEHY

TILZSDEELL
TILSDEELL

47

Results of comprehensive behavior analysis

(N S

Social interaction Social behavior

Rota-rod test Motor coordination

Prepulse inhibition test Sensorimotor gating

Porsolt forced swim test Behavioral despair

T-maze spontaneous
alternation test

spatial learning,
alternation behavior

Y-maze test alternation behavior

No effect of Aluminum

No effect of Aluminum

Reduced tendency in Al-
treated mice

Reduced tendency of
immobility in Al-treated
mice

No effect of Aluminum

No effect of Aluminum
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Conclusion

1. We established highly sensitive analytical system for
guantification of aluminum in blood.

2. Population of the age 0 — 10 showed tendency of high
aluminum in blood. Further analysis of aluminum in blood from
healthy volunteers are needed.

3. We observed some effects of aluminum ingestion with
comprehensive behavior analysis.
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