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Abstract

In order to investigate the transfer of nivalenol (NIV) and fusarenon-X (FX) from pregnant to fetal mice and from lactating to
suckling mice, *H-NIV or *H-FX was given p.o. to pregnant or lactating mice. Radioactivity was detected in the whole fetal
tissues as well as the fetal liver and kidney, the levels being comparable to those of the maternal tissues. Radioactivity was also
detected in the milk, and liver and kidney tissues taken from suckling mice of both *H-NIV or *H-FX administered dams. HPLC
analysis of fetal tissue homogenates from non-labeled FX- or NIV-administered pregnant mice revealed transmission of NIV to
fetuses after administration of either toxin. In mice given the non-labeled FX, major and minor peaks of NIV and FX on HPLC
were noted in suckling pup tissue homogenates. The results demonstrate that NIV transfers in unchanged form to fetal or
suckling mice via placenta or milk, respectively, and that FX does so mainly after being metabolized to NIV in maternal body.

© 2004 Elsevier Ltd. All rights reserved.
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Nivalenol (NIV; 3,4,7,15-tetrahydroxy-12,13-epoxytri-
chothec-9-en-8-one) and 4-acetylnivalenol (fusarenon X,
FX; 3,7,15-trihydroxy-12,13-epoxytrichothec-9-en-8-one)
are trichothecene mycotoxins mainly produced by Fusarium
nivale and F. crookwellense, which occur naturally in crops
such as wheat and barley (JARC, 1993). Previously, we
found that FX given orally is rapidly converted to NIV in
mice (Poapolathep et al., 2003). The primary targets of these
mycotoxins in the animal body are organs containing
actively dividing cells such as the small intestine, thymus,
spleen, bone marrow and testes (IARC, 1993). Toxic effects
have also been observed in fetuses of pregnant animals
given FX and other trichothecenes such as T-2 toxin and
deoxynivalenol (Ito et al., 1980; Rousseaux and Schiefer,
1987; Lafarge-Frayssinet et al., 1990; Debouck et al., 2001).
In the fetuses, impairment of the function of splenic

* Corresponding author. Fax: +-81-3-5841-5469.
E-mail address: askuma@mail.ecc.u-tokyo.ac.jp (S. Kumagai).

0041-0101/$ - see front matter © 2004 Elsevier Ltd, All rights reserved.
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and thymic T cells (Lafarge-Frayssinet et al., 1990) and
apoptosis in these cells (Ishigami et al., 1999) were noted.
Such changes resembling typical trichothecene-induced
changes might indicate transplacental transfer of the toxins.
However, there is no direct evidence of transplacental
transfer of NIV and FX, although radioactivity transfer from
pregnant mice given radiolabeled T-2 toxin to fetuses has
been observed (Lafarge-Frayssinet et al., 1990). Also little is
known about the transfer of NIV and FX from lactating to
suckling animals via milk. The purpose of this study was to
elucidate whether NIV and FX transfer from pregnant mice
to fetuses across the placenta, and from lactating to suckling
mice via milk.

3H-FX (specific activity, 2 Ci/mmol, prepared by
tritiation procedure) purchased from SibTech Co., Inc.,
(CT, USA) or >H-NIV prepared by chemical conversion of
SH-FX (Poapolathep et al., 2003) dissolved in PBS was
orally administered to eight pregnant ICR mice (Japan SLC
Inc., Japan) at the 17th day of pregnancy at a dose of
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3,060,000 dpm (900ng NIV; 40mg/kg b.w.) and
3,030,000 dpm (815 ng FX; 43 mg/kg b.w.), respectively.
At 6 or 24 h after toxin administration, blood specimens
were taken by heart puncture, and urine from the urinary
bladder, from pregnant mice under chloroform anesthesia.
Radioactivity of blood plasma and urine was counted in a
liquid scintillation counter (Packard, Instrument Co., Inc.,

- CT, USA)) using ACS II (Packard) as the scintillation
cocktail. The liver, kidney, uterus and placenta were
removed from the pregnant mice, and the liver and kidney
from the fetuses. These tissues and the whole fetuses were
combusted in an oxidizer (Model 306, Packard), and the ‘H
trapped in water was counted in the liquid scintillation
counter using Monophase S (Packard) as the scintillation
cocktail.

The radioactivity levels of the placenta, plasma and urine
of the dams, and of the whole fetuses, were significantly
higher in the mice given 3H-FX than those given *H-NIV
(Table 1). The difference between FX and NIV may reflect a
more efficient intestinal absorption of FX compared to that
of NIV, as was found in our previous study (Poapolathep
et al., 2003). The levels of the fetal tissues were comparable
to those of the maternal tissues except for the liver levels in
the *H-NIV treated mice at 6 h (Table 1). The levels of the
whole fetus were higher than those of the maternal plasma
(Table 1).

In order to find whether the toxins transfer in
un-metabolized forms across the placenta, FX or NIV was
given orally to pregnant mice at a dose of 0.5 mg/kg b.w.,
and the fetal liver was removed at 8 h and homogenized with
PBS. The tissue homogenates were analyzed for NIV or FX
with HPLC after extraction with acetonitril and cleanup
with a Sep-pak silica cartridge (Waters Corp., MS, USA) as
described previously (Poapolathep et al., 2003). NIV was
detected in the fetal tissues in mice given NIV (data not
shown). In the mice given FX, NIV was detected as a large

peak on HPLC, while FX was not identified as a clear peak
(data not shown). Taken together with the findings of
radioactivity levels, these results indicate that NIV
distributes in fetal tissues after transferring across the
placenta. Detection of only NIV in the fetuses of the
mice given FX is consistent with our previous finding that
FX is rapidly converted to NIV by the liver (Poapolathep
et al., 2003).

Whether FX and NIV transfer from lactating mice to
suckling mice via milk was studied by oral administration of
*H-FX or *H-NIV in six lactating mice (Japan SLC Inc.,
Japan) at the third day of lactation in the same manner as in
the pregnant mice. At 4, 8 or 24 h after toxin administration,
blood specimens were taken by heart puncture from the
dams and pups, and the liver and kidney were removed from
the pups, under chloroform anesthesia. Milk was also taken
from the stomach of the pups, mixed well with equal amount
of PBS and then separated to milk whey, fat and casein acid
fractions by adding HCl and centrifuging at a speed of
3000 rpm. For the tissues and milk casein, radioactivity was
counted after combustion in the oxidizer, and for the other
samples, radioactivity was counted directly by the scintil-
lation counter as described above.

In the mice given SH-NIV, radioactivity levels of the
plasma in the suckling pups were comparable to those of
their dams (Table 2). Radioactivity was also detected in the
plasma of the pups of the dams given “H-FX, although the
level in the pups was 1/3 of that in the dams (Table 2).
A radioactivity level similar to or higher than that of the pup
plasma was noted in the milk casein (Table 2). In order to
find whether the toxins are secreted in milk in an
un-metabolized form, FX was given to lactating mice at a
dose of 0.5 mg/kg b.w., and milk taken from their pups at
8 h was analyzed with HPLC in the same manner as for the
fetal liver. HPLC revealed major and minor peaks at the
location of NIV and FX, respectively (data not shown).

Table 1
Distribution of radioactivity in maternal and fetal mice after 3H-NIV or H-FX administration

*H-NIV *H-FX

6h 24h 6h 24h
Maternal
Plasma 7.22 = 0.10% 3.20 £ 0.37 253 £7.53 5.46 £ 0.28
Liver 149 £ 2.67 2.17 £ 0.06 12.8 £ 1.35 7.34 = 0.68
Kidney 6.10 = 0.32 2.35 = 0.06 12.5 £ 4.62 5.52 £ 0.19
Placenta 534+ 1.16 2.62 = 0.40 12.6 £ 1.99 5.31 £ 0.68
Fetal
Whole tissues 11.3 = 1.28 5.19 = 0.69 48.4 = 2.41 18.5 £ 1.20
Liver 4.73 £ 0.54 227 £0.15 7.57 = 0.49 6.68 = 0.09
Kidney 592 £ 0.22 548 = 1.76 7.34 £ 0.80 9.69 + 0.72
Maternal
Urine 116 £ 7.66 334 * 6.67 780 = 37.9 16.1 = 0.58

*Values are mean = SD expressed as 10729 of administered dose per gram or milliliter of tissues or plasma, respectively.
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Table 2
Distribution of radioactivity in lactating and suckling mice after >H-NIV or *H-FX administration

3. NIV *H-FX

6h 8h 24 h 6h 8h 24 h
Maternal
Plasma 9.68 * 1.23* 7.86 = 0.46 6.68 = 0.45 30.0 £ 0.09 29.0 £ 0.22 204 £2.20
Suckling
Plasma 7.65 £1.23 6.99 = 1.26 763 = 1.22 10.4 £ 1.70 12.7 £ 2.24 114 £ 0.81
Liver 1.34 = 0.36 1.51 £ 0.16 1.51 £0.23 2.88 = 0.12 3.56 £ 0.35 4.46 = 0.06
Kidney 2.20 = 0.40 4.00 £ 1.73 3.72 £ 0.13 4.03 £ 0.53 3.64 = 0.03 3.11 £ 046
Milk
Whey 3.93 £ 0.11 3.19 £ 0.58 322 £ 0.62 514 £ 1.34 423 + 0.59 5.38 £ 0.38
Fat 1.21 £0.13 1.01 = 0.14 1.27 £ 0.20 1.75 = 0.41 1.28 £ 0.05 1.12 £ 0.06
Casein acid 7.88 £0.78 61.2 = 1.88 2.59 £ 0.29 19.7 = 0.61 25.0 £ 2.10 143 £ 0.59

*Values are mean = SD expressed as 1072% of administered dose per gram or milliliter of tissues or plasma, respectively.

Thus, the findings in the lactating and suckling mice
demonstrate that NIV and FX secreted in milk distribute in
the suckling pup body. Although transmission of
deoxynivalenol and T-2 toxin to milk has been studied in
the toxin-treated lactating sow, cow and sheep (Robison
et al., 1979; Yoshizawa et al., 1981; Prelusky et al., 1984,
1987), there are no data for NIV and FX in milk of farm
animals. The results of this study indicate the importance of
a survey of natural contamination of milk with the toxins
from the viewpoint of the safety of milk and milk products
as foods.

Viewing that the plasma radioactivity level in the
lactating mice decreased slowly from 4 or 8 h to 24 h com-
pared with the level in the pregnant mice (Tables 1 and 2) or
the cycling female mice (Poapolathep et al., 2003),
metabolism of NIV and FX could change with reproductive
stages. Although we found previously no metabolic
pathways other than a change of FX to NIV in cycling
female mice, detailed features of metabolism of the toxins
should be elucidated in the future using animals at different
reproductive stages.
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Introduction

In Japan there are some pathogens responsible for causing fusarium head blight o wheat. These
pathogens belong to Fusarium species (Fusarium graminearum F. avenaceum, F. culmorum, F.
crookwellense, F. sporotrichiotdes, F. poae, F. tricinctum, F. acuminatum, F. equiseti, F. semitectum, F.
kyushuense, Microdochium nivale (formaerly F.nivale)). The principal toxins produced by thesé
Fusarium species are trichothecenes, such as deoxynivalenol (DON), 3-acetyledeoxynivarenol (3-
ADON), 15-acetyledeoxynivalenol (15-ADON), Diacetoxyscirpenol (DAS), nivalenol (NIV), fusarenon
X (FX), T-2 toxin and Zearalenone (ZEN).

Among these mycotoxins, DON, T-2 toxin and HT-2 toxin were evaluated at the Joint FAO/WHO
Expert Committee on Food Additives (JECFA) in 2001. As for DON, the provisional maximum
tolerable daily intake (PMTDI) has been established a level of 1 ug/kg of body weight per day, based
on the results of a 2-year feeding study in mice. With the determination of PMTDI for DON, the
Ministry of Health, Labor and Welfare of Japan has started the study and surveillance on the risk
assessment of DON in cereals to set the standard from 2001 and they has recommended a level of 1.1
mg/kg of DON in wheat as the provisional standard in 2002.

This paper aims to introduce the toxicities of mycotoxins related with fusarium head blight and
the ground of setting the provisional standard.

Toxicities of trichothecene mycotoxins and zearalenone

Trichothecene mycotoxins, especially T-2, HT-2, DON and NIV possess common biochemical
and cellular toxicities. These are 1) the strong inhibitory effect on the protein synthesis by binding to
the ribosomes. 2) the inhibitory effect on RNA and DNA synthesis. 3) toxic effects on cell
membranes (it seems to be anti-oxidation reaction). Also, their capacity to inhibit protein synthesis
is thought to induce apoptosis in thymus, lymphatic and haematopoietic tissue via mitogen activated
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protein kinases (MAP kinases)'?. The different trichothecenes differ the inhibitory activity.

For T-2 toxin, HT-2, DON and NIV, general toxicity and immunotoxicity of trichothecenes are
considered to be critical effects. The crops contaminated with trichothecens resulted in serious food
poinsining with nausea, vomiting and diarrhea. After the World war I, the critical food poisoning
occurred by milletin Russia. This disease caused the decrease of circulating white blood cell number.
It is called alimentary toxic aleukia (ATA) and a major causal toxin was thought to be T-2 toxin
produced by Fusarium sporotrichioides and F. poae. The immunotoxicity, which is chronic effect of
trichothecenes mycotoxins results in the decrease of host resistance®. Selective upregulates serum
IgA caused by dietary expose to DON or NIV induces the IgA nephropathy”. The effect as the
cancer promoter is seems to be responsible for the immunotoxicity®.

Zearalenone, which is produced by F. graminaerum and F. culmorum, interacts with oestrogen
receptors. This toxin induces apparent hyperoestrogenism. Even though all of mammalian species
are target of zearalenone, female pigs are considered to be most sensitive animal species. Other
typical toxicities of zearalenone are not recognizes, but the oral exposure to high dose zearalenone
has been reported to cause hepatocellular adeomas in B6C3F1 mice® and apoptosis in vitro”®.

International regulation of trichothecenes and zearalenone

The Joint FAO/WHO Expert Committee on Food Additives JECFA) and European Commission
(EC) had evaluated the risk of trichothecens and zearalenone and established provisional maximum
tolerable daily intake (PMTDI) of these toxins (Table 1). JECFA has set PMTDI for deoxynivalenol
(DON), T-2 roxin, HT-2 toxin and zearalenone. EC has established a full TDI to DON and temporary
TDIs to nivalenol, zearalenon and T-2 toxin and HT-2 toxin.

Setting provisional standard for tolerable level of DON contamination in wheat

Prior to setting PMTDI by JECFA, some investigators in Japan have pointed out a possibility that
DON intake over the PMTDI in Japan if no regulation is set for DON contamination levels in
domestic wheat in Japan because high levels of DON were found in Japanese domestic wheat
frequently. Therefore the Ministry of Health, Labour and Welfare (MHLW) organized the reseach
group to survey current situation of DON contamination levels in domestic wheat in 2001-2002. As

Table 1. PMTDI of Trichothecenes Mycotoxins and Zearalenone

Established by JECFA or EC

. PMTDI (ug/person kg/day)
mycotoxin

JECFA EC

DON 1 1
NIV - 0.7*
T-2 and HT-2 0.06 0.06*
ZEA 0.5 0.2*

* temporary TDI
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Table 2. Tolerable level of DON contamination in wheat and rice satisfying PMTDI established by
JECFA (Based on the data obtained in 2002)

Reduction DON level DON level in
Estimated DON concentration by processing in flour unpolished wheat
(ng/kg) (ng/ke)

only wheat 30% 557 795

50 % 557 1110
DON level in rice at 15/39 of that 30% 331 473
in wheat 50 % 331 662
DON concentration in rice at the 30% 201 287
same as that of wheat 50 % 201 402

the regulation for DON was urgently needed to prevent adverse health, the Joint Committee of Food
Standard and Toxicity Committee under the Food Sanitation Council recommended setting a
provisional standard for the tolerable level of DON in wheat. Based on the surveillance data in 2001-
2002 and daily average intake of wheat, the research group proposed some simulations about the
tolerable level of DON in unpolished wheat (Table 2). On May 21, 2002, the Food Sanitation Council
has set the tolerable level of DON in unpolished wheat at 1.1 mg/kg as a provisional standard when
the reduction of DON concentration in final products is estimated about 50 %.

The further study on surveillance of DON levels in wheat and rice in 2002-2003 and
reduction of DON concentration in processing and cooking

After the setting of provisional standard for unpolished wheat, MHLW organized further study
on surveillance of the current situation and reduction of DON concentration in processing and
cooking to asses the exposure level of DON in detail. Further surveillance results of DON levels in
unpolished wheat in 2002-2003 revealed that the averages of DON concentration in imported wheat
(n=178) and domestic wheat (n=199) were 60 ng/g and 160 ng/g, respectively. Taking into
consideration of thq weighted average of supply flow, the average of DON contamination was
calculated as 71 ng/kg. In domestic rice (n=124), the average was 2.6 ng/g. As the DON level in rice
was too low, the contribution to the amount of exposure to DON might be neglected.

The reduction study using the natural contaminant wheat showed that milling process reduced
DON level by 55.4 %. The cooking study using the natural contaminant flour found that DON level
reduced by 71.1 % in cooked noodle but did not in bread. These studies concluded that the retention
level of DON from wheat to final product could be conservatively assessed at 44.2 % in bread and at
12.9 % in noodle.

Based on the results of the study performed in 2002-2003, we recalculated level of DON
contamination in wheat and flour. When the reduction of DON in final product was took into
consideration, the concentration of DON in unpolished was allowed until 1,913 pg/kg for all age and
858 ng/kg for 1-6 years old (Table 3). The research group assessed that the mean intake of DON in
Japan were 1.94 pg/day/person for all age and 1.31 pg/day/person for 1-6 years old children. The
intakes were ranked 3.7 % of PMTDI for all age and 8.3 % of PMTDI for 1-6 years old children (Table 4).
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Table 3. Tolerable level of DON contamination in wheat and flour satisfying PMTDI (Based on the research on 2002- 2003)

The contribution Age (weight) Intake of Intake of not taking into considera-  taking into of considera-
DON contamina- & )g wheat rice tion of reduction in noo-  tion of reduction innoodle
tion in rice £ (g @ dle and bread (ug/kg) and bread (ng/kg)
in unpolished  inflour  in unpolished in flour
No All age (52.6) 94.3 1,251 558 1,913 853
1-6 years (15.9) 64.1 556 248 850 380
Yes All age (52.6) 54.3 160.4 1,247 556 1,908 851
1-6 years (15.9) 64.1 86.0 554 247 846 378

DON level in unpolished wheat (ng/kg)=PMTDI/intake of wheat x reduction in flour x {(the rate for which noodle
consumption x the retention in noodle) + (the rate for which bread consumption x the retention in bread) + (the rate
for which others product consumption x the retention in others)}

Retention in flour; 44.6 %, The rate for which noodle consumption; 46.5 %, The retention in noodle; 28.9 %, The rate for
which bread consumption; 45.6%, The retention in bread; 97.1 %, the rate for which others product consumption; 7.6 %,
the retention in others; 100 %

Table 4. The percentage to PMTDI of the intake amount (Based on the research on 2002-2003)

Age the intake of wheat body weight the intake of DON  the percentage to
(@ kg (ng/day/person) PMTDI (%)

All age 94.3 52.6 1.94 3.7

1-6 years old 64.3 15.9 1.31 8.3

The average of domestic wheat; 0.16 mg/kg, The amout of product; 540,000 ton
The average of imported wheat; 0.06 mg/kg, The amount of product; 4,560,000 ton
The weighted average; 0.071 mg/kg

As the exposure level of DON was very low, MHWL decided to continue the regulation of unpolished
wheat regarding DON contamination by using the provisional standard. In order to establish the
standard of DON, more data on DON contamination are needed.

Further approach

Recently, many cases of co-contamination occurrence with trichothecenes have been reported in
wheat, barley and other cereals®”. Regarding the establishment of DON standard, the effects of
combined exposure to several trichothecenes and ZEA should be taken into account in risk
assessment.
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Evaluation of commercial ELISA Kkits for the screening of deoxynivalenol (DON) was carried
out. Three kinds of commercial kits supplied by different companies were used. Three lots of
naturally contaminated wheat and DON-free wheat (<0.05 ug/g) were used as samples. The
values obtained from ELISA were compared with those of the HPLC-UV method. In the results
obtained from 14 institutions using ELISA, the CV values were less than 17.6% for all the
commercial kits. The DON-free sample was not detected as positive with any commercial kits.
Also there was no negative finding among the naturally contaminated samples used in this
experiment. Coefficients of determination in ELISA and HPLC analysis were 0.979-0.999. These
results indicate that ELISA using any of the three commercial kits is efficient for the screening of
DON in wheat.
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Table 1. The Principle and Protocol of the ELISA Kits

pg/mL OEEICHEBL, FhFhtEBohkrsowtr s

A kit ]Bm

C kit

Pre-mix

Mix sample or standard and enzyme conjugate in normal well

Nothing

Sample/standard enzyme
conjugate (antibody)

Transfer the mixture to a well for immobilization

Add sample or standard,
enzyme conjugate and
anti-DON antibody to well

Incubation Compete DON in sample with enzyme conjugate for | Antibody-complex binds to
DON-antibody the immobilized second
antibody
Washing Remove any unbound enzyme conjugate
Substrate Add substrate
Incubation Bound enzyme conjugate becomes into blue

Stop solution

Stop the reaction and change color from blue fo yellow

Measurement of adsorbance

The absorbance is inversely proportional to DON concentration in the sample
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15.6% T#& - 7. HPLC SriERIc BV THRHBRLT
TH - hEFEYNEREE, WTFho ELISA 84 v k
EBWTHBEE LTRHESNBZ EREL -, @
i, SERWBABERNEREOBENTIRERRIGE
WAHGED SN - .

8. ELISA & HPLC-UV E0HERS

ELISA # & HPLC-UV O B ERH % Fig. 1 TR L1
2, A, B, CHtédEn+Hh 0999, 0.979, 0.985 &
WENLEIFTEIESR. L LESICBVTE, A
& B, CHo* o rTlRENFN 1.060, 0.819, 0.867
THD, BEBLUCHDF v +Tid, HPLC-UV Ol
EEL Y SOHOENE SN B ERDIEED L.

Z T OMERD, SE0oSF v MR EhioEE
fh& HPLC-UV THER L AIEER L OMEDOEICL S b
D ERIET 2D LUTOERZIT- . THbLD
HPLC-UV CfER L 2R %2, 00+ v bTRft
SNIFEER CE UBEICHEE L TR ELISA £ Tl
ELZNThOSH+y F TEONEBRERICXY, 20

Table 2. Results of Collaborative Study on Deoxynivalenol {DON) Using Three Commercial ELISA Kits

Analytical Sample Average Maximum Minimum Starlldefrd CV (%) Laboratory
method No. (ug/g) (ug/g) (ug/g) deviation number
ELISA kit A ND <0.256 <0.25 <0.25 - - 14
1 0.39 0.47 0.31 0.04 10.5
2 0.90 1.10 0.69 0.09 10.8
3 1.52 1.79 1.14 0.19 124
ELISA kit B ND <0.2 <0.2 <0.2 - - 13
1 042 0.55 0.33 0.07 17.6
2 0.93 1.17 0.82 0.10 10.7
3 1.85 2.12 1.63 0.16 8.6
ELISA kit C ND <0.25 <0.25 <0.25 - - 14
1 0.45 0.52 0.29 0.07 15.6
2 0.96 1.14 0.75 0.12 127
3 1.81 2.26 1.48 0.21 11.7
HPLC-UV ND <0.05 0.01 5.2
1 0.36 0.01 1.5
2 0.93 0.03 3.1
3 1.65 0.04 1.7

ND: not detected
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Fig. 1. Correlation of ELISA and HPLC
(A) ELISA kit A, (B) ELISA kit B, (C) ELISA kit C
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5. COFEDLEZT, JEESOEREN DON 2%

tained by using DON attached to ELISA kit and
those by using DON used for HPLC
(A) ELISA kit A, (B) ELISA kit B, (C) ELISA kit C
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