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Executive summary

The Food Safety Commission Japan (FSCJ) conducted a self-tasking risk assessment on deoxynivalenol
(DON) and nivalenol (NIV).

The risk assessment was based on scientific data, including in vivo kinetics, acute toxicity, sub-acute
toxicity, chronic toxicity, carcinogenicity, reproductive/developmental toxicity, genotoxicity, and
immunotoxicity.

Major critical effects of DON derived from animal toxicity studies included emesis, decreased feed intake,
suppressed body weight gain, and influence on the immune system. At higher dose levels than those at
which the above effects were shown, fetal toxicity and teratogenicity were induced. While weak
chromosomal damage was observed in several genotoxicity studies, DON showed no carcinogenic effects
on mice in a two-year chronic toxicity study. Based on these results, DON was considered unlikely to have
any significant genotoxic activity in vivo. The International Agency for Research on Cancer (IARC) has
classified toxins derived from Fusarium species including DON as Group 3, i.e. not classifiable as to its
carcinogenicity to humans. The FSCJ has, therefore, concluded that the currently available toxicological
data have not sufficiently proved DON to be genotoxic or carcinogenic, and that it is appropriate to
establish a Tolerable Daily Intake (TDI) for DON.

After reviewing various toxicity studies, the NOAEL was set at 0.1 mg DON/kg bw/day based on the dose
causing suppression of weight gain observed in the two-year chronic toxicity study in mice. By applying an
uncertainty factor (UF) of 100 (10 for inter-species differences and 10 for inter-individual variations), the
TDI for DON was set at 1 pg/kg bw per day.

Major critical effects of NIV obtained from animal toxicity studies included decreased feed consumption,
suppressed body weight gain, and impact on the immune system. Embryotoxicity was observed at doses
greater than the dose producing such effects. Although chromosomal damage was reported in some
genotoxicity studies, the available data were considered to be inadequate to assess the genotoxic properties
of NIV. Since NIV showed no carcinogenic effects in a two-year chronic toxicity study in mice, and the
IARC has classified toxins produced by Fusarium species including NIV as Group 3, the FSCJ concluded
that a TDI can be set for NIV.

Various toxicity studies have been reviewed, and the LOAEL was set at 0.4 mg NIV/kg bw/day based on
the decreased WBC counts observed in sub-acute toxicity study in rats with 90-day oral administration. By
applying a UF of 1,000 (10 for inter-species differences, 10 for inter-individual variations, and 10 for the
adopted LOAEL value derived from sub-acute toxicity study), the TDI for NIV was set at 0.4 ng/kg
bw/day.

Establisment of a group TDI for DON and NIV was considered difficult at present, due to the limited
number of studies and varied test results on the combined effects of the two toxins, and the fact that the
mechanism of action of each toxin has not been fully clarified.

Estimates of exposure to DON and NIV in Japan were considered below the established TDIs (1 pg/kg
bw/day for DON; and 0.4 pg/kg bw/day for NIV). Therefore, dietary intake of DON and NIV was
considered unlikely to cause adverse effects on health in the general population of Japan.



y 4

% Food Safety Commission of Japan

Risk assessment report — Mycotoxin FS/872/2010

L. Background
1. Self tasking assessment and History of selection

The Food Safety Commission conducts risk assessment in response to requests from risk management
organizations, and moreover, it implements self-tasking risk assessments taking into account public
oionions and expert views.

Candidate substances for FSCJ’s self-tasking risk assessments are selected by the Planning Expert Panel
based on priority in risk assessment on food, from among substances which are considered to have a major
influence on public health, or which highly necessitate the identification of hazards, or whose assessment
needs are particularly high. Substances for discretionary assessments are then determined by the FSCJ,
after collecting opinions and information from the public and following other relevant procedures.

In March 2009, the FSCJ determined that “ochratoxin A”, “deoxynivalenol and nivalenol”, and “arsenic
(organic and inorganic arsenic) in food” would be subject to its self-tasking risk assessment on food, and
that “ochratoxin A” and “deoxynivalenol and nivalenol” would be investigated and discussed by the
EPMNT. Based on the opinion of the EPMNT, it was decided that “deoxynivalenol and nivalenol” would
be the first to be examined and discussed, since at the 9th Meeting of the EPMNT held on 14 October 2008,
a lack of genotoxicity data on ochratoxin A was pointed out, and while at that time, a research on
ochratoxin A including collection of such data was underway.

2. Current Regulations etc.

(1) Domestic regulations

In Japan, a provisional regulatory limit of 1.1 mg/kg has currently been set for deoxynivalenol (DON) in
wheat (Department of Food Safety Notification No. 0521001, MHLW, 2002). With regards to livestock
feed, provisional permissible limits of 4.0 mg/kg (in feed given to cattle 3 months of age or older) and
1.0 mg/kg (in feed given to livestock other than cattle 3 months of age or older) have been set (Agricultural
Production Bureau/Livestock Industry Department Notification No. 14-2267, by the Director of Livestock
Feed Division, MAFF, 2002).

There are currently no regulatory limits set for nivalenol (NIV).

In addition, the code of practice titled “Guidelines for Reduction of Deoxynivalenol and Nivalenol
Contamination in Wheat and Barley” (Joint FSCAB Notification No. 20-8915 and APB Notification No.
20-5731, by the Director-General of Food Safety and Consumer Affairs Burea and by the Director-General
of Agricultural Production Bureau, MAFF, 2008) has been established, and consequently, measures to
reduce contamination are under way.

(2) Regulatory policies/ guidelines in other countries

The Codex Alimentarius Commission has set no limits for DON or NIV.

The regulatory or guideline limits for DON in food set by different countries are as shown in Figure 1. On
the other hand, no country regulates NIV. DON was mostly not regulated as of 1995, but became a matter
of great concern for regulatory authorities in and after the latter half of the 1990s, when contamination in
the order of several mg/kg was reported in cereals and cereal products in Europe. EU countries have
employed a regulatory limit of 750 pg/kg for DON, which has been applied to raw material for wheat flour
over the past several years (1).

The U.S. has set a regulatory limit of 1,000 pg/kg for DON in final wheat products. Table 1 shows
regulatory limits for DON in cereals and individual cereal products set by the EU (2).
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Figure 1. Distribution of regulatory limits for deoxynivalenol (DON) in wheat (flour) or
cereals in different countries

Table 1. Regulatory limits for deoxylnivalenol (DON) in EU countries (EU Regulation
No.1881/2006)

Food Maximum levels

(ng/kg)

Unprocessed cereal (excluding durum wheat, oats and corn) 1,250
Unprocessed durum wheat and oats 1,750
Unprocessed corn (excluding products for wet milling) 1,750
Cereals and cereal flours for direct consumption 750
(excluding processed cereals for infants)

Pasta (dried) 750
Bread, pastries, biscuits, cereal snacks and breakfast cereals 500
Processed cereals for infants 200
Corn flour not for direct consumption (>500 um in diameter) 750
Corn flour not for direct consumption (<500 pm in diameter) 1,250

Note: No regulatory limits have been set for rice or rice products.
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II. Outline of the Substances under Assessment

1. Name, molecular formula, molecular weight and structural formula

DON and NIV belong to the type B trichothecenes, which are epoxy-sesquiterpenoids. Most trichothecenes
have double bonds at C-9 and C-10, a 12,13-epoxy ring, and a number of hydroxyl and acetoxyl groups.
Of these, those with a carbonyl group at C-8 are the type-B trichothecenes. (3, 4)

(1) Deoxynivalenol (DON)
(i) Chemical name
CAS (No0.51481-10-8)
IUPAC: Trichothec-9-en-8-one, 12, 13-epoxy-3, 7, 15-trihydroxy-(3a,7a)-1
Chem. Absbr. name: 12,13-epoxy-3a,7a,15-trihydroxytrichothec-9-en-8-one
(i1)) Molecular formula: C;5H200s

(iil)) Molecular weight: 296.32

(iv) Structural formula:

(2) Nivalenol (NIV)

(i) Chemical name
CAS (No0.23282-20-4)
IUPAC: Trichothec-9-en-8-one, 12, 13-epoxy-3, 4, 7, 15-tetrahydroxy-(3a,4p,7a)-
Chem. Absbr. name: 12,13-epoxy-3a,4B,7a,15-tetrahydroxytrichothec-9-en-8-one
(i1)) Molecular formula: C;5H2007

(iil)) Molecular weight: 312.32

(iv) Structural formula:

" These substances were named based on the TUPAC’s semisystematic nomenclature system under which a compound may
be named after the relevant natural substance.
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2. Physiochemical properties

Physiochemical properties are summarized below. (4)

(1) Deoxynivalenol (DON)
(a) Appearance: White needle-like crystal
(b) Melting point: 151 - 153°C
(c) Specific rotation: [G]ZDS +6.35° (¢=0.07: ethanol solution)

(d) Spectroscopic data: IR, UV, MS and NMR spectra have been reported.
(e) Solubility: Soluble in ethanol, methanol, ethyl acetate, water and chloroform.

(2) Nivalenol (NIV)

(a) Appearance: White crystal
(b) Melting point: 222 - 223°C (for a product dried under low pressure in the presence of
diphosphorus pentaoxide)

(¢) Specific rotation: [a]%‘ +21.54° (c=1.3: ethanol solution)

(d) Spectroscopic data: IR, UV, MS and NMR spectra have been reported.
(e) Solubility: Slightly soluble in water. Soluble in organic polar solvents (5).

3. DON- and NIV-producing organisms

DON and NIV are produced by Gibberella zeae and its asexual spore-producing anamorph, Fusarium
graminearum, as well as F. culmorum and other Fusarium and related fungi. They are causative agents for
fusarium head blight in cereals, particularly wheat, barley and corn (6, 7). These fungi are widely
distributed in the natural world, including soil and crops. While F. graminearum was formerly regarded as
the producing fungus, it has been classified as a species complex and has been subdivided into thirteen
species based on the results of molecular phylogenetic analyses (8, 9). Table 2 shows the main fungal
species producing DON and/or NIV and the fungal toxins produced by them.

Table 2. Major Fusarium species involved in deoxynivalenol (DON) and nivalenol
(NIV) contamination of food

Fungal toxin Major food crops
Species produced susceptible to Geographical distribution
DOND  NIV? contamination
F.graminearum species + +  Wheat, barley, rice, corn Worldwide

complex

Temperate zones (particularly colder
F.graminearum® + - Wheat, barley, rice, corn regions in the Northern Hemisphere):

Japan (all parts), Korea, China

Temperate zones (particularly warmer

. . regions):
Fasiaticum ) *+ Wheat, barley, rice J af)an (I)ionshu and southward), Korea,
China
F.vorosii + - Wheat Japan (Hokkaido), Hungary
Temperate zones (particularly colder
F.culmorum + +  wheat, barley, corn gugrlc());:,)Asia, Africa
North and South America, Oceania
Temperate zones (particularly colder
F.crookwellense - +  Wheat, barley, corn regions):
Japan (Hokkaido)
F.equiseti - +  wheat, barley, corn Subtropical and temperate zones
F.kyushuense - +  wheat, barley, rice Japan (western part), China
Fpoae ) + wheat, barley, corn Tempera}te zones (particularly colder
regions):
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Japan (Hokkaido)

F.pseudograminearum + - wheat, barley Mainly Australia

1) DON: Including DON, 3-acetyl-DON (3-AcDON)? and 15-acetyl-DON (15-AcDON)?.
2) NIV: Including NIV and 4-acetyl-NIV (fusarenon-X, 4-AcNIV)?.
3) F.graminearum s.str. (in a narrow sense)

Fusarium head blight in wheat and barley tends to occur in highly susceptible cultivars. Spores enter wheat
or barley heads during the flowering period, and the disease spreads under wet weather conditions (10).
Investigations in East Asian countries, including Japan, Korea and China, have reavealed that the main
DON-producing and NIV-producing fungi are F. graminearum (lineage 7) and F. asiaticum (lineage 6),
respectively. While both species are distributed mainly in the temperate zones, geographically F.
graminearum and F. asiaticum are distributed in colder regions and warmer regions, respectively (11, 12,
13). Investigations in Japan have found that in Hokkaido, DON contamination is caused by F.
graminearum and F. vorosii, and NIV contamination by F. crookwellense and F. poae. In Honshu and
southward, on the other hand, DON contamination is caused by F. graminearum and NIV contamination by
F. asiaticum. Furthermore, in western Japan the causal agents of NIV contamination also include F.
kyushuense (11, 14, 15).

4. History of discovery

In Japan, in the 1950s frequent outbreaks of acute Fusarium toxicosis affected both human and livestock,
consuming rice, wheat or barley affected by Fusarium head blight. In order to elucidate the causal toxins
produced by F. graminearum, collaborative studies were organized, for which experts in mycology,
chemistry and toxicology were called. This led to the discovery of trichothecene compounds, including
NIV and DON (13, 18, 19, 20).

DON was first reported as Rd-toxin, a toxin isolated from F. roseum (i.e. F. graminearum) which was, in
turn, isolated from barley affected by Fusarium head blight that occurred in Kagawa prefecture in 1970 (21).
In 1973, the chemical structure of this toxin was first determined in Japan, and the toxin was reported as
“deoxynivalenol” (22). It was found that this toxin was identical to the toxin which was separately
discovered in the U.S. as a causal agent for moldy corn toxicosis (23) and was named vomitoxin after the
disease’s characteristic symptom of vomiting (24, 25). Consequently, studies on the toxicity of DON was
proceeded furhter, in Japan, in terms of general toxicity as well as of differences from known
trichothecenes and its apocalipsis- and emesis-inducing activities in pigs. Later, toxicity studies on DON
were actively carried out all over the world, leading to findings on its chronic toxicity, immunosuppressive
activity, etc. (20)

NIV was first isolated from Fusarium nivale Fn2B in Japan (18). Its chemical structure was determined
during the period from 1966 to 1969, together with that of fusarenon-X (4-acetyl-NIV [4-AcNIV]) (26, 27,
28). Subsequently, Fusarium nivale Fn2B was recognized as a new species based on the results of
molecular phylogenetic analyses, and was named F. kyushuense (29).

During the period from the 1970s to 1990s, toxicity studies of NIV were vigorously carried out in Japan,
using molecular toxicological and other advanced methods. These studies led to the establishment of the
mechanism of cytotoxicity, such as the induction of apoptosis, and determined future directions for
subsequent studies (30).

2 Types of analogs and their quantitative ratios are different in different strains. Various genes have been reported to be
involved in the process of analog production (16, 17).
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lll. Outline of toxicological Findings

Major safety-related scientific findings are summarized below, based on published literature as well as
materials issued by the Joint FAO/WHO Expert Committee on Food Additives (JECFA) (2001) (3), the EU
Scientific Committee on Food (SCF) (1999, 2000, 2002) (31, 32, 33), and the International Agency for
Research on Cancer (IARC) (1993) (4).

1. Disposition in experimental animals

A. Deoxynivalenol (DON)

(1) Absorption, distribution, metabolism and excretion
(i) Conversion to de-epoxy DON in gastrointestinal tract

DON was reported to be converted to de-epoxy DON firstly in rats (34). It was subsequently discovered
that the de-epoxidation is caused by intestinal flora. This conversion is known to reduce the toxicity of
DON.

A study in which DON was anaerobically incubated with the cecal contents of male Sprague-Dawley rats,
showed that de-epoxy DON was gradually formed immediately after the start of incubation, and that 90%
of the toxin was converted to de-epoxy DON after 24 hrs of incubation (35).

The conversion of DON by intestinal flora was investigated using swine duodenal, jejunal, cecal, colonic
and rectal contents in an in vitro study. The highest de-epoxidation activity was found in the colonic
contents, where only 1% of the applied toxin was collected in the form of unchanged DON (36).

In another study, DON was not de-epoxidized after 96 hrs of anaerobic incubation with swine large
intestinal contents, whereas nearly 100% and 35% of the toxin were converted to its de-epoxy metabolite in
the presence of chicken intestinal contents and bovine ruminal fluid, respectively (37).

DON is known to be de-epoxidized by Eubacterium sp. Based on this observation, microbial feed additives
containing a Eubacterium strain (BBSH 797) have been used in non-EU European countries, Middle East,
Asia and South America (38).

In a study in which "*C-DON was given intragastrically to pigs at a dose of 0.60 mg/kg bw, no conversion
of DON was observed (39).

When 3-acetyl-DON (3-AcDON) was ianaerobically incubated with pig feces, the compound was
deacetylated into DON, which was further de-epoxidizedin vitro. The feces from pigs lacking deacetylation
ability got the deacetylation ability one week after the pigs were kept in pens, where the feces from pigs
known to have the deacetylation ability had been spread out. (40).

After anaerobic incubation of DON with ruminal fluid of female cattle, approximately 80% of the toxin
was de-epoxidized (41).

When feed containing DON at a concentration of 8.21 mg/kg dry matter was given to cows, DON was
almost completely transformed to de-epoxy DON (94% - 99%) before reaching the duodenum, independent
of the amount of feed consumed (42).

An analysis of the degradation of trichothecenes by chicken intestinal flora in vitro showed that DON was
de-epoxidized, whereas 3-AcDON and 15-acetyl-DON (15-AcDON) were mainly deacetylated (43).

When 3-AcDON was incubated anaerobically with human feces for 48 hrs, 3-AcDON was converted to
DON. No de-epoxy metabolite was found (44).

(ii) Absorption

When male PVG rats received oral administration of '*C-DON at a dose of 10 mg/kg bw, 25% of the
administered radiolabel was excreted in the urine over 96 hrs suggesting a higher absorption rate in rats
than those in sheep or cattle. Bioavailability was not obtained in this study (45).

When castrated pigs were fed a diet containing DON (4.2 mg/kg feed), DON was rapidly absorbed from the
stomach and the proximal small intestine. Serum DON levels peaked at 4.1 hrs postdosing. Half of the
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absorbed DON was excreted in 5.8 hrs. De-epoxy DON was found mostly in the distal small intestine in
these animals (46).

In a study with intravenous administration of '*C-DON to pigs at a dose of 0.30 mg/kg bw, few DON
metabolites or conjugates were found, and bioavailability was estimated to be 55% (39).

In castrated pigs that were fed a diet containing DON at a concentration of 5.7 mg/kg feed either once or
for 5 — 8 weeks, the estimated bioavailability of 54% and 89% were obtained, respectively (47).

After sheep received a single oral dose of DON at 5.0 mg/kg bw, DON was detected in blood within 30
min, with a bioavailability of 7.5%. On average, 24.8% of the absorbed DON found in the blood was free
form, while the remainder consisted of the de-epoxy metabolite or glucuronate conjugates. The de-epoxy
metabolite detected in the plasma represented less than 0.3% and less than 2% of the dose administered
orally and intravenously, respectively (48).

When sheep received a single oral dose of DON at 5.0 mg/kg bw, the absorption rate was approximately
7%. An average of 6.9% and 0.11% of the administered dose was recovered from urine (1.3% of which was
de-epoxy DON or its conjugates and 5.7% of which was DON or its conjugates) and bile (glucuronate
conjugates of de-epoxy DON), respectively (49).

In a study in which cows received oral administration of 920 mg/head of DON, a low bioavailability was
observed, although no specific numerical data were obtained (50).

In aother study, the absorption of DON was investigated using a swine gastrointestinal tract model
(including the stomach, duodenum, jejunum and ileum) in vitro. The results showed that most of DON was
absorbed in the jejunal portion (51).

(iii) Distribution
After female B6C3F1 mice received a single oral dose of DON at 5 mg/kg bw, DON levels in plasma,
spleen, liver, lung and kidney peaked within 15 — 30 min post-dose by both exposure routes of

administration, followed by a 75 — 90% reduction within 120 min post-dose. Concentration of DON in
plasma and tissues were 1.5 — 3 times higher after nasal than oral administration (52).

In a study in which weaning (3 — 4 weeks old) and young (8 — 10 weeks old) female B6C3F1 mice received
oral gavage at a dose of 5 mg DON/kg bw, plasma DON levels in young mice reached the maximum value
of 1.0 ug/mL at 15 min post-dose, whereas those in weaning mice were twice as high at the same time
point. The same trend was observed in the organs (53).

After oral exposure of DON to mice at a dose of 5 or 25 mg/kg bw, the tissue and plasma concentration
reached the maximum level at 30 min or 1 hr post-dose, respectively, with a rapid clearance following a
two-compartment model (54).

After pigs received a single intravenous administration of DON at a dose of 1 mg/kg bw, the distribution to
different tissues at 3 hrs post-dose was: 550 ng/g in plasma, 930 ng/g in kidney, 440 ng/g in liver, 330 ng/g
in abdominal fat, 130 ng/g in back fat, 140 ng/g in lymph, 78 ng/g in lung, 69 ng/g in adrenals, 74 ng/g in
spleen, 54 ng/g in testis, 29 ng/g in brain, 11 ng/g in heart, 19 ng/g in muscles, 16 ng/g in skin, 5 ng/g in
intestine, and 4 ng/g in pancreas. The distribution at 24 hrs post-dose was: 18 ng/g in plasma, 10 ng/g in
kidney, 8.2 ng/g in liver, 3.4 ng/g in abdominal fat, 12 ng/g in back fat, 0.8 ng/g in lymph nodes, 1 ng/g in
lung, and not detected in any of the other tissues (55).

After *C-DON wasgiven to chickens at a single oral dose of 1.3 — 1.7 mg/kg bw, the distribution to
different tissues at 3 hrs post-dose was: 416 dpm/g® in blood, 570 dpm/g in plasma, 4,345 dpm/g in bile, 19
dpm/g in cutaneous fat, 10 dpm/g in abdominal fat, 5 dpm/g in breast muscles, 5.3 dpm/g in thigh muscles,
91 dpm/g in spleen, 205 dpm/g in liver, 27 dpm/g in heart, 733 dpm/g in kidney, 21 dpm/g in brain, and 5
dpm/g in oviduct. The average distribution at 72 hrs post-dose was: 0 dpm/g in blood, 0 dpm/g in plasma,
661 dpm/g in bile, 10 dpm/g in subcutaneous fat, 9.8 dpm/g in abdominal fat, 0.5 dpm/g in breast muscles,
2 dpm/g inthigh muscles, 8 dpm/g in spleen, 10 dpm/g in liver, 0 dpm/g in heart, 18 dpm/g in kidney, 0
dpm/g in brain, and 2 dpm/g in oviduct. At 96 hrs post-dose, the radiolabelled compound was detected only
in cutaneous fat, kidney, gizzard and bile (56).

(iv) In vivo metabolism

3 “dpm” stands for disintegration per minute and is calculated by dividing counts per minute (cpm) by counting efficiency.
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In a study using rabbit or rat liver microsomal fractions, no metabolism of DON was observed (57, 58).

DON is known to form glucuronate conjugates in cattle (59, 60). In sheep, the formation of glucuronate and
sulfate conjugates has been reported (48, 61).

(v) Excretion

When male PVG rats received oral administration of '*C-DON at a dose of 10 mg/kg bw, 25%, 64% and
0.11% of the administered radiolabel were recovered during the first 96 hrs, respectivery from urine, feces
and expired air. DON and its de-epoxy metabolite were identified in the urine and feces in this study (45).

In male Sprague-Dawley rats administered “C-DON by oral gavage at a dose of 5 mg/kg bw, plasma level
of *C-DON peaked at 8 hr, where 9% of the '*C-DON bound to plasma proteins. Thirty-seven percent of
the administered '*C-DON was excreted in urine, and the main metabolites found in urine were glucuronate
conjugates (62).

In a study in which pigs received intravenous administration of DON at a dose of 1 mg/kg bw, DON was
recovered in bile and urine with the elimination half-life of 3.9 hrs (55).

When castrated pigs were recieved feed containing 4.2 mg/kg of DON for 7 days, the proportion of
de-epoxy DON increased in the distal portion of small intestine. In feces collected from the rectum, the
proportion of de-epoxy DON to the total of DON and de-epoxy DON was approximately 80% (46).

Following intravenous (0.30 mg/kg; 0.35 pCi/kg) or intragastric (0.60 mg/kg; 0.60 nCi/kg) administration
of “C-DON to pigs, 93.6% of the intravenous DON was excreted in urine, whereas 68.2% and 20.3% of
the intragastric DON were excreted in urine and feces, respectively (39).

Rapid excretion of DON was shown in chickens received a single oral dose of 2.2 mg '“C-DON
(corresponding to 1.3 — 1.7 mg/kg bw), where 79%, 92% and 98% of the administered dose were excreted
during the first 24, 48 and 72 hrs post-dose, respectively (56).

It has been reported that in male sheep received a single oral dose of DON at 5 mg/kg bw, DON and
de-epoxy DON were eliminated completely from the plasma within 30 hr post-dose (48).

When DON was administered to sheep at a dose of 5 mg/kg bw, 6.9%, 0.11% and 65% of the administered
DON were collected from urine, bile and feces, respectively, in the form of unchanged DON or its
metabolites (49).

The same group subsequently reported that in female sheep received intravenous administration of
C-DON at a dose of 4 mg/kg bw, 91% and 6% of the dose were recovered from urine and bile,
respectively, during the first 24 hr post-dose (61).

In human, it has been reported that glucuronate conjugates of DON are excreted in urine (62).

(vi) Transfer into eggs and milk

When hens received a single oral dose of 2.2 mg '*C-DON (corresponding to a dose of 1.3 — 1.7 mg/kg bw),
the maximum amount of '*C-DON contained in the first egg laid within 24 hrs post-dose was 0.087% of the
administered dose (corresponding to 1.9 pg of “C-DON per egg). After repeated oral administration of
“C-DON for 6 days, the maximum amount of radioactivity per egg was 0.19% of the daily dose
(corresponding to 4.2 pg of *C-DON per egg) (63).

In a study in which chickens were treated with feed containing '“C-DON at a concentration of 5.5 mg/kg
feed for 65 days, there was no increase in the amount of '*C-DON accumulated in eggs. The radioactivity
in eggs reached the maximum (corresponding to 1.7 pug of DON or its metabolites per 60 g of egg) after 8
days of administration, followed by a gradual decrease over the next several weeks (64).

After female sheep received intravenous administration of *C-DON at a dose of 4 mg/kg bw and were
monitored for the transfer of the compound into milk for 48 hrs, less than 0.25% of the administered dose
was recovered. The maximum levels of DON and its de-epoxy metabolite in milk were 61 ng/mL and
1,220 ng/mL, respectively, with the ratios of conjugated to non-conjugated metabolites being
approximately 2:1 and approximately 3:1 — 5:1, respectively (61).

In milk collected twice daily from cows that had received a single oral dose of 920 mg DON, only low
levels of free and conjugated forms of DON were detected, with the maximum level being 4 ng/mL (50).

Using primiparous Holstein cows at 13 — 22 weeks of lactation, the effects of DON in feed on milk
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production as well as on the transfer of DON and de-epoxy DON into milk were studied for 10 weeks.
The results indicated that, while the administered doses of DON (corresponding to daily intakes of 0.001,
0.085 and 0.21 mg/kg bw) had no effect on feed consumption or total milk yield, milk fat content and the
amount of total milk fat decreased in the two groups treated with DON. No transfer into milk of DON or its
de-epoxy metabolite was observed (detection limit: 5 ng/mL) (65).

When cows were fed a diet containing 8.21 mg DON and 0.09 mg zearalenon (ZEN) per kg dry matter
respectively, the carry over rates of DON and epoxiy DON into milk (i.e., the proportion of the amount
excreted in milk to the DON intake) were ranging from 0.0001 to 0.0002 and 0.0004 to 0.0024,
respectively (42).

When holstein cows were fed 5.3 mg DON per kg dry matter for 11 weeks or 4.4 or 4.6 mg DON for 18
weeks, DON was not detected in milk, while de-epoxy DON was detected at concentrations ranging

between below the detection limit and 3.2 pg/kg of milk. The carry over rates of DON in milk were
negligible, ranging from 0.0001 to 0.0011 (66).

(2) Effects on biochemical parameters

In a study where male NMRI mice were fed a diet containing DON for 6 weeks, the group fed a diet
containing 10 mg /kg DON (corresponding to 1.4 mg/kg bw) showed a significant decrease in body weight
gain (p < 0.01). At the end of the feed period, the absorption of water, leucine, tryptophan or iron was
studied using isolated perfused jejunal segments in vitro. No effects were observed on the absorption,
except a slight decrease in the rate of glucose transfer (p < 0.05) in the group given feed containing 10 mg
/kg of DON. In addition, the rates of transfer and of tissue accumulation of 5-methyltetrahydrofolic acid in
the jejunum decreased by up to 50%. This group showed also low manganese and molybdenum contents in
the liver (67).

In a study using spleen segments isolated from 8- to 10-week-old male rats, minimum effective level of
DON on protein and DNA synthesis was 1,000 ng/mL (72% and 53%, respectivery). On the other hand,
RNA synthesis was promoted at the same level (68).

In in vivo and in vitro studies, DON suppressed uptake of glucose and amino acids in chicken small
intestine by inhibiting the Na/D-glucose co-transporter and Na“/amino acid co-transporter, respectively
(69, 70, 71).

After male Wistar rats were administered subcutaneously with 1 mg DON /kg bw once a day for 3 days, the
levels of blood insulin, glucose and free fatty acid were increased. In addition, muscle glycogen
accumulation was increased and triglycerides content was decreased (72).

Most trichothecenes inhibit protein synthesis. This inhibition requires unsaturated bonds at C-9 and C-10
and a 12, 13-epoxy ring, and inhibition potency depends on the substituents. Trichothecenes bind to the
60S subunit of eukaryotic ribosomes and inhibit peptidyl transferase activity. DON, which lacks substituent
at C-4, inhibits peptide-chain elongation (73, 74). The inhibition of protein synthesis is considered as the
main toxic activity of trichothecenes, including DON (75). DON is approximately hundred times less toxic
than T-2 toxin in vitro. Due to differences in lipid solubility and other possible factors, the toxicity of DON
in vivo is expected to be greater than would be expected from its effects in vitro on protein synthesis (75,
76).

A study comparing the cytotoxicity of DON on different cultured cells using MTT assay, an assay used to
measure cell proliferation and activities, revealed their susceptibility to DON. The susceptibility was
highest in CHO-K1 cells (a Chinese hamster ovary-derived cell line), followed in descending order by V79,
C5-0, Caco-2 and HepG2 cells (cell lines derived from Chinese hamster lung cells, BALB/c mouse
keratinocytes, the human gastrointestinal tract, and human liver, respectively), with ICsp (the concentrations
of DON at which the cell growh was inhibited by 50% after 48 hrs of exposure 50% inhibitory
concentration;) of 0.27, 0.49, 0.54, 1.02 and 8.36 pg/mL, respectively (77).

After primary rat liver cells were exposed to 10 — 2,500 ng/mL of DON for 24 hr, lactate dehydrogenase,
ALT and AST levels were increased and the cell survival rate was decreased. The ICsp measured by MTT
assay in this study was 1,200 ng/mL, and morphological damage was observed at concentrations of 10
ng/mL and above. The cytotoxic effects were dose dependent and had a threashold value of 50 ng/mL (78).

When HuH-6KK cells (a human liver-derived cell line) were incubated in serum-free medium containing
0.15 mg/L each of DON, acetyl-NIV (AcNIV) and NIV, cell proliferation was inhibited by those fusarium
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toxins. The ICsp of DON measured by MTT assay was 1.1 mg/L (79, 80).

Cytotoxicity was compared between DON and its glucuronate conjugates using K562 cells (a human
erythroleukemia cell line), by means of bioassay using MTS for measuring cell proliferation and activities.
The results showed a 50% inhibition of cell growth (activity) at 1.31 uM of DON, while glucuronate
conjugates showed no significant cytotoxicity up to 270 uM (81).

When the effects of DON, 3-AcDON, 15-AcDON and de-epoxy DON on the proliferation of 3T3 cells (a
mouse skin-derived cell line) were examined by 5-bromo-2’-deoxyuridine (BrdU) uptake assay, the 1Csgo
values were 1.50 = 0.34 mM (444 + 101 ng/mL), 14.4 = 1.59 mM (4,890 + 537 ng/mL), 1.51 + 0.24 mM
(510 + 80 ng/mL) and 83.0 £ 8.77 mM (23,300 £ 2,460 ng/mL), respectively ( 82).

DON (10 — 100 uM) induced dose-dependent apoptosis in J774A.1 cells (a mouse macrophage-like cell
line), with the ICsp of 16.8 + 0.2 uM after 72 hrs of incubation (83).

In an in vitro study where the biotransformation of DON was using swine intestinal contents was
investigated, a correlation between the de-epoxidation of DON and the reduction of cytotoxicity was
observed using swine kidney cells by MTT assay (36).

The above findings suggested that, while there are variations depend on animal species and doses, DON
was converted and metabolized into less toxic derivatives mainly by de-epoxidation and glucuronate
conjugation, followed by excretion in urine and feces together with unchanged DON (Fig. 2).
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Fig. 2 Summary of major conversion and metabolic pathways of deoxynivalenol
(DON)

B. Nivalenol (NIV)

(1) Absorption, distribution, metabolism and excretion
(i) Conversion to de-epoxy NIV in gastrointestinal tract

NIV is known to be converted to less toxic derivatives through de-epoxidation by intestinal flora.
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Anaerobical incubation of NIV with swine feces in vitro was shown to de-epoxidize NIV. When feces from
pigs with a de-epoxidation activity was sprayed over a pig-cote housing pigs, lacking the metabolic activity
of de-epoxidation, feces from these pigs obtained de-epoxydation activity in one week (Ref. 40).

However, in vitro anaerobic incubation of feces from pigs with NIV, prior to the NIV exposure period,
failed to result in de-epoxidation of NIV. On the other hand, when pigs were fed with diet containing 2.5 or
5.0 mg/kg of NIV for 1 week, their intestinal flora obtained the activity to de-epoxidize NIV, and in vitro
incubation of DON with feces of these animals resulted de-epoxydation of DON. After in vitro anaerobic
incubation of NIV with ruminal fluid of cattle, approximately 80% of the toxin was de-epoxidized (41).

(ii) Absorption

When female ICR mice were orally exposed to *H-NIV or *H-AcNIV at doses of 20 or 18 ug/kg bw,
respectively, the plasma levels of *H-NIV or *H-AcNIV peaked at 60 or 30 min after administration,
respectively. The maximum plasma level and AUC in *H-AcNIV administrated mice were 5-fold and
10-fold higher than those in *H-NIV administrated mice, respectively. ~After being absorbed, AcNIV was
rapidly metabolized to NIV in the liver and kidneys (84).

The absorption of NIV was studied in pigs fed NIV at a dose of 0.05 mg/kg bw twice a day. Blood
samples were collected via catheters placed in the hepatic portal vein and the peripheral mesenteric artery.
NIV was found to be absorbed from the intestines, and was detected in the blood starting from the first
sampling time (i.e., 20 min post-dose). Eleven to 48% of the administered dose was absorbed within the
first 7.5 hrs post-dose, with plasma NIV levels peaking at 2.5-4.5 hrs post-dose (85).

AcNIV was immediately converted to NIV after AcNIV was administered intravenously or orally to
broilers and ducks at a dose of 2.2 mg/kg bw. Following the intravenous administration, NIV was detected
in the blood immediately post-dose and remained at high levels until 20 min post-dose. After the oral
administration, blood AcNIV and NIV levels peaked at 10 min post-dose, with a major part of AcNIV
having immediately been converted to NIV. The bioavailability* of AcNIV after oral administration was
9.8% and 19.5% in broilers and ducks, respectively (86).

The absorption of NIV was investigated using an in vitro swine gastrointestinal tract model (including the
stomach, duodenum, jejunum and ileum). The results showed that most of the toxin was absorbed in the
jejunal portion (45).

In an in vitro study of the degradation of trichothecenes by chicken intestinal flora, NIV was de-epoxidized
while AcNIV was mainly de-acetylated (43).

An in vitro experiment using Caco-2 cells showed that the basal-to-apical transport of NIV is energy
dependent, while its apical-to-basal transport is by simple diffusion (87).

(iii) Distribution

In ofer to investigate the transfer of NIV and AcNIV from pregnant of fegal mice, ICR mice at day 17 of
gestation were given *H-NIV and *H-AcNIV at doses of 40 or 43 mg/kg bw, respectively. In the mother
mice, the radioactivity was found to be distributed in the plasma, liver, kidney and placenta at both 6 and

24 hrs post-dose. In their fetuses, the radioactivity was found in all organs, including the liver and kidney,
at and after 6 hrs post-dose and at appoximately the same levels as their mothers’ (88).

(iv) In vivo metabolism and excretion
In a study in which rabbit or rat liver microsomal fractions, on metabolism of NIV was observed (57).

In a study in which female ICR mice were administered orally with *H-NIV or *H- AcNIV at doses of 20 or
18 ug/kg bw, respectively, the radioisotope was excreted in urine or mainly in feces in mice given
3H-AcNIV and in those given *H-NIV, respectively, at 48 h post-dose (84).

After male Wistar rats received oral administration of NIV in a total of 12 doses of 5 mg/kg bw at an
interval of 2-3 days, 80% and 1% of the administered NIV were excreted as de-epoxy NIV in feces and
urine, respectively. Seven percent and 1% of the administered dose were detected as unchanged NIV in
feces and urine, respectively (89).

4 Bioavailability is expressed as a percent and reprsents the proportion of the total amount of the unchanged compound in

circulation to the administered dose.
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After pigs were given feed containing NIV at a dose of 0.05 mg/kg bw twice a day, NIV was excreted
mainly in feces. None of the NIV metabolites (i.e., glucuronate and sulfate conjugates and de-epoxy NIV)
was found in the plasma, urine or feces (85).

In a study in which female chickens were fed diets containing NIV at concentrations of 1, 3 and 5 mg/kg
for 50 days, trace amounts of unchanged NIV were found in the liver and bile. Up to 10% of the intake of
NIV was excreted unchanged or as de-epoxy NIV in feces (90).

(v) Transfer into eggs and milk

In order to study the transfer of NIV from lactating to suckling mice, lactating ICR mice were orally given
SH-NIV or *H-AcNIV at a dose of 40 or 43 mg/kg bw, respectively, by oral gavage, and the radioactivities
in milk and tissue were mesured at 6 and 24 hrs. Radioactivity was detected in the milk as well as in liver
and kidney of suckling mice. A HPLC analysis of the compounds demonstrated that AcNIV is converted
mainly to NIV in mother mice’s body, followed by transfer into sucklings (88).

(2) Effects on enzymes and other biochemical parameters

NIV inhibited the proliferation of HeLa cells (a human uterus-derived cell line) totally at a concentration of
0.5 pg/mL. At 5 pg/mL, NIV almost completely inhibited protein and DNA synthesis, but scarcely
inhibited RNA synthesis (91).

After HeLa cells were treated with NIV at a concentration of 15 pug/mL for 1 min, no inhibition of RNA
synthesis was observed, while polyribosome degradation was induced (92). NIV also inhibited the
proliferation of other human-derived cells (uterine cancer and fetal kidney cells and lymphocytes), with the
ICsp 0f 0.3 — 1.0 pg/mL (93).

When rabbit reticulocytes were treated with NIV, protein synthesis was inhibited with an ICsy of 6 pg/mL.
The 1Cso of 0.5 pg/mL for the inhibition of polyphenylalanine synthesis suggests that NIV inhibits protein
synthesis at the ribosome level (94). In Ehrlich ascites tumor cells, NIV inhibited protein synthesis (ICso,
6 pg/mL) and DNA synthesis (ICso > 10 pg/mL) (95).

NIV (10 — 100 uM) induced concentration-dependent apoptosis in J774A.1 cells, with the 1Cso after 72 hrs
of incubation being 11.2 + 0.8 uM (83).

When the effects of NIV, 4-AcNIV and de-epoxy NIV on the proliferation of 3T3 cells were studied using
BrdU intake test, the ICso values were 1.19 £ 0.06 mM (373 + 20 ng/mL), 0.72 = 0.04 mM (255 +
13 ng/mL) and 64.2 £+ 3.14 mM (19,030 + 930 ng/mL), respectively (82).

In oder to stucy the effects of NIV on the hepatic drug metabolism in mice, male C57B16 mice were given
orally NIV three times per week for a four weeks at doses of 0.014, 0.071, 0.355, 1.774 or 8.87 mg/kg bw.
No change in P450 1a, 2b, 2¢, 3a or 4a expression was observed by Western blot analysis (Ref. 96).

The above findings suggest that, while there are variations depending on animal species and doses, NIV is
converted to a less toxic derivative mainly through de-epoxidation by intestinal flora. This derivative is
excreted in urine and feces together with unchanged NIV. AcNIV is converted and metabolized to NIV
mainly through deacetylation (Fig. 3).
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Fig. 3 Summary of major conversion and metabolic pathways of nivalenol (NIV)

2. Toxicity in experimental animals

In compiling toxicity data, data from studies emplying the administration of purified DON or NIV were
basically used, in order to clarify toxicological findings specific to the administration of DON or NIV.
Experiments with the administration of naturally contaminated feed or other materials that might have been
contaminated by other toxin(s) were also taken into account if necessary. Since the targets of the present
assessment are DON and NIV present in food, data were compiled also from studies with oral
administration..

A. Deoxynivalenol (DON)
(1) Acute toxicity

Table 3 shows the 50% lethal dose (LDso) after oral administration of DON. Toxicological changes after a
single oral dose of DON are characterized by damages to the gastrointestinal tract and lymphoid tissues as
well as by emesis.

Table 3 LDsoin acute oral toxicity of deoxynivalenol (DON)

. . .. LDsg
Species and strain Substance administered (me/kg bw) Ref.
Mouse, DDY, male, 6-week old Purified DON 46 97
Mouse, B6C3F1, female, weanling Purified DON 78 98
Chicken, male, 1-day old Purified DON 140 99

LDs of purified DON after the oral administration to mice have been reported to be 46 (97) and 78 mg/kg
bw (98), with marked gastrointestinal (GI) bleeding, and necrosis of bone marrow and kidney.

In an experiment in which B6C3F1 mice (three females per group) received a single oral dose of DON,
extensive necrosis of the GI tract, bone marrow and lymphoid tissues were observed at and above the dose
of 100 mg/kg bw (98). In an experiment using DDY mice (10 males per group), gastric fundal hemorrhage,
subarachnoid hemorrhage and testicular hyperemia were observed after the administration of DON at and
above 32 mg/kg bw (97).

In a single dose experiment in pigs, the administration of DON at 0.4 mg/kg bw affected the duodenum
(mucosal hyperemia and edema), jejunum (hyperemia in the villi, eosinophilic infiltration and enlarged
lymphoid follicles), ileum (enlarged lympohid follicles) and liver (vacuolar degeneration and necrosis of
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liver cells, and hyperemia) (100).

Table 4 shows a summary of events of emesis observed in expermiental animals treated with DON. The
emetic effect seems to work through the nervous system, since intravenous and intraperitoneal
administration induces emesis at the same dose levels as oral administration.

The minimum emetic dose was 0.05 — 0.1 mg/kg bw in pigs received a single oral gavage. On the other
hand, emesis did not occur up to 0.19 — 0.6 mg/kg bw per day, when pigs were given feed containig DON.
In dogs, emesis occurred after subcutaneous administration of purified DON at a dose of 0.1 mg/kg bw,
while no emesis was found up to 0.45 mg/kg bw per day after administration with feed (97, 112). In sheep
and pigs received intravenous adminitration of DON at a dose of 1.0 mg/kg bw, DON was detected in the
cerebrospinal fluid. In pigs, the amount of DON reaching the cerebrospinal fluid was found to be
approximately 2.5-fold compared with in sheep (113). It has been reported that administration of a
serotonin receptor (SHT3: 5-hydroxytryptamine, type3) antagonist prevented DON-induced emesis in pigs
(103). DON has also been reported to inhibit small intestinal motility through SHT3 receptors in rodents,
with such findings as gastric relaxation and delayed gastric emptying (114).
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Table 4 Summary of emesis in experimental animals administered with
deoxynivalenol (DON)
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- At 0.1 mg/kg bw, 1 of the 6
animals had emesis at 82
min post-dose.
Oral gavage - At.0.2 mg/kg bw, ‘2 of the 3
(water) . 0, 0.075, 0.1, animals had emesis at an
single (iose Purified DON |0.2, 0.4 mg/kg average of 68.5 min 0.1 0.075
Pig, bw post-dose.
crossbred, - At 0.4 mg/kg bw, all 3 101
9-10 kg animals had emesis at an
(3- 6/ group) average of 59 min
post-dose.
- At 0.05 mg/kg bw, 2 of the
Intraperiton- 0, 0.025, 0.05, 3 animals had emesis.
eal, single |Purified DON [0.075, 0.1, - Atand above 0.075 mg/kg 0.05 0.025
dose 0.2 mg/kg bw bw, all 3 animals had
emesis.
- At 0.05 mg/kg bw, 1 of the
3 animals had emesis at 56
min post-dose for a
duration of 14 min.
Oral gavage 0,0.025,0.05, |- At0.075 and 0.1 mg/kg bw,
(saline), Purified DON (0.075, 0.1, no emesis occurred. 0.05 0.025
single dose 0.2 mg/kgbw |- At 0.2 mg/kg bw, all 3
animals had emesis at an
average of 19.3 min
post-dose for an average
Pig duration of 16.3 min.
Yorkshire, ?Zlglflfalr;lig(f et;r‘?]e)sils()f e
10-15 kg Intraperiton- 0,0.025,0.05, | At 0.075 and 0.1 mg/i(g bw 102
(3 /group) |eal (saline), |Purified DON [0.075, 0.1, o ) > 0.05 0.025
single dose 0.2 mg/kg bw all 3 animals had emesis.
- At 0.2 mg/kg bw, 2 of the 3
animals had emesis.
- At 0.075 mg/kg bw, 1 of
Oral gavage . 0., 0.025, 0.05, the 3 animals had emesis. .
. Purified - At 0.1 mg/kg bw, no emesis
(saline), 0.075, 0.1, 0.075 0.05
single dose I5-AcDON "5 mg/kg bw occurred.
- At 0.2 mg/kg bw, 2 of the 3
animals had emesis.
Intraperiton- Purified 0,0.025,0.05, |- Atand above 0.075 mg/kg
eal (saline), 0.075, 0.1, bw, all 3 animals had 0.075 0.05
: 15-AcDON .
single dose 0.2 mg/kg bw emesis.
Intragastric
Pig, (DMSO), .
Yorkshire, 6 after 4 hrs of|Purified DON 0.075
-8-week-old, |fasting, 103
15-20 kg (4_6 s1ngle dose
/group) Intravenous, |p, ;4 DON 0.02
single dose
Intragastric
Pig, (saline), 6
Yorkshire, doses at 30 |Purified DON g;vom mgkg | No emesis 0.03 104
neutered min
male, intervals
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Yorkshire, (saline), Purified DON rr; /'k i)w animals had emesis within 0.3 0.03
neutered single dose gke 15 min.
gﬁlze-)week Intravenous 0.001 At 0.1 mg/kg bw, all 4 105
(saline), Purified DON | >~ " animals had emesis within 0.1 0.01
old, 15-20 kg | . 0.1mg/kg bw .
single dose 15 min.
(2-4/group)
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crossbred, 20 |,.. . 0,3.6,7.2,40 .
ke (4/group) Diet, 4 days |Purified DON ma/kg feed No emesis 101
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9-10-week- |days me/ke bw/day™)
old, 27.5 kg
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At 44.4 mg/kg feed, 2 of
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. - At 97.2 mg/kg feed, 1 of
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> Diet, 4 days |contaminated |124.9, 227.5
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corn mg/kg feed . .
animals had emesis.
At 227.5 mg/kg feed, 3 of
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(3/group) days comn 8.63,11.9
mg/kg feed
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and Diet, corn or mg/kg feed (0, .
nulliparous |5 weeks naturally 0.2,0.42 mg/kg | No emesis 0.42 108
female, 34-39 contaminated |bw/day)
kg (5 each wheat
sex/group)
Pig, 74 kg (64 Diet, Contaminated .
females/ 0, 5 mg/kg feed |- No emesis 109
35 days wheat
group)
Pig,
weanling, 7.7 |Diet, Contaminated |0, 0.9, 2.0,2.8 | No emesis 110
kg (8 each 3 weeks wheat mg/kg feed
sex/group)
Pig, 23-27 kg |Diet Naturally - At 5 mg/kg feed, emesis
& & § contaminated |1, Smg/kg feed EKe ? 111
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- At0.1-0.2 mg/kg bw,
Dog, 6-month |Subcutane- 0, 0.025, 0.1, fnr?lfSlzs(icgg;ed at 10-0dd
old, 2-3kg |ous, single |Purified DON [0.2, 0.5, 1.0, 2.0, post-dose. . 0.10 0.025 97
(5-7/group)  |dose 3.8 mg/kgbw | At1 -2 mg/kg bw, emesis
’ occured at several min
post-dose.
O’ 1, 2’ 47 6’ 87
oDrog’ri]?tZillile Naturally 10 mg/kg feed
1-7-year old, Diet, contaminated (0,0075,0.15, . At and above 8 mg/kg feed, 0.6* 0.45% 112
14 days 0.3,0.45, 0.6, emesis occurred.
15-20 kg wheat
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Cat, . 0.1,2.4,6,8, | At.4 mg/kg feed, 1 of the 2
American Naturally 10 mg/kg feed animals had emesis.
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2-4 kg ke bw/dav®) | At 10 mg/kg feed, 4 of the
(2-8/group) mg/kg bw/day™) 8 animals had emesis.

*.

Converted values based on the JECFA standards.
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(2) Subacute toxicity
Table 5 shows the results of subacute toxicity studies of DON.

Table 5 Results of short-term diet studies of the toxicity of the purified
deoxynivalenol (DON)
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BALBY/c, o decreased weight gain and weight
4-6-week- decreased thymus weight. 115
old (4 males After 2-3 weeks of treatment, 3
/group) of the 4 animals developed
30 days 10,10-20 endocarditis legions with
calcification.
Mouse At 8 mg/kg feed, decreased
ICR > Males: 0,037, feed consumption.
3-week -old | 14 days |0,248 076, 1. Atand above 2 mg/kg feed, 0.37 116
(10 cach Females: 0, decreased weight gain (in
041,081,1.59.| males) and decreased RBC
sex/group)
count.
Dose-dependent decrease in
Mouse, 0,8,12,16 0,12,18,24 weight gain and feed 1.2
13CR’ Cold consumption.
-week o
(10-12 14 days 117
females 04,8 0.06.12 - Atand above 4 mg/kg feed, 0.6
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In the 7.5 mg/kg bw group, 23
of the 24 animals died during
the study period.
Mouse, In the 2.5 mg/kg bw/day group,
Swiss- 12 of the 24 animals died.
Webstar, | 35 4,0 0,075,25,75 || AAtandabove 2.5 mg/kg 0.75 118
weanling bw/day, changes in the spleen,
(24 males thymus, lymph nodes and
/group) gastrointestinal tract.
At and above 0.75 mg/kg
bw/day, decreased body weight
and feed consumption.
Mouse, - At 10 mg/kg feed, suppressed
NMRI, 18 g 42 days (01, 1, 10 0'0}4’ 014, weight gain and impaired 1.4 0.14" 67
(10 males 14 N
nutrient intake.
/group)
Mouse,
B6C3F, - At 2 mg/kg feed, suppressed
weanling 56 days (1)60’252’ > 8’70 '03’222’ 5 weight gain and decreased liver | 0.28" 0.07" 119
(8 females ? o and kidney weights.
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Rat, At and above 0.25 mg/kg
Sprague- bw/day in females and at and
Dawley, 60 days 0,025,051 | @bovel mgkebw/dayin 0.25 120
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(25 each and feed consumption.
sex/group) At 1 mg/kg bw/day, decreased
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27%).
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tubular epithelium degeneration
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Yorkshire, DON feed consumption and weight effects between
12-15-week +2 mg/kg gain. purified DON
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Turkey consumption, weight gain,
chick, hematological and most Semipurified
1-day-old | 21 days |0, 20 0,16" serological parameters, 1.6" DON cultured | 127
(24 females histological findings or heart using corn.
/group) and kidney weights.
- Decreased serum calcium.
Rhess " deoressed latelet comntand
monkey 14 days L5 P 1 128
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adhesion capacity as well as
decreased fibrinogen levels.

*:  Converted values based on the JECFA standards.

23




y 4

% Food Safety Commission of Japan

Risk assessment report — Mycotoxin FS/872/2010

(i) Mouse

In a study lasting for 7 days, BALB/c mice (4 males/group) were fed diets containing 0, 0.25, 5, 10, 20 or
50 mg DON /kg feed (corresponding to 0, 0.35, 0.67, 1.3, 2.7 or 6.5 mg DON /kg bw per day, respectively)
all DON-fed groups showed decreased feed consumption. The 10 mg/kg feed and higher dose groups
showed decreased body weight and decreased thymus weight. After administration of 10 — 20 mg /kg feed
of DON for 2 — 3 weeks, 3 of the 4 mice showed cardiac legions with calcification. The LOAEL and
NOAEL were 10 mg/kg feed (i.e., 1.3 mg/kg bw per day) and 5 mg/kg feed (i.e., 0.67 mg/kg bw per day),
respectively (115).

After ICR mice (10 each sex/group) were fed diets containing 0, 2, 4 or 8 mg DON /kg feed for 14 days,
the 8 mg/kg feed group showed a significant decrease in feed consumption, particularly in males, during
both the first and second 7 days. The males in the 2 mg DON /kg feed and higher dose groups showed a
decreased weight gain during the initial period, while only the 8 mg/kg feed group showed a decreased
weight gain during the second week. The DON-treated groups also showed a significant decrease in red
blood cell count (116).

After ICR mice (10 — 12 each sex/group) were fed diets containing 0, 4, 8, 12 or 16 mg DON /kg feed for
14 days, decreased feed consumption was seen at doses above 8 mg/kg. Suppressed body weight gain was
observed in all dose groups (117).

Weanling Swiss-Webster mice (24 males/group) received 0, 0.75, 2.5 or 7.5 mg DON/kg bw per day by
oral gavage for 35 days. Most mice in the two highest dose groups died during the study period. The 2.5
mg/kg bw per day dose group showed decreased thymocyts and splenic lymphocytes, reduced
extramedullary hematopoiesis, gastric mucous gland enlargement, and necrosis of enterocytes lining the
cripts in the small intestine. Some effects were observed on the bone marrow (increased reticulocytes and
increased erythropoiesis) and hematological parameters (decreased RBC count, hemtocrit, hemoglobin
concentration and mean corpuscular hemoglobin concentration [MCHC]). Decreased feed consumption and
body weight, decreased relative weights of the thymus and heart, and increased relative stomach weight
were seen in all dose groups. The LOAEL was 0.75 mg/kg bw per day (118).

After NMRI mice (10 males/group) were fed diets for 6 weeks containing 0, 0.1, 1 or 10 mg DON/kg feed,
weight gain was significantly decreased at a dose of 10 mg/kg (67).

When B6C3F1 mice (8 females/group) were fed diets containing 0, 0.5, 2, 5, 10 or 25 mg DON/kg feed for
56 days, the 2 mg/kg feed and higher dose groups exhibited decreased weight gain. There was a
dose-dependent decrease in thymus, spleen, liver, kidney and brain weights, but with no histological
changes. The LOAEL and NOAEL were estimated to be 2 and 0.5 mg/kg feed, respectively (i.e., 0.28 and
0.07 mg/kg bw per day, respectively, estimated by JECFA) (119).

(i) Rat

Sprague-Dawley rats (25 each sex/group) were fed diets containing purified DON at a dose corresponding
to 0, 0.25, 0.5 or 1 mg/kg bw per day for 60 days. Decreased body weight gain due to decreased feed
consumption was seen in femails of all dose groups and in males in the 1 mg/kg bw per day group. The
males in the 1 mg/kg bw per day group also showed a significant decrease in the rate of thymidine uptake
by the jejunum and spleen. No significant changes were observed in the hematological and bone marrow
parameters, organ weights or histopathological findings. The LOAEL was estimated to be 0.25 mg/kg bw
per day in females (120).

After male Sprague-Dawley rats were fed ad libidum for 90 days with diets containing 0 or 20 mg purified
DON /kg feed, no significant clinical finding was observed. The DON-treated group showd a lower feed
efficiency but no feed refusal in spite of a reduced final weight (121).

(iii) Pig

In a subacute toxic studiy, castrated Yorkshire pigs of 10 — 13 kg body weight (6 males/group) were fed
diets containing 0, 1 or 3 mg DON /kg added as either purified DON or naturally contaminated corn for 32
days. The estimated amounts of ingested purified DON were 0, 0.08 or 0.24 mg/kg bw per day,
respectively, and those of naturally contaminating DON were 0, 0.09 or 0.22 mg/kg bw per day,
respectively (estimated by JECFA). The naturally contaminated corn also contained 15-AcDON and NIV at
the concentration of 3 and 1.3 mg/kg feed, respectively. A significant decrease in feed consumption and
weight gain were seen at dose of 3 mg/kg feed soon after the start of feeding. While weight gain of pigs fed
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purified DON recovered in several days, values for pigs fed naturally contaminated DON remained
depressed throughout the study period. All DON-treated groups showed lower serum a-globulin levels
compared to the control groups. High cortisol levels were observed in the high dose groups (122).

When castrated Yorkshire pigs (9 males/group) were fed diets containing 0 or 4.7 mg purified DON /kg
feed for 7 weeks, decreased feed consumption and weight gain were shown in pigs fed DON. The LOAEL
was 4.7 mg/kg feed (i.e., 0.19 mg/kg bw per day, as estimated by JECFA) (106).

After pigs (9 females/group) were fed diets containing 0, 0.3, 0.6 or 1.2 mg DON/kg feed for 8 weeks, no
significant effects on weight gain were observed. The NOAEL was 1.2 mg/kg feed (i.e., 0.048 mg/kg bw
per day, as estimated by JECFA), the highest dose in this study (123).

In a 90-days toxicity study, pigs (3 — 6 pigs/group) were fed diets containing 0 or 1 mg DON/kg feed. The
histopathological examination showed a small number of cases with limphyocitic infiltration, tubular
epithelium degeneration, etc. in the kidneys caused by 1 mg DON/kg feed, but these were not statistically
significant changes (124).

When Yorkshire pigs (5 males/group) were fed diets containing 0 or 6 mg purified DON /kg feed for 2 — 3
weeks, decreased feed consumption and decreased weight gain were observed (125).

In a study in which weanling piglets (9 females/group) were fed diets containing 0, 0.3, 0.6 or 1.2 mg
purified DON /kg feed for 8 weeks, no effects on feed consumption or weight gain were observed.
Dose-dependent increase of asparagines aminotransferase (ASAT) in blood was observed, but the changes
were slight and within the normal range (126).

(iv) Turkey

Turkey chicks were fed diets containing 0 or 20 mg DON /kg for 21 days, starting from day 1 after birth.
The consumption of DON caused decrease in serum calcium levels, while there were no effects on feed
consumption, body weight gain, the hematological parameters (mean cellular volume [MCV], mean
cellular hemoglobin [MCH] and MCH concentration), histological findings or heart and kidney weights
127).

(v) Monkey

A study was conducted in which Macaca rhesus monkeys (1 — 2 monkeys/group) were given a single oral
dose of 1, 5, 10, 25 or 50 mg DON/kg bw and repeated oral doses of 1 or 5 mg DON/kg bw per day for 2
weeks. One of the 2 monkeys given a single dose of 50 mg/kg bw, dissected at 24 hrs post-dose, showed
pleural and epicardial hemorrhage, cerebrovascular swelling, acute enteritis and lymphoid tissue necrosis.
Monitoring of the remaining animals over time revealed a trend for decreased blood coagulability starting
from 48 hrs post-dose. The decreased blood coagulability continued until 2 weeks post-dose, followed by a
trend for recovery to normal coagulability after 1.5 — 2 months. In the repeated-dose study, decreased
platlet count and adhesion, decreased fibrinogen levels and other findings suggesting decreased blood
coagulability were observed in pigs fed DON at and above 1 mg/kg bw per day. The coagulation
parameters restored to normal levels after 1.5 — 2 months (128).

(3) Chronic toxicity and carcinogenicity

In a chronic toxicity study, B6C3F1 mice were fed diets containing DON for 2 years (Table 6). The
groups, each consisting of 50 mice of each sex, were fed diets containing 0, 1, 5 or 10 mg DON/kg feed
(corresponding to 0, 0.1, 0.5 or 1.1 mg DON/kg bw per day in males and 0, 0.1, 0.7 or 1.6 mg DON/kg bw
per day in females; purity of DON >95%; not containing 3-AcDON or 15-AcDON). While the mean daily
consumption of feed was not changed in females, a significant decrease (by approximately 8%) in feed
consumption was seen in males in the two highest dose groups. Both males and females in the 5 and 10 mg
DON/kg feed groups exhibited a significant decrease in body weight. The females in the 5 and 10 mg
DON/kg feed groups showed increased serum IgA (by 56%) and IgG (by <10%) concentrations. The males
in the 5 and 10 mg DON/kg feed groups showed a decrease in relative weight of liver, while those in the 10
mg/kg feed group showed a decrease in relative weight of spleen and a significant increase in that of testis.
Histological analysis of the following organs and tissues showed no increase in the occurrence of
preneoplastic or neoplastic lesions in any of them: brain, pituitary, spinal cord, thymus, eyes, lachrymal
gland, contiguous harderian gland, nasal turbinates, trachea, lungs, thyroid, adrenal glands, aorta, liver,
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spleen, kidneys, pancreas, salivary glands, esophagus, gallbladder, stomach, duodenum, jejunum, ileum,
cecum, colon, rectum, lymph nodes, bone marrow, sternum, ureter, prostate, seminal vesicles, testes,
mammary gland, uterus, uterine cervix, ovaries, and fallopian tubes, peripheral nerve, and skeletal and
smooth muscles. There was a dose-dependent and statistically significant decrease in the occurrence of
preneoplastic and neoplastic lesions in the liver, and in the occurrence of nonneoplastic lesions in the islets
of Langerhans. The decrease in the occurrence of the proliferative lesions in the liver seemed to reflect
the positive correlation between body weight and spontaneous occurrence of hepatocellular carcinoma
known in this strain of mice. The NOAEL was 1 mg/kg feed in terms of content in feed (i.e., 0.1 mg/kg bw
per day) (129).

Table 6 Long-term toxicity of deoxynivalenol (DON)
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*:  Converted values based on the JECFA standards.

(4) Reproductive/developmental toxicity

Table 7 shows the results of reproductive/developmental toxicity of DON.

(i) Mouse

Developmental toxicity was studied in Swiss Webster mice (7 — 15 males and 10 — 12 females/group)
feeding on diets containing 0, 0.375, 0.75, 1.5 or 2.0 mg DON/kg bw per day. After 30 days of dietary
feeding, mice (Fo) were mated and gave birth to offspring (Fia), which were monitored up to 21 days of age.
Fomice were continually kept to produce litters(Fib), which were sacrificed at day 19 of gestation. The
fetuses (Fib) were examined macroscopically and checked for visceral and skeletal abnoemalities. Both
male and female Fo mice showed decreased consumption of feed and water at and above 0.375 mg DON/kg
bw/day. Female Fo mice showed decreased body weight at 1.5 mg DON/kg bw/day, with no effects on
pregnancy rate. In the 2.0 mg DON/kg bw/day group, the Fia mice exhibited a decrease in the number of
live offspring, the number of postnatal survivors and postnatal body weight, while the Fib mice exhibited a
decrease in the number of live fetuses and mean fetal weight. However, no teratogenicity was observed in
the Fia and Fib mice (130).

Reproductive toxicity was studied in the following three strains of mice (3 — 6 males/group) feeding on
diets containing 0 or 10 mg DON/kg feed for 90 days: IL-6KO [B6129-IL6 (tmlKopf) (IL-6 gene
deficient)], WT [B6129F2 (wild type to B6129-1L6 with an intact IL-6 gene)], and B6C3F1 mice. While
the DON-fed groups showed a significant decrease in body weight compared to the control group, no
histological changes were observed. The DON-fed IL-6KO and B6C3F1 mice showed a significant
decrease in cauda epididymis weight (131).

In a study on developmental toxicity, Swiss Webster mice at days 8 — 11 of gestation (15 — 19
females/group) were treated by oral gavage with 0, 0.5, 1, 2.5, 5, 10 or 15 mg DON/kg bw per day. The
fetal resorption rate was 100% in the dose groups of 10 and 15 mg DON/kg bw per day, and 80% in the 5
mg/kg bw/day dose group. In the 1, 2.5 and 5 mg DON/kg bw/day dose groups, fetal visceral abnormalities
were found at low frequencies. Exencephalia (26%), syndactyly (19%), cerebellar hypoplasia (93%) and
other abnormalities were found mainly in the 5 mg/kg bw per day dose group. The 1, 2.5 and 5 mg/kg bw
per day dose groups showed skeletal abnormalities in a dose-dependent manner. The NOAEL was 0.5
mg/kg bw/day (132).

26



1

l,.(..Food Safety Commission of Japan

Risk assessment report — Mycotoxin FS/872/2010

Table 7 Reproductive and developmental toxicity of deoxynivalenol (DON)
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(i) Rat

Sprague-Dawley rats (12 — 15 males/group) were given 0, 0.5, 1.0, 2.5 or 5.0 mg purified DON/kg bw per
day by oral gavage for 28 days. The 2.5 mg/kg bw per day and higher dose groups showed significant
decreases in body weight and in feed consumption as well as in the relative weights of epididymis and
seminal vesicle. The 5.0 mg/kg bw per day dose group showed a significant decrease in relative prostate
weight, the number of sperm cells, and cauda epididymal sperm count (absolute count and count/g cauda
epididymus) as well as a significantly higher occurrence of sperm tail abnormalities (sperm tail damage)
than those shown in the control group. All DON-treated groups showed a dose-dependent increase in serum
follicle-stimulating hormone (FSH) and luteinizing hormone (LH) levels and a dose-dependent decrease in
serum testosterone levels. In the histopathological examination, the 2.5 mg purified DON/kg bw per day
and higher dose groups showed increased degeneration of reproductive cells and increased sperm retention
and abnormal nuclear morphology (133).

A reproductive toxicity study was conducted in premating male (10/group) and female (25/group)
Sprague-Dawley rats treatingwith feed containing 0 or 20 mg purified DON/kg feed (corresponding to
approximately 2 mg purified DON/kg bw per day, as converted based on the JECFA standards) for 60 and
15 days respectively. The pregnancy rate was 80% in the control group and decreased to 50% in the
DON-treated group. There were no differences between the groups in sex ratio or survival rate of the
offspring or in the average number or body weight of babies per litter. There were no histopathological
changes in testes or ovaries (134).

A reproductive/developmental toxicity was studied in Sprague-Dawley rats (15 each sex/group) treating
with feed containing 0.25, 0.5 or 1.0 mg DON/kg bw per day. Females were mated after 6-week
treatment with feed containing DON, followed by continuation of the same respective treatments
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throughout their gestation period. These females were sacrificed on the last day of pregnancy to examine
effects of DON on fetal development. At and above the lowest dose, significant dilatation was observed in
the fetal renal pelvis and urinary bladder. No other morphological abnormalities or effects on the number of
live fetuses were observed (130).

In another developmental toxicity study, groups of Fischer 344(F344) rats (23 females/group) were treated
during their gestation period with feed added with 0, 0.5, 2.0 or 5.0 mg purified DON/kg (corresponding to
0, 0.025, 0.1 or 0.25 mg purified DON/kg bw per day, respectively, as converted based on the JECFA
standards). The 2.0 and 5.0 mg/kg feed dose groups showed a trend for lower maternal body weight at the
end of pregnancy as well as significantly lower maternal body weight after removal of the uterus and
fetuses than in the control group. However, no statistically significant effects on the occurrences of
macroscopic, skeletal or visceral abnormalities were observed in any of the treatment groups (135).

After rats were treated on days 7 — 15 of pregnancy by oral gavage with DON solution at a dose of 0, 0.2, 1,
5 or 10 mg DON/kg bw per day, the 1 mg/kg bw/day and higher dose groups showed fetal toxicity (delayed
ossification and other skeletal abnormalities). The NOAEL was 0.2 mg/kg bw per day (136).

When Sprague-Dawley rats (24 females/group) were treated on days 6 — 19 of pregnancy by oral gavage
with DON solution at a dose of 0, 0.5, 1.0, 2.5 or 5.0 mg DON/kg bw per day, rats of the 5 mg/kg bw per
day group showed a significant decrease in maternal feed consumption and body weight. In the same group,
52% of a litter was completely resorbed and the average number of early and late deaths per litter increased
significantly. There was also a significant decrease in mean fetal body weight and crown-rump length, a
significant increase in the occurrence of prematurity, and a significant decrease in the ossification of fetal
sternebrae, vertebral bodies and arches, vertebrae, metatarsi and metacarpi. The 2.5 mg/kg bw per day
group showed a significant decrease in mean fetal body weight and crown-rump lenth and vertebral
ossification. Relative weight of liver significantly increased in maternal animals of the 1.0 mg/kg bw per
day and higher dose groups, suggesting a correlation with the histological changes in hepatocytes. The
NOAEL was 0.5 and 1.0 mg/kg bw per day in maternal animals and fetuses, respectively (137).

(iii) Rabbit

In a study to investigate reproductive and developmental toxicity of DON in rabitt, New Zealand White
rabbits (6 — 15/group) were fed a diet containing DON at a dose of 0, 0.3, 0.6, 1, 1.6, 1.8 or 2 mg/kg bw per
day, on days 0 — 30 of pregnancy. The 1.8 and 2 mg DON/kg bw per day dose groups had a fetal resorption
rate of 100%. The 1 and 1.6 mg DON/kg bw/day dose groups showed decreased fetal body weight, which

seemed to be caused by decreased maternal body weight and feed consumption. No teratogenicity was
found in this study. The NOAEL was 0.6 mg/kg bw per day (138).

(5) Genotoxicity

The results of genotoxicity studies of DON was summarized in Table 8..

In an Ames test using Salmonella typhimurium, DON did not induce mutation with or without a metabolic
activation using S9(139, 140). An in vitro unscheduled DNA synthesis (UDS) test of DON using primary
culture of rat liver cells was negative (141). DON did not induce genetic mutation at the Hprt locus of V79
cells (142).

In in vitro studies, DON induced clastogenic effects in primary culture of rat liver cells (140) and V79 cells
(Ref. 143, 144). DON also inhibited gap-junctional intercellular communication (145).

DON promoted the transformation of mouse BALB/3T3 cells (146). In a short-term transformation assay
system using v-Ha-ras transfected BALB/3T3 cells, however, DON showed no initiation or promotion
activity (147).

In a comet assay using splenic WBCs collected from 10 male broilers that had ingested 10 mg DON/kg
feed for 17 days, DON induced minor but significant DNA damage (148).
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Table 8 Results of genotoxicity studies of deoxynivalenol (DON)
Table 8-1:in vitro

End-point Test object Concentrations Results Reference
. S. typhimurium TA98, TA100, .
Reverse mutation TA1535, TA1537" 0.4 - 400 pg/plate Negative 139
Reverse mutation S typhimurium TA98, TA100 * 0.7 - 500 pg/plate Negative 140
Reverse mutation SOS system using E. coli PQ37" 5-500 pg/assay Negative 140
Gene mutation i}ﬁ’st**gene of Chinese hamster V79 1 -3 pg/mL* Negative 142
Unschefiuled DNA Primary culture of rat liver cells 0.1 - 1,000 pg/mL Negative 141
synthesis
DNA repair E. coli K12 (2 strains) 0.7 - 500 pg/mL Negative 140
Chromosome . Positiv.
aberrations Chinese hamster V79 cells 0.1-1 pg/mL (5-fold) 143
Chromosome . Positive
aberrations Chinese hamster V79 cells 0.03 - 0.3 pg/mL (5-fold) 144
Chromosome . . Positiv.
aberrations Primary rat liver cell cultures 0.001 - 100 pg/mL (6-fold) 140
Micronucleus . . .
formation Primary culture of rat liver cells Up to 100 pg/mL Negative 140
Gap-junctional
intercellular Chinese hamster V79 cells 0.1-0.5 pg/mL Inhibited 145
communication
Transformation BALB/3T3 mouse embryo cells 0.1-1.6 pg/mL Positive 146
Transformation v-Ha-ras transfected BALB/3T3 0.01-0.2 pg/mL Negative 147
mouse embryo cells

*: With or without activation with S9.
**: With or without metabolic activation using liver cells.
**%: At 1 pg/mL, reduced colony size; at 10 pg/mL, a cell death rate of 90%.

Table 8-2: in vivo

End-point Test object Results Reference
DNA damage Splenic WBCs of male broilers fed DON Positive 148
(comet assay) (10 mg/kg feed) for 17 days

(6) Other toxicities (immunotoxicity, hematotoxicity, etc.)

(i) Immunotoxicity
a. [Effects on immune responseson and on resistance to infection

Table 9 provides a summary of the effects of DON on immune responses and resistance to infection.
Esposure to DON has been reported to be associated with decreased thymus and spleen weights, decreased
resistance to infection, and leucopenia as descrived below.

(a) Mouse

Immunotoxicity of DON was studied in Swiss Webster mice (weanling; 12 males/group) giving DON at a
dose of 0, 0.75, 2.5 or 7.5 mg/kg bw per day by oral gavage for 5 weeks. All mice in the 7.5 mg/kg bw per
day dose group died within 3 weeks. The 0.75 and 2.5 mg/kg bw per day dose groups showed suppressed
antibody responses to sheep RBCs as well as decreased thymus weight. The LOAEL was 0.75 mg/kg bw
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per day (149).

In an additional immunotoxicity study by the same research group, Swiss Webster mice (6 — 10
males/group) were orally given purified DON at a dose of 0, 0.25, 0.5 or 1 mg purified DON/kg bw per day.
Mice in the 0.5 mg/kg bw per day or higher dose groups showed a significant decrease in serum levels of
02-globulin and B-globulin, and a dose-related reduction in time-to-death interval following the challenge
with Listeria monocytogenes (L. monocytogenes)to death. The NOAEL was 0.25 mg purified DON/kg bw
per day (150).

The immunosuppressive effects of DON were confirmed in a study, in which B6C3F1 mice (8 — 11
females/group) were fed a diet containing 0, 5 or 25 mg purified DON/kg feed for 2 — 3 weeks. DON
reduced plaque- forming cell response to sheep red blood cells and delayed hypersensitivity response to
keyhole limpet hemocyanin, as well as decreased ability to resist L. monocytogenes in mice in the 25 mg/kg
feed dose group as compared to those in the control group. At 5 mg/kg feed (corresponding to 1 mg/kg bw
per day, as estimated by JECFA), none of the above parameters was affected. The NOAEL was 5 mg/kg
feed (i.e., 1 mg/kg bw per day) (151).

In a subclonic stucy, B6C3F1 mice (8 females/group) were fed diets containing purified DON at a
concentration of 0, 0.5, 2, 5, 10 or 25 mg/kg feed (corresponding to 0, 0.1, 0.4, 1, 2 or 5 mg purified
DON/kg bw per day, respectively, as estimated by JECFA) for 8§ weeks. A dose-dependent decrease in the
white blood cell count was observed at doses of10 mg/kg feed and above. The NOAEL was 5 mg/kg feed
(i.e., 1 mg/kg bw per day) (119).

In an immunotoxicity study, BALB/c mice (4 - 17 males/group) were fed diets containing DON at
aconcentration of 0, 2.5, 5, 10, 20 or 50 mg/kg feed (corresponding to 0, 0.37, 0.75, 1.5, 3 or 7.5 mg
DON/kg bw per day, respectively, as estimated by JECFA) for 1 — 2 weeks. Mice in the 10 mg /kg feed and
higher dose groups showed decreased thymus weight with atrophy, as well as a significant decrease in:
response to sheep RBCs; splenic lymphocyte response to phytohemagglutinin (PHA) and
lypopolysaccharides; and thymal lymphocyte response to PHA. The NOAEL was 5 mg/kg feed (i.e., 0.75
mg/kg bw per day) (152).

The effects of DON on host resistance to i Salmonella enteritidis (S. enteritidis) was studied by treating
BALB/c mice (10 males/group) with drinking water containing DON at a concentration of 0, 0.2, 1 or 3
mg/L (corresponding to 0, 0.024, 0.12 or 0.36 mg DON/kg bw per day, respectively) for 4 weeks. After
intragastric administration of S. enteritidis on day 14 of treatment, both 1 and 3 mg/L dose groups exhibited
a decreased survival rate due to infection, while the 0.2 mg/L dose group showed no change in survival rate.
In an analysis of immune reponse to S. enteritidis in mice exposed to DON at a concentration of 2 mg/L for
3 weeks, the animals exhibited decreased resistance to the bacterial infection. A significant reduction was
also seen in serum anti-S. enteritidis IgM and in delayed-type hypersensitivity reactions. The LOAEL was
1 mg/L (i.e., 0.12 mg/kg bw per day) (153).

In another study, BALB/c mice (10 females/group) were treated with drinking water containing DON at a
concentration of 0, 0.2, 2 or 6 mg/kg for 4 weeks, following infection with S. enteritidis on day 14 of
DON-treatment. DON decreased survival of salmonellosis and increased serum TNF-a levels in mice in the
2 mg/kg or higher dose groups. Serum TNF-a levels were decreased in mice at 0.2 mg DON/kg (154).

In an immunotoxicity study, BALB/c mice (6 females/group) recieved a single dose of 0, 2, 5, 10 or 25 mg
DON/kg bw by with a gavage, followed by intranasal infection with reovirus at 2 hrs post-treatment. After
3 days, the DON-treated groups showed a larger number of reovirus Lo RNA copies as well as decreased
mRNA expression for interferon (INF)-a, the IFN-aff receptor and IFN-y receptor in lung, compared to
non-treatment group. In addition, increased MCP-1 and TNF-a production, accumulation of inflammatory
cells, and increased reovirus-specific IgA were observed in bronchoalveolar lavage fluid in mice exposed to
DON (155).

When BALB/c mice (4 males/group) were fed diets containing DON at a concentration of 0, 2.5, 5, 10, 20
or 50 mg/kg feed (corresponding to 0, 0.35, 0.67, 1.3, 2.7 or 6.5 mg DON/kg bw per day, respectively) for
1 week, animals in the 10 mg/kg feed and higher dose groups showed a significant decrease in thymus
weight. The NOAEL based on decreased thymus weight was 5 mg/kg feed (i.e., 0.67 mg/kg bw per day)
(115).

BALB/c mice (12 males/group) were fed diets containing DON at a concentration of 0 or 2 mg/kg feed
(corresponding to 0.3 mg DON/kg bw per day®)for 14 days followed by a running exercise on a treadmill

> The intake was estimated using the relevant conversion factors used by JECFA (IPCS: EHC70).

31



l,,(..Food Safety Commission of Japan

1

Risk assessment report — Mycotoxin FS/872/2010

until exhaustion. Significant inhibition of splenocyt proliferation in response to concanavalin-A stimulation
in vitro was observed when mice had been given DON without exercise (156).

Lactating inbred Han:NMRI mice (5 — 10/group) recieved a single gavage containing 0 or 12.5 mg DON/kg
bw, or treated with 6.25 mg DON/kg bw per day for 7 consecutive days. DON was found to alleviate the
morbidity caused by infection with mastitis-causing bacteria Staphylococcus hyicus and Mycrobacterium
avium. It was suggested that the increased serum IgA, IgM and IgG levels were involved in this effect
(157).

(b) Chicken

In an immunotoxicity study, groups of ten 1-day old layer chicks (White Leghorn) were fed diets
containing wheat uncontaminated or naturally contaminated with DON at a concentration of 18 mg/kg feed
(corresponding to 2.25 mgDON/kg bw per day) for 18 weeks, DON caused suppression of antibody
responses to a Newcastle disease vaccine. When 1-day old broilers in groups of 3 were given a single
dose of feed containing 0 or 50 mg DON/kg (corresponding to 6.25 mg DON/kg bw per day, as estimated
by JECFA), DON-contaminated diet caused a suppression of lymphocyte blastogenesis (158).

(c) Pig

When Norwegian Landrace pigs (8 each sex/group) were fed with naturally contaminated oats containing
0.6, 1.8 or 4.7 mg DON/kg (corresponding to 0.024, 0.072 or 0.2 mg DON/kg bw per day, respectively, as
estimated by JECFA) for 9 weeks, a dose-dependent decrease in the secondary antibody response to tetanus
toxin was shown in aminals (159).

When pigs (7 males/group) were given DON in diets at a dose of 0 or 0.5 mg DON/kg bw per day for 1
week followed by an additional treatment with DON at a dose of 1 mg/kg bw per day for 5 weeks, DON
caused no histopathological changes in lymphocyte subsets, hematological parameters or lymphoid tissue
(160).

In an immunotoxicity study,pigs (6 neutered males or females/group) were fed diets contaminated with
DON at a concentration of 0, 0.28, 0.56 or 0.84 mg/kg feed for 28 days. No changes were found in
hematologyical variables (white blood cell, red blood cell and platelet counts, relative number of
neutrophils and lymphocytes, hematocrit and hemoglobin levels, etc.) or blood biochemistry values (cations,
glucose, urea, creatinine, bilirubin, cholesterol and triglyceride levels, plasma enzyme activities, etc.). No
effects on immune responses (immunoglobulin subset concentration, lymphocyte proliferation, and
cytokine production) were observed (161).

Species Final body weight (kg) | Intake (g/animal/day) | Intake (g/kg bw/day)
Mouse 0.02 3 150
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Table 9 Immunological toxicity of orally administrated deoxynivalenol (DON)
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*:  Estimated by JECFA.
**:  The intake was estimated using the relevant conversion factors.

b. Changes in serum IgA levels and IgA nephropathy

The effects of DON on IgA have been studied in experimental and other animals. In mice, nephropathy
associated with IgA accumulation in renal glomerular mesangial cells have been reported (Table 10).

In a study in which B6C3F1 mice (8 females/group) were fed diets containing purified DON at a
concentration of 0, 0.5, 2, 5, 10 or 25 mg/kg (corresponding to 0, 0.1, 0.4, 1, 2 or 5 mg/kg bw per day,
respectively, as estimated by JECFA) for 6 weeks, increased serum IgA levels were observed in groups at
doses of 2, 5 and 10 mg purified DON/kg feed, while the serum IgM level was decreased in animals in the
25 mg/kg feed dose group. The NOAEL was 0.5 mg/kg feed (i.e., 0.1 mg purified DON/kg bw per day)
(119).

When B6C3F1 mice (6 — 13 females/group) were fed diets containing purified DON at a concentration of 0,
2, 10, 25 or 50 mg/kg for 24 weeks, the most significant increase in serum IgA level was seen in mice of
the 25 mg/kg dose group (corresponding to 5 mg purified DON/kg bw per day, as estimated by JECFA).
The level of IgA in those mice that peaked at 24 weeks was 17-fold of that of the control group.
Concurrently, serum IgM and IgG levels were decreased. In mice of the 25 mg/kg dose group a significant
increase in IgA production in splenocytes as well as I[gA accumulation in renal glomerular mesangium were
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observed (162).

To examine the effects on serum IgA production, B6C3F1 mice (7 — 9 each sex/group) were fed diets
containing 0, 2, 10 or 25 mg/kg of DON (corresponding to 0, 0.4, 2 or 5 mg DON/kg bw per day,
respectively, as estimated by JECFA) for 12 weeks. The increase of the serum IgA levels were seen in
males in the 10 mg/kg feed and higher dose groups and females in the 25 mg/kg feed dose group at week 4.
At week 8, increased serum IgA levels were also observed in males in the lowest 2 mg/kg feed dose group
and females in the 10 mg/kg feed dose group. At week 12, however, a significant increase in serum IgA
was seen only in the 10 mg/kg feed dose group. Dose-dependent increase in IgA accumulation in renal
glomerular mesangial cells was observed in males with intensity higher than in females. Microscopic
hematuria was observed in males in all DON-treated groups from week 4 onward and in females in the 10
mg/kg feed and higher dose groups at week 12 (163).

In a 2-year study, B6C3F1 mice (50 each sex/group) were fed diets containing purified DON at a
concentration of 0, 1, 5 or 10 mg/kg feed (corresponding respectively to 0, 0.1, 0.5 or 1.1 mg purified
DON/kg bw per day, respectively, in males, and 0, 0.1, 0.7 or 1.6 mg/kg bw per day, respectively, in
females, as estimated by JECFA). Females in the 10 mg/kg feed dose group showed a significant increase
in serum IgA (129).

In another study, B6C3F1 mice (5 — 6 females/group) were fed diets containing purified DON at a
concentration of 0 or 25 mg/kg (corresponding to 0 or 5 mg/kg bw per day, respectively, as estimated by
JECFA) for 4, 8 or 12 weeks. A time-dependent increase in serum IgA was shown in the DON-treated
group after 4 weeks. A significant increase in IgA production in Peyer’s patch lymphocytes and splenic
lymphocytes were observed (164, 165).

When B6C3F1 mice (9 females/group) were fed diets containing purified DON at concentration of 0 or 25
mg/kg feed (corresponding to 5 mg/kg bw per day, as estimated by JECFA) for 8 weeks. Increased serum
IgA, as well as a significant increase in IgA production in Peyer’s patch lymphocytes and splenic
lymphocytes, was observed in mice given diets containing DON (166).

B6C3F1 mice (4 males/group) that were given a single oral exposure of purified DON at a dose of 0, 5 or
25 mg /kg bw/day by gavage. A significant increase in IgA production in Peyer’s patch lymphocytes was
observed at 2 hrs after oral exposure to DON. The increased IgA production was also seen at 24 hrs after
oral exposure to DON (167).

In C57BL/6 mice (10 males/group), which received 0, 0.071 or 0.355 mg DON /kg bw (solvent: 5% gum
arabic water solution) 3 times a week for 4 weeks by gavage, either alone or in combination with NIV,
plasma IgA increased following exposure to the toxins. The liver ethoxyresorufin O-dealkylase,

pentoxyresorufin O-deepenthylase and GST activities were increased together with the expression of
CYPla and CYP2b subfamilies (168).

In an immunotoxicity study, B6C3F1 mice (6 males/group) were orally exposed to DON at doses of 0, 0.83,
2.5 or 7.5 mg /kg bw per day for 8 consecutive days. At 7.5 mg DON/kg bw per day, decreased plasma IgA
levels but no change in IgE levels were observed. At concentrations above 2.5 mg/kg bw per day, increased
haptoglobin were seen. There was a dose-dependent decrease in IgG and IgM at doses above 0.83 mg/kg
bw per day. The LOAEL was 0.83 mg DON/kg bw per day (169).

IgA nephropathy in B6C3F1 mice (12 females/group) was studied by feeding diets containing DON at a
concentration of 0 or 25 mg/kg (corresponding to 0 or 5 mg/kg bw per day, respectively) for 24 weeks. The
exposure to DON increased serum IgA levels in mice, resulting in marked IgA in mice accumulation in
glomerular mesangial cells, similar to that seen in human glomerulonephritis. The IgA accumulation in the
kidneys persisted for at least 16 weeks after withdrawal period following the 8weeks dietary exposure to
DON (170).

The effects of DON was compaired in B6C3F1 mice (8 — 9 females/group) fed diets containing purified
DON at a concentration of 0 or 20 mg/kg, either continuously or intermittently at intervals of 1 week, for
13 weeks. Body weight of animals in the continuous exposure group was consistently lower than that of
control, while body weight of animals in the intermittent exposer group was also lower but with a tendency
to increase during the non-exposed periods. Serum IgA levels in the group of intermittent exposure
remained at control levels, and higher serum IgA levels were observed in the continuous exposure group.
Serum IgG and IgM levels were decreased in both of the intermittent and the continuous exposure groups
compared with the control group. The IgA accumulation in renal mesangial cells in the intermittent group
was less than the accumulation in the continuous group, and was comparable to the control group (171).
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In order to investigate the potential involvement of IL-6 in IgA production and accumulation in renal
mesangial cells, highly sensitive B6C3F1 mice (3 males/group) and IL-6 knockout mice (B6126-IL6"™ Kopf)
and their wild-type counterparts (B6120F2, 6 males/group) were given diets containing DON at a
concentration of 0 or 10 mg/kg for 12 weeks. Dietary exposure to DON decreased feed consumption and
body weight in mice compared to those in the non-DON-exposed mice. The exposure to DON resulted in
a significant increase in serum IgA and IgA accumulation in renal mesangial cells in B6C3F1 and
wild-type mice, while no increase in serum IgA and evidently less IgA accumulation in renal mesangial
cells were observed in IL-6 knockout mice (172).

In order to further investigate the potential involvement of COX-2 in IgA production, the same researchers
fed diets containing DON at a concentration of 0 or 10 mg/kg to B6C3F1 mice, COX-2 knockout mice (B6,
129P2-Prgs2™smi (002181-M; COX-2-knockout)) and their wild-type counterparts (B6, 129P2-Ptgs2imismi
(002181-W)) for 16 weeks. In COX-2 knockout mice as well as in their wild-type counterparts, the
exposure of DON resulted in increased serum IgA, accumulation of IgA immune complexes (ICs), IgA
accumulation in the kidneys, and increased splenic IgA secretion. The DON-induced increase in serum
IgA was enhanced in COX-2 knockout mice. Similar results were obtained in a study using COX-2
inhibitors, where suppression of COX-2 activity resulted in enhancement of the DON-induced increase in
serum IgA (173).

The effects of DON on IgA production have been studied in systemic lupus erythematosus® mouse models
(3 strains: NZBW/F;, MRL/Ipr and BXSB), fed diets containing DON at a concentration of 0, 5 or 10
mg/kg (corresponding to 0, 0.75 or 1.5 mg/kg bw per day’, respectively) for 9 — 14 weeks. No changes
were observed in their serum IgA levels, while BXSB mice in the 10 mg/kg dose group had increased IgA
accumulation in renal mesangial cells. None of these immunologically abnormal mouse strains seemed to
be more sensitive to DON than other common inbred mouse strains (174).

When Wistar rats (6 males/group) were orally given DON at the dose of 0 or 7.5 mg/kg bw for 8
consecutive days, increased haptoglobin and decreased IgG and IgA levels were observed in the DON
exposued animals (169).

In a study in pigs (9 — 10/group), the animals were given feed naturally contaminated with 2.2 — 2.5 mg
DON/kg or non-contaminated feed for 9 weeks. No trichothecenes other than DON were detected in the
feed. At days 4 and 15 after the start of the exposure, the animals were subcutaneously inoculated with
ovalbumin (OVA). In animals fed the contaminated feed, serum IgA and OV A-specific IgA and IgG levels
were increased. In those animals, decreased levels of mRNA expression of TNF-o and IFN-y in the
mesenteric lymphoid tissue were observed. There were no effects on hematologic or biochemical
parameters (175).

When pigs (8 — 9 females/group) were fed diets containing purified DON at a concentration of 0, 0.3, 0.6 or
1.2 mg/kg for 8 weeks, the dose of the 0.6 mg/kg feed and higher resulted an increase in serum IgA levels
(176). While, in Norwegian Landrace pigs (7 — 11 each of females and neutered males/group) treated with
naturally-contaminated oats containing 0, 0.7, 1.7 or 3.5 mg DON/kg feed (corresponding to 0, 0.04, 0.1 or
0.2 mg DON/kg bw per day, respectively, as estimated by JECFA), no changes in serum IgA levels were
observed (177).

¢ Systemic lupus erythematosus (SLE) is an autoimmune disease of unknown cause involving inflammation in many

organs throughout the body.
7 The intake was estimated using the relevant conversion factors used by JECFA (IPCS: EHC70).
Species Final body weight (kg) | Intake (g/animal/day) | Intake (g/kg bw/day)
Mouse 0.02 3 150
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Table 10 Effects of deoxynivalenol (DON) on IgA levels in maouse, rat and pig
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*: Estimated values using the relevant conversion factors set by JECFA.
**:  The intake was estimated using the relevant conversion factors.
*#%: The 3-times-weekly doses were converted to daily doses.

c. Cytokine expression

It has been reported that DON induces interleukins and other inflammatory and immunological cytokines
by modulating gene expression level.

When B6C3F1 mice (5 males/group) were treated orally with 0 or 25 mg DON/kg bw following 2 hrs of
fasting and were analyzed for changes in gene expressions in the spleen at 2 hrs post-dose by microarray
analysis, DON increased expressions of genes associated with immunity, inflammation and chemotaxis,
including IL-1a, IL-1p, IL-6, IL-11 and macrophage inhibitory protein-2 (MIP-2) (178).

When IL-2 production in a mouse-T-cell lin was studied in vitro, increased transcriptional activity
involving the intracellular signal transducers NF-xkB and AP-1 was observed in the presence of DON at
concentrations of 100~250 ng/mL (179, 180). DON increased the stability of IL-2 mRNA in this T-cell line
(181). In U937 cells (a human leukemia-derived cell line), p65 a NF-xB subunit seemed to be involved in
DON-increased IL-8 expression at a concentration of 1 ug/mL of DON (182).

Effects of DON on the cytokine mRNA expression in the spleen and Peyer’s patches were studied in
B6C3F1 mice (3 females/group) giving a single gavage containing purified DON at a dose of 0, 0.1, 0.5, 1,
5 or 25 mg/kg bw, and analyzing the effects at 2 hrs post-dose. Treatment with 5 or 25 mg DON/kg bw
significantly induced mRNA expression of: the inflammatory cytokines IL-1pB, IL-6 and TNF-q; the type 1
T helper (Thl) cytokines IFN-y and IL-2; and the type 2 T helper (Th2) cytokines L4 and IL10. IL-12p40
mRNA was also induced, while IL-12 p35 mRNA was not. These effects were more prominent in the
spleen than in Peyer’s patches. The NOAEL was 1 mg/kg bw per day (183).

To examin effects of purified DON, B6C3F1 mice (3 males/group) were given per os 0, 0.5, 2 or 5 mg
purified DON/kg bw per day for 2, 4 or 7 days and the effects on the cytokine mRNA expression in the
spleen and Peyer’s patches were examined 2 hrs after the last treatment. A dose-dependent increase in
mRNA expression of IL-1B, IL-6, TNF-a, IL-12p35, IL-12p40, IL-2 and IL-10 was observed, while there
were no effects on mRNA expression of IFN-y or IL-4. The NOAEL was 0.5 mg/kg bw per day (184).

In C57BL/6 mice (3 females/group), effects of DON orally given at 0, 1, 5 or 25 mg/kg bw once with
gavage were examined. In the 25 mg/kg bw dose group, the COX-2 mRNA expression in Peyer’s patches
and the spleen peaked 2 hrs after exposure. The IL-6 mRNA expression peaked from 2 to 4 hrs after
exposure (185).

B6C3F1 mice (15 males/group) were treated with gavage at doses of 0 or 25 mg DON/kg bw and analyzed
for the effects on cytokine mRNA expression. At 2 hrs post-dose, induction of cytokines (IL-1a, IL-1B,
IL-6 and IL-11), chemokines (MCP-1, MCP-3, CINC-1 and MIP-2), components of the AP-1 complex
(c-Fos, Fra-2, c-Jun and JunB), and two dephosphorylating enzymes (MKP1 and CnAp) were observed in
spleen of DON exposed mice. The induction of mRNA expression was transient and peaked within 2 — 4
hours post-dose followed by a decrease. 1L-11 remained increased at 8 hrs post-dose (186).
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When B6C3F1 mice (8 — 10 weeks old) and weanling B6C3F1 mice (3 — 4 weeks old, 5 — 8 each
sex/group) were treated per os with 0 or 5 mg DON/kg bw, the maximum plasma DON concentration in
weanling mice was double of that in adult mice. In addition, the levels of splenic TNF-a, IL-1p and IL-6
mRNA expression in weanling mice were two- to threefold higher than those in adult mice (53).

Effects of DON on the mRNA expression of suppressor of cytokine signaling (SOCS), proteins considered
to suppress cytokine signaling and growth hormone signaling, were studied in B6C3F1 mice (4 — 5
females/group). The animals were given a single dose of 0, 0.1, 0.5, 1, 5 or 12.5 mg DON/kg bw and were
analyzed for the mRNA expression of SOCS 1, SOCS2 and SOCS3. A dose-dependent increase in SOCS3
mRNA expression in muscle tissue, spleen and liver were observed in DON treated mice at doses above 0.5
mg/kg bw. At 12.5 mg DON/kg bw, the plasma DON concentration peaked 1 hr after the exposure, while
the TNF-a and IL-6 plasma levels peaked after 2 hrs. In the spleen and liver, the TNF-a and IL-6 mRNA
expression reached peak levels at 1 — 2 hrs post-dose, while the SOCS3 mRNA expression reached peak
level at 2 hrs. Hepatic SOCS3 protein expression was observed from 3 hrs after exposuer by
immunohistological staining. Analysis of the mRNA expression of IGFALS (insulin-like growth factor
binding protein, acid labile subunit), a downstream molecule in the growth hormone signaling, showed the
75% surpression of hepatic IGFALS expression in DON-treated mice at 3 — 5 hrs post-exposure (187).

When B6C3F1 mice (6 — 8 females/group, 3 — 6 weeks old) were fed diets containing DON at a
concentration of 20 mg/kg for 8 weeks, suppressed weight gain was observed compared with the
non-treated mice. In the DON-fed mice, the plasma DON concentration increased to 48 ng/mL within 2
weeks and maintained at roughly the same levels (44 — 63 ng/mL) up to week 8. Exposure to DON reduced
the hepatic IGFALS mRNA expression to 37% of that of the mice fed control diet by week 2, and retained
it at low levels up to week 8. The plasma IGF1 (insulin-like growth factor 1) and IGFALS levels of the
DON-fed mice were reduced to 74 — 64% and 34 — 40% than those of the control mice during weeks 2 to 8,
respectivery. When B6C3F1 mice (5 females/group) were given a single dose of 0, 0.1, 0.5, 1, 5 or 12.5
mg DON/kg bw, a dose-dependent increase of the hepatic IGFALS mRNA expression at doses above 0.5
mg/kg bw was seen 2 hrs after exposure (188).

d. Apoptosis in lymphoid tissues

In a study on effects of DON on apoptosis in lymphoid tissues, DON (0.1 — 50 ug/mL) exhibited in vitro
inhibition of dexamethasone-induced apoptosis in mouse thymus-, spleen- and Peyer’s patch-derived T
cells. Apoptosis of spleen- and Peyer’s patch-derived B cells was inhibited by low concentrations of DON
but was slightly promoted by high concentrations of DON (189).

When J774A.1 cells were cultured in vitro in the presence of DON (10 — 100 pM), apoptosis was induced
in a dose-dependent manner (83).

(i) Hematotoxicity

When ICR mice (10 each sex/group) were fed diets containing purified DON at a dose of 0.5 mg/kg bw for
14 days, RBC count tended to decrease in the DON-fed mice (116).

In the case of Wistar rats (5 males/group) treated for 8 days with gavage containing 0, 0.83, 2.5 or 7.5 mg
DON/kg bw per day, plasma haptoglobin levels decreased significantly in rats received DON at dose of or
above 2.5 mg/kg bw/day. While, IgG and IgA levels decreased after DON treatment at and above
0.83 mg/kg bw per day and at 7.5 mg/kg bw per day, respectively (169).

The hemolytic effect of DON on rat RBCs was investigated in vitro, at concentrations of 130, 200 and 250
pg/mL. While complete hemolysis was observed at 200 and 250 pg/mL, the hemolytic activity was
inhibited by mannitol, glutathion, ascorbic acid, a-tocopherol and histidine. These results suggested that the
hemolytic effects of DON might involve any of the following three mechanisms: penetration of
phospholipid bilayer and activities at the intracellular level; interactions with cellular membranes; and free
radical-mediated phospholipid peroxidation (190).

(iii) Other toxicities

When human lymphocytes were cultured in the presence of 0, 30, 60 or 400 ng/mL of DON for up to 72 hrs,
cell proliferation was inhibited by 8, 19 and 99% at 30, 60 and 400 ng/mL respectively. Determination of
the expression of CD69, CD25 and CD71, which are cell surface antigens related to lymphocyte activation,
revealed that the expression of CD69 diminished at 6 hrs followed by an increase, suggesting inhibition of
CD69 expression. The expression of CD25 was observed after treatment with DON at concentrations below
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the ICso value, but was conversely suppressed at 400 ng/mL. The effect on the expression of CD71 was
similar to that on CD25 in many respects. It was therefore considered that DON suppresses cell
proliferation mainly before, or at an early stage of, CD25 expression by lymphocytes (191).

In an examination of effects of DON on the colony forming activity of CFU-GM (colony forming units for
granulocytes and macrophages), hematopoietic progenitor cells isolated from rat bone marrow cells were
exposed to 0, 3, 30 or 300 ng/mL of DON. No toxicity was observed at 3 ng/mL (192).

In another study, human umbilical cord blood-derived and rat bone marrow-derived
granulocyte-macrophage progenitor cells (GM) were cultured in the presence of DON (10 — 10 M) and
colony forming activity was studied for 14 days. The results showed that DON in the dose range from 1 x
10 to 2.5 x 107" M inhibited human and rat CFU-GM in a dose-dependent manner. The ICso values at days
7,10 and 14 were 3 x 108, 2.9 x 10 and 3.9 x 10" M, respectively, in human GM and 2.6 x 107, 1.5 x 10”7
and 1.6 x 107 M, respectively, in rat GM. The toxicity of DON in human GM and rat GM was
approximately 1/10 and 1/100, respectively, of that of T-2 toxin or HT-2 toxin (193).

When human hematopoietic progenitor cells were exposed to 0, 3, 90 or 300 ng/mL of DON, the colony
forming activity was inhibited by DON at 90 ng/mL or above. At 3 ng/mL, inhibition of colony formation
was found on day 7, but this effect disappeared after 10 and 14 days of culture. These results suggested that
hematological lesions found in human may be caused by destruction of hematopoietic progenitor cells
(194).

On the colony forming activity of erythroid progenitors isolated from human peripheral blood, 3 — 75
ng/mL of DON exhibited effects that were similar in levels to those on human CFU-GM, suggesting that
erythroid progenitors are target cells of DON (195).

An analysis of the effects of low concentrations (0 — 200 ng/mL) of DON on the structural and functional
charateristics of Caco-2 cells and T84 cells (a human gastrointestinal tract-derived cell line) showed
morphological abnormalities in Caco-2 cells, in which brush borders were reduced and microvilli were
extended or shortened. DON also reduced the transepithelial electrical resistance (TEER) of Caco-2 and
T84 cells and increased the permeability of a pigment (lucifer yellow) through gap junctions. Caco-2 cells
showed decreased alkaline phosphatase and sucrase-isomaltase activities. These results suggest that DON
may have structural and functional effects on intestinal cell differentiation (196).

In Caco-2 cells and IPEC-1 cells (a porcine gastrointestinal tract-derived cell line), DON reduced TEER
and increased the permeability to 4 kDa dextran and to pathogenic Escherichia coli. These changes in
barrier functions were associated with a specfic decrease of claudin proteins, which are intracellular
adhesion molecules. A decrease in claudin-4 proteins was also observed in vivo in the jejunum of piglets
exposed to 2.85 mg DON/kg feed for 5 weeks (197).

After ex vivo exposure of the intestines of 4- to 5-week-old piglets to 1 uM DON for 4 hrs, shortened or
adhered villi, small intestinal cell lysis, edema, etc. were studied , but no effects were observed. (198).

The effects of DON or NIV (each, 0 — 1,000 ng/mL) on NO production induced by LPS
(lipopolysaccharide) stimulus were investigated in vivo using RAW264 cells (a mouse monocytic
leukemia-derived cell line). DON and NIV suppressed, in a dose-dependent manner, the production of
inducible NO synthase (iNOS) and the function of IFN-f, resulting in the decreased NO production (199).

To investigate the effects of fish oil with high DHA (docosahexaenoic acid) content on DON-induced IL-6
expression, peritoneal macrophages were cultured in the presence of 250 ng/mL of DON. DON-induced
IL-6 expression that peaked at 3 hrs was suppressed by knockdown of cAMP response element-binding
protein (CREB), a transcription factor, or by suppression of the CREB kinases Akt1/2, MSK1 and RSKI1.
Suppression of the double-stranded RNA-activated protein kinase (PKR) impaired not only IL-6 expression
but also the phosphorylation of CREB and its upstream kinases Aktl, MSK1 and RSK1. On the other hand,
peritoneal macrophages harvested from mice treated for 6 — 8 weeks with high DHA content fish oil
showed a marked decrease in the phosphorylation of PKR, CREB kinases and CREB. Mice treated with a
DHA-rich diet showed suppression of protein phosphatases 1 and 2A. These findings suggest that DON
induces PKR- and CREB-dependent IL-6 expression, and that the kinase activities required for these
pathways were suppressed in macrophages from mice recieved long-term treatment with DHA (200).

RAW264.7 cells were treated with DON (0 — 1,000 ng/mL) in order to test the hypothesis that PKR is a
transmitter upstream of the DON-induced ribosomal toxic stress response. DON induced dose-dependent
phospholyration of JNK1/2, ERK1/2 and p38 within 5 min after its addition to the medium, and activated
PKR within 1 — 5 min. DON-induced apoptosis was almost totally inhibited in PKR knockdown cells
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(201).
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B. Nivalenol (NIV)

(1) Acute toxicity
Table 11 shows the oral 50% lethal dose (LDso) of NIV.

Table 11 LDso in acute per os administration of nivalenol (NIV)

Species, strains, sex, age LDso Reference
(mg/kg bw)
Mouse, ddY, M, 6-week old 38.9 202
Rat, F344, M and F, 5-week-old 19.5 203

The oral, intraperitoneal, subcutaneous and intravenous LDso of NIV in 6-week old male ddY mice were
389, 7.4, 7.2 and 7.3 mg/kg bw, respectively. Following oral treatment, marked congestion and
hemorrhage were observed in the intestine. Most deaths occurred within 3 days (202).

The oral and subcutaneous LDso values of NIV in F344 rats were 19.5 and 0.9 mg/kg bw, respectively, with
diarrhea and congestion in the lungs and gastrointestinal tract being observed (203).

Emesis was observed in ducks treated subcutaneously with 1.0 mg NIV/kg bw or 0.4 mg 4-AcNIV/kg bw
(204).

When cats were treated subcutaneously with 1.0 mg 4-AcNIV/kg bw, emesis was observed at 30 min and
death occurred at 1 day post-treatment (205).

Intravenous injection of 4-AcNIV at the dose of 0.1 mg/kg bw in dogsevoked emesis in 1 out of the 4 dogs
(204).

(2) Subacute toxicity

Table 12 shows the summary of results from subacute toxicity studies using purified NIV.

(i) Mouse

A subacute toxicity study was conducted in which C57BL/6 mice (6 females/group) were fed diets
containing NIV at a concentration of 0, 5, 10 or 30 mg/kg for 24 days. A significant decrease in red blood
cell count and a slightly decreased number of white cell count were observed in mice in the 30 mg NIV/kg
feed dose group. No significant changes were observed on any of the other hematological parameters, feed
consumption, weight gain or organ weights in mice in those group. In the 30 mg/kg feed dose group,
polyribosomal breakdowns in bone marrow cells were observed by electron microscopy. The NOAEL was
10 mg/kg feed (corresponding to 1.2 mg/kg bw per day, as estimated by SCFJ) (206).

When C54B16 mice (10 males/group) were orally given NIV at a dose of 0, 0.014, 0.071, 0.355, 1.774 or
8.870 mg/kg bw 3 days a week for 4 weeks, the highest dose resulted in a significant decrease in plasma
urea, significant increases in plasma alkaline phosphatase activity and plasma IgG levels and a trend to
increase in plasma phosphate. The NOAEL was 0.76 mg/kg bw per day (as converted to a per day value)
(96).

C57BL/6 mice (10 each sex/group) were fed diets containing NIV at a concentration of 0, 6, 12 or 30
mg/kg feed for 4 or 12 weeks. The NIV used in this study was prepaired by mouldy polished rice on which
F. nivale had been cultured. According to literature, F. nivale produces no trichothecenes other than NIV
when cultured on rice. A dose-dependent suppression of body weight gain was shown as follows:
significantly decreased body weight in males fed 6 or 30 mg/kg feed for 4 weeks and fed more than 12
mg/kg feed for 12 weeks; in females fed more than 12 mg/kg feed for 4 and 12 weeks. There was a
dose-dependent increase in serum alkaline phosphatase activity. While no macroscopic or histological
abnormalities were observed, adipose tissue was decreased. The LOAEL was 6 mg/kg feed (corresponding
to 0.7 mg/kg bw per day, as estimated by SCFJ) (207).
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Table 12 Subacute toxicity of nivalenol (NIV) in-feed
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*: Converted values based on the SCF standards.
**:  The intake was estimated using the relevant conversion factors.
*#%*: The 3-times-weekly doses were converted to daily doses.

(ii) Rat

Sprague-Dawley rats (5 males/group) were fed diets containing NIV at a concentration of 0, 6 or 12 mg/kg
feed for 2 or 4 weeks. Rats received diets containing the 6 mg NIV/kg feed and higher exhibited an clear
decrease in feed consumption at 1 and 2 weeks post-treatment, followed by recovery at 4 weeks. In rats
given a dose of 12 mg/kg feed for 2 weeks significant decreases in the absolute and relative weights of the
liver and spleen were observed. Rats given at a dose or above 6 mg NIV/kg feed for 4 weeks exhibited a
significant increase in the relative weights of the liver and kidneys, while rats at a dose of 12 mg NIV/kg
feed exhibited a significant decrease in the absolute and relative weights of the spleen. A transient increase
in CYP2B1/2 as well as a slight induction of CYP1A2 was seen in hepatic microsomes of NIV fed mice.
The LOAEL based on decreased organ weights was 6 mg/kg feed (i.e., 0.6 mg/kg bw per day®) (208).

8  The intake was estimated using the relevant conversion factors used by JECFA (IPCS: EHC70).
Species Final body weight (kg) | Intake (g/animal/day) | Intake (g/kg bw/day)
Rat 0.1 10 100
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A sub-acute toxicity was studied in F344 rats (12 each sex/group) treating by gavage at the dose of 0, 0.4 or
2.0 mg NIV/kg bw per day for 30 days. Rats terated with the dose of 2.0 mg/kg bw per day exhibited a
trend for decreased and increased body weight in males and females, respectively, both without significant
differences. No abnormalities were found in hematology or serum biochemistry tests. In rats given 2.0
mg/kg bw per day, liver and spleen weights were significantly increased, while no changes were observed
on histopathological examination (203).

F344 rats (10 each sex/group) were fed diets containing NIV at doses of 0, 0.4, 1.5 or 6.9 mg/kg bw per day
for 90 days. Rats given more than 1.5 mg/kg bw/day exhibited reduced body weight. While NK activity
was increased in rats received the dose of 0.4 mg/kg bw per day and higher. The LOAEL, based on
decreased body weight, was 1.5 mg/kg bw per day (209).

To study a sub-acute toxicity, F344 rats (10 each sex/group) were fed diets containing NIV at a
concentration of 0, 6.25, 25 or 100 mg/kg feed for 90 days. Males fed diets with the 25 mg NIV/kg feed
and above and females fed diets containing NIV of 100 mg/kg feed showed a significant decrease in body
weight. Both males and females fed diets with 100 mg NIV/kg feed showed a significant decrease in the
absolute weights of the spleen, kidneys, etc. Males in the same group also exhibited a significant decrease
in the absolute and relative weights of the thymus. A significant decrease in white blood cell count was
observed in males fed diets with 100 mg NIV/kg feed and in females fed diets containing NIV at 6.25
mg/kg feed and higher. In both males and females received diets containing 100 mg NIV/kg feed, platelet
and red blood cell counts were decreased significantly. Hemoglobin concentration was also significantly
decreased in females fed diets containing the same concentration of NIV, 100 mg/kg feed. Histological
effects found in both males and females in the 100 mg/kg feed dose group were thymal atrophy,
hypocellularity in the bone marrow, diffuse hypertrophy of basophilic cells with increases of castration
cells in the anterior pituitary, and increases of ovarian atretic follicles. The LOAEL was 6.25 mg/kg feed
(corresponding to 0.4 mg/kg bw per day) (210).

(iii) Pig

In pigs (6 males/group) fed diets containing purified NIV at concentrations of 0, 2.5 or 5 mg/kg for 21 days,
no feed refusal, emesis nor signs of changes in general condition as well as no changes in body or organ
weights were observed. On autopsy, some of the NIV-treated animals had gastrointestinal erosion and
nephropathy. There was a dose-dependent decrease in splenic cell number. Animals treated with NIV at the
dose of 2.5 mg/kg feed exhibited a trend for time-dependent increase in IgA production and a tendency for
decreased IgG production (211).

(iv) Chicken

When chickens (6 males/group) were given diets containing NIV at a concentration of 0, 0.5, 2.5 or 5
mg/kg for 20 days, increased levels of plasma urea were observed in chickens received the dose of 2.5 and
5 mg/kg feed. In another study, conducted under the same conditions except that NIV was fed at a
concentration of 0, 3, 6 or 12 mg/kg feed, decreased body weight gain and an approximately 6% decrease
in feed consumption and efficiency were seen in chickens treated with 6 and 12 mg NIV/kg feed. Gizzard
erosion was evoked in chickens treated with 3 mg NIV/kg feed and higher dose (212).

In layer chickens (White Leghorn, 5 females/group) fed diets containing NIV at a concentration of 0, 1, 3
or 5 mg/kg for 50 days, there was a decrease in feed consumption without any changes in body weight or
egg productivity or quality. Decreased plasma alkaline phosphatase, total protein and glucose were
observed in chickens fed 5 mg NIV/kg feed. Forty to 75% of the hens in the groups received NIV at 3 and 5
mg/kg feed dose showed gizzard erosion, hemorrhages in the duodenum, swollen cloaca, and oviducts with
immature eggs. Some light, enlarged and fragile livers were observed in chickens in the 1 mg/kg feed dose
group (90).

(3) Chronic toxicity and carcinogenicity
(i) Chronic toxicity studies

Table 13 shows the sumary of studies on chronic toxicity of NIV.

A chronic toxicity of NIV was studied in 7-week-old C57BL/6 mice (6 females/group) where the animals
were fed diets containing NIV at a concentration of 0, 6, 12 or 30 mg/kg (corresponding to 0, 0.68, 1.51 or
3.84 mg/kg bw per day, respectively) for 1 year. The NIV used in this study was prepaired by moldy
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polished rice on which F. nivale had been cultured. According to literature, F. nivale produces no
trichothecenes other than NIV when cultured on rice, in which AcNIV was not detected. Treatment of Rats
with NIV-containing diets, at all the doses,resulted a dose-dependent decrease in body weight and feed
consumption. Rats in the NIV-fed groups showed a decrease in the net weights of the liver, kidneys and
thymus as well as a significant dose-dependent increase in the relative weights of the liver, kidneys, thymus
and spleen. Macroscopic and histological observations indicated no abnormalities in the liver, thymus,
spleen, kidneys, stomach, adrenal glands, pituitary gland, ovaries, sternum, bone marrow, lymph node,
brain or small intestine. A significant decrease in the number of white blood cell was seen in rats recieved
NIV at dose of 30 mg/kg feed at 6 months and in rats received 6 mg NIV/kg feed or higher at 1 year. The
LOAEL was 6 mg/kg feed (corresponding to 0.68 mg/kg bw per day) (202).

A chronic toxicity was examined also in 7-week-old C57BL/6 mice (42 females/group), feeding animals
with diets contanining NIV at a concentration of 0, 6, 12 or 30 mg/kg (corresponding to 0, 0.66, 1.38 or
3.49 mg/kg bw per day, respectively) for 2 years. The NIV used in this study was prepared by moldy
polished rice on which F. nivale had been cultured. According to literature, F. mivale produces no
trichothecenes other than NIV when cultured on rice, in which AcNIV was not detected. Decreased body
weight and a dose-dependent decrease in feed consumption were shown at all doses examined. Net weight
of liver was decreased in mice treated with NIV at 30 mg/kg feed. A significant decrease in absolute kidney
weight was observed at and above 12 mg NIV/kg feed. There were dose-dependent and significant
increases in both serum alkaline phosphatase and non-esterified fatty acid levels in mice treated with NIV
of 30 mg/kg feed. Macroscopic and histological examinations found no tumor attributable to NIV in any of
the dose groups. Spontaneous occurring tumors, mostly lymphomas, were of common incidence in all
groups. In the mice treated with NIV of 30 mg/kg feed, lymphoma developed later and grew slowly. There
were sporadic occurrence , at a low rate, of amyloidosis in the small intestinein mice of the 12 and
30 mg/kg feed dose groups. The LOAEL was 6 mg/kg feed (corresponding to 0.66 mg/kg bw per day)
(213).

Table 13 Chronic toxicity of nivalenol (NIV)
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(i) Other studies

In order to investigate the effect of NIV on the induction of hepatocellular carcinoma by aflatoxin B
(AFBI1), 1-week-old C57B1/6xC3HF; mice (15 — 26 each sex/group) were treated with AFBI
intraperitoneally at the dose of 6 mg/kg bw, followed after 6 weeks by 1-year feeding with diets containing
NIV at a concentration of 0, 6 or 12 mg/kg. The NIV used in this study was prepared by moldy polished
rice on which F. nivale had been cultured. According to literature, F. nivale produces no trichothecenes
other than NIV when cultured on rice, in which AcNIV was not detected. While hepatocellular carcinoma
and adenoma occurred in male mice of all three groups, the incidences in females were 31%, 21% and 0%
in mice treated with 0, 6 and 12 mg NIV/kg feed, respectively (214).

A medium-term study on hepatocarcinogenicity was conducted in F344 rats (4 — 16 males/group). In this
study, rats were given a single intraperitoneal dose of diethylnitrosoamine (DEN), followed by another
single intraperitoneal dose of AFB1 after 2 weeks. Then, rats were fed with diets containing NIV at a
concentration of 6 mg/kg feed (corresponding to 0.6 mg/kg bw per day®) for 6 weeks. The NIV used in this
study was prepared by moldy polished rice on which F. nivale had been cultured. According to literature, F.
nivale produces no trichothecenes other than NIV when cultured on rice, in which AcNIV was not detected.
The animals received partial excision of the liver at week 3 after commencement of the study and liver
sections at week 8, then GST-P (glutathione S-transferase placental type) expression in hepatic foci, an
indicator of pre-cancerous lesion, was examined. There were no marked changes in the group treated with
NIV alone or the group treated with both NIV and DEN. DEN and AFB1 caused a marked increase in
GST-P-positive cells in rats, while the rats treated with combination of DEN, AFB1 and NIV showed an
increase in the numbers and areas of GST-P-positive foci (215).

(4) Reproductive/developmental toxicity

Table 14 shows the summary of reproductive/developmental toxicity of NIV.

To examine reproductive/developmental toxicity of NIV, ddN mice (at least 3 males/group) were treated
subcutaneously, intraperitoneally or orally with 0 or 0.4 — 60 mg NIV/kg bw per day. Treatment with NIV
resulted in a decrease in the number of spermatogenic cells and partial necrosis of sperm cells. Multinuclear
giant cells were found in the testes (doses unspecified) (216).

Pregnant ICR mice (10 — 11 females/group) were fed diets containing NIV-contaminated moldy rice at the
NIV-concentration of 0, 6, 12 or 30 mg/kg during days 0 — 18 of gestation. In the 30 mg/kg feed group,
mother animals exhibited a significant suppression of weight gain, while their fetuses showed a significant
decrease (82.6%) in survival rate as well as delayed ossification of the vertebrae. Treatment with NIV of 12
mg/kg feed and higher dose resulted a significant decrease in fetal body weight. In other experiment,
pregnant ICR mice (5 — 10 females/group) were given gavage containing purified NIV at the doses of 0, 1,
5, 10 or 20 mg/kg bw/day during days 7 — 15 of gestation. In the 10 mg/kg bw per day and higher dose
groups, mother animals showed a significant suppression of weight gain and increased stillbirths and late
fetal resorption. In the 5 mg/kg bw per day and higher dose groups, retardation of fetal intrauterine weight
gain was observed. No teratogenicity was found (217).

Table 14 Reproductive/developmental toxicity of nivalenol (NIV)
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®  The intake was estimated using the relevant conversion factors used by JECFA (IPCS: EHC70).
Species Final body weight (kg) | Intake (g/animal/day) | Intake (g/kg bw/day)
Rat 0.1 10 100
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- Atand above 12 mg/kg feed,
fetal growth suppression.

- Atand above 10 mg/kg

Mouse, ICR Intragastric bw/day, maternal weight gain
(5-10 (saline), 0,1,5,10, suppression; embryotoxicity. 5 1 217
females/group) days 7-15 of] 20 - Atand above 5 mg/kg
gestation bw/day, fetal growth
suppression.

*: Converted values by SCFJ.

(5) Genotoxicity

Table 15 shows a summary of genotoxicity of NIV.

In an in vitro study using V79-E cells (a Chinese hamster lung-derived cell line), NIV induced cell cycle
retardation. In the presence of the metabolic activation system (+S9 mix), slight chromosomal aberrations
were seen. A slight increase in sister chromatid exchange (SCE) frequency was observed. These observed
effects were nonspecific, suggesting that they were caused by inhibition of protein synthesis (218).

In a chromosome aberration test using V79 cells, NIV purified from contaminated corn induced a 2- to
3-fold increase in chromosomal aberrations at 0.001 — 0.03 pg/mL, as compared with the solvent-treated
control (143).

In another chromosome aberration test using V79 cells, NIV purified from contaminated wheat, barley or
corn induced a 2- to 3-fold increase in chromosomal aberrations at 0.03 pg/mL of each, as compared with
the control: each at a frequency of less than 5% (144).

In a short-term transformation assay using v-Ha-ras transfected BALB/3T3 cells, NIV showed no initiation
or promotion activity (147).

In a single-cell gel electrophoresis assay (comet assay) of NIV using CHO cells and ICR mice (4
males/group), NIV at 50 and 100 pg/mL induced DNA damage of CHO cells in the absence of a metabolic
activation system. In an in vivo comet assay, oral treatment with NIV (20 mg/kg bw) resulted in DNA
damage in the kidneys, bone marrow, stomach, jejunum and colon. After intraperitoneal administration of
NIV, no DNA damage was observed except in the colon (219).

Transgenic (Tg) mice (Muta™ Mouse) were treated by gavage with NIV, and were examined for mutations
in organs. All organs examined were negative. On the other hand, a comet assay showed positive results
with in some organs!® (220).

Table 15 Results of assays for the genotoxicity of nivalenol (NIV)

A:in vitro
End-point Test object Concentration Results Reference
-S9 +S9
Sister Positive Positive
chromatid Chinese hamster V79-E cells 5-50 uM/plate . . 218
(mild) (mild)
exchange
Chromosomal Chinese hamster V79-E cells 5 - 50 uM/plate Negative POSitiV.e 218
aberrations (mild)™
acgg ::;?jg;nal Chinese hamster V79 cells 0.001 - 0.03 pg/mL go_sfgig — 143
anlerfrr;?;(l);nal Chinese hamster V79 cells 0.03 pg/mL f3o_sfl(:i$ — 144
v-Ha-ras transfected
Transformation | BALB/3T3 mouse embryo 0.01 - 0.2 pg/mL Negative — 147
cells
DNA damage CHO cells 50, 100 pg/mL Positive — 219
(comet assay)

10" According to the examiner of relevant study, after mice were treated with NIV in gavage at 0 or 6 mg/kg bw 4 times at
weekly intervals, the forestomach, kidneys, urinary bladder, large intestine, lungs, liver, bone marrow and spleen
exhibited negative for the induction of mutations. The comet assay showed positive results for the liver and stomach
only.
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*: All aberrations were daughter chromatid exchange.

- Not tested.
B: in vivo
Endpoint Test system Results Ref.

ICR mice(Male) p.o.: Positive (kidneys, bone marrow, stomach, jejunum

]()cl(jrﬁe?zrszzge; treated with NIV (20 | and colon) 219

Y mg/kg bw) i.p.: Positive(colon only)
_ ™

Gene mutation | L& Mouse (Muta Negative!! 220
Mouse)

DNA damage Mouse Possitive!! 220

(comet assay)
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(6) Other toxicities of NIV (immunotoxicity, hematotoxicity, etc.)

(i) Immunotoxicity
a. Effects of NIV on immune responses

When BALB/c mice (10 females/group) were received free access of water containing NIV at a
concentration of 0, 0.2, 2 or 6 mg/kg for 4 weeks, NIV exerted no effect on their survival rate in the mice
infected with S. enteritidis on day 14 (154).

To study effects of NIV on immune reponses in rats, F344 rats (6 each sex/group) were fed diets containing
NIV at a concentration of 0, 6.25, 25 or 100 mg/kg (corresponding to 0, 0.4, 1.5 or 6.9 mg/kg bw per day,
respectively) for 90 days. Rats received NIV of 25 mg/kg feed or higher showed a significant
dose-dependent decrease in the splenic T lymphocyte/B lymphocyte (CD3"/B220") ratio, while those
recieved 100 mg NIV/kg feed showed a significant increase in the CD4" T lymphocyte (helper T
lymphocyte)/CD8" lymphocyte (cytotoxic T lymphocyte) ratio. A significant increase in NK activity was
observed at all NIV levels examined (209).

b. Changes in serum IgA levels and IgA nephropathy

As is the case with DON, NIV has been reported to have effects on IgA and, in mice, to be associated with
IgA nephropathy (Table 16).

When C57BL/6 mice (10 males/group) were given NIV (solvent: 5% arabic gum solution in water) orally
by gavage with 0, 0.014, 0.071, 0.355, 1.774 or 8.870 mg/kg bw 3 days weekly for 4 weeks. A significant
increase in plasma IgG but no changes in plasma IgA was observed in mice received 8.870 mg NIV/kg bw
(96).

In C57BL/6 mice (10 males/group) that were given NIV (solvent: 5% arabic gum solution in water) by
gavage containing 0, 0.071 or 0.355 mg NIV/kg bw 3 days weekly for 4 weeks, a significant increase in
plasma IgA was observed with the dose of NIV 0.071 mg/kg bw or above (168).

When C3H/HeN, C3H/HeJ and BALB/c mice (9 — 12 females/group) were fed diets containing purified
NIV at a concentration of 0, 6 or 12 mg/kg feed (corresponding to 0, 0.9 or 1.8 mg/kg bw per day'!,
respectively) for 4 or 8 weeks, the NIV-treated animals showed increased IgA accumulation in glomeruli
and increased serum IgA with all NIV doses, particularly with NIV of 12 mg/kg feed at 8 weeks (221).

In an immunotoxicity study where BALB/c mice (20 females/group) were given a single dose of 0 or 15
mg NIV/kg bw in gavage, followed by observation of lymphoid organ cells up to 24 hrs post-dose. A
significant increase in the number of IgA™ cells in Peyer’s patches was seen after 9 hrs post-dose. In cells
isolated from Peyer’s patches at 3 hrs post-dose, a significant decrease in the numbers of pan-T, pan-B cells
and viable cells were observed. Cells isolated from Peyer’s patches at 9 hrs post-dose showed a significant
increase in all B cell subpopulations, particularly in IgA* B cells. The numbers of IgA+ and IgM+ B cells
remained higher than those of the control group thereafter (222).

In a study with OVA-TCR Tg (OVA-specific T-cell receptor transgenic) mice, the animals (4 males/group)
were given diets containing OV A either alone or in combination with water containing 0 or 6 mg NOV/kg
(corresponding to 0.9 mg/kg bw per day'?). Treatment with OVA alone resulted in increased serum
OVA-specific IgE, IgG; and IgA levels as well as total IgE, IgG; and IgA levels, whereas combined
treatment with OVA and NIV resulted in a significant inhibition of total IgE production and OV A-specific
IgE, 1gGi and IgA production (223).

To examine immunotoxicity, F344 rats (10 each sex/group) were treated with NIV in diets at a dose of 0,
0.4, 1.5 or 6.9 mg/kg bw per day for 90 days. Rats recieved 6.9 mg NIV/kg bw per day exhibited a
significant increase in IgM but no changes in IgG and IgA levels (209).

In a study where pigs (6 males/group) were fed diets containing purified NIV at a concentration of 0, 2.5 or
5 mg/kg feed for 21 days, significant differences in plasma IgA levels were not observed between the
control and NIV-fed animals. However, animals treated with purified NIV of 2.5 mg/kg feed exhibited

' The intake was estimated using the relevant conversion factors used by JECFA (IPCS: EHC70).
Species Final body weight (kg) | Intake (g/animal/day) | Intake (g/kg bw/day)
Mouse 0.02 3 150
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trend for time-dependent increases in IgA production and a trend for decreased IgG production (211).

Table 16 Effects of nivalenol (NIV) on IgA production
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2.2 25 25 | 2% 2 =< z < e
B = = = ) &n
52 E 23 3 E g
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Oral gavage 0, 0.014,
Mouse, (5% gum 0.071,
C57BL/6, . - At 8.870 mg/kg bw,
arabic water 0.355, .
6-week-old . increased plasma IgG. 3.8%%* 96
(10 males/ solution) 1.774, - No effects on IgA
roup) 3 days a week 8.870 g
group for 4 weeks mg/kg bw
Mouse Oral gavage
> 0
C57BL/6, S a/l‘;igcuvr;ter 0, 0.071,
6-week-old . 0.355 - Increased plasma IgA. 0.03** 168
solution)
(10 males/ mg/kg bw
roup) 3 days a week
group for 4 weeks
Ié/[j‘aOIE/SI?I’eN - Increased serum IgA.
’ - IgA nephropathy-like .
C3H/He, Diet, 4 or 8 0,0.9 immunopathological F.nivale
BALBYc, ’ 0,6,12 |05 pal 1008 . 0.9% moulde | 221
weeks 1.8 changes in the kidneys (in .
6-8-week-old s . drice
(9-12 females/ association with the
group) increased serum IgA).
Mouse, N .
BALB/c . - Increased IgA™ cells in
5-week-(’)1 d Single gavage 0.15 Peyer’s patches; decreased 15 1)
(20 females/ (10% DMSO) ’ pan-T and pan-B cells in
lymphoid organs.
group)
OVA- - Significant inhibition of
specific T-cell OVA-speciric-IgE
receptor Drinking production and
ap-Tg mouse, |water, 2 or4 |0, 6 0,0.9% OVA-specific Ig.E, FgGl 0.9%* 223
and IgA production;
BALB/c, weeks o
8-13-week-ol inhibition of IL-4
d. males production; increased IL-2
i production in spleen cells.
Rat, F344,
5-week-old | .. 0,625, (0,04, | At6:9melkebw/day,
Diet, 90 days increased IgM. 6.9 209
(10 each 25,100 |1.5,6.9
sex/group) - Noeffects on IgA or IgG.
- No significant differences
Pi in plasma IgA compared
Slila old with the control.
6 mafes )¢ |Diet, 21 days |0,2.5,5 - (At2.5 mg/kg feed, a trend 211
roup) for time-dependent
group increase in IgA
production.)

*:  The intake was estimated using the relevant conversion factors.
**:  The 3-times-weekly doses were converted to daily doses.
c. Cytokine expression

Effects of NIV on cytokine expression was examined in OVA-TCR Tg mice (4 males/group) with free
access of water containing 0 or 6 mg NIV/kg in combination with feed containing OVA. Administration of
NIV resulted in the inhibition of IL-4 production and the increase of IL-2 production in splenic cells (223).
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In female C3H/HeN mice fed with diets containing NIV at concentration of 0 or 12 mg/kg (corresponding
to approximately 1.8 mg/kg bw per day'?) for 8 weeks, those animals fed NIV exhibited a significant
increase in IgA-producing cells in Peyer’s patch lymphocytes. In those cells, increased expressions of 11.-4,
IL-5, IL-6, IL-10 and TGF-B (Th2 cytokine) mRNA were observed (224).

In mouse bone marrow-derived dendritic cells that were pretreated with LPS, exposure of the cells to either
NIV or DON alone or to both, each at concentrations between 1 and 3 puM, caused suppression of
LPS-induced IL-12 and IL-10 production in a dose-dependent manner, but TNF-a production was
increased (225).

d. Apoptosis in lymphoid tissues

When BALB/c mice (5 females/group) were treated orally with 0 or 15 mg NIV/kg bw per day, NIV
induced apoptosis in Peyer’s patches at 3 hrs post-dose as well as in the thymus at 6 hrs post-dose at
maximum level. In the thymus, Peyer’s patches and mesenteric lymph nodes, apoptosis was induced in
CD4" and CDS8" cells (222).

ICR:CD-1 mice (5 males/group) were treated orally with 0, 5, 10 or 15 mg NIV/kg bw per day and
examined the progress of apoptosis of lymphocytes in the thymus, spleen and Peyer’s patches at 12, 24 and
48 hrs post-treatment. The number of apoptotic lymphocytes increased in a dose-dependent manner at 12
hrs in both of the thymus and the Peyer’s patches, while the maximum level of apoptotic lymphocytes in
the spleen was observed at 24 hrs post-treatment (226).

Apoptosis was induced in a dose-dependent manner, when J774A.1 cells were cultured in vitro in the
presence of NIV (10 — 100 pM) (83).

(i) Hematotoxicity

C57BL/6CrSlc mice (6 males/group) were fed diets containing NIV at a concentration of 0, 6, 12 or 30 mg
NIV/kg feed (corresponding to 0, 0.68, 1.51 or 3.84 mg/kg bw per day, respectively) for examining
hematotoxicity of NIV. A significant decrease in white blood cell count was seen in mice at 30 mg/kg after
6 months and at 6 and 30 mg NIV/kg after 1 year. The LOAEL was 6 mg/kg feed (corresponding to 0.7
mg/kg bw per day) (202).

To examine effects of short-term feeding with NIV, C57BL/6 mice (6 females/group) were fed diets
containing NIV at a concentration of 0, 5, 10 or 30 mg/kg feed (by the addition of rice cultured with mold)
for 24 days. A significant decrease in number of red blood cells and a slight decrease in number of white
blood cells were observed in mice received NIV of 30 mg/kg feed (corresponding to approximately 3.5 mg
NIV/kg bw per day, as estimated by the SCFJ), without marked changes in any of the other hematological
parameters or feed consumption, body weight gain, or liver, spleen or thymus weight (206).

F344 rats (12 each sex/group) were received daily administration of NIV by oral gavage at a dose of 0, 0.4
or 2.0mg NIV/kg bw per day for 30 days. No significant changes were observed in any of the
hematological or biochemical parameters (203).

(iii) Other toxicities

Inhibitory efects of NIV on in vitro mitogen-induced proliferation of lymphocytes were examined using
lymphocytes isolated from human peripheral blood. NIV inhibited 50% of cell growth at an average
concentration of 72 ng/mL (227).

NIV inhibited PHA (ICso: 350 nM)- or pokeweed (PW) (ICso: 270 nM)-induced proliferation of human
lymphocytes isolated from human peripheral blood. NIV also inhibited PW-induced immunoglobulin
production. DON exhibited the same effects at a similar dose range. Combinations of NIV with T-2 toxin,
diacetoxyscirpenol or DON resulted in an additive inhibitory effect on immunoglobulin production (228).

In an in vivo study using RAW264 cells to assess the effects of DON or NIV on LPS-induced NO
production, NIV significantly suppressed iNOS production at and above 125 uM/mL (199).

In a study in mouse bone marrow-derived dendritic cells (DCs), the cells were stimulated with LPS and

12 The intake was estimated using the relevant conversion factors used by JECFA (IPCS: EHC70).
Species Final body weight (kg) | Intake (g/animal/day) | Intake (g/kg bw/day)
Mouse 0.02 3 150
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then were treated with either NIV or DON alone or with both, at a concentration between 1 and 3 uM of
each. Down-regulation of NO production as well as the expression of MHC class II and of the accessory
CD11c molecules were observed without any changes in the expression of co-stimulatory molecule CD86.
NIV but not DON induced DC necrosis significantly. Both toxins inhibited LPS-induced IL-12 and IL-10
production in a dose-dependent manner, but enhanced TNF-a production (225).

C. Combined toxicity of DON and NIV
(1) invivo

A combined toxicity was studied in C57BL/6 mice (10 males/group) by treating animals with gavage
containing 0, 0.071 or 0.355 mg DON/kg bw (solvent: 5% arabic gum solution in water), either alone or in
combination with the same dose of NIV, 3 times weekly for 4 weeks. Combind administration of DON and
NIV resulted in additive increase of plasma IgA and of GST activity assayed with dichloronitrobenzene
(DCNB) as the substrate, as well as synergistic increase in plasma uric acid levels (168).

(2) invitro
Table 17 shows a summary of the results of in vitro combined toxicity studies of DON and NIV.

A study was conducted to assess the suppressive effects of single or combined exposure to DON, NIV,
diacetoxyscirpenol (DAS) and T-2 toxin on PHA- or PW-stimulated proliferation of human peripheral
lymphocytes in vitro. All toxins suppressed lymphocyte proliferation by single-treatment: the individual
ICso for PHA- and PW-stimulated proliferation are as follows; NIV, 350 and 270 nM; DON, 430 and
380 nM; DAS, 4.1 and 4.0 nM; and T-2 toxin, 1.4 and 1.1 nM, respectively. The combined inhibitory
effects of NIV (1 x 107"M) and DON (2 x 107M) were additive and not synergistic. The combined
inhibitory effects of DON and T-2 toxin or DAS were similar or slightly lower than those of individual
treatment with T-2 toxin or DAS, suggesting that DON could exhibit antagonistic effects (228).

Suppressive effects of fumonicin By (FB1), a-zearalenol (a-ZEA), NIV and DON on mitogen-induced cell
proliferation were investigated using swine blood cells treated with concanavaline A (Con A). Alpha-ZEA
(0.5 — 20 uM), NIV and DON (0.065 — 2 uM) suppressed proliferation in a dose-dependent manner; NIV
exhibited the strongest effect, followed by DON and a-ZEA. FB1 (0.5 — 80 uM) had no effect on cell
proliferation. While FBI and a-ZEA showed a synergistic suppressive effect on cell proliferation, DON
and NIV had neither synergistic nor additive effects (229).

To examine pro-apoptotic effects as combined toxicity of DON and NIV, J774A.1 cells were cultured in
the presence of NIV (10 — 100 uM) and/or DON (10 — 100 puM), and the apoptosis inducing effects at 72
hrs were detected. Each toxin induced apoptosis after single treatment in a dose-dependent manner, with
ICso of 11.2 £ 0.8 and 16.8 £ 0.2uM respectively. Combined treatment with NIV and DON also induced
apoptosis, but the effects was not synergetic and the ICso was 14.0 + 1.9 uM (83).

The inhibitory effects on yeast (Kluyveromyces marxianus) growth were compared between different
mycotoxins by disk-diffusion assay, using paper disks containing following combinations of fungal toxins:
T-2 and HT-2 toxins; T-2 toxin and T-2 tetraol; DON and NIV; and DON and T-2. While the combination
of T-2 and HT-2 toxins and that of DON (5 — 50 pg/disk) and NIV (5 — 100 pg/disk) showed synergetic
effects at and below 25 pg/plate, the combination of DON and T-2 toxin showed an antagonistic effect
(230).

Table 17 Combined effects of deoxynivalenol (DON) and nivalenol (NIV)

Objects Concentration Effects Reference

Human peripheral NIV: 1x107 M - Additional inhibitory effects of DON and NIV 208
lymphocytes DON: 2x107 M on PHA- or PW-stimulated cell proliferation.

. - Neither additive nor synergic effects of DON
Swine blood cells 0.065 - 2 M each and NIV on Con A-stimulated cell proliferation. 229
1774A 1 cells 10 - 100 uM each - Neither additive nor synergic effects of DON 83

and NIV on apoptosis induction.

Yeast DON: 5 — 10 pg/plate, - At and below 25 pg/plate, synergic inhibition of 230
(Kluyveromyces marxianus) NIV: 5100 pg/plate yeast proliferation
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3. Findings in humans

(1) Clinical findings

Exposure to DON may result in acute symptoms, such as nausea, vomiting, diarrhea, gastrointestinal upset,
headache, dizziness and pyrexia, within 30 min (231). It is difficult to distinguish these symptoms from
those associated with gastrointestinal disorders that are likely to be caused by microorganisms, such as
Bacillus cereus, which produces an emetic toxin (3).

(2) Epidemiological studies, etc.

Table 18 shows a summary of reports from epidemiological studies on DON and NIV.

Table 18 Epidemiological studies, etc. concerning deoxynivalenol (DON) and

nivalenol (NIV)

Country | Year Source Amount of1n§ake and gopcentratlon of Symptoms Reference
contaminant toxin in food
362 out of 383 persons
(94.5%) had symptoms
after 3-30 min, including:
China - Concentration of DON : nausea (89.8%),
(Xingtai, 0.34-3.75 mg/kg (GC-MS: 2 samples), dizziness (78.2%),
Hebei 1984 | Moldy corn 5.10-92.8 mg/kg (RIA: 3 samples) vomiting (61.16%),
province) (T-2 not tested; NIV not detected) abdominal pain (6.1%)
diarrhea (5.2%),
pyrexia (5.5%) and
palpitation (0.9%).
China Fusarium head Concentration of DON: Baseq orzi(ﬁita
- : rganiz
(Puyang, 1985 |blight-affected 2.0-40.0 mg/kg (TLC: 14 samples) 101 out of 217 persons <£ugo in f 994y
Henan (46.5%) had symptoms
. wheat, etc. (T-2 and NIV not tested) (232)
province)
%;Til city - Concentration of DON: 40 out of 160 persons
Guangxi ’11989  |Wheat flour 1.5-2.2 mg/kg (TLC: 3 samples) had symptoms
. (T-2 and NIV not tested by TLC)
province)
China - Concentration of DON:
(Peishan, 20.0-50.0 mg/kg (TITC' 3 samples), 270 out of 514 persons
Heibei 1988 |Corn flour 2.1-57.9 mg/kg (GC: 6 samples) (52.5%) had symptoms
. (T-2 and NIV not tested by TLC and not
province) dected by GC)
(C]Pa:ir;ilan, - Concentration of DON: 3.0 mg/kg (TLC: 1 142 out of 209 persons
Shanxi 1988 |Corn flour sample) (67.9%) had symptoms
. (T-2 and NIV not detected) ’
province)
China - S(())ngzn(;rati(;ﬁ OfR%N; s Based on data
. .0-36.0 mg/kg : 5 samples organized by
g}f;‘;g’:f‘“’ 1989 |Corn flour 59.3-66.8 mg/kg (GC: 2 samples) ;On(q)utto(t)IIZslo persons had 1/ i 1994
5 (T-2 and NIV not tested by TLC and not ymp (232)
province) detected by GC)
China - Concnentration of DON: 2.0-50 mg/kg
(Anhui  |1991 [Moldy wheat (TLC: 10 samples) 130 and 141 persons had
province) (T-2 and NIV not tested) symptoms
Comparison of
DON intake from
corn between - Mean content of DON: 0.57 mg/kg and
China 1990 |patients with 0.099 mg/kg in patients with esophageal 233
esophageal cancer and control patients, respectively
cancer and
control patients
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Country | Year Source Amount ofmt.ake and §or}centrat10n of Symptoms Reference
contaminant toxin in food
Comparison of
exposure to - Contents of mycotoxins in corn in areas | The occurrence rate of
mycotoxins with high esophageal cancer risk vs. esophageal cancer was
China 1995 between areas control areas: correlated with 234
with high DON; 0.4 mg/kg vs. 0.05 mg/kg trichothecene and ZEN
esophageal 15Ac-DON; 0.24 mg/kg vs. not detected  |contents and not with
cancer risk and NIV; 0.086 mg/kg vs. 0.059 mg/kg DON or NIV content.
control areas
Comparison of
exposure to
mycotoxins - Mean content of DON: 0.89 mg/kg in
China 1993 |between areas high-risk areas and 0.49 mg/kg in control 235
with high primary| areas.
liver cancer risk
and control areas
CRSSST;Z din - DON content was significantly higher in
relation to the all high occurrence areas (range: 0.005-3.9
China 1992 |occurrence rate of mg/kg) than in low occurrence areas 236
Kashin-Beck (range: 0.002-0.7 mg/kg).
disease (endemic | 15Ac-.DC.)N and 3-1_\cDON contents were
osteoarthritis) also significantly higher.
NIV content in
contaminated
crops in areas - Mean NIV and DON concentrations in
with high wheat, barley and corn were 830 + 927
China 2004 esophageal gnd ng/kg apd 4281+ 6114 pg/kg, 144
gastric cardia respectively, and were estimated to be
cancer risk was 400- to 800-fold of the corresponding
measured and mean concentrations in the U.S.
compared with
U.S. data
- DON, AcDON, NIV and T-2 toxin
contents: 0.34-8.4 mg/kg in 11 out of 24 Lower abdominal pain
Ingestion of samplesj 0.6-2.4 mg/kg m 4 outof 24 abdominal distension,
. bread made from | S2mPles; 0.03-0.1 mg/kg in 2 out of 24 dizziness, headache,
India 1987 . samples; and 0.55-4 mg/kg in 3 out of 24 . . 237,238
rain-damaged samples, throat 1nﬂammat10n,
wheat - The LOAEL is estimated to be 0.44 pg/kg nausea, vomiting,
. diarrhea and bloody stool
bw (note that other toxins are also
contained, as mentioned above).

4. Assessments of institutions and international organizations

(1) The Joint FAO/WHO Expert Committee on Food Additives (JECFA)

In 2000, JECFA conducted an assessment of DON. In a 2-year feeding study in mice, DON showed no
carcinogenicity. Although the mean body weight of animals was lower in the lowest dose group (100 pg/kg
bw per day) than in the control group, this difference was considered not to be biologically significant. In
addition, no other toxicological changes were found in the lowest dose group. Based on these results in a
2-year study in mice, JECFA set the provisional maximum tolerable daily intake (PM-TDI) of DON at 1
ug/kg bw per day, by applying a safety factor of 100 to the NOAEL of 100 ug/kg bw per day. JECFA
concluded that this level of intake has no effects on the immune system, growth or reproduction (3).

Subsequently, JECFA conducted a reassessment of DON and published a summary of the assessment
results in March 2010. Considering the fact that 3-AcDON is converted to DON in vivo and therefore
contribute to the total DON-induced toxicity, JECFA decided to convert the PM-TDI for DON to a group
PM-TDI of 1 pg/kg bw, including its acetyiated derivatives 3- and 15-AcDON. In this regard, JECFA
considered the toxicity of acetyiated derivatives to be equal to that of DON. JECFA set an acute reference
dose (ARfD) at 8 png/kg bw/day by applying a safety factor of 25 to the BMDL1o value for emesis in pigs,
using the BMDL g at 0.21 mg/kg bw per day estimated by the benchmark dose method (239).

No assessment of NIV was conducted by JECFA.
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(2) The International Agency for Research on Cancer (IARC)

In 1993, TARC conducted an assessment of the carcinogenicity of F. graminearum-, F. culmorum- and F.
crookwellense-derived toxins (ZEN, DON, NIV and AcNIV) (4).

IARC reported that there was inadequate evidence of the carcinogenicity of F. graminearum-derived toxins
in humans, and that no data were available on the carcinogenicity of F. culmorum- and F.
crookwellense-derived toxins in humans. In addition, there is inadequate evidence of the carcinogenicity of
DON, NIV and AcNIV in experimental animals.

The TARC concluded that these F. graminearum-, F. culmorum- and F. crookwellense-derived toxins are
not classifiable as to their carcinogenicity to humans (IARC carcinogenicity classification Group 3).

(3) The European Commission (EC) Scientific Committee on Food (SCF)

The EC-SCF published its opinion on an assessment of DON in 1999, that of NIV in 2000, and its opinion
on a group evaluation of T-2 tixin, HT-2 toxin, NIV and DON in 2002 (31, 32, 33).

Since DON was not considered to be carcinogenic or teratogenic, the temporary tolerable daily intake
(tTDI) was set at 1 pg/kg bw per day, by applying an uncertainty factor of 100 to the NOAEL of 0.1 mg/kg
bw per day based on a chronic dietary study with mice. The EC-SCF concluded that use of this tTDI value
would protect against the other subchronic and reproductive effects as well as the acute emetic effect of
DON.

A tTDI was set at 0.7 ug/kg bw per day, by applying an uncertainty factor of 1000 to the LOAEL of 0.7
mg/kg bw per day based on a chronic dietary study with mice. The uncertainty factor of 1000 was applied
because of the use of a LOAEL and a limited database.

The EC-SCF suspended the setting of a group TDI for T-2 and HT-2 toxins, NIV and DON because the
available data were limited to support a group TDI for all trichothecenes assessed.

In the present assessment, the FSCJ, taking into account the ssessment results described above, considered
the establishment of a group TDI for DON and AcDON by reviewing the available scientific data. The
FSCJ noted that there are limited data about toxicity of 3- and 15-AcDON compared to that of DON (76,
82, 93, 97, 240), and moreover there are some reports suggesting that toxic effects of 3- and 15-AcDON
are different from those of DON following a sigle oral administration (98, 102, 97). In addition, while there
is one report indicating that 3-AcDON is rapidly metabolized to DON in vivo (241), on the otherhand, the
metabolism of 15-AcDON in vivo has not been elucidated. Based solely on the single report on the
metabolism of 3-AcDON mentioned above, the toxicity of 3-AcDON is assumed to be same as DON after
being absorbed through the gastrointestinal tract. However, the FSCJ concluded that at the present, the
available data, including relative toxicity data, were not sufficient to establish a group TDI for 3- and
15-AcDON and DON.

5. State of exposure

It is known that DON and NIV contaminate mainly grains, such as wheat, barley and corn. The
contamination levels of those toxins have been found to be very low in rice, which is the primary staple
food of diet in Japan and is consumed in large amounts (242). In addition, only a limited number of cases,
where DON or NIV was detected in grains such as rye, oats or rice, has been reported by EU and Codex
(243, 244). Wheat, which is consumed in amounts comparable to rice, is likely to be the main source of
exposure to DON and NIV in people in Japan, therefore, surveillance of contamination and studies on
exposure assessment have been conducted focusing on wheat.

(1) Survey on conditions of contamination

Following the establishment of a temporary regulation limit of DON in unpolished wheat (1.1 mg/kg) in
May 2002 by the Ministry of Health, Labour and Welfare (MHLW), the Ministry of Agriculture, Forestry
and Fisheries (MAFF) added DON in imported wheat was added for the inspection program, and it was
subjected to testing by trading companies with test results being released (245). On going surveillance of
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mycotoxin contents in domestically produced wheat and barley have been conducted, with both DON and
NIV being included in the test items (246). The MHLW has also conducted field surveillance on DON and
NIV contamination through the Health and Labour Sciences Research programs, etc. The volume of
domesticallyproduced and imported wheat grains in Japan are as shown in Table 19. Of all the wheat
consumpted in Japan, approximately 85% is imported from US, Canada and Australia, and approximately
15% is produced in Japan

Table 19 Actual volume of domestic and imported wheat gains in Japan (in 10000

tons)
FY 2002 FY 2003 FY 2004 FY 2005 FY 2006 FY 2007 FY 2008
Domestic 83 86 86 88 84 91 88
production

U.S. 230.3 286.0 275.7 257.7 272.6 294.5 294.2
‘é Canada 122.1 100.4 109.2 114.2 108.6 109.5 111.9
£ Australia 87.6 119.8 112.9 106.8 114.8 85.3 79.9

Others 0.3 0.3
Total import 440.0 506.1 497.9 478.7 496.0 489.6 486.3

FY: Fiscal year is 15" April through 315 March.

Summarized by the FSCJ based on the MAFF’s “Mugi no jukyi ni kansuru mitoshi (Forecasts of
wheat and barley supply and demand)” for fiscal 2007 and 2009 (247, 248).

(i) Results of surveys by the MAFF
a. DON

The surveillance results of DON in domestically produced wheat and inspection results of DON in
imported wheat (at shipment) are shown in Table 20 and Table 21, respectively. The results of the
surveillance and inspections of DON indicate that in both domestic and imported wheat, DON has been
detected at levels above the quantification limits in some samples, however, none has been confirmed to
contain DON beyond the temporary limit, except in fiscal 2002.

Table 20 Surveillance on deoxynivalenol (DON) in domestically produced wheat and
barley grains (FY 2002 — 2007)

No. of o No. of samples Highest Mean Mean Mean
= FY ite;ns Q“anlt;n‘icla“o" below value value value value
= surveyed (mgkg  |quantification limit (mg/kg) (mg/kg) (mg/.kg) (mg{kg)

% @) (i) (iii)

2002 199 0.05 118 59% 2.1 0.16 - -
2003 213 0.05 136 64% 0.58 0.067 - -

= | 2004 | 226 0.05 145 64% 0.93 0.044 - -
£ | 2005 200 0.010 128 64% 0.23 0.015 0.019 -
= 2006 100 0.010 16 16% 0.88 - - 0.13
2007 100 0.009 43 43% 0.29 - - 0.023
2008 120 ]0.004-0.013] 39 33% 0.46 - 0.033
2002 50 0.05 28 56% 4.8 0.26 - -
2003 54 0.05 34 63% 3.7 0.29 - -

> | 2004 56 0.05 23 41% 1.8 0.24 - -
= | 2005 50 0.010 23 46% 0.46 - - 0.060
A 1 2006 10 0.010 0 0% 2.5 - - 0.55
2007 10 0.007 3 30% 0.32 - - 0.064

FY: Fiscal year is 1% April through 3 1% March.

Note 1: This table is taken from the Risk Profile Sheet on Food Safety (for review meeting) (249), with some
modifications.

Note 2: The mean values for fiscal 2002 — 2004 were calculated based on the mean value (i).
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For foscal 2005 onward, mean values were calculated based on the method proposed by the GEMS/Food
(Global
Programme)When more than 60% of all samples were below the quantification limit, mean values (i) and (ii)
were used; and when 60% or less of all samples were below the quantification limit, mean value (iii) was

used respectively based on the followings:

Mean value (i):
Mean value (ii):

Mean value (iii):

Environment

Monitoring  System

— Food Contamination Monitoring

and Assessment

All levels detected as below the quantification limit were substituted with “zero” in the calculation.

All levels detected as below the detection limit were substituted with detection limit and all levels at
or above the detection limit and below the quantification limit were substituted with quantification
limit in the calculation.
All levels detected as below the quantification limit were substituted with 50% of the quantification

limit.

Table 21 Results of inspections on deoxynivalenol (DON) in imported wheat grains
(at Ishipping)
= U.S Australia Canada France
E . | 8 . | 8 . | 8 .| 8
= | 8| § 2 g & 2 g & 2 5| § 2
208 3 2 .3 |2 %S e |2 B E ogm |2l B|E| oem
2|z ¢ & B4z oz B EZ|f 2 B B |E| 2 |E £
£ < | 3 5 2E | £ 3 s | 28 |2 | 2 s | 28 |2 | 2 5 | 2E
S © [ o] =~ ] o k5] =~ =] o )] =~ o o )] =~
& s | g |° s| ¢ |- s| ¢ |® s| 2 |-
z z z z
FY 2002 — |84 | 19 02300506833 0 0 40 | 7 10.18/0.07-0.28
FY 2003 — 167 53 1032005060 58| 9 |0.160.05-032| 59 | 0 0
FY 2004 | 0.05 [168 77 |0.46 0.05-0.71| 51 | 0 0 63 1 (002 007
FY 2005 | 0.05 |157 83 |0.53/0.05-097| 48 0 0 62 | 16 | 0.260.05-0.35
FY 2006 | 0.05 |162| 94 |0.58 0.05-1.00| 53 | 0 0 0 59 | 22 037 0.06-0.38
FY 2007 | 0.05 [187| 67 |036 0.05-0.55[42 | 0 0 56 8 |0.14/0.05-0.16] 8 | 4 | 0.5 0.06-0.30
FY 2008 | 0.05" [187| 59 |0.32/0.05-0.62| 62 | 12 |0.19 0.08-0.31| 55 | 24 |0.44(0.06-031| 6 | 2 033| 02

FY: Fiscal year is 1% April through 3 1% March.

Note:

pesticides, etc. in imported rice and wheat and barley (245).

This table was produced by the Food Safety Commission based on the results of the MAFF’s inspections of residual

*: The detection limit for the French data is 0.1 mg/kg.

The surveillance on DON in domestically produced wheat showed year-to-year variations, with the
proportion of samples at or above the quantification limit ranging from 36 to 84% and the mean value from
0.015 to 0.16 mg/kg.

Similarly to the results of Japanese wheat, the inspections for DON in imported wheat showed year-to-year
variations, with the detection rate ranging from 23 to 58%, 0 to 19%, and 0 to 44% in U.S., Australian and
Canadian wheat, respectively, and the level of contamination ranging from 0.05 to 1.00 mg/kg, 0.05 to 0.32
mg/kg, and 0.05 to 0.38 mg/kg in U.S., Australian and Canadian wheat, respectively.

The surveillance for DON content in domestically produced barley showed year-to-year variations
similarly to the results with the domestically produced wheat, with the proportion of samples at or above
the quantification limit ranging from 37 to 100% and the mean value from 0.060 to 0.55 mg/kg (245, 246).

b. NIV
Table 22 shows the results of the surveillance on NIV.

NIV content has been surveyed together with DON as part of the surveillance on mycotoxins in
domestically produced wheat. In wheat and barley, the proportion of samples at or above the quantification
limit ranged from 32 to 70% and from 56 to 90%, respectively, with the mean value ranging from 0.010 to
0.087 mg/kg and from 0.042 to 0.58 mg/kg, respectively. Year-to-year variations are seen in NIV similary
to DON (246).
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Table 22 Surveillanceon on nivalenol (NIV) in domestically produced wheat and

barley grains (FY 2002 — 2007)

= No. of | Quantificatio |No. of samples below| Highest | Mean value | Mean value | Mean value
9 FY items n limit quantification limit value (mg/kg) (mg/kg) (mg/kg)
= surveyed| (mg/kg) % (mg/kg) 0 (ii) (iii)
2002 | 199 0.05 130 65% 0.64 0.059 - -
2003 | 213 0.05 144 68% 0.55 0.040 - -
= [ 2004 | 226 0.024 118 52% 0.55 0.033 - -
= 12005 | 200 0.006 111 56% 0.20 - - 0.010
= 2006 | 100 0.007 30 30% 1.0 - - 0.087
2007 1 100 0.006 60 60% 0.21 - - 0.013
2008 | 120 [0.005-0.013] 66 55% 0.34 0.021
2002 50 0.05 22 44% 1.2 0.16 - -
2003 54 0.05 23 43% 0.95 0.13 - -
> 2004 1 56 0.024 14 25% 1.2 0.20 - -
= .2005 50 0.006 16 32% 0.38 - - 0.042
/A | 2006 10 0.007 1 10% 3.0 - - 0.58
2007 10 0.004 3 30% 0.33 - - 0.051
2008 | 100 [0.009-0.014] 45 45% 0.58 - - 0.045
FY: Fiscal year is 1% April through 315 March.
Note 1: This table is taken from the Risk Profile Sheet on Food Safety (for review meeting) (250), with some
modifications.
Note 2:  The mean values for fiscal 2002 — 2004 were calculated based on the mean value (i).

For FY-2005 and onward, mean values were calculated, based on the method proposed by the GEMS/Food.
When more than 60% of all samples were below the quantification limit, mean values (i) and (ii) were used;
and when 60% or less of all samples were below the quantification limit, mean value (iii) was used, based on
the followings:
Mean value (i):  All levels detected as below the quantification limit were substituted with “zero” in the calculation.
Mean value (ii):  All levels detected as below the detection limit were substituted with the detection limit and all
levels at or above the detection limit and below the quantification limit were substituted with the
quantification limit in the calculation.
All levels detected as below the quantification limit were substituted with 50% of the quantification
limit.

Mean value (iii):

The surveillance of contamination levels in domestic products showed no particular trend in terms of
correlation between DON and NIV contamination.

(i) Results of surveys by the MHLW

In FY 2001, a surveillance on DON and NIV contamination in wheat and barley was conducted as a special
Health and Labour Sciences Research program.

The results are summarized in Table 23.

A total of 82 samples were tested, including 21, 36, 3 and 22 samples of imported wheat, domestic wheat,
imported barley, and rye, respectively (detection limit: 0.001 mg/kg). The mean concentrations in data sets,
in which toxin levels were above the quantification limit, were 238 pg/kg for DON and 10 ug/kg for NIV,
with the ranges being 1 — 2,248 ug/kg and 1 — 110 pg/kg, respectively. Seventy-four percent of all samples
showed co-contamination with both toxins (251).

In FY 2002, a surveillance on DON and NIV contamination in 124 samples of domestically produced
brown rice was conducted as a special Health and Labour Sciences Research program. The results are
summarized in Table 23. DON contamination was seen in 4 samples (range: 4.8 — 60.7 pg/kg; mean value
of contaminated samples: 21.8 pg/kg; mean value of all samples: 4.8 pg/kg [weighted mean: 0.7 pg/kg])
and NIV contamination in 15 samples (range: 2.0 — 17.4 pg/kg; mean value of contaminated samples: 5.0
pg/kg; mean value of all samples: 6.7 pg/kg [weighted mean: 0.6 ug/kg]). Co-contamination with DON and
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NIV was seen in 1 sample. It was demonstrated that after contaminated brown rice was polished,
approximately 40% of DON and NIV in the brown rice remained in the polished rice (242).

In fiscal 2003, the MHLW conducted a field survey of DON and NIV contamination using 84 samples of
household wheat flour (commercially available low-gluten flour, high-gluten flour, tempura flour, etc.) and
88 samples of baby food products (biscuits, curry roux, noodles, etc.), purchased in Hokkaido, Kanto,
Osaka and Kyushu. The results are summarized in Table 23. In household wheat flour, the detection rates
of DON and NIV were 80% and 31%, respectively, with the mean DON and NIV levels of 138 pg/kg
(range: 5 — 1,147 pg/kg) and 81 pg/kg (range: 5 — 247 ng/kg), respectively. A correlation between DON
and NIV contamination was seen in the samples of wheat flour purchased in Kyushu (14 of the 21 samples
were local products), but not in terms of national average. The detection rate of DON in baby food products
was 80%, with the mean level of 20 ng/kg (range: 2.5 — 59 ng/kg) (252).

Table 23 Surveillance on deoxynivalenol (DON) and nivalenol (NIV) in grains and
foods prepared for infants

M lue of contaminated 1
Fiscal ean vaiue o (c:;ljg)nna ec samp?es Mean value of all samples (png/kg)
year of No. of
Sample
survey samples DON NIV DON NIV
(Ref))
Wheat (imported) 21 133.9 (1—740) 2.9 (1-7) 95.6* 1.2%
FY 2001 | Wheat (domestic) 36 358.4 (1—2248) 8.8 (1-27) 388.3* 8.3*
(251) Barley (imported) 3 9 (2—20) 5.5 (5-6) 9.0* 3.66*
Rye (domestic) 22 8.1 (1—47) 15.1 (1-110) 6.2* 12.8*
FY 2002 Rice (domestic
124 21.8 (4.8—60.7 5.02.0-17.4 0.7%*** 0.6%***
(242) brown rice) ( ) ( )
Household wheat
84 172.5%* 89.8%* 138 (5-1147)*** | 81 (5-247)***
FY 2003 flour ’ ? ( 7 ( 7
252 i
(252) Baby/infant food 38 0%+ B 20 (2.5-50)%** B
products

FY: Fisical year is 1% April through 315 March.

Note: This table was composed by the Food Safety Commission based on the relevant reference materials.
*: Calculated by the FSCJ assuming ND as 0.
*k, Calculated by the FSCJ using the following formula: (mean value of all samples) x (number of detected cases/number

of samples).
**%:  Calculated by assuming ND as 5 mg/kg.
**%%:  Calculated by assuming ND as 0.

In FY 2007, a surveillance on DON and NIV contamination was conducted as a Health and Labour
Sciences Research program, using 59 samples of domestically produced wheat, excluding Hokkaido
products, in order to estimate NIV exposure as described below. The results indicated that there is a
relatively high correlation between DON and NIV contamination levels. As shown in Table 24, the
numbers of samples whose content of DON, NIV and content both DON and NIV was at or below the
detection limit were 6 (10.2%), 23 (39.0%) and 5 (8.5%) samples, respectively (253).
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Table 24 Surveillance on deoxynivalenol (DON) and nivalenol (NIV) in domestically
produced wheat (FY 2007; 59 samples in total)

Total of both
mg/kg DON NIV levels
<0.005 6 23 5
0.005< 24 21 20

0.05< 11 7 12
0.1< 15 6 14
0.4< 1 2 3
0.6< 0 0 3
1.1< 2 0 2

Fiscal year is 1% April through 315 March.

Note: This table is taken from the Health and Labour Sciences Research program, Kabi doku wo fukumu shokuhin no anzensei
ni kansuru kenkyii, Heisei 19 nendo, Sokatsu/buntan kenkyii hokokusho (A Study on the Safety of Food Containing
Mycotoxins, the FY 2007 Summary/ Grant Research Report) with some modifications (253).

(2) Estimation of exposure

Out of the main grains known to be contaminated with DON and NIV, rice and wheat are likely to be
consumed in large amounts in Japan. With regards rice, there is a report using a provisional calculation of
the amount of exposure based on the average contamination levels and average rice consumption, which
reveals very low intakes of these toxins: 0.0029 pg/kg bw per day of DON and 0.0032 pg/kg bw per day of
NIV in adults; as well as 0.0052 pg/kg bw per day of DON and 0.0056 ug/kg bw per day of NIV in infants
aged 1 — 6 years (242). Since wheat is thus likely to be the main food contributing to DON and NIV intakes
in Japan, DON and NIV exposures have been estimated based on data on consumption of foods containing
wheat and data including surveillance of mycotoxin contents in these foods.

(i) A provisional calculation by total diet study (TDS) method

In FY 2005, the MHLW conducted a survey of intakes of DON and other trichothecene mycotoxins by
total diet study (TDS) method using the market-basket method.!* The survey of trichothecene mycotoxin
contents in food groups I (rice and processed rice products), Il (processed grain products and processed
starch products), III (sugar and confectionery) and IV (preference beverages) in 4 regions found that food
group II (processed grain products and processed starch products ) was contaminated with DON in all 4
regions. Based on these results, the average DON intake per person in Japan was estimated, by assuming
that the average consumption of foods from group II is 168.4 g based on the results of the FY 2002 national
nutrition survey.

The results are shown in Table 25.

Table 25 Estimation of daily intake of deoxynivalenol (DON) by the total diet study
method (FY 2005)

Food . Consumption of food DON intake
R DON level (ug/k
group cglon ON level (ng/ke) group (g) (ng/person) (ng/kg bw/day)*
I Hokkaido 4.77 168.4 803.27 14.85

(processed
grain Kanto 3.65 168.4 614.66 11.36
products,  Shikoku 4.10 168.4 690.44 12.76
processed
starch Kyushu 4.45 168.4 749.38 13.85
products)

Fiscal year is 1% April through 315 March.
Note: This table was taken from the report of the survey on daily intakes of contaminants, etc. in foods (254) with
some modifications.

Total diet study (TDS) method: A wide range of food products are purchased at retail shops, etc. and are processed and prepared to make
them ready for consumption, followed by an analysis to calculate the average chemical contents in each food group. By multiplying
the resulting contents by a specific population’s average consumption of each food group, the average chemical intakes can be estimated.
There are the market-basket method and duplicate diet method.
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*: The values with * are reproduced by the Food Safety Commission from the data in the report (i.e., the average
body weight of an adult man and woman: 54.1 kg).

The estimated average intakes were 14.85, 11.36, 12.76 and 13.85 ng/kg bw per day in the Hokkaido,
Kanto, Shikoku and Kyushu regions, respectively (254).

(i) A provisional calculation using mean values

DON exposure was estimated by a special Health and Labour Sciences Research program conducted in FY
2002. Using the data on DON contamination levels obtained from the aforementioned MAFF’s FY 2002
survey of imported and domestically produced wheat (0.16 and 0.06 mg/kg in domestic and imported wheat,
respectively), the weighted mean DON levels were calculated based on the domestic supply of domestically
produced and imported wheat in FY 1997 (540,000 and 4,560,000 tons of domestic and imported wheat,
respectively). The average wheat consumption per person in Japan was based on the data from the FY
2000 national nutrition survey. The estimation also took into account the residue levels of DON estimated
from an experiment on the reduction of DON during wheat processing, which was conducted in parallel
with the aforementioned program. Based on the above data, the mean DON exposure was estimated.

The results are shown in Table 26.
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Table 26 Estimation of daily exposure of deoxynivalenol (DON) using mean-DON
contamination levels (FY 2002)

Age Wheat consumption Daily intake Japanese person’s Daily intake
(g/day) (ug/kg bw/day) body weight (ng/day/person)
(kg)
Mean of all ages 94.3 0.13 52.6 6.70
Mean of age 1 — 6 years 64.1 0.29 15.9 4.55

FY: Fiscal year is 1% April through 31 March.
Note: This table was produced by the Food Safety Commission based on the report of the urgent research study for the
establishment of standards for deoxynivalenol in wheat, etc. (257).

The estimated intakes were calculated to be 0.13 pg/kg bw per day (6.70 pg per day/person) and 0.29 pg/kg
bw per day (4.55 pg per day/person) in terms of the mean of all ages and that of age 1 — 6 years,
respectively (257).

In FY 2003, the MHLW conducted a surveillance on DON contamination in household wheat flour and
wheat products for babies/infants. The daily DON intake was estimated based on the mean contamination
levels obtained from this survey. The residue levels of DON in bread made from wheat and in noodles after
preparation was set at 1 and 0.5, respectively. It was assumed that 50% of all wheat flour is consumed as
bread and the remaining 50% as noodles.

The results are shown in Table 27.

Table 27 Estimation of daily exposure to deoxynivalenol (DON) by using mean
DON contamination levels (FY 2003)

Age Wheat consumption Daily intake Japanese person’s Daily intake
(g/day) (ng/kg bw/day) body weight (ng/day/person)
(kg)
Mean of all ages 98.0 0.17 52.6 8.8
Mean of age 1 — 6 years 64.1 0.36 15.9 5.7

Fiscal year is 1% April through 315 March.
Note: This table was produced by the Food Safety Commission based on the report of testing and inspection for
mycotoxins in food (252).

The estimated intakes were calculated to be 0.17 pg/kg bw/day (8.8 ug per day/person) and 0.36 pg/kg bw
per day (5.7 ug per day/person) as the mean of all ages and that of age 1 — 6 years, respectively (252).

(iii) A provisional calculation using a probabilistic approach
a. Estimation of DON exposure

From the 2002 national nutrition survey, food items containing wheat were selected and were classified
into 5 categories (flours, breads, noodles, Chinese foods, and confectionery), followed by calculation of
food consumption in each category based on the data from the survey. Then, in order to calculate the
distribution of wheat consumption in each population, the wheat concentration in each category was set and
a data set for simulation was constructed, assuming a log-normal distribution for each of the age strata (4
strata, including 1 — 6, 7— 14, 15 — 19, and 20 < year-old strata).

In addition, based on the results of the aforementioned MAFF’s surveillance of DON content in
domestically produced wheat from FY 2002 to 2004 and on the results of the MHLW?’s surveillance of
DON contamination in FY 2003, DON exposure was estimated by a Monte Carlo simulation, by using the
aforementioned data sets for simulation of the distribution of wheat consumption in the population, and by
setting the following 3 scenarios for regulation of DON content in wheat (assuming a reduction rate of 50%
in the milling process from unpolished wheat).

Scenario (i): No regulations.
Scenario (ii): 0.55 mg/kg as wheat flour (1.1 mg/kg as unpolished wheat)
Scenario (iii): 1 mg/kg as wheat flour (2.2 mg/kg as unpolished wheat)

The results are shown in Table 28.
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No considerable difference was observed between the regulation scenarios. In the age strata, the 1 — 6
year-old stratum showed the highest exposure, with the 7 — 14 year-old and older strata showing similar
values. In estimated exposure, none of the 95th percentile values of the strata was above 1 pg/kg bw per
day, but the 99th percentile value was 2 — 3 pg/kg bw per day in the 1 — 6 year-old stratum and
approximately 1 pg/kg bw per day in the 7 — 14 year-old and older strata.

Note that in the above results, a log-normal distribution of wheat consumption was assumed without setting
the maximum value; instead, impractically high levels of wheat consumption were included in the
distribution data sets. It is thus necessary to take into account the fact that the effect of this manipulation is
greater particularly at higher percentiles (253).

In light of the trend for higher DON contamination levels in domestically produced wheat than in imported
wheat in the FY-2002 survey, it is also necessary to note that the above estimation was based on the worst
scenario which assumes that all wheat consumed was domestic products; and that there are large
year-to-year variations in DON contamination levels, due to the effects of the climate, etc. of the year of
wheat harvest (255).

Table 28 Estimation of daily exposure to deoxynivalenol (DON) in age groups by the
monte-carlo simulation method
Estimated exposure (pg/kg b.w./day)

Age Regulation MIN 1%ile 5%ile  10%ile  25%ile  50%ile  75%ile  90%ile  95%ile  99%ile MAX
1-6 years None 0.00 0.00 0.00 0.01 0.03 0.08 0.19 0.48 0.85 2.58 772.53
1.1 mg/kg 0.00 0.00 0.00 0.01 0.03 0.07 0.19 0.46 0.82 2.38 807.73
2 mg/kg 0.00 0.00 0.00 0.01 0.03 0.08 0.19 0.47 0.85 2.54 915.47
7-14 None 0.00 0.00 0.00 0.00 0.01 0.04 0.08 0.20 0.36 0.97 513.98
years 1.1 mg/kg 0.00 0.00 0.00 0.00 0.01 0.04 0.08 0.19 0.35 0.89 319.57
2 mg/kg 0.00 0.00 0.00 0.00 0.01 0.04 0.08 0.20 0.36 0.95 1,092.02
15-19  None 0.00 0.00 0.00 0.00 0.01 0.03 0.08 0.19 0.36 1.08 3,357.92
years 1.1 mg/kg 0.00 0.00 0.00 0.00 0.01 0.03 0.08 0.19 0.34 0.98 5,485.20
2 mg/kg 0.00 0.00 0.00 0.00 0.01 0.03 0.08 0.19 0.35 1.06  3,929.46
20< None 0.00 0.00 0.00 0.00 0.01 0.03 0.08 0.18 0.32 0.94 32.66
years 1.1 mg/kg 0.00 0.00 0.00 0.00 0.01 0.03 0.07 0.18 0.31 0.87 7.43
2 mg/kg 0.00 0.00 0.00 0.00 0.01 0.03 0.08 0.18 0.32 0.93 11.07
Assumption B (for all samples below the detection limit, a uniform distribution between 0 and 0.05 mg/kg was used.)
Estimated exposure (pg/kg b.w./day)
Age Regulation MIN 1%ile 5%ile  10%ile  25%ile  50%ile  75%ile  90%ile  95%ile  99%ile MAX
1-6 years None 0.00 0.00 0.00 0.00 0.01 0.04 0.14 0.43 0.81 2.54 889.48
1.1 mg/kg 0.00 0.00 0.00 0.00 0.01 0.04 0.14 0.41 0.77 2.33 917.10
2 mg/kg 0.00 0.00 0.00 0.00 0.01 0.04 0.14 0.43 0.80 249  1,466.35
7-14 None 0.00 0.00 0.00 0.00 0.00 0.02 0.06 0.19 0.35 0.96 363.30
years 1.1 mg/kg 0.00 0.00 0.00 0.00 0.00 0.02 0.06 0.19 0.34 0.88 243.03
2 mg/kg 0.00 0.00 0.00 0.00 0.00 0.02 0.06 0.19 0.35 0.94 263.86
15-19  None 0.00 0.00 0.00 0.00 0.00 0.02 0.06 0.18 0.34 1.02 10,165.50
years 1.1 mg/kg 0.00 0.00 0.00 0.00 0.00 0.02 0.06 0.18 0.33 092 541647
2 mg/kg 0.00 0.00 0.00 0.00 0.00 0.02 0.06 0.18 0.34 1.00 15,834.00
20< None 0.00 0.00 0.00 0.00 0.00 0.01 0.05 0.17 0.32 0.94 23.31
years 1.1 mg/kg 0.00 0.00 0.00 0.00 0.00 0.01 0.05 0.16 0.31 0.87 11.43
2 mg/kg 0.00 0.00 0.00 0.00 0.00 0.01 0.05 0.17 0.32 0.93 11.72
Note:  Taken from the estimation of deoxynivalenol (DON) exposure to people in Japan through wheat consumption by Monte Carlo

simulation (253) (with some modifications).

b. Estimation of NIV exposure

From the FY 2004 “Food Consumption and Consumption Frequency Survey,” food items containing wheat
were selected and were classified into 5 categories (a. flours, b. breads, c. noodles, d. Chinese foods, and e.
confectionery). Then, in order to calculate the distribution of wheat consumption in each population, the
wheat concentration in each category was set based on the same survey, etc. and a data set for simulation
assuming a log-normal distribution was created for each of the age strata (4 strata, including 1 — 6, 7 — 14,
15— 19, and 20 < year-old strata).

Then, based on the results of the aforementioned surveillance of DON and NIV contamination in
domestically produced wheat (excluding Hokkaido products) conducted by the Health and Labour Sciences
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Research program in FY 2007 (253), NIV exposure was estimated by using data sets for simulation on
distribution of wheat consumption in the population (setting a reduction rate of 50% in the milling process
from unpolished wheat) , and by setting the following four scenarios for regulation of NIV under the
current regulation of DON (unpolished wehat 1.1 mg/kg).

Under the current regulation of DON (unpolished wheat: 1.1 mg/kg),
@Exposure to NIV was estimated using:

Scenario (i): No regulations on NIV

Scenario (i1): NIV (0.2 mg/kg) in wheat (unpolished)

Scenario (iii): NIV (0.5 mg/kg ) in wheat (unpolished)

Scenario (iv): NIV (1.0 mg/kg) in wheat (unpolished)

The results are shown in Table 29.

Table 29 Estimation of daily exposure of different age groups to nivalenol (NIV) by
the monte-carlo simulation method

1-6 years old

Scenario 50%ile - 60%ile - 70%ile - 80%ile - 90%ile - 95%ile -97.5%ile: 99%ile -99.5%ile-99.8%ile-99.9%ile
Regulations on NIV 001° 002 005 009 019 033 052 085 1172 171" 220
alone:None | T R S T LT T

Regulations on NIV
alone: 0.5 mg/kg : : : - : : - : :
Regulations on NIV i i i i i i i i i i
alone: 1 mg/kg T O O O O O O T T T

7-14 years old ] ] _ ] ] ] _ ] ] ]
Scenario 50%ile ! 60%ile ! 70%ile ! 80%ile ! 90%ile ! 95%ile ! 97.5%ile'_ 99%ile :99.5%ile:99.8%ile:99.9%ile

Regulations on NIV 0.01: 002 003 007 014 023 036 058 079 113 144
alone: None | T T ST : : :

Regulations on NIV 0.01° 002 003 006 011 019 027 041" 053 0720  0.89

alone: 0.2 mg/kg

[Regulations on NIV
lalone: 0.5 mg/kg

Regulations on NIV ! i i ! i i i i i |
alone: 1 mg/kg T T T T T T T T O o

15-19 years old
Scenario 50%ile : 60%ile : 70%ile : 80%ile : 90%ile : 95%ile :97.5%ile: 99%ile :99.5%ile:99.8%ile:99.9%ile

Regulations on NIV 0.01° 001° 0.03 005 011 018 028 044 059 083  1.04
alone:None | " e T e e S S S

Regulations on NIV
alone: 0.2 mg/kg

Regulations on NIV
alone: 0.5 mg/kg

Regulations on NIV ! ' i i ; ; ; : ; :
alone: 1 mg/kg S S et D A 18 28! 44

20< years old ] ] ] _ ] ] ] _ ] ]
Scenario 50%ile * 60%ile - 70%ile - 80%ile * 90%ile - 95%ile 97.5%ile" 99%ile *99.5%ile 99.8%ile 99.9%ile

Regulations on NIV 0.00:  0.01: 002 003 007 0.11: 0170 028 037  0.53
alone:None | " L ST e o T T

Regulations on NIV
jalone: 0.2 mg/kg
Regulations on NIV
alone: 0.5 mg/kg
Regulations on NIV ' ' ' ' '
alone: 1 mg/kg T T o T T O o T
Note 1:  Extracted from the Health and Labour Sciences Research program, Kabi doku wo fukumu shokuhin no anzensei ni
kansuru kenkyii, Heisei 19 nendo, Sokatsu/buntan kenkyii hokokusho (A Study on the Safety of Food Containing
Mycotoxins, theFY 2007 Summary/Grant Research Report) (256) (with some modifications).

Note 2: Estimated exposure levels are in the units of pg/kg bw per day.
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In theage strata, the 1 — 6 year-old stratum showed the highest exposure, with a trend for lower exposure in
higher age strata. In estimated NIV exposure, none of the 95th percentile values of the strata was above
0.4 pg/kg bw per day, but the 99th percentile values were all above 0.7 pg/kg bw per day, except for the 1 —
6 year-old stratum under the scenario of a regulatory limit of NIV (0.2 mg/kg) alone (256).

Note that in the above results, a log-normal distribution of wheat consumption was assumed without setting
the maximum value; instead, impractically high levels of wheat consumption were included in the
distribution data sets. It is thus necessary to take into account the fact that the effect of this manipulation
is greater particularly at higher percentiles. It is also necessary to note that: this estimation assumes that all
wheat consumed was domestic products; that in the surveillance, the correlation between DON and NIV
contamination may be found higher than it actually is, because samples did not include Hokkaido wheat,
whose NIV contamination levels are relatively low and whose production volume is high; and that there are
large year-to-year variations in DON and NIV contamination levels, due to the effects of the climate, etc. of
the year of wheat harvest.

(3) Reduction during milling and cooking processes, etc.

The reduction rates of DON and NIV during milling were investigated using unpolished wheat and wheat
flour milled from the same (previously-mentioned) unpolished wheat. For both unpolished wheat and
milled wheat flour, 4 sets (for household consumption, confectionery, noodles and baking) of paired
samples were used. A total of 160 samples were collected, 20 samples from each type. The mean DON and
NIV contents in unpolished wheat were 184 pg/kg (range: 6 — 2452 ng/kg) and 23 pg/kg (7 — 174 pg/kg),
respectively. The mean DON and NIV contents in wheat flour were 42.4 pg/kg (8 — 1620 ug/kg) and 3.41
ng/kg (4 — 20 ng/kg), respectively. The reduction rates during the milling process are shown in Table 30.
The mean reduction rates were 73% and 57.7% for DON and NIV, respectively (257).

Table 30 Effects of milling ondeoxynivalenol (DON) and nivalenol (NIV) in wheat

Overall Type of wheat
Household Confectionery Noodles Baking
Mean reduction rate of]
DON (%) Mean+SE 73.0£2.70 69.4+5.75 78.9+5.31 74.0£6.75 72.6+4.61
Range of reduction rate (%) 25—97 38—92 43—94 25—94 29—97

No. of samples with detected DON
after milling/no. of samples with 59/77 18/20 11/20 11/17 19/20
detected DON before milling

Mean r;‘?\‘ft(lg; rae ofl \eansSE | 5774430 | 63.8+5.8 47.0412.9 59.9+10.8 38.3+13.2
0
Range of reduction rate (%) 0-91 31—91 21—77 0—84 13—57
No. of samples with detected NIV
after milling/no. of samples with 24/73 16/20 4/20 8/14 3/19

detected NIV before milling

Note: This table was produced by the Food Safety Commission based on the report of the urgent research study for the
establishment of standards for deoxynivalenol in wheat, etc. (257).

In these results, the levels detected in samples as below the detection limit after milling was not calculated,
and data on these samples were not summarized. It should be noted that for NIV levels detected in high
proportions of samples were below the detection limit after milling, and that the contamination levels in
pre-milled wheat were relatively low.

A study on the reduction of DON during milling and cooking was conducted by a Health and Labour
Sciences Research program. Contaminated unpolished wheat was milled and measured for DON levels.
Then, DON-contaminated high-gluten flour and noodle wheat flour were prepared and measured for DON
levels after the former was processed, made into bread and steamed buns, and the latter processed and
cooked into UDON noodles. The mean reduction rates during milling were 61.3% and 49.5% in unpolished
wheat with DON levels 0.78 ug/kg and 0.20 pg/kg, respectively. The reduction rates during baking,
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cooking and steaming were 0.12%, 71.1% and 17.9% in bread, UDON noodles and steamed buns,
respectively. Since DON is water-soluble, it was likely that DON in UDON noodles was reduced

effectively by transferring into cooking water (257).

Table 31 Reduction of deoxynivalenol (DON) by milling and cooking using a home
cooking machine

Reduction ra:oe/(;urmg milling Reduction rate during cooking (%)
(1)
Bread 0.12
61.3% (unpolished wheat,
0.78 pg/kg) UDON
71.1
49.5% (unpolished wheat, noodles
0.20 ng/kg) Steamed
17.9
buns

Note: This table was produced by the Food Safety Commission based on the report of the urgent research study for the
establishment of standards for deoxynivalenol in wheat, etc. (257).

The reduction of DON during processing and cooking UDON noodles as well as processing, baking and
steaming bread from wheat flour using household applicances was compared between HPLC and
bioactivity analysis. The WST-8 and BrdU assays using 3T3 cells were employed for the bioactivity

analysis..

The results are shown in Table 32.

Table 32 Residual deoxynivalenol (DON) retention at each processing stage of
UDON noodles and bread measured by HPLC and cytotoxicity assay

A. UDON noodles (made by using household noodle making machines)

HPLC (residual rate in %)

Bioactivity analysis

WST-8 (residual rate in %) BrdU (residual rate in %)
Wheat flour 100.29+3.65 100.29+3.65 100.29+8.78
Udon noodles before boiling 98.55+4.08 98.55+4.08 98.84+6.78
Udon noodles after boiling 30.52+4.08 34.53+1.29 28.88+5.02
Water used for boiling 41.28+3.89 64.97+3.99 42.89+4.58

B. Bread (made by using household bread making machines)

HPLC (residual rate in %)

Bioactivity analysis

WST-8 (residual rate in %) BrdU (residual rate in %)
Wheat flour 100.00+7.04 100.00+4.10 100.00+1.53
Bread 108.42+8.45 84.05+4.34* 92.30+1.03*

*:  Significantly different from the corresponding HPLC

results at p<0.05.

Taken from literature (258) (translated into Japanese with some modifications).

In UDON noodles, an approximately 70% reduction of DON was observed during cooking by both the
HPLC and bioactivity analysis, with no significant differences between the both analysis. In bread, on the
other hand, no reduction was observed by HPLC, while the bioactivity analysis indicated a reduction, with
significant differences between the HPLC and bioactivity analysis. This could be due to DON complex
formation during bread making, which can be attributable to weakend toxicity of DON (258).

Reduction of DON and NIV during commercial-scale baking was investigated, using paired samples
consisting of bread products produced at bread plants in 9 different regions in Japan and wheat flours used
as ingredients in the preparation of the above bread products. The investigation of 35 samples of bread and
35 samples of wheat flour (a total of 70 samples) for DON and NIV contamination revealed mean DON
and NIV reduction rates of 25.6% and 34.2%, respectively, during commercial-scale baking (Table 33).
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Table 33 Mean reduction rates of deoxynivalenol (DON) and nivalenol (NIV) during
bread making (in commercial scale)

DON NIV

Reduction rate during bread making (in

. 25.6% 34.2%
commercial scale)

(259)

Potential reasons for the considerable differences between reduction rates during the baking process using
commercial-scale machines and that by using household baking machines are as follows : (i) reduction may
have different trends depending on the scale of baking process, i.e. while household bread making
machines were used in the baking process described earlier, the latter-described baking process was on a
large, commercial scale; and (ii) lower levels of contamination may be associated with higher reduction
rates.

Decomposition by roasting of DON and NIV in naturally contaminated barley was analyzed by GC-MS or
ELISA using monoclonal antibodies. The GC-MS analysis confirmed that decomposition of DON and NIV
is dependent on the heating temperature and heating time. However, after heating for 5 or 30 min at 150°C,
the GC-MS analysis indicated a slight reduction, while the ELISA conversely showed an increase. These
results suggest that thermal decomposition products of DON and NIV have high levels of cross reactivity
with the monoclonal antibodies (260).

Reduction of DON during the processes from milling to cooking was investigated using durum wheat
spaghetti. When the DON content in unpolished wheat was taken as 100%, the DON residue rates after
milling, noodle making (before cooking) and cooking were 36.5 + 12.9%, 32.6 £ 12.3% and 19.5 + 7.8%,
respectively (261). These results indicate that the reduction rate of DON in durum wheat spaghetti during
cooking is approximately 40%.

DON is known to increase during the process of fermentation. It has been reported that there was little
reduction of DON in yeast-fermented bread products (262, 263, 264, 265, 266) and that, on the contrary,
DON increases during yeast fermentation (267). Studies on brewing suggest that the increase of DON
during this type of processing is caused by conversion of DON precursors and DON complexes contained
in the raw materials to DON (268, 269).

Many other studies have been conducted on reduction of DON during milling and cooking. Reports of
these studies indicate that DON reduces during milling but cannot be eliminated completely by normal
cooking processes due to its heat resistance. They do indicate, however, that due to its high solubility in
water DON transfers easily into water during cooking in boiling water (270).
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IV. Risk Assessment

A risk assessment of deoxynivalenol and nivalenol was conducted using the materials listed in the
references section. In setting tolerable daily intakes (TDIs), the assessment was conducted based on studies
involving administration of purified toxins.

1. Deoxynivalenol (DON)

After oral administration, DON mainly undergoes de-epoxydation by the intestinal flora in the
gastrointestinal tract, as well as glucuronate conjugation in vivo, thereby being converted and metabolized
to less toxic derivatives, followed by excretion in urine and stool together with unchanged DON.

Major findings from toxicity studies using experimental animals include emesis, decreased feed
consumption, suppressed body weight gain and effects on the immune system. At doses higher than those
at which the above effects were found, fetal toxicity and teratogenicity were found.

In genotoxicity studies, while positive results were obtained in some chromosome aberration tests, etc., the
toxicity was not high. In addition, DON showed no carcinogenicity in a 2-year chronic toxicity study using
mice. From these results, it was considered unlikely that DON has in vivo genotoxic potential. The IARC
has classified toxins produced by Fusarium sp., including DON, as Group 3, i.e., not classifiable as to
carcinogenicity to humans.

Based on the above reasons, the Commission has concluded that at this point, DON cannot be regarded as
genotoxic or carcinogenic, and that a TDI can be set for it.

The following points were taken into account in setting a TDI.

Of the findings obtained in the various toxicity studies, emesis was seen at quite low doses (i.e., 0.05 — 0.1
mg/kg bw) in single oral dose studies in pigs. However, these results were obtained after treatment by oral
gavage (solvent: water or saline), and after in-feed treatment, no emesis was found even at higher doses
(0.19 — 0.6 mg/kg bw). The Commission decided to take into account the results obtained after in-feed
treatment, since in-feed treatment is closer to the way people ingest the toxin from foods than treatment by
oral gavage.

Of the effects on the immune system, resistance to infection was found to be weakend, as decreased
survival rates after infection with S. enteritidis, was seen in the 0.12 mg/kg bw/day and higher dose groups,
in a study using mice. However, the Commission considered it inappropriate to use the results of this
study as a basis for setting a TDI, since the doses at which resistance to infection was observed were higher
than the NOAEL obtained in the 2-year chronic toxicity study using mice, and since the reaction used as
the index in this test system included potential effects of the pathogen.

In a study using pigs, in-feed treatment with DON resulted in a dose-dependent decrease in the secondary
antibody response to tetanus toxin. However, the Commission considered it inappropriate to use the results
of this study as a basis for setting a TDI, since the study used naturally contaminated feed instead of
purified DON, and since the no effect dose cannot be determined due to the lack of a control group of
animals fed a diet without treatment with the toxin.

With respect to effects on blood IgA, a study using mice showed increased blood IgA levels after treatment
with 0.071 mg/kg bw of DON by oral gavage 3 days per week for a 4-week period. However, the
Commission decided not to use these results as a basis for setting a TDI, considering that: there was no
dose relationship and the increase was slight; that no other feeding study using mice has shown any effects
at such a low dose; and that the 2-year chronic toxicity study in mice showed no IgA accumulation in renal
mesangial cells and no nephropathy.

Therefore, the Commission considered that adequate safety is ensured by setting the NOAEL at 0.1 mg/kg
bw per day based on the suppression of body weight gain observed in the 2-year chronic toxicity study in
mice and by setting a TDI based on this NOAEL.

For the above reasons, the TDI for DON was set at 1 ug/kg bw per day, by applying an uncertainty factor
of 100 (10 for inter-species differences and 10 for inter-individual variations) to the above NOAEL of 0.1
mg/kg bw per day.

2. Nivalenol (NIV)
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After oral administration, NIV mainly undergoes de-epoxydation by the intestinal flora in the
gastrointestinal tract, thereby being converted and metabolized to less toxic derivatives, followed by
excretion in urine and stool together with unchanged NIV.

Major findings from toxicity studies using experimental animals include decreased feed consumption,
suppressed body weight gain and effects on the immune system. At doses higher than those at which the
above effects were found, embryotoxicity was found.

In genotoxicity studies, the toxicity levels were not considered high though positive results were obtained
in some chromosome aberration tests. While positive results were obtained in some comet assays, a study
on potential mutations in transgenic mice gave negative results. This result suggest that NIV causes initial
damage to genes, and that this damage can be repaired, making mutations unstable. It should be noted
however that the paucity of existing data made it difficult to assess the genotoxic potential of NIV at this
time. As a matter of fact, a 2-year chronic toxicity study using mice indicated no carcinogenicity, and in a
medium-term hepatocarcinogenicity study using rats, no changes in GST-P-positive foci were observed in
the group treated with NIV alone or the group treated with NIV and DEN. However, the group subjected to
initiation by DEN followed by treatment with AFB1 and then with NIV showed an increase in the area of
GST-P-positive foci compared with the group treated with AFB1 alone after initiation by DEN, suggesting
that NIV enhanced the induction of liver cancer by AFBI1 after initiation by DEN. The IARC has classified
toxins produced by Fusarium sp., including NIV, as Group 3, i.e., not classifiable as to carcinogenicity to
humans.

For the above reasons, the Commission concluded that a TDI can be set for NIV, considering that: while
NIV enhanced the induction of liver cancer in rats by AFB1 after initiation by DEN, no
carcinogenesis-promoting effect was observed after treatment with NIV alone following initiation by DEN;
and that no carcinogenicity was found in the 2-year chronic toxicity study using mice.

Of the various toxicity studies, a study investigating effects on the immune system using mice showed
increased blood IgA levels after treatment with NIV (0.071 mg/kg bw) by oral gavage 3 days per week for
a 4-week period. However, the Commission decided not to use these results as a basis for setting a TDI,
considering that: there was no clear dose relationship and the increase was slight; that no other feeding
study using mice has shown any effects at such a low dose; and that 1-year and 2-year chronic toxicity
studies in mice showed no histological changes in the kidneys and no nephropathy.

The Commission considered that adequate safety is ensured by setting the LOAEL at 0.4 mg/kg bw/day
based on decreased WBC counts observed in sub-acute toxicity study in rats with 90 day oral
administration and by setting a TDI based on this LOAEL.

For the above reasons, the TDI for NIV was set at 0.4 pg/kg bw/day, by applying an uncertainty factor of
1,000 (10 for interspecies differences and 10 for inter-individual variations, and 10 for the adopted LOAEL
value derived from the subacute toxicity study) to the above LOAEL of 0.4 mg/kg bw per day.

3. Establishment of a group TDI for DON and NIV

Establisment of a group TDI for DON and NIV was considered difficult at present, due to the limited
number of studies and varied test results on the combined effects of the two toxins, and the fact that the
mechanism of action of each toxin has not been fully clarified. However, since it is inferred from their very
similar chemical structures that DON and NIV are likely to have similar toxic effects, the Commission
considers it desirable to hold discussions for setting a group TDI once relevant information is obtained.

4. Status of exposure

Although no detailed analysis has been conducted on the contribution of different foods to DON and NIV
exposures in Japan, foods containing wheat are estimated to be the main source of exposure from the
current situation of food contamination and food consumption.

An investigation of DON and NIV intakes by TDS method revealed that the average exposure to DON was
11.36 — 14.85 ng/kg bw/day. On the other hand, exposure to NIV could not be estimated since the toxin
was not detected in any of the samples.

Based on the average mycotoxin contamination level found in surveillance of wheat and on the averege
wheat consumption of people in Japan, the estimated exposure to DON was 0.13 — 0.17 pg/kg bw per day
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and 0.29 — 0.36 pg/kg bw per day on average of all ages and that of 1 — 6 years, respectively.

Exposures to DON and NIV were estimated using a probabilistic approach based on the results of
surveillance of DON and NIV contaminations in domestically produced wheat and on the consumption of
foods containing wheat. The results showed that in all age groups, the 95th percentile exposures to DON
and NIV were less than 1 ug/kg bw per day and less than 0.4 pg/kg bw per day, respectively. However, this
estimation assumed the reduction rates of both DON and NIV during milling from unpolished wheat at
50% based on experiments, without considering reductions during other processing and cooking processes.
Therefore, the actual exposures are likely lower than these estimations. It must also be noted that in the
above results, a log-normal distribution of wheat consumption was assumed without setting the maximum
value; instead, impractically high levels of wheat consumption were included in the distribution data sets. It
is thus necessary to take into account the fact that the effect of this manipulation is greater particularly at
higher percentiles. Furthermore, attention must be paid to the fact that the above provisional calculation
was based solely on the results of surveillance of DON and NIV contamination in domestically produced
wheat and did not take into account the contamination status in imported wheat, and that the results have
uncertainty due to the wide variations in mycotoxin contamination levels because of the effects of the
climate, etc. of the year of wheat harvest.

5. Summary

<Deoxynivalenol (DON)>
TDI: 1 pg/kg bw/day

(Rationale for TDI setting) A chronic toxicity study

(Animal species) Mouse

(Period) 2 years

(Method of administration) Diet

(Finding providing rationale for NOAEL) Suppressed body weight gain

(NOAEL) 0.1 mg/kg bw/day

(Uncertainty factor) 100 (10 each for interspecies and individual variations)
<Nivalenol (NIV)>

TDI: 0.4 pg/kg bw/day

(Rationale for TDI setting) A subacute toxicity study

(Animal species) Rat

(Period) 90 days

(Method of administration) Diet

(Finding providing rationale for LOAEL) Decrease in WBC count (females)

(LOAEL) 0.4 mg/kg bw/day

(Uncertainty factor) 1,000 (10 each for interspecies and individual variations,

and 10 for the adoption of the LOAEL found in the
subacute toxicity study)

Estimates of exposure to DON and NIV in Japan were considered below the established TDIs (1 pg/kg bw
per day for DON; and 0.4 ng/kg bw per day for NIV). Therefore, dietary intake of DON and NIV was
considered unlikely to cause adverse effects on health in the general population of Japan.

A provisional limit of 1.1 mg/kg has been set for DON in unpolished wheat, and measures to reduce DON
and NIV contamination in production processes have been taken. However, followings should be
considered: the estimation of exposures using a probabilistic approach revealed estimated values that were
relatively close to the TDIs, particularly in children, and that there are wide variations in mycotoxin
contamination due to the effects of climate, etc. of the year of harvest. Therefor, the Commission deems it
desirable to steadily promote the measures currently taken to reduce DON and NIV contamination in
production processes, as well as to discuss the necessity for setting standard limits for these toxins.

6. Future tasks

During the discussions on the present risk assessment of DON and NIV, the following information
including data, etc. were regarded necessary to further improve the Commission’s risk assessment:
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e Information on the safety of DON and NIV analogues (acetylated, glycosidic and other
analogues)

* Information on genotoxicity (particularly of NIV)

* Information on chronic toxicity and carcinogenicity in animal species other than mouse

* Information on combined effects of trichothecenes, including DON and NIV

e Human epidemiological data

* Data on actual DON and NIV (including acetylated, glycosidic and other analogues)
contamination

*  Discussion on use of the benchmark dose method in setting TDIs
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<List of abbreviations of test items, etc.>

Abbreviation Full name
15-AcDON 15-acetyldeoxynivalenol
3-AcDON 3-acetyldeoxynivalenol
AcDON Acetyldeoxynivalenol
4-AcNIV 4-acetylnivalenol (fusarenon-X)
SHT; 5-hydroxytryptamine (serotonin)
AFBI1 Aflatoxin By
Akt Serine/threonine protein kinase
ALT Alanine transaminase
AP-1 Activator protein 1
ASAT Aspartate aminotransferase
AST Alanine aminotransferase
AUC Area under the blood concentration curve
Bax Bcl2-associated X protein
BMD Benchmark dose
BrdU 5-bromo-2’-deoxyuridine
cAMP Cyclic adenosine monophosphate

Cluster of differentiation (The term “CD” followed by a number is used to name a
CD surface antigen. Combinations of expressed CD antigens are analyzed or otherwise
used to classify cells or analyze their functions, etc.)

CFU-GM Colony forming units for granulocytes and macrophages

CINC Cytokine-induced neutrophil chemoattractant
CnAp Calmodulin-dependent protein phosphatase A}
COX-2 Cyclooxygenase-2
CREB cAMP response element binding protein
CYP Cytochrome P450
DCNB Dichloronitrobenzene
DAS Diacetoxyscirpenol
DEN Diethyl(nitroso)amine
DHA Docosahexaenoic acid
DMSO Dimethyl sulfoxide
DNA Deoxyribo nucleic acid
DON Deoxynivalenol
EDso 50% effective dose
ELISA Enzyme-linked immunosorbent assay
EPK Extracellular signal-regulated kinase
FB1 Fumonisin B
Fra-2 Fos-related antigen-2
FSH Follicle stimulating hormone
GC Gas chromatography
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Global Environment Monitoring System/Food Contamination Monitoring and

GEMS/Food Assessment Programme
GGT Gamma-glutamyl transferase (gamma-glutamyl transpeptidase [y-GTP])
GM Granulocyte-monocyte
GST-P Placental glutathione S-transferase
HPLC High performance liquid chromatography
HPRT Hypoxanthine-guanine phosphoribosyltransferase
ICso 50% inhibitory concentration
IFN Interferon
Ig Immunoglobulin
IGF1 Insulin-like growth factor 1
IGFALS Insulin-like growth factor binding protein, acid labile subunit
IL Interleukin
iNOS Inducible nitric oxide synthase
JNK c-Jun N-terminal kinase
LDso 50% lethal dose
LH Luteinizing hormone
LPS Lipopolysaccharide
MCP Monocyte chemotactic protein
MHC Major histocompatibility complex
MIP Macrophage inhibitory protein
MKP1 Mitogen-activated protein kinase phosphatase-1
mRNA Messenger RNA (ribonucleic acid)
MS Mass spectrometry
Mskl Mitogen- and stress-activated protein kinase 1

3-(4,5-dimethylthiazol-2-yl)-5-(3-carboxymethoxyphenyl)-2-

MTS (4-sulfophenyl)-2H-tetrazolium
MTT 3-[4,5-dimethylthiazol-2-y1]-2,5-diphenyltetrazolium bromide
NF-xB Nuclear factor kappa B
NIV Nivalenol
NK Natural killer
NO Nitric oxide
OVA Ovalbumin
PARP Poly(ADP-ribose)polymerase
PHA Phytohemagglutinin
PKR Polyketide reductase
PM-TDI Provisional maximum tolerable daily intake
PW Pokeweed
RIA Radioimmunoassay
RNA Ribonucleic acid
RSK1 p90 ribosomal S6 kinase 1
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SCE Sister chromatid exchange
SCF European Commission Scientific Committee on Food
SOCS Suppressor of cytokine signaling
TDI Tolerable daily intake
TDS Total diet study
TEER Transepithelial electrical resistance
TLC Thin layer chromatography
TNF Tumor necrosis factor
tTDI Temporary tolerable daily intake
UDS Unscheduled DNA synthesis
WST-8 2—(2—metho>.(y—4—nitrophenyl)—S—(4—nitropheny1)—5—(2,4—disu1fophenyl)—
2H-tetrazolium, monosodium salt
ZEN Zearalenon
a-ZEA a-zearalenol
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<Attached Table>

Results of toxicity studies using unpurified deoxynivalenol (DON)
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mg/kg of ZEN)
Pig, . Naturally
Norwegian .
Landrace contaminated oats
! (containing 12.4 - Decreased feed
59-day-old & . .
2k ? .. |mg/kgof DON, 1.5 0.0.7 0. 0.04 consumption and weight
& -2 |mg/kg of 3-AcDON, |95 days Y i gain, increased liver 0.1° 0.04 177
(7-11 each of| / 1.7,3.5 0.1,0.2 .
fomales and trace amounts of weight, and d_ecreased
NIV and FUS-X, serum albumin.
neutered
males/ and 0.75 mg/kg of
ZEN)
group )
Pig,
Norwegian Naturally
Landrace, contaminated oats
25 kg (containing 14.6 0,0.02,
(59 females | 2 |mg/kg of DON, 176|100 days g’ 2’5 RS 8'82’ . ?;;}Z‘;Zego‘z;‘i}l“ gg;“ 016" | 008 | 276
and 2-8 mg/kg of 3-AcDON, ’ e ption.
0.16
neutered and trace amounts of
males/ NIV and ZEN)
group)
- The phagocytic ability of
isolated
Pig 5 |Naturally 0, 0,083 - | Mmonocyte-derived
(6/ group) B |contaminated 5-11 weeks 35.44 0213 macrophages was lower 277
group T ' in the DON-treated group.
- No changes in T-cell
stimulating ability.
Horse, Naturally - No effects on feed
12.5-year 5 |contaminated barle consumption, weight gain
old, 444 kg | 2 i Y |40 days 0.11" ption, weight g 011" | 278
A |(containing 36- 44 or serm parameters
(5 each sex/
mg/kg of DON)
group)
Cattle,
holstein, in . - No effects on feed
.. |Contaminated barley . .
early 154 .. 0,2.1, 0, 0.075, consumption, weight
. = |(containing 24 21 days . . 0.3 279
lactation A m/ke of DON) 6.3,8.5 0.22,0.3 gain, rumen pH or milk
(2 females/ efke yield.
group)
Cattle,
neutered Artlﬁmglly 0.01, - No effects on feed
calves, % |contaminated barley 84 days 0.9,3.7, 0.05 consumption, weight gain 0.1 280
293 kg B |(containing 22.2 y 64,92 |77 o | e n‘: ar;metegrs g :
(18 males/ mg/kg of DON) e p :
group)
Lamb, Natural_ly - No effects on feed
contaminated wheat . .
3-6-month 5 |(containing 26 consumption, weight
old, 18 kg 2 g9 28 days 0,15.6 0, 0.94" gain, or hematological, 0.94° 281
A |mg/kg of DON; .
(3-4 each serological and
sex/ group) ZEN was not histological parameters
group detected) gieatp ’
Broiler Naturally - No effects on feed
chick, B |contaminated wheat * consumption, weight B
1-day-old A |(containing 27 21 days 0,16 0,15 gain, or hematological, 15 282
(36 males/ mg/kg of DON; serological or histological
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group) aflatoxin, ZEN, parameters.
ochratoxin,
cyclopiazonic acid,
moniliformin and
fumonisin were
below the detection
limits)
Naturally
contaminated wheat
Broiler (containing 26
chick, . |mg/kg of DON;
l-day-old | 2 |ZEN,T-2toxin, |21 days 0,16 0,13' |  Decreased feed 13° 283
[ I . efficiency.
(60 males/ diacetoxyscirpenol,
group) aflatoxin and
ochratoxin were not
detected)
- No effects on feed
. Naturally . .
Broiler . consumption, weight
. contaminated wheat . .
chick, 1-day-| (containing 27 gain, or hematological or
old (36 =2 g . 21 days 0,15 0,13 serological parameters. 1.37 284
A |mg/kg of DON; ) .
males/ - Increased relative weights
ZEN was not
group) detected) of the heart, bursa of
Fabricius and gizzard.
0.1,1.0,2.1,
34
Naturally (containing
Broiler contaminated oats 0,0.18,0.3, - No effects on feed
chick, .. |(containing 12.1 0.53 of 0.01, 0.1, consumption, weight
1-day-old -E mg/kg of DON, 1.8 (35 days 3-AcDON, [0.21, gain, carcass weight, or 0.34" 285
(240 each mg/kg of 3-AcDON respectively, |0.34" heart or histological
sex/ group) and 1.4 mg/kg of and 0, 0.15, parameters.
ZEN) 0.26, 0.5 of
ZEN,
respectively)
Contaminated corn
(containing 9.8
mg/kg of DON, 1.24
mg/kg of - No effects on weight gain,
Broiler 15-AcDON, 0.725 1.8,3.6,5.3 feed conversion rate or
chick, 1- B |mg/kgof NIV, 1.15 +50% of ]0.14,0.3, | serological parameters. . .
day-old (45/ | B |mg/kg of ZEN, 1.04 |37 98y other 046" |- Atthe highest dose, 0.46 0.3 286
group) mg/kg of mycotoxins significant increase in
moniliformin, 1.43 heart weight.
mg/kg of
beauvericin and
0.105 mg/kg of FB1)
Il\/_lalel:rri,l d = [Naturall - No effects on serological,
Y 2 Y 14 days 0,5.8 0,1.5" hematological or 15" | 287
(10 each sex/| A |contaminated wheat . .
histological parameters.
group)
Dog, Beagle Natural_ly 0,
. contaminated wheat
or Brittany, 5 |(containing 37 0,1,2,4,6 0.075, - Emesis and decreased
1-7-year-old, | -2 & 14 days > 70.15,0.3, . 0.45" 0.3" 112
A |mg/kg of DON and 1 8, 10 feed consumption.
15-20 kg mg/kg of 0.45,
(2-14/ group) 15-AcDON) 0.6,0.75
Cat, Naturally
American contaminated wheat 0, 0.05,
Shorthair, B |(containing 37 0,1,2,4,6,(0.1,0.2, |- Emesis and decreased « ¥
1-9-year-old, | B |mg/kg of DON and 1|14 92Ys 8, 10 03,04, | feed consumption. 04 0.3 12
1-4 kg mg/kg of 0.5
(2-8/group) 15-AcDON)

*:  Converted values based on the JECFA standards.
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