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Summary

Utilizing the fact that peak responses of micronuclei in peripheral blood appear approxi-
mately 48 hr after a single chemical dosing and that blood samples can be collected
consecutively from the same animal, an i vivo antimutagenicity testing system was
designed on the basis of the micronucleus test with mutagen-sensitive MS/Ae mice. This
system consisted of 1) sampling of peripheral blood before treatment for the baseline
micronucleus frequency and administration of test chemicals soon after the sampling, 2)
the second sampling of the blood 48 hr after the dosing to examine if test chemicals
themselves induced micronuclei, 3) soon after the second sampling, administration of test
chemicals followed by administration of a known micronucleus inducer cyclophos-
phamide (CP, 20 mg/kg), and 4) the third sampling of the blood 48 hr after the combined
dosing to examine if test chemicals suppressed micronucleus frequencies induced by CP.
AO COATEDF One group consisted of 6 MS/Ae mice, and 2000 reticulocytes per animal were examined
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shorter, respectively, than those in vitro. Indeed,
quercetin, which is an i vitro mutagen and predict-
ed to be carcinogenic is, on the contrary, anticar-
cinogenic. By contrast, A-carotene, an in vitro
antimutagen, was expected to prevent cancer in
humans, but chemoprevention trials showed that
this, either alone or in combination with vitamin A
or vitamin E, actually increased lung-cancer inci-
dence and mortality in heavy smokers and asbestos
workers unexpectedly (the Alpha-Tocopherol, Beta
Carotene Cancer Prevention Study Group, 1994).

Therefore whatsoever effective antimutagens are
determined in vitro, effectiveness has to be demon-
strated in vivo. Even though there are several iz vivo
mutation detection systems that could be applied
for antimutagenicity testing, simple ones are rare.
The mouse micronucleus test was thought to be an
exception, for blood samples can be collected consec-
utively from the same animal and detection of
micronuclei is relatively simple and accurate.

We therefore tried to establish a simple
antimutagenicity testing system on the basis of the
mouse micronucleus test and tested a possible
antimutagen with it. As a test chemical, we synthes-
ized a vanillin derivative, glucopyranosylvanillin
(GV). To compare the effectiveness of GV, vanillin
was also tested in this system.

Materials and Methods

Chemicals

Glucopyranosylvanillin (GV, 4-(8-D-glucopyrano-
syloxy) -3-methoxybenzaldehyde) was synthesized
as follows. Vanillin and O-tetraacetyl-a-glucose
were treated with silver oxide in the presence of
quinoline by the method of Robertson and Waters
(1930). The yield of tetraacetyl-3-D-glucovanillin as
colorless prisms was 95% with mp 143-144°C ; litera
ture mp 143-144°C. '"H-NMR (270 MHz, CDCl;) ¢ :
2.04 (3H, s), 2.05 (3H, s), 2.06 (3H, s), 2.07 (3H, s),
3.71-3.87 (1H, m), 3.89 (3H, s), 4.16-4.31 (2H, m),
5.09-5.31 (2H, m), 5.33-5.36 (2H, m), 7.25 (1H, d, J=
8.2 Hz), 7.42 (1H, d, J=8.2 Hz), 7.43 (1H, s), 9.89
(1H, s). Hydrolysis with NH; in methanol afforded
4-(B-D-glucopyranosyloxy) -3-methoxybenzaldehyde
97% as colorless needles with mp 191-192°C ; litera-
ture mp 189-190°C (Thorpe and Williams, 1937).
'"H-NMR (500 MHz, DMSO-ds) ¢ :3.29 (1H, d, J=
4.5 Hz), 3.38 (2H, dd, J=4.5 Hz, 1.0 Hz), 3.47-3.49
(1H, m), 3.52-3.62 (1H, m), 3.64-3.72(1H, m), 3.74-
3.82 (1H, m), 4.53 (1H, d, J=3.5Hz),4.63 (1H,d, J=
3.5 Hz), 5.04 (1H, d, J=8.0 Hz), 7.23 (1H, d, J=8.2
Hz), 7.42 (1H, d, J=8.2 Hz), 7.48 (1H, s), 9.86 (1H,
s). Signals at 3.29, 4.53, 4.56, and 4.63 were exchange-
able with D-O.
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Fig.1 Structures of glucopyranosylvanillin and
related compounds
a, Glucopyranosylvanillin (GV) ; b, vanil-
lin (3-methoxy-4-hydroxybenzaldehyde) ;
¢, aromatic glucosides : 3,4-dimethoxy-
phenyl-8-D-glucoside (R1=R2=0CH3),
3-methoxy-4-hydroxyphenyl-8-D-
glucopyranoside (R1=0H, R2=0CH3),
and 4-hydroxyphenyl-8-D-glucopyrano-
side (R1=0OH, R2=H) ; and d, chloro-
genic acid.

Chemical structures of GV and related compounds
are shown in Fig.1. The highest dose of GV (500
mg/kg, 10 mL/kg) was suspended in physiological
saline using a sonicator. Mid (250 mg/kg) and low
(125 mg/kg) doses were dissolved in physiological
saline. Physiological saline (Lot. 7170) was from
Otsuka Pharmaceuticals Co.(Tokushima, Japan).

Physiological saline

Cyclophosphamide

Control |

— -

Blood sample Blood sample Blood sample
Test chemical Test chemical Cyclophosphamide
Test } { %
f t
Blood sample Blood sample Blood sample
Time | i I
(hr) 0 48 96

Fig.2 Protocol of the present study

This was also used as a vehicle for vanillin and
cyclophosphamide (CP).

Vanillin (CASRN 121-33-5, Lot. 224-00682) was
purchased from Wako Pure Chemical Ltd.(Osaka,
Japan). The highest dose was 244 mg/kg, molar
equivalent to 500 mg/kg of GV. Since crystals
appeared at room temperature, the solution was
kept in a warm water bath at approximately 40 C
during treatment. Low and mid doses were 61 and
122 mg/kg, respectively.

CP (CASRN 6055-19-2, Lot. 0413TX) was pur-
chased from Aldrich Chemical Co.(Milwaukee,
USA) and given at 20 mg/kg. Acridine orange-
coated slides were products of Toyobo Co. (Osaka,
Japan).

Animals

MS/Ae mice were raised in the animal house of
the Central Research Institute, Itoham Foods Inc.,
under specific pathogen-free conditions. Foods and
water were freely supplied. Either males or females
were used.

Protocol

The protocol used here is briefly depicted in Fig.
2. Each group consisted of 6 male or female mice.
Just before administration of test chemicals, blood
samples were taken from the tail blood vessel
(CSGMT, 1992) to examine background levels of
micronucleus frequencies. Then physiological saline
(negative control) or test chemicals dissolved or
suspended in physiological saline were given ip at 10
mL/kg. After 48 hr, blood samples were collected
and examined for micronuclei. In separate experi-
ments, test chemicals were administered ip followed

by ip treatment with CP. The time span between the
two treatments was approximately 15 min. After 48
hr, blood samples were collected to examine if test
chemicals could suppress micronuclei induced by
CP.

Blood examination

Blood samples were examined under fluorescence
microscopy (Nikon). Reticulocytes (RETs, 2000 cells
per animal) were scored for micronucleated
reticulocytes (MNRETS). The ratio of reticulocytes
(RETs) to total erythrocytes was evaluated by
counting more than 500 erythrocytes per animal.

Statistical analyses

The method of Kastenbaum and Bowman (1970)
was used for statistical analysis of MNRETSs fre-
quencies. Analyses of variance were used for
examining differences in the ratios of RETSs to total
erythrocytes, by the method of the least significant
difference using a software of statistical analyses for
Microsoft Excel.

Results

Antimutagenicity of GV

Since we did not have sufficient GV to conduct
toxicity tests and pilot experiments, and there was
difficulty in sample preparation, the highest dose
was set at 500 mg/kg. With the dilution ratio being
2, mid and low doses were set at 250 and 125 mg/kg,
respectively.

Fig. 3 shows the results of antimutagenicity test-
ing of GV. Fig. 3a shows micronucleus frequencies
48 hr after the second GV treatment. No statistically
significant differences were seen between the nega-
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Fig. 3 Micronucleus frequencies and ratios of RETs

to total erythrocytes in mice treated with
glucopyranosylvanillin (GV)
Each group consisted of 6 females at 16 weeks
of age. a, Micronucleus frequencies 48 hr after
GV treatment ; b, micronucleus frequencies
48 hr after GV and CP treatments ; ¢, ratios of
RETS 48 hr after GV treatment ; and d, ratios
of RETs 48 hr after GV and CP treatments.
Physiological saline was given to the control
(see Fig. 2). Statistically significant differen-
ces from the control are shown by * (p<0.05)
and **(p<0.01).

tive control group (physiological saline) and the
three treated groups, indicating that GV did not
induce micronuclei. The micronucleus frequency
was almost identical to that seen for mice at time
zero (3.8+1.5 MNRETs/2000 RETs, n=24) and
which in the control group fell within the normal
range for Ms/Ae mice (Sutou, 1996). Fig. 3b shows
micronucleus frequencies 48 hr after the combined
treatment with GV and CP (being 96 hr after the
start of GV treatment). The control mice were given
only CP, which, as expected, induced micronuclei
about 10-fold (48.8+10.5 MNRETs/2000 RETs). The
high dose GV group (500 mg/kg, 74.8+25.0
MNRETs/2000 RETs, p<0.01) showed a statisti-
cally significant increase of micronuclei, indicating
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Fig.4 Micronucleus frequencies and ratios of RETs
to total erythrocytes in mice treated with
vanillin
Each group consisted of 6 males at 8 weeks of
age. a, Micronucleus frequencies 48 hr after
vanillin treatment ; b, micronucleus frequen-
cies 48 hr after vanillin and CP treatments :; c,
ratios of RETs 48 hr after vanillin treatment ;
and d, ratios of RETSs 48 hr after vanillin and
CP treatments. Physiological saline was given
to the control (see Fig. 2). Statistically signifi-
cant differences from the control are shown
by *(p<0.05) and **(p<0.01).

that GV enhanced the CP-induced micronucleus
frequency. By contrast, the low GV dose (37.7+19.5
MNRETs/2000 RETs, p<0.01) and mid GV dose
(40.3+11.1 MRETS/2000 RETSs, p<0.05) suppressed
the micronucleus induction by CP.

The ratios of RETs to total erythrocytes, 48 hr
after GV treatment and 48 hr after treatments with
GV and CP, are shown in Fig. 3c and d, respectively.
No specific changes were observed ; GV seemed to
be non-toxic to the bone marrow.

Antimutagenicity of vanillin

Doses of vanillin were chosen as molar equivalents
to the GV doses used, i.e., 61, 122, and 244 mg/kg for
low, mid, and high doses, respectively. After admin-
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Fig.5 Results of antimutagenicity testing
of vanillin by a single treatment.
As to details, see the legend to Fig. 4.

istration of high doses, mice showed reduced sponta-
neous movements.

Fig. 4 shows the results of antimutagenicity test-
ing of vanillin. Fig.4a shows micronucleus fre-
quencies 48 hr after the second vanillin treatment.
No statistically significant differences were seen
between the negative control group (physiological
saline) and the three treated groups, indicating that
vanillin did not induce micronuclei. The microcnu-
cleus frequency was almost identical to that seen for
mice at time zero (6.0+2.7 MNRETs/2000 RETsS,
n=24) and which in the control group fell within
the normal range for Ms/Ae mice (Sutou, 1996) . Fig.
4b shows micronucleus frequencies 48 hr after the
combined treatment with vanillin and CP (being 96
hr after the start of vanillin treatment). The control
mice were given only CP, which, as expected, in-
duced micronuclei about 6-fold (36.7+11.6
MNRETSs/2000 RETs). The high dose vanillin group
(244 mg/kg, 78.2+25.8 MNRETs/2000 RETSs, p <
0.01) showed a statistically significant increase of
micronuclei, indicating that vanillin enhanced the
CP-induced micronucleus frequency. Although the
low dose group (36.2+9.5 MNRETs/2000 RETSs)
showed no difference in the micronculeus frequeicy

from that of the CP group, the mid vanillin dose (28.
2+13.2 MRETS/2000 RETs, p<0.01) suppressed the
micronucleus induction by CP.

The ratios of RETs to total erythrocytes, 48 hr
after vanillin treatment and 48 hr after treatments
with vanillin and CP, are shown in Fig. 4c and d. No
specific changes were observed.

Both GV and vanillin enhanced the micronucleus
induction by CP at high doses and suppressed it at
lower doses. In the present testing system, test
chemicals were given twice. On the other hand, the
micronucleus inducer CP has to be metabolically
modified to an active form. There was the possibil-
ity that the first high doses of GV or vanillin
stimulated induction of drug-metabolizing enzymes
and, as a result, CP was highly activated. To exam-
ine this possibility, a high dose of vanillin was given
once together with CP and blood samples were
collected 48 hr later. The results are shown in Fig. 5.
Vanillin (131.0+21.1 MNRETs/2000 RETs, p<0.01)
markedly stimulated the induction of micronuclei
by CP (39.8+5.7 MNRETs/2000 RETs) (Fig.5b).
Potentiation of micronucleus induction by a single
dose of vanillin was more potent than that by dou-
ble doses. The ratio of RETs to total erythrocytes
(3.6+0.5%, Fig. 5d) was significantly reduced as
compared with that of the control (6.0+£0.9%, Fig.
7c, p<0.01). Thus a single high dose of vanillin
combined with CP seemed to be toxic to bone
marrow.

Discussion

Use of MS/Ae mice

MS/Ae mice are highly sensitive to mutagens in
not only the micronucleus test but also in the domi-
nant lethal test, sister-chromatid exchange (SCE)
induction, and pulmonary adenoma induction by
urethane (brief review, in Sutou, 1996). Their life
span is shorter than the parental strain CD-1 (Higa-
shikuni and Sutou, 1996) and the high sensitivity of
MS/Ae mice to mutagens seems to provide a highly
sensitive antimutagenicity testing system.

We used rather aged male and female mice
(approximately 4-months old), but neither age nor
sex of mice affected the micronucleus test very much
throughout the life span (Higashikuni and Sutou,
1996) .

Chemical structure of GV

Matuura et al. (1990) reported that three aromatic
glucosides (Fig. 1¢) isolated from crude black sugar
were biologically active and effective in inhibiting
intestinal absorption of glucose. Vanillin (Fig. 1b),
an antimutagen, is a major component of vanilla
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pods and widely used as a flavoring in confectionar-
ies, beverages, and foods. Chlorogenic acid (Fig.
1d), which is a sugar analogue with aromatic moi-
ety, is an antimutagen originally isolated from coffee
beans. Since plants have been exposed to intensive
UV irradiation, they must have developed
antimutagenic mechanisms. Such examples of the
above naturally occurring, antimutagenic plant con-
stituents prompted us to examine whether a syn-
thetic compound GV, one of the aromatic
glucosides, shows antimutagenicity in an i wvivo
system. The glucose moiety of GV was predicted to
increase solubility and to enhance biological activity
of vanillin.

Since we did not know if GV was absorbed well
from the digestive tract, GV was administered ip,
alone and with the micronucleus inducer CP, to
ensure that GV was indeed inside the biological
compartment of mice. Although there was a time
span of approximately 15 min between GV and CP
treatments, there remained the possibility that
antimutagenicity of GV was based on desmutagenic
action, i.e., GV directly inactivated CP. If this was
the case, antimutagenicity of GV must be dose-
dependent and higher doses must be more effective.
The experimental results that both GV and vanillin
were antimutagenic at lower doses and co-
mutagenic at higher doses indicated that the actions
of GV and vanillin were not desmutagenic but
bioantimutagenic, i.e. the test chemicals modified
replication and/or repair systems after the
mutagenic insult incurred by CP. Direct evidence
that vanillin was a bioantimutagen was given by
Inoue et al.(1988), who showed that micronucleus
induction by mitomycin C administered ip to mice
was suppressed by vanillin given po 6 to 9 hr after
the mitomycin C treatment.

Mechanisms of bioantimutagenic action of GV
and vanillin

Since GV and vanillin similarly potentiated and
suppressed, depending on doses, the micronucleus
frequencies induced by CP, mechanisms of
bioantimutagenic action of both compounds are
most likely the same. Vanillin was neither
mutagenic in bacteria nor clastogenic in cultured
Chinese hamster cells (Kasamaki et al., 1982, and
this study). Neither GV (this study) nor vanillin
(Inoue et al., 1988) induced micronuclei in mice.

Ohta et al. (1988) postulated using various mutant
Eschericia coli strains that the bioantimutagenic
effect of vanillin was the result of enhancement of a
recA-dependent, error-free pathway of post-
replication repair. Sasaki et al. (1990) suggested that
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the anticlastogenic effect of vanillin in cultured
Chinese hamster cells treated with UV-light or
X-rays may be due to the promotion of the DNA
rejoining process in which DNA polymerase S acts.
Suppression of mitomycin C-induced micronuclei in
mice by post-treatment with vanillin (Inoue et al.,
1988) also suggests that vanillin enhances a repair
process/es. Unexpected results that vanillin
potentiated SCEs induced by some chemical
mutagens in cultured Chinese hamster cells (Sasaki
et al., 1987a, b) could be explained by enhanced
DNA recombination. Vanillin itself induced SCEs at
higher doses (Jansson and Zech, 1987).

Contradictory action of GV and vanillin

Although vanillin is an antimutagen, sometimes it
shows mutation-enhancing effects depending on
endpoints and mutagens used (reviewed by Ohta,
1993) . Such cases were observed with SOS responses
of Escherichia coli (Takahashi et al., 1990), gene
mutations in cultured Chinese hamster cells (Tamai
et al., 1992), and SCEs in cultured Chinese hamster
cells (Sasaki et al., 1987a, b). To our knowledge, GV
and vanillin were the first related chemicals to show
dose-dependent both suppression and enhancement
of micronuclei induced by a mutagen, CP.

To understand this, various biological aspects
might be considered, e.g., the suppressive effect
could be due to stimulation of a repair process/es
and the enhancement due to metabolic modifica-
tions of mutagens or toxicity of antimutagens. Vanil-
lin dose-dependently suppressed micronuclei in-
duced by mitomycin C (Inoue et al., 1988) that
needs not to be metabolically activated to affect
DNA, while it suppressed at lower doses and enhan-
ced at higher doses micronuclei induced by CP that
needs metabolic activation (this study). Vanillin
and GV at high doses might induce cytochrome P450
subenzymes encoded by CYP2B1 and CYP3A4 genes
that activate CP (Philip et al., 1999) . Involvement of
vanillin in the activity of P450 2E1-like isoform has
been reported (Kazakoff et al., 1994).

The mutagenicity and clastogenicity of a
flavonoid quercetin may be due to production of the
OH - radical (Gasper et al., 1994) . On the other hand,
quercetin shows antioxidant properties by chelating
iron (Sestili et al., 1998). It induced the anticar-
cinogenic marker enzyme, quinone reductase (Uda
et al.,, 1997) and is a natural ligand of the aryl
hydrocarbon receptor (AhR) which mediates tran-
scriptional activation of the human gene CYP1Al
(coding for cytochrome P450 1A1) (Ciolino et al.,
1999). Quercetin may compete with man-made
AhR-ligands such as halogenated and polycyclic

hydrocarbons. These multilateral activities as a
whole must exert the anticarcinogenic effect of
quercetin i vivo in the long run. Interestingly,
f-carotene induces CYP genes and, as a result, may
exert a co-carcinogenic effect (Paolini et al., 1999).
fB-Carotene enhanced micronucleus induction by CP
depending on dosing schedules (Higashikuni, 1994),
possibly through cytochrome P450 enzyme induc-
tion. GV and vanillin might also induce cytochrome
P450 at higher doses.

When a high dose of vanillin was given, the spon-
taneous movement of mice was repressed and the
ratio of RETSs to total erythrocytes was reduced. In
addition to induction of drug metabolizing enzymes,
toxic high doses might cause some abnormalities
that result in enhancement of micronuclei due to,
e.g., inhibition of repair processes, induction of
extramedullary erythropoiesis, and inhibition of
micronucleus trapping.

Difficulty of establishing in vive
antimutagenicity testing systems and evaluation
of test results

Antimutagenic activity detected iz vitro must be
demonstrated in iz vivo systems for practical appli-
cations and many variables must be addressed.
These include the species of the testing animals,
endpoints, types of mutagens such as ionizing radia-
tion and alkylating agents with or without meta-
bolic activation, administration routes and doses for
mutagens and antimutagens, dosing schedule, and
treatment period (long-term or short-term). Even if
antimutagenicity is demonstrated in iz vitro and in
vivo systems, long-term testing with humans might
show some hazardous effects in the case of [-
carotene (the Alpha-Tocopherol, Beta Carotene
Cancer Prevention Study Group, 1994). A wide
variety of studies is needed to elucidate the compli-
cated nature of antimutaenicity.
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Evaluation of micronucleus induction
in rats by Oil Orange SS

Masahito Watanabe, Kiyoto Satake and Shin Kurogochi

Yuki Research Center, Nihon Bayer Agrochem. K.K.
9511-4 Yuki, Yuki-shi, Ibaraki 307-0001, Japan

Summary

il Orange SS, 1-[ (2-methylphenyl) azo]-2-naphthalenol is one of the azo-dyes which
was classified in Group 2B compound (possible human carcinogen) by IARC. Groups of
four male rats were orally administered this compound at 500 to 2,000 mg/kg twice at 24
h intervals and the bone marrow and peripheral blood were examined 24 h after the last
treatment. Oil Orange SS induced a significant increase of polychromatic erythrocytes and

Short Communication

reticulocytes with micronuclei, indicative of a clastogen.

Keywords : Oil Orange SS, rat, micronucleus assay, bone marrow, peripheral

blood

Introduction

Oil Orange SS, 1-[(2-methylphenyl) azo]-2-
naphthalenol [CAS 2646-17-5], one of the azo-dyes,
has been used as color varnishes, oils, fats, waxes
and cosmetics. However, this compound was classi-
fied in Group 2B compound (possible human carcin-
ogen) by IARC (IARC, 1987) and its usage has been
regulated in many countries (IARC, 1975 ; Karstadt,
1982). Although the mutagenicity of this compound
using a bacterial system has been tested so far, the
results are not consistent but equivocal, showing
negative and positive data. Recently, it was reported
in a micronucleus assay that Oil Orange SS has a
clastogenic potential in mouse peripheral blood
(Morita, 1997). In the present study, we conducted
the micronucleus assay on this compound using the
rat bone marrow and peripheral blood, in order to
evaluate the clastogenic potential in rats.

Materials and Methods

Eight week old male SD rats were purchased from
Charles River Japan Inc.(Kanagawa, Japan) and
acclimatized for one week. Four rats were randomly
assigned into negative control, 3 treatment and
positive control groups. They were kept in air-
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conditioned room at a temperature of 24 to 26°C, at
a relative humidity of 40 to 60% and at a ventilation
of 10 to 15 times per hour, and were fed commercial
pellets (CRF-1 ; Charles River Japan) and given tap
water ad Ubitum throughout the acclimatization
and experimental periods.

Test compound, Oil Orange SS was purchased
from Tokyo Kasei Co.(Lot. GC01) and was suspend-
ed in olive oil. The suspension was orally adminis-
tered rats twice with 24 h intervals at 500, 1000 and
2000 mg/kg, thus rats received 1000, 2000 and 4000
mg/kg in total (These dose levels were determined
by preliminary dose-finding test). The rats in the
concurrent negative control group received only
olive oil. The volume of administration was 10 m//
kg for each treatment. Positive control compound,
cyclophosphamide (CP; [CAS 50-18-0]) was
obtained from Wako Pure Chemical Industries, Ltd.
(Osaka, Japan) and was dissolved in physiological
saline immediately before use. CP was intraper-
itoneally injected once at 20 mg/kg.

Peripheral blood was collected from tail vein 24 h
after the last treatment, and then rats were sa-
crificed. Femur was dissected and the bone marrow
cells were collected with fetal bovine serum
(Schmid, 1975 ; Heddle, 1973). Bone marrow cells
and peripheral blood cells were smeared, fixed with
methanol and stained with acridine orange (Haya-
shi, 1983). Micronucleated polychromatic eryth-
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Table 1 MNPCE and MNRET frequencies in SD rat bone marrow and peripheral blood
following 2 daily treatments of Oil Orange SS

Dose Bone marrow Peripheral blood

(mg/kg p.o) No.of MNPCEs PCE MNRETSs RET
per treatment rats  Per 2000 PCEs Mean+SD(%) Mean=+SD(%) Per 2000 RETs Mean+SD (%) Mean=+SD (%)

0 4 2,1,1,0 0.05+0.04 56.8+0.1 3,2,5,4 0.18+0.06 3.3+0.6

500 4 13,8,14,10 0.56+0.14¢ 74.1+3.6” 5,5,14,9 0.41+0.21¢ 2.79%0.7

1000 4 9,17,16,9 0.64+0.27° 66.6+8.2 7,14,7,9 0.46+0.179 2.9£0.9

2000 4 12,21,24,15 0.90+0.279 62.6+5.1 17,14,14,8 0.66+0.19¢ 2.7+0.6

CP® 20 4 45,84,98,65 33.65+1.05¢ 36.1+10.4¢ 47,34,35,22 1.73+0:51% 1.4+0.4°

Bone marrow and blood samples were obtained at 24 hour after the last oral administration

a) : Cyclophosphamide, intraperitoneally once
b) : p<0.05

¢) : p<0.01 significant difference from negative control data (0mg/kg)
(Kastenbaum and Bowman’s method (1970) for MNPCEs and MNRETS ; Dunnett-test for PCE and RET)

rocytes (MNPCE) and micronucleated reticulocytes
(MNRET) frequencies were based on the observa-
tion of 2000 PCEs in bone marrow cells and 2000
RETSs in peripheral blood cells per animal, respec-
tively. In order to assess cytotoxicity, 200 and 1000
erythrocytes for bone marrow and peripheral blood
were analyzed, respectively.

Results

The results of the micronucleus assay on Oil
Orange SS are presented in Table 1. Significant
increase of the MNPCEs and MNRETSs frequencies
were statistically found at 500, 1000 and 2000 mg/kg
(Kastenbaum and Bowman, 1970). No significant
decrease was noted for percentage of PCE and RET
in total of erythrocytes (Dunnett-test). On the other
hand, the mean MNPCE and MNRET frequencies
were 0.05% and 0.18% in the negative control group,
respectively, and were 3.65% and 1.73% in the posi-
tive control group, respectively. These values were
in the expected range and revealed that this assay
was technically acceptable. From these results, it
was suggested that Oil Orange SS has clastogenic
potential.

Discussion

From carcinogenicity studies in experimental ani-
mals, Oil Orange SS is classified in Group 2B com-
pound (possible human carcinogen) by IARC
(IARC, 1987). And, there are some reports indicat-
ing that this compound is mutagenic in a bacterial
system (Combes, 1982 ; Zeiger, 1992). But, some of
assays on this compound provided negative data for
mutagenicity in a bacterial system (Kada, 1972 ;
Miyagoshi, 1983). Busk (1978) also reported that
this compound showed mutagenic potential in Ames
test with liver homogenates of mice, though no
mutagenic with liver homogenates of rats. Further-
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more, our Ames test provided no signs indicating
the mutagenic potential of this compound (unpub-
lished). Thus, the mutagenicity of Oil Orange SS
may be equivocal in a bacterial system.

On the other hand, as for in wvivo assay, this
compound showed a clastogenic effect in micronu-
cleus test using peripheral blood of male CD-1 and
MS/Ae mice by a single and double treatments,
respectively (Morita, 1997). In the present study, a
clastogenic potential on this compound was also
found in bone marrow and peripheral blood of male
SD rats by a double oral treatment. Thereby, in vivo
assay for detecting mutagenic potential obviously
supports that this compound is genotoxic, compared
with n vitro assay.
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Chemicals potent to have hormone-like actions
and their possible endocrine disruptions
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Summary

Chemicals having hormone-like actions are suspected of inducing possible disruptions in the
endocrine tissues and organs, thus the chemicals are called possible endocrine disrupting chemi-
cals (EDCs). Their possible consequent hazards such as developmental/repro-toxicological anom-
alies and carcinogenicities are reviewed, together with any relevant data from mutagenicity
testing. The actions of EDCs appear to be receptor-mediated. Four major subjects to be focused
on are ; first, the threshold issue, because of their potent activity at low doses, specifically in in
vitro tests ; second, possible redundant action, which may induce an equivocal non-linear dose-
response curve ; third, unknown additive/synergistic effects in combinations of chemicals, pos-
sibly due to interacting co-factor (s) and/or signal transducer (s) ; and, fourth, the “fetal window”
known as a period of greater sensitivity during the developmental stages. By means of available
data-bases, special interest has been given to the potential repro-toxicity, carcinogenicity, and
mutagenicity of possible EDCs as listed by U.S.-EPA. Lastly, as a theoretical risk-analysis,
discussion is made on the possible impact of EDCs on life span, applying data on EDC-mediated
hazards to the Risk Factor-Multiplication Theory of Aging.

(This paper, chaired by Toshihiro Ohta, was presented to the 10th Annual Symposium, “Endocrine
Disruptor Mechanism and Posterity Effects-Concern with Environmental Mutagen Research”, organized
by Kiyomi Kikukawa, Tohru Shibuya, and Kazuo Fujikawa, sponsored by the Environmental Mutagen
Society of Japan, and held at The Pharmaceutical Society of Japan, Nagai Memorial Hall, May 28, 1999.)

Keywords : chemicals having hormone-like action, endocrine disruptors, non-linear dose-
response curve, the fetal window, the risk factor-multiplication theory of aging
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TV E CRRAERALFEWE OFE (S L THEETI2 7w
W, ZNHH CNGWHELT 24T 3 otmmofEE 2
LS, 20bIFZDOLDONE FADSMEIZEL W, %
CORED ORISR L TW» 2 H00 7% < 2w,
VEEDOWELL, WL E T (EDCs) & MF-FR X
naH, ZHud, LX) WALV E R &+
DALFIE" NSRRI & B 2 ATEIC B 72
MESTHS., 272 L20H2Z FIIHMTIIZ W, 72 Lh
IZENVIZTH W 5115 ethynyl estradiol (EE) @ & 5 12 17
B-estradiol (ZALfU L 72{ERME T b, $%5- DR X HiE
RE-TRE, kT 259574 FoRELThns
N2 ke 78 ¥R E £ 5] 28 2 3 (Hambergh, 1969 ;
Gomesetal., 1999), &L A% L7222 X3, estradiol
TEZHI LI 5., L2 LMk EDCs Tit, KL EY
EHEZROPICAZ THMEEZFIZREIT L%, wb
ERLE Y & Lir bR 2 DWE A T 515 T
WHb, ©LAHIOMBETII, estradiol ® & 9 ek
YEDLDDEHITE 5> THERI INBRIE% W LI
FEDWIE &, EDCs D & 5 W »5 kA B2 5| it
¥ ThA ) FEEM (adverse effect) B & 22123 2 i
ReZNEN3 T T/ 2 LA ED ML) &
LTEELZDTIE e Wh EHZ 5,
1991 4 7 H, K[E Wisconsin #? Wingspread =4
I o LRBEESAAEYI A O HF KGR L, KMo g
MDETEITBEE S N5 BHEBB OIS REIZOWTO
FTROR, 4575 EDCs (SHK T 2 it % ol L ¢
BRFSDRE 7 HEM T 2 Ko7z, 295 LB nrsia
Y DJRIZ F L7 “Our Stolen Future™ (383 [#h
N LAK]) #* Theo Colborn %12 & - T 1996 4¢3 H iz
R S 1, EDCs B H 2R L BT 2328 L 7
272, 1995 ISR ) KHMHEIFIS, REARRHEERAS
(CENR) # i L T EDCs B3 2 $8 A 119 7c B 5o 4 3t
Al 2 BAG L 72, 1997 45 1 I I KRR i BGE
FAGEIME D S EMR 24 X, RESP#T (EPA) & 2[5
TWbWEIRAIV=T Y - T—7v a7 hBELE.
I THFH )3, EDCs I2BT 2 ZD%DWZED Jih
P2 B 5202 L7z (U.S.EPA, 1997).
LLAABIZIDRENT =72 3 v 7 TIZEDEREIZON
T RO FEE - EFRED 5 TINS5 4
EOFE2DTERIVE DA, W, RS, 225
HWAELTLTEDRLVEAMEHNZD LD, HEWIETFDY
VT 7 v A% 0B EET 2HE 2ROk
WE] LEDTWDE, LTI Ld#aiicin-1
ELDOTERIHL 2 RBRVMEON R L2052 L1
%h, EEMCEINLDh R L ELNy T ) —RER R
BUOMTET, Z280EEDL 7 LDfEET n v 2 %
WETBVR—=Z@BIZTT vEA4 %I, TEPAR
%% (Gray et al., 1997) %> Hershberger % (Hershber-
ger et al., 1953) 7Zc ¥ DR L ~OV I BhkET o 5t 4 &
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LhIZEST,
Z L7eBsicxa LT, KICHE E % 2 13, EDCs 04
RER, ZICI D L2 FDLDTH B,

1. AR BREE (EDCs) DEFIERDEH

EDCs DAMREHOR @2 205 &, FrkiEH 512
2k, ZDEARE—S T ZIZEREEDO KL E ~
BERHZIBDAD HIZLT W3, Xw) 2 ETlin
Wir BN D, BRI Y ICHEER T 2L
EL D% nns, BICHNGWHERE IS E»H > T L2
BEREN S LV LDITOWTIZE, ZDMBORIZIEK
DILFWE LR L e Ena=— 2 e dilz e b
Hb, RIVECZERIIRNE > OFEFHICHID L T~
fFAET 5, Fl—RLELICHLTY, W oD%
7HEREZ R A F £ 4 K& (Schwabe et al., 1993)
Ra b B LASTERERTAY 7+ — LR 572
ZAT Y FICR LSBT THAT 2 KIokER
(redundancy) 71 5411 TH 1) (Kuiper et al., 1997) =
NIZWbW® B3 - T 7 FR—5 =7 Y PR % 58§ 5
9 2 (Norris etal., 1998), 2754 v 27 «sx) 7o b
TELEZE LN TS (Pfeffer, 1996 ; Leygue et
al.,, 1996 ; Hirata et al., 1995). L 72%%-> T{EHIZA T
EEMICL L E 280D, 2O L 2HiEEL LT
BT 5L Z08MICIE, RDO4EPHITFLNE, 112,
ERD 7V AT b EZXA, D% ) 2ECHE2 DR
ST R A O L, TRty
Y7 —(ER) D ED% L5 TYH, BFENS W
DIFEALEIZHAHL T30, WAL TIIEK 2
£ % il L (Brandenberger et al., 1997), JEM5r ik
R T Y 2 DB LN T WS, $212, Tyl
e < RHAREWE & L COMIaRER 170 ¥ % 4 L
PR DR, L ITHRER, RIERLEDVWHW S
KA EMHIN MBI T AR LIFLITHES 51
% (Shughrue et al., 1997) 2 & TH b, ZNLHDZ & &
P LT B2 IF e, 42 —) 2—%> 6 (IL-6)%
FRIEK - =7 07 7 — VR 3 0=—§ili#%H-F (GM-CSF)
e & M B Rt IR - i AR R T B Y
(Koveretal,, 1995), =2 buv=z 32 NEEHET 2
(Robertson et al., 1992). Z #1113, #ER=0 IR
REIRBEIC & - T EDCs D2 h3 %5 L 5 W Re M % Bk
LTwa, #3503, 3Tyt 4RomEIcL k3
2%, BOSHRINIC UIE U TR 2 B BOSBIR A A4 & 1
TNZETHD, LIFLIBTRBI N2 Wb B “HiUT
RBOGHFR" (vom Saal et al., 1997, 1998) &, Z4Lic
AT 2. 29 LABR L TRZERDO NG &
) DR EWEHERSE, RS S 1% &K
WZ FRT 2MZEH S LTwb, #4 SHIZZA R
ST FUDIERECKIG L S 23 1UE, 1 F o b
DIIGIZE S F TRISIZER & % 2D T, B K

W E W) HTH S, CHZ &IV T L LMHEE
VAN TOBED AT DRSS 20 v, MRS
T OHHIMED I L > TSN L MHTE LW LI
7¢ 5 (Arnold et al., 1996 ; Ashby et al., 1997). 24156
Wy, BRI E L COEBRMEE L TR
KOLNTWEREENTHS, 2F 1), EDCs HIETIZ,
R OWEDMBEOMRRL I 5 Lhhs, 29 L
EICEBICEDLL I L L2RERL LTHHL T2 %
K TUFe b\,

BT, 20 &) 2 FEREHEEROMRE, BERmMICiE
EDE IR EPMEZINEPIZOWTIE, borbhwn
EAL T K A W TERIMAIZZ 505, 1) ZARIRICKT S
HAKN RV E > DESADIE, 2) BEURLEL ELTD
ZRIENDIEL L, ZOWRLLTOREL 7T, 3)
ZRMBFRBEOER X ZOFEG L L THORY L HEETT
HEAKHE, 4) BRI AL E S EOMEER L, 2085 E
LTORNLE ANEHOBREL S, 5) RV v B mAfE
ELLYEHTDLILNTED,

Y 2 A TARNE, EDCs DEREIZREME & L Towf
Betk 2 Bat o x4y LTwv 5. EDCs 13, N bk e
2RO WE O “HORGET KT B el %, A
M7 Y DRAERT &, WM - HEIRBLE S TOFHD
ARG DM 6% TP Fs3nE LTEHINTE
72, %9 L7CEIRT, REMNIZZDLDDKERGEED N
MpsEHENEGBHATH S, L2rLErsIN6WED
TERIERE D & ATz b S D 2R, Z DRERIT—ietED 57
W WZ & MRS T, BREEEICOWT Lk
ML) DD r LTHT LY KDLRETH
AINTWEFITAHIIESLZLEIED W, U
EDCs DERE FoigEomliz L 2 LT, 216
DR - EFEREEE O L HOAMED DT % 7 73—
FTAMEDERD P ¥ ooy — G ICZ L7
Zrickb, CoEOBRLEENIZDIZ, KR
DRGFHIRD LN TV R HEHIIREWEEbN S,

2. BRENRELDEFVE

W WSRICAR 3 282 DALEWE A 5 2 L H
&g, LIHi2 SR I Tz, B, femgo 7~
Hershberger X213, 1953 4 &\ 9 SEH D et (Her-
shberger et al., 1953) TH % L, @k WS 7w
7T Earl Gray i X (Gray et al., 1997) # 51/ L Ti%
F T b2 kB (Uterotrophic assay) I2E -
TIF 2L DFEIFZ DNED 1930 4FRUcW 2 L Fe L
Tna,

EDCs piciz, fiHERRILAE O 7] (Bitman
et al., 1968 ; Velsicol Chem Corp., 1983 b ; Hodge et
al.,, 1952) - $TEH Al (BASF Wyandotte Corp., 1982),
TERmE L L ThHEZ7 =2/ —1A(Dodds et

al., 1938 ; Krishnan et al., 1993), & %\~ 37 & VEEHH
(Carpenter et al., 1953) Zc E25H 1 F S 5130, X512
[ A £ LT EIL (ethynyl estradiol) D & 95 7 &
DEERHY, ZDEp», —HoMdE 24 2 X
¥, D2VEERDA VY 77 RAFHICHEENE Y 2=
Ay, ERRHEOKICEEND ) 7 HE Y wb
D 2 FE1E D RV E ~ (phytoestrogens : PEG) 2% 5
(Verdeal et al., 1985 ; Bradbury et al., 1954). 27 <
L0 20 HAENU 515 PEGHAIE, 4V 7 7RV M
Z bk a Yz oS 2R K, ) 7 cBuCi3Ek
WD LAZ LW, SNHWEIIHEANICIIZA b o
Uz AMEHEROLS, BREALEYE L kR, FEz oS
WCEoTT7T=RPELTHET o2 T=2 P LTHIE
My b T W5,

3. REELFEEBEENADEE -V O ADRRER
& window BE—

IZ2 oYz ryDRERNDOES5 26N Tw )
T, RERBTOZERO KRB BIE S LT W 5 (Lem-
men et al., 1999). ZHUC LiUE, a ZEMKEL B ZHK
13, BAE9I S HEA S 14.5 HALE T2 T, Wl
B, -7, K, L EICRBIZHO LYY Al
D) DO, a ZEBORBLYL B ZEERD L, R
LTHHMTLTIZwZew, SRR EDHE S5 DI, 1K
165 HBAEDNZ ETH Y, Z LT L B, HiLIR,
KEEEHRE 7 £ T3 a ZEKRDAFBL Th 5, tikt
Exzhlr Lz 2 oYz v RERRBHRICONT Y
LR N 045 € o BOE fI TR 5 LT v 5 (Fried-
man et al., 1983).

Lemmen % (1999) (384412 [°H] moxestrol # %4- L
T, SOLDODHAAHITA ba Y« v ZREBRDHEB LW
473 % (Gerlach et al., 1983) & DHifEIc72-> T, ZDME
PRI 53 A1 % REREIY I F-X, HiTEEEE T o ["H]moxes-
trol D#EAHNEA 15—18 H L 0 4ET4 18 HAit: £ T,
0BG CAEICHmMT I Le2BELL LrbIn
WA LT, itk B o SESE, RIERETIE, AR 1E
ZE—7I12LTU, HALDNA 85720 DA DD
LTwi, 29 LZLoERIIARI TH 525, TR
MEFRIC L B ER T2 Mg A L U ED &)
TRGEBARIC) V7T ALDLEMENDL, DL %
TR R, Fo, B, BEMEZLZCE HE0
X5 ICHEM 2R RICZORELZHLT I E»H B
EHE ST WA, % 6 (Yasuda et al., 1988) (3, ICR
FbtE~ 7 Z~NJi4 11 20w L 17 H O 1 5 T ethynyl
estradiol (EE ; 0.02 mg/kg) #{%5-L, ZDIFH¥ 20—22
» HWSICE L 7cRE s DR R & BIEE L 72, BIRER W 2 &2,
FNHDRFRTIE, BHH72 ) D testosterone D pELEDS
KR 84 ng 7 5 27.5ng ICHK L T2, 2 HI2F R
5 TISAHRE AN L R ICHAN TR T2 D BHE A L
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<, #ilg(z7 R b — Z (apoptosis) ##Z LTEY, F
7z, Leydig #ilam 2K (hyperplasia) 252 54172 &
w9 (Yasuda et al., 1988). F#H 53, Tz ZDORE
72 Rp 1 51T 5 16 W DK 3 T o testosterone O 2>
&, 17 B-estradiol ~? i & 4 2 (conversion) 73/ L 72
HEIZEBLDEHEZ TS
EDCs DT, IEZRANDHEDM LN T WS LD,

polychlorinated biphenyl (PCBs) =, dichlorodi-

phenyldichloroethylene (DDE) % ¥ #¥ % 4. PCBs T
1, “Yusho” % “Yu-Cheng” (WL LHIEDE) D%
THILGNLE PANDEELIMLNTWS, EHD I
LOMERRICE Y, A FRAREDMAD, T &P

NTwa, EEEL )L TIlE, methoxychlor X bis-

phenol A D137, octylphenol % ¥ @ phenol 3f, butyl
benzyl phthalate (BBP), dibutyl phthalate (DBP) 7
¥ @ phthalate 38, & %12, vinclozolinchlordecone 7
ETIE, HWENDREPMLNTWS

TR 4~ R o3 H40 T 7% v, Diethylstil-
bestrol (DED) (3 xg/30 mg.BW) 247 4+ >~ F 7
20 o THRMICIE LR #raER 243562 i3
Mondy, FHLICENUE, ShAPER 72 /=LA
510 HH & D 9 HIE, 1 mg/10 mg.BW) T,
BEEI N e 72 L v 9 (Iguchi et al., 1999).

EDCs 25T 506407 « » FoREE HO 234 L
A DL, £ TEREINSEEFLLT
O)Tl_ﬁ’] *ﬂﬁﬂ’ﬂ{mﬂ)ﬁﬁ 2:, th% 0)£E Jit

.ﬁ%ﬂﬁﬂ)b*kﬂ‘é?ﬁé}&%’éﬂitﬂ%éo’CLsZZCL\. h
37/ LT O—5787 & LT, o154 - IR K i
DIFRICHT 2 REA @M S h>o2h, 20
R FFICTE ST W W E2HWIKLTWS

4. BIRBRICEFDIHERL M

“Our Stolen Future” (3, EDCs @ {ij 3. JRJag ~ o 5z 28
2t PEEO—D L LTI B, 20k 5 B ES
BT BIEAN T — & (IAEAE L e s, FEBRIVFRGEE % oK
DB, RIVE S ZHWERIEE, HRE0S
ICE ) LIFLISRERP BT 24 Y, KEROGHHEZ D
bbb, HiROMROLEEL W &% < % v (Maek-
awa et al., 1999). FIE5(F, 0.75 ppm @ EE % iEiH
I2& 0 3B L, 2 EROREE B2, 50 mg/
kg.bw ® dimethyl amino-biphenyl (DMAB) # s.c.T
$%45-L 72 (Shirai et al., 1986). #54:& LT DMAB Hjh
&%FENT,%meIMFmﬁﬁéﬁﬁ :m#%

'l'id)ﬁuj:ﬂ%f“@ mr‘é%ﬂ{ﬂ?;% iy ulét%fé% VN
ﬁ,B#%m%m&mm%n;h@,%m&%%wél
BRI EHE T 57200 T, DMAB Hh X o253 L T
L £ &\ (Shirai et al., 1990).
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DL IR R AERRIZ, ’LESZD
YOZIRY) EIFTT 6 bRERDOF AT E O THEL W,
2Tz T, EDCs b %FgI2 EDCs 2 ¥ 9 f»i)‘il‘ﬁrﬂ‘d)
MPRLELS>TWDLLDL, ZOIERBREC, 1LFWE
LTI A E D Z I 2T H 5. kthﬁ‘)lic
EDLTWBZ LT, £ EDCs RERRIZ EDCs » ¥
IPHRRFADHRE L STWIWED G B, b b1k
EE O RIS ANMERBR T ) L2 AL =
I—7—EITHYT 2 L0, FKZB1TEL1EL
W) HETH D,

ZLRRPAMPB-THTOE—F —DHHEICL E
F5L, BEMEREDZINPWIESRE L (30> Tnkn
CEEI NG, k< ‘ﬁ%ﬁf—‘?‘@ﬂﬂﬁﬂm‘f‘ 243
%obt%%T@%#A@7m% s —{EHWE 20 7%
7%\, DDE, DDT, TCDD & % \»(3 endrin 7 t [ el
nn@iné.mﬁ,*mmﬁm % T WEINZ B IR
R 7FIVEEED, Z 9 LIRS e s A T B
ARETEIITRE TE L WO T, HHFFATIZEFRMICHY &
IV D D,

UTFICETEEEEOMONI2MEE N OrDh T
) =B b T THER DR # % 8% 3 % (Keith, 1997)

B, WEOXATITIE, RO H L AR T FE s 12
J: STELH Bﬂf::‘k’é*‘jr [W4rien < GLAER A%EDH
NBLFWED R E—T— 2 ] 2SFHITL7)

D Chlordane [¥# 1% (Kelth 1997) : testosterone
DIET, TR e vz ZEEER) #EAMEZ X T EDCs
ELTOME» RSP LRBESINTELWETH 575,
Z  THFROHUIRIR ICHESA R 28 2 3 & ) 28 o
JUAE H¥ 7R g S 41 T v 5 (NCI, 1997 ; Becker et al.,
1979). MEEHEZD L DI, WG IC & 0 R 25 Hik
DRNVE CEREFE XML T2 LB b s, [Chlor-
dane (trans-, cis-), Heptachlor, Heptachlor epoxide,
Nonachlor (trans-), Oxychlordane 7 ¥ ]

QO B F /AR DDT 8 - -0 HUR DR T3R8
BEROTUEEZ R T 2 dma A S, EREIR S
P L7270 — 8 —(EREDIF, HURIROMEE 5 %%
%, 1%k %, BALB/c, CF-1, A &, Swiss/Bombay,
BC 3/AKR TH#~X 6 723X C TS A bt 1 %
- T\ 5% (Thorpe et al., 1973 ; NCI, 1978). 7272LC
NHDRRDE P ADIMFMEICIZEER b & 5. [p,p-
DDT,p,p’-DDD,p,p’DDE]

(® Aldrin/Dieldrin % : Testosterone i 4 IZ{EH L
720, AR R ER #AMUEALNLDT, TNLEMNLI2H
HAT B E—F —{EHHRY% S LT 5 (Georgian,
1978). L& LahEE D tnffiz~ 7 2 T3k (Davis
et al., 1962), 7 b TI3HE4ak&E (Deichmann et al.,
1983) L% > THY, HEICE-TLRL S

@F DD FRIE TR FWE - FARIR AV € 2P
OB ER, AR, PR L X ~D#EAMEIC L 5 “HEE

EDCs WE". % < R0 HUR DR IE S 7 & 3 ol B &
A NS X - THEMEDIE- &) Lwvw(NCI, 1977)
[Hexachlor cyclohexan (Lindane), kepone, methoxy-
chlor, mirex, toxachene 7 ¥ (7 8, fHE 3R
%o T Endosulfan (3 FERIEHE; O FAED A H L7 W,
% 72, Endrin 22\ T3 855 AhR #EA G EYE 2
). ]

BOF D EEEBEALEE O 5 B, #E EDCs ¥
TEBRNICEBREDED LN LD(WTRL VDY
pr7uE—% —{Ef LM S 5) D HkIR © alachlor
(Wilson et al., 1996), # & 1* amitrole(Tsuda et al.,
1976). HF I %5 ; kelthane (Dicofol) (IARC, 1983),
malathion, nitrofen, # X Uf pentachlorophenol. (Z
DIED T KIS S ? 7R Z 415 trifluralin, di-
bromochloropropane (Saegusa et al., 1986), #iHERI
D HERR 2 115 dibromochloropropane 7% £).,

® Chlorotriazin & & % #| . Atrazine X Simazine
T3 ER % AR ~?#E 41, Metribuzin T (3 HUK BB
BTt At A L5, Atrazine TIZ PRASAMEL AL
5. [Atrazine (FLIRE%5) (Stevens et al., 1999) (Metrib-
uzin TIIHUIKIRBEARE TTHE AR 541 5 4%, Metribuzin
3 Simazine b EBREIM TO RN AT IZ A L LT w
(Keith et al., 1997 ; IARC, 1991)). ]

DY FFANsSA AL P RO - FETHREA - K
AL ' DEAIMER L) BRIES~VE X /=X
DERLLCIMETF2I&RIL, sz ml Tl
70— —FHOKRT v 2 M5B B LDEHZ
5 11 5. [Mancozeb (Hurley, 1998), Zineb, Ziram
(IARC, 1983)ic 55 Wi EHBMEIEH. 272 LBED
Maneb (FAO/WHO, 1993), Metiram (FAO and
WHO working group, 1994) T FZERIEH (3214, ]

® AhR Z3 2WE © AhR #EAMLEET, 2z
LT T TR T L 25| &8 2 T8 R 7% EDCs ¥
B, RV ECZEEEAMRA SNV ECDs & LTI
TEFRERE b, FRRA 2R T 5. ZOMICHBEER
RF - BB A0 endrin, 55\ & BEEE O hexachlor-
obenzene 7 ¥, Z #5143 PCB & dioxins (2 HEH LI
WA LNLRET, WL EMHERO CYPLAL
NEREZNLTBHMELEL, BPAT7TrE—F—LL
TERT 2. (7272 LEMma#E"Y, benzo (a) pyren I3,
Ames DIZIFZIRE R K2 DB RIFIERERIZOWT
LIEtEoWE., RPAMASA T v A4 TOVWDLY S A
=z ——(EH L) [FERERILAEMD ) b,
Benzo (a) pyren (Sjogren et al., 1996), poly-
brominated biphenyls (PBBs) (Safe, 1984), polych-
lorinated biphenyls (PCBs) (Safe, 1984), poly-
chlorinated di-benzo-p-dioxins (dioxins) (Huff et al.,
1994 ; TARC, 1997), poly-chlorinated di-benzofurans
(PCBF) (IARC, 1997) % . ]

"NELTIE, WHW
RIFAMD LY
3, XKLk %d

ftu’i, EPA o “Ht€ EDCs ¥E
27ut—2 —(EHLRWIINT,
DHLE L, ENLDELLNDIT
DY H 5.,

@A — A4 b RAEBFH CERRAR L E RV ES R
RIR~DFAEZRFOD, L LBHRIRERILVE DR
b2 HERTZIETHONE., WTNLEEEEL A%
W (IARC, 1991). [Aldicarb, Benomyl, Carbaryl,
Methomyl, Vinclozolin. ]

OEV 24 FROFBA] @ AR A HUIK IR RE
JLEE KT L% Y > TEDCsoafigtEpMESI LT
Wb, SHHDHPTEERMICT W EREEYXA LD

TBTAAN T A RT P I—EERERT LI EHLND

Fenvalerate & (IPCS, 1989 ; IARC, 1991 ; IARC,
1991). (37*, Cypermethrin, Esfenvalerate, Permeth-
rin TI3MEEREE, FIERIKT, RRBIEL EBE I
5. %8B, COLODOMBKERENIF M) TLF R
L ERER L LR Ic (2, B ERRE
TEDEZFMHF LI EFZICRL ST DEI L ENPHS
1T x5 (Nakanishi, 1996).

Q75 2F v 7 a¥#Kl : MCF 7 ~ORHEiE 7% £ 12
1) EDCs & LTHDFEDLNT VLD, HHWIFTZED
15 % ¥ 2 (Phthalate % <> alkylphenol 3§ @ K i 47) .
Diethylhexyl phthalate (DEHP) (Huber et al., 1996)
%> diethylhexyl adipate(DEHA) (NTP, 1982) 7% £ o
peroxisome M5E#|® (Takagi et al., 1990) # fr &, £<
3N FEER T & B R YA ME I3 &1 (Catharine et al.,
1997) : Butyl benzyl phthalate, dibutyl phthalate,
dicyclohexyl phthalate, dihexyl phthalate, di-n-
pentyl phtalate, dipropyl phthalate, bisphenol A,
alkylphenol, nonylphenol, p-octylphenol, styrenes,
styrene dimers, styrene trimers % ¥ (¥diethylhexyl
phthalate (Huber et al., 1996), diethylhexyl adipate
(NTP, 1982) (3 FERAIATIES; 2 35 5E).

Db L C&x2ks), EDCs icBIT 2R ML
ROAMED ) > 713, BIFHICALTRAE - BRREROEE
ORISR IUT, dwEnosThkw, AL, 22
T3 EDCs TI3FE & L TZDEBEMEIT DLW 5 HH
A7 aE—g —{ERICHEY 2 & LR - TR 2R
IZZ L, & ICEREEME S DER, EDCs DA
(B L DB E IR T— 2 DH Wb DL H ) 13-
ENLLnZ e kwn,

5. R REILFMEORRRME

RPHTRPAME L TATELZEB Y, WOWHEEL
LFE L% 2 LN WEZOWGW “HELE" Dk
RED LD EKME LB - T, Z0HDWHOKRIR
PLEMEMTH B (%, OMZMH LESS, HEHD
ENEWMEIN—TE2RbETH D).
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D Chlordane B#EWE TIZATE T A2 L 5 D) #
BOTCHE % 38 U 72 R A MRS X LT v % (Becker et
al., 1979 ; Thorpe et al., 1973). B#{LAo T3,
Chlordane TRIRE R L o KB FE O S H/REINT
\» % (Sobti et al., 1983 ; Sarkar et al., 1993) 2%, #i#L
LIS oW E Tl ERIGEHE A 5 L7 v (Marshall et al.,
1976).

QF B H ALK DDT 31, [l U < FEHUIRIR T3
R O ITUE 2 BT 2 Hma A 54115 DDT HHT
1%, Ames a8 7 ¥ »5&1% (Sobti et al., 1983 ; Rashid
etal., 1986). %8B, DTN —T DI tafk i HE
DHENDL LDOVHEH S5 (Lessa et al., 1976 ; Mahr
et al., 1976).

@ Aldrin/Dieldrin $i. ¥»°A 7 v € — % —{EH R
e E 1T &7z (Georgian, 1978 ; Davis et al., 1962).
W DB (Meisner et al., 1992). Z2JE1H: T3,
e o (R 2 H B 1 (Georgian, 1975 ; Majumdar et al.,
1976). Dieldrin TI3Z5A% 2 {514 (McGregor et al.,
1991).

@ % D fh D F ¥ F R AL (Hexachlorocyclo-
hexan, Kepone, methoxychlor 7 ¥'). F#ghy e &
T ORI ER THER HURIRIES 70 ¥ % ek, AT
MG 2R A5 & 115 (Hoffman et al., 1982).
Z 1Lz x L T (toxachene % i\ C) 1R 22 SR 28 S (3
14 (Moriya et al., 1983) 727%, Yt fR 55 55 2 0 3Bk
F TF: (Kumar et al, 1995), Hexachlorocyclohexan
T3/ M%ikBx L B51E (Bhunya et al., 1992).

®RIEHTI3, Alachlor (3Z R BEMOE T
WD REERER b 51 (Georgian et al., 1983 ;
Lin et al., 1987). Z 137 Dibromochloropropane <,
Kelthane, Malathion Thifitk4rA&% $# (Loveday et al.,
1989) R e taf& 52 »F5 14 (Salvadori et al., 1988). fi
77, pentachlorophenol (Z(2/H5D & B ) W ol
T HERFEETRD 517 v (Kappas, 1988).

® Chlorotriazin 5 5% 9 Atrazine O FLIRIE 5 %2
Lo & T 2 EEEM (IARC-class III) 2551 51T v 3
B, RGBT, Ames i8R (3 &1 (Moriya et al.,
1983), 2 a7 Y a N YL B ZDIEDDRIRE R
T3P (Torres et al., 1992) D135, /MEakER (Gebel
et al., 1997), fililksr 4% (Ursini, 1998), Hefafiitbk
(Infurna et al., 1988) % ¥ T3 X Tk, Atrazine @
EDCs & L TOERAEMIZ FEEKR L EZEZ 5N TS, 2
TS < FURMESS 7Zc & O BB DI e Rt S & 7 - T
W3, Fo, BRRBRTOXEEOEL FrmRE I Ty
55, WA EMEIZA S5 1L7Ze s (Infurna et al., 1988).

Z DF#E D Metribuzin & Simazine T3 HEERHEHNA
13 & 5 117 \» (Stevens et al., 1999 ; Keith et al.,
1997) 7%, [RIREICA G & B RBFEMEE L > Tw 3
(Moriya et al., 1983 ; De Veer et al., 1994).
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DY F A ANINAA DR TOZERIGEN (X Ames
DIFIGFIEIRAE A Ziram # R TR T H % (Moriya
et al., 1983 ; De Veer et al., 1994) (7272 L Ziram T®
FEERENY T O & REEE (X FEE L i ST v B) (TARC,
1991) . /M BR=0 il ok e (A 53 (R 2 AR AR SR IS B E
WERALNDERING L) 7T DGR AR
3T Rd ALk,

@ AhR #EAMEZ N T 2K FEHRERILEYMD H b,

Benzo [a] pyren (3, ZREMEL T X T D genotox-

ic carcinogen (ZFH% 3 2 ¥ TH % (Sjogren et al.,
1996). F 7-4KEF A F ) » #o Endrin T3k 4
i Jeafk iy L A 5 1L (Dikshith et al., 1973), &
NEXMT 2 L0 LH 2 505 BURE, HE, FLIRE

DREDRHLNL T, HEHEELMONTHWS, 20

I OWE T3, ZRIEMIZ PCB & dioxins (Z B 41

Wiasd SN BFEETH D05, WI Ly EMHBERD
CYP1A1DHE % LEES 7 o€ — 2 —(ER
Bhé.

X2 &[RRI, EPA®EDCs ) 2 b OWE T
’%b*klﬁ%TTﬁ(ﬁkﬂ)&h% ADTIZOWTERGE N %
WEET 5,

@A —sx x4 FRFBA, ERRLAR L ERLVE S Z
DR~ EZ RSP, L LEHRIRELVE S DE
bz ERTL2I LoD, EEEEIBESI LW
7%, K FIZHPE#E A benomyl, carbaryl, vinclozolin 7
EITBIEE 2 1 5 (Keith et al., 1997). 77 —sxx 4 b RFk
MAITIE VT D Ames D1 IF 2R A AR B (221
(Marshall et al., 1976 ; Sarrif et al., 1994). 727°L,
RIRAE (Cid et al., 1984), /MEikEx (Wei et al., 1997),
fifi ik e iR 53 A 42 2 (Cid et al., 1984 ; Dolara et al.,
1992) B L o fafh % (Gonzalez et al., 1987) 7c ¥ A%k
REN3.

v zo4 FROFBBAL AR FATERH IR IREERE
JLEE R T L1k ) EDCs & DwJREMASMEINT

5LDT, FRIRER, IMGRER, ikt ARag ik
7 E DFsERE R P ta R 2% 25U S 11 5 (Dianovsky
et al., 1995) »*, Ames DIEIFZIREL I AER (T F L&
14 (Herrera et al., 1990). Cypermethrin TE%E S 11T
W 5 AR (ICT Americas, Inc., 1978 b), esfenvalerate
THRESI NS B O RIELEZ: ¥ (Tanner et al., 1996)
&, MRSNLZERFEBENA L) v 7T 500 E
9T, XK EDKE QR TIZMH S H» T4 v,
fenvalerate <°> permethrin T # £¢ & 41 % #f % P& 3
(Cavaliere et al., 1990) (3 AH[E A D H A TFLIHIC K
SUREMERTRE L2 b D TH ) AB%DMER L FHT 50
Bhd b,

D7 =/ —=NED LI LT F7AF v 7 ¥MAB LU
Fv— 7 EOBIEBLEME TIE, A XV —Lk
jitiFlo> DEHP X DEHA D k5 % b D& &L &, ¥ hA

A

Mortality Rate based on mean life expectancy

1. rodent (mice, rats)

6. orangutan
7. African elephant

100
2
.._E 10.0 | 2. dogs
5 3. sheep
= 4. gibbon
S 10| 5. horse
o
e

01 8.Ihuman

10 20 30 40 50

o

Age in Year(s)

60 70 80 90

Fig.1 &MIFLFHDIELCHIFR (Trosko, J. E. and T. Inoue 1997).
T=2 DM HRFB I UM X7 —213, FREXFL), £ bo7T—2113, WEEHEANBER % L L
XTI, Fobofiz, Cutler, R.G. (1984) D7 —% & ) 7 L 72 (EHIEX) .

A Y & 77 v (Catharine et al., 1997). {521
(Yagi et al., 1980) x> 5% (IARC, 1982) 7 ¥ ) n[fig
PEIZDWTIET — & DI L e W & 5 25,
FARXLNTWER) TREXFET—2 AN W
(Keith et al., 1997), ZRJGFHEIZOWTHINEFAL
T(N)FAXRLNTWBERY O Ames 12)7 229848 H (338
B 5N (Seed, 1982), X F L L IZOWTIFHRALE Y
ZRBEDIEAKIEN E 72 AN T Wh, £/ 2—
CHPE T D Ames B0l s (R o3 (R 28 8 70 £ 13
B4 ¢ & % (Tomita et al, 1982 ; Milvy et al., 1976 ;
Lee, et al., 1995). Bisphenol A M % EJ5HERER (3 2 7
IN—TDHR TR LSFARSN T L HOEIHICET 5
B, A DRET L 3T (NTP, 1982 ; NTP, 1985
a . NTP, 1986 a, Schweikl et al., 1998 ; Ivett et al.,
1989). F7/2 75 L — MEHTIIHRED A L7,

Plrhicad ) 2ZREHDHE L EDCs & LTH
HEHFECFTY Y7 LTV BEDRLITOWTIIRRET
Hb5, BHAREEDL 7FND) v 7 BRD TS 5 e
TLHWERKIZH > TIZDHA»H L 257ICiF-& ) Lk
WZ EHBD L T,

RIB(CEME CEmR

EDCs 74 RERICH § M0 Z LT S fatfic &
TEHINZLAZLLEHELT, DLW Wm
FEICY-2 BRsC BmL‘ﬁ‘mliﬂ’Cl«‘éﬁ‘ FrEo
RRGHIZ 3T v n, IREHICRE S TRz K
%D ITET AR EN B - A, I
ZEEALT 27X LT, #iIC X 2 Mkla o ik &
ZAUCPE ) BRERT O A 2 E X D, Weiss (1988)
13, SOINED 5 5—F 2V IR TOMEHIIRN K L [F]
BRDOFHGH EDCs THET 2 Rt 2 H8 L T 575,
MICEYFSTHEY, HAZBLICIEESTWLR W,

EX (4] %’éfﬁ%fﬁtﬁf? DHEEWE I & 2 H0E - fHAERE
EDORBIMNE & ORI ER L BMRY H 5. T oKy
W —ixam e LT i BEMEEL IS B B A
BRI LTH L, BADE ﬁi%ﬁ‘%i LTU
*, WD IF b b‘%??@ﬁﬁlﬁfﬁﬁéwli;ﬁ%ﬁ ZL<T
AN MR RIS LT, #LLTE L2 H LB %
HlE, TNRBRDZLETLHSE, ZFLTEDNDZ LI,
MR X B AERA oMl - MEFREEE, FFaica s

5V27ELTHMTLIILDEREBRL TS EFH
Z 5115 (Trosko and Inoue, 1997). §XTTldZc W ®
2 DEMCRERDOHRR G H 5. EWMORE - K
Fodfe L FIAkIC, a3z oEERORSIC7 0
FLINTWBHDEELLNT WS, »DT Sacher
(1959, 1978) iz, T~z D@D HIRFF @AY “INERE" <
‘MR A AR TH S 2 (MO L E ) "o TEDL S
NaZrzRuBLE, EYDECHRIIERE & LICHE
BEIEIICH NS 2 0T, Kt 38 H B T HALRER] &
) DFEERE LD, BENCHERE LB L, ZORRER
DEAII A B ) DR Z & 5 (Fig. 1) (Trosko
and Inoue, 1997). ZOJFaifRn %Lz A4 5 L, #ih
¥rob MCESLF TR S, SHITHILLT
Wb Z b5 (Aimes, 1973 ; Cutler, 1984),

FRplcxt L TRREEILILE MK TERLZEZIS, &
F D IidrihiRA Fig. 1 TA 2 &9 ITI3IFHEREMEE &
% Z X3, Gompertz(1825) 12 & - T 150 4L E b Fijic
RE SNz, T LDDEWFN L EKRIT, EWHTEIC
2B, 20N ZR27 I3 EHRORTFO ‘B OFE L
TERYEZIN L —HDOBIBBMRICWER L Tnd ) 2k
TH 5 (LD 2R FFe55m) .

EDCs %9 L7277 279 —D—2l %V fHbeTh
g, #xamn) 27 TCHRAELIRSI NS LKL, £D
Fig. 1 TRLIFMA =T DM EN M7 ) — 7 % Hi <

WL 2272 LS A =713, BIHO R T OMBROERIIOD & 5 (BT T &, iR — 43R R~ 7 b & L > THE
UYL 2@ Cld, 2030 LA IERSAISES 2 ), JECHER S 77 29040 2 KM L 72 Ml Ze b D~ L)

R 3,
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Kb EXB 0L TIN5, Ik ~7 Weiss D
HE#w T3, McGeer et al. (1988) D ¥— % >V &Iz B 1T
5 RIGHEER DM KR E 2R L T B, SR OH
N D EAL G T R D 2 P EHT T 2 2o nfific v
32 ZTIEFILH AL W, Weiss DI, Fig. 1 0%
W=7 RMICH v HEam L R L ER AR Tuw
5. §7% b5 EDCs T b kb 2 02 3 vl Agt: % &k L
TWbZ Lk b, BmoiEv EDCs % SEREhiIc it 5
LTIDZ L 2EDPD D I LIZF NN, = X TldA
WTH59,

RV E ARRDIER 2 F5 (LB D B0 %, b
J—EEELTBEI). ZnLnl, HANICIIESER
TTHLIZBREREA LT, YEZTAEREZIERLL, =
FLBIEF N7 B —F —8ALITHA L TWT, E5HK
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Multigeneration effects of endocrine disrupting chemicals
with special reference to teratogenesis by paternal
exposure to synthetic hormones

Tetsuji Nagao

Laboratory of Reproductive and Developmental Toxicology,
Hatano Research Institute, Food and Drug Safety Center,
729-5 Ochiai, Hadano, Kanagawa 257-8523, Japan

Summary

Male mice prenatally treated with a synthetic hormone, estradiol benzoate (EB, 0.15 and 0.3mg/
kg/day), were mated with untreated females, and resulting fetal offspring were inspected for
external malformations. A significant increase in the incidence of malformed fetuses over the
control level was noticed in the offspring whose sires were treated with a high EB dose, but it was
not seen in the offspring of males treated with a low dose. The high dosing, but not the low dosing,
caused partial atrophy and feminization in the genital tracts. Ethinyl estradiol also showed
transgenerational teratogenicity when applied prenatally at a dose which caused histopathological
changes in the testes. Germ-cell series in normal testis have mechanisms to select against spontane-
ously arisen mutations ; but these selection mechanisms may not function efficiently in chemically
damaged testis. Based on these results and considerations, I propose as a working hypothesis that
male-mediated teratogenesis may occur as a consequence of testicular toxicity.

(This paper, chaired by Kiyomi Kikukawa, was presented to the 10th JEMS Annual Symposium, “Endocrine
Disruptor Mechanism and Posterity Effects-Concern with Environmental Mutagen Research”, organized
by Kiyomi Kikukawa, Tohru Shibuya, and Kazuo Fujikawa, sponsored by the Environmental Mutagen
Society of Japan, and held at The Pharmaceutical Society of Japan, Nagai Memorial Hall, May 28, 1999.)

Keywords : synthetic hormone, endocrine disrupting chemical, prenatal exposure, trans-
generational teratogenicity, testicular toxicity, genetic damage, germinal selection
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1. BRRIVEYDAREEDRE L EYRER
THOAICHE-> TSR E

BREMER IV E > TH 5 ethinyl estradiol (EE) %
estradiol benzoate(EB) (2, estradiol 17 8 (E.,)  ##
PEMEL, 27 eAf FEKEZAT 2%, diethylstilbes-
trol(DES) 3 X 7o A FEt&2#4wERT oL FR
IRXAba7rrThHhb(Fig. ). ShbAmRKERLE S
BERERAFIOEEMLE LTHREIN2LDTH S,

OH H OH \c=cH

HO HO

Estradiol (Ep) Ethinyl estradiol (EE)

H;CH,C
-
{4
CH,CH,4
Diethylstilbestrol (DES)

HO

Estradiol benzoate (EB)

OCH,CH,N(CHs),

Q=0
C2H5

Tamoxifen (TAM)

Fig. 1 Structure of synthetic hormones

LRV E DR TE M 2HEEMEA & i &
NTW2D5DES TH 5, ZhiIMEiz @@L THRRE
ICRATL, MIEMNICBWTZ X by v ZAEKREEAL
THEZITHKMNIZA S, Tablel (2757F & 912, DES #14F
RIR A5 G- 2 7B & 48 & U724 Y I A Bl R e B
&, BEIERD 5 W IIIEO BERMIAIIEZ ¥ h, 72,
BRICIIRE TR, FE2L, S EE, SISLRE
EDFRMEWIRAEFIZ I DRI &, S5 IHK L2
K DB, IRRGREDIK T 2 & OIS T B 7 & s
i 53T\ A (Stillman et al., 1982).

INLDABRKMERNVE Y 2RI ICIE 5T 5 &,
Z DORENEMEMET & L THER IS B 5 b2t
ELTHRDLENS, ZHULBEMICIZHTH 2IEROM
LB S NIAERTH 5. ZORDEAIE S Abtkm
NaDFEEAS, W EEDWML, (VST 7% & o pikE
FNIF 2 S~V TR S, K
RAERE T3 (Table 2).

L2L, 2oottficBir2H MRS IO NTIE
DES ¢~ 7 X T# A BEH 2R L2 v W
(Newbold et al., 1998) LISk, 13- A E bbb o Turzewn,
Newbold % (3, CD-1 ik~ r7 212, DES # & Fitgt L
T, BRI ST LA 2, PR AR IC 4
Wit~y 2 & 28R &4, KR 2157, KithfR
KA S 2 R S B2k (12 17—24 » H) i~ T
A b L, FEWREEET BRI G I L
TWhWa I epdohzz, hsn7—213, DES Olig'R
Wi (2 & DRSS, JBE LTRILY 22 L %R
LT3,

. BRRIVEY OBt EE

1) BER#ERRIC & 2 R4S © 4 58S

ICR =7 2D 4% 9 —16 HIZ EE(0.2, 1.0 mg/kg/
day), EB(0.15, 0.3 mg/kg/day), DES(0.1 mg/kg/
day) ® 2 W (IPLT 2 + v 5 > D tamoxifen (TAM, 0.5

Table 1 Pathological changes and reproductive dysfunctions recognized for humans who were
considered to have been exposed in utero to diethylstilbestrol (from Stillman, 1982)

Pathological

Functional

Clear cell carcinoma ;
Adenosis ;
Cervicovaginal structural changes ;

Female progeny

Uterine structural changes ;

Tubal structural changes ;

Testicular : cryptorchidism ;
hypoplasia ;
capsular induration ;
Leydig cell hyperplasia

Male progeny

Menstrual : cycle irregularities ; dysmenorrhea ;
shorter menstrual flow ;

Fertility potential : infertility ; ectopic
gestation ;
premature delivery ;

Semen analysis : decreased sperm
concentration ;
decreased sperm count
decreased sperm motility and
frequency of motile sperm ;
Fertility én vitro . diminished potency of sperm
penetration intp hamster ovum
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Table 2 Toxic effects of prenatal exposure to synthetic hormones in reproductive systems

of experimental animals

Synthetic hormones Species

Effects

Ethinyl estradiol (EE) Mouse

Ovotestis”, Intra-abdominal testis associated with persistent®
Miillerian duct”,

Decreased in viability of the conceptus®,
Interruption of pregnancy®

Estradiol benzoate (EB) Mouse, Rat

Atrophy of seminiferous tubules?,

Atrophy of testis, epididymis and seminal vesicle?,
Inhibition of spermatogenesis®

Diethylstilbestrol (DES) Mouse, Rat

Ovotestis®, Malformations of the genital tract®,

Feminized sexual development and maturation®,
Intra-abdominal retention and/or fibrosis and calcification of testis®,
Epididymal cysts”

Tamoxifen (TAM) Mouse

Inhibition of uterine development®"

a) : Yasuda et al., 1985, b) : Yasuda et al., 1988, ¢) : Yanagimachi and Sato, 1968, d) : Steinberger and Duckett,
1967, e) : McLachlan, 1977, f) : Iguchi and Takasugi, 1986, g) : Branham et al., 1985, h) : Branham et al., 1988

Table 3 Reproductive function of male mice treated prenatally with synthetic hormones

Synthetic hormones Dose Copulation Fertility No. of Embryonic
(mg/kg/day)® index index implants/litter ~ mortality”
(%) (%) (%)
Control 0 100 100 14.8 6.3
Ethinyl estradiol (EE) 0.2 90.9 95.0 14.1 9.1
1.0 40.9 44.4 12.3 6.0
Estradiol benzoate (EB) 0.15 100 100 14.5 6.5
0.3 95.5 100 12.6 7.8
Diethylstilbestrol (DES) 0.1 0 0 0 -
Tamoxifen (TAM) 0.5 100 100 14.5 7.4

a) . Daily administration of synthetic hormones into pregnant mice for 8 days
b) : An increase in embryonic mortality over the control level was taken as an indication of dominant lethals

caused by a synthetic hormone in the germ cells

mg/kg/day) 7% ¥ DA KN T B HEE TG 5 5 »
I3 FEST L, BRI THEER 28720, o
LOWAERICIINETEIIBEE NG o7z,

AR WO PE BRI BRI = 7 R L AERE S B T
JERES) % fgg L7z (Table 3). 2 D454, EE 1.0 mg/kg/
day #~ DES 0.1 mg/kg/day #£ T3, KER LIXHEHE
DELWEK A6, EFREGIEILEA TN,
-72. EE 0.2 mg/kg/day #5 L EB 0.3 mg/kg/day
BETIIREL 5N E o4RRe T IS BIIA LI
Ll o2, HREOK P A sz, EB 0.15
mg/kg/day 5 & F TAM 0.5 mg/kg/day B T34
PERE S 12 Aa] & (I A < EEh R 3B b e b o 72,

TR THOEM TIE, EE 1.0mg/kg/day £ &
DES 0.1 mg/kg/day BEICHE 35 X ORS B BiRZe & o4
FERDE LR, 27— B LU A 7R
B 52Uk (ovotestis, Fig. 2) iR ICBE s N
1295, ZDMORETIINIE MR B a7z, &
ST A% % PR S IS B L 225, EE 1.0
mg/kg/day £ X DES 0.1 mg/kg/day & TI3HHE 5

SRR FAREDE L WHHEH» A 51, EE 0.2 mg/kg/
day B8 L ' EB 0.3 mg/kg/day BETI3EME B L O
o H ERE OB E EHE A LTz,

2) RRIBHAICHER L v AORMARRIEICH TS
EREFEORE
BAERIC AR RV E 28R S LA R AR T
5D % fF - THALHHE X ARl S TRUURE IR 2 1572,
INLDMRONERHOAEEBEEL, WHREERZ
Ko, Fo#ER, EE ? 0.2 mg/kg/day #E L EB
7D 0.3 mg/kg/day BET, w234 R H ENLEE G IR &
i L CHEICHmL7ZZ, —%, TAM 0.5 mg/kg/day
TIIEH G IIED 5N » - 72 (Fig. 3). EB 0.15
mg/kg/day B TI3, HERERIHBL L TH- 7
DT, ZOHABRINVE > ORRHAGDIIITRIEL D 5 2
ELHLEMNITH 5T,
EE 3D 5 (2 EB LHBE TS L N2 H (L,
N#EZ, B, SMGRE, koL L, wiitd ICR
R D=7 A THRREMZED LN NEFHEOR T
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Fig.2 A typical case of feminization of testis observed at the
mature stage after prenatal treatment of mice with
diethylstilbestrol at 0.1xg/kg/day for 8 days. Testis
showed unilateral atrophy. Elongated configuration,
which was characteristic of the epididymis, was
absent in the epididymides. Epididymis had cysts
(arrow). Seminal vesicles were usually enlarged, and
a mice had a markedly dilated Miillerian remnant,
which was resembled the uterus.

#»-72. EE 0.2 mg/kg/day #8 L' EB 0.3 mg/kg/
day FRICIRD LN R RFED AT 7 L%, AR
WD AR b Tk, W T REHNLEERIETH
% ethylnitrosourea (ENU) TRLHL L 7z 5 > KA {45 2
IZ2O2WTH LN TWw5H 7T — % (Nagao, 1988 ; Nagao
and Fijikawa, 1990) ¥ & 4 (/R L 72 (Fig. 4). AR HL
EUICE BB L N ED L NI A D 2~
7 b7 a3, BRBERED S 4 7045 & 13IF— L7z,

3) MitRESTM BRSNS

<7 ZHE TR O HR R E S5 2 &
DHLPICEINTWEWEIZ, WT LN ERET
Ho, o, KHEE LTHERINIBEDIALT
DI ERRETHED 9 4 7o fi £ 13F—3T 5. A
%T, EEs L EB UH Tl s ok HED &
A 75 Mmb ARRERTED S A 75 mE X TE L -
72 (Fig. 4). 2ol 7—%13, EE b EB b,
TR ORS RIS I B W, whs AR L Thsh
HEREE LTEH LA E2R%T 5, L2, EBR
T X 2 KMACH T D FE 1T (IR 7 BRI A D538 8 &
w7z, T, EER EB A RE L LTER L2 E WS
LA ST 5, BRI RICH L T DNA 514
135EEET I3 T, DNA FHE ISR T 5 305 (2 BE
3FEZ I W5 TH S, FEEE, ENU oA sz &
5 KA (Wada et al., 1994) R4 AT 28 9K 40 4
(Shibuya et al., 1996) (2 JERIER! D R DB 2 R
LTwa,

Hixk L 72, Newbold % (1998) (2 DES ok tit-{ 7898 %h
ROBHEL LT, Al THE L7 X v TV EEED &
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1.57

1.07

0.57

Frequency of congenital defects (%)

Z 2
Control  Ethinyl estradiol Estradiol benzoate Tamoxifen

02 1.0 015 03 0.5 (mgkg)

Fig.3 Frequency of congenital malformations in the off-
spring whose sires were treated prenatally with syn-

thetic hormones and mated with untreated females.
Vertical lines represent S.D. The number attached to
each column is total number of malformed fetuses
detected.

Control

Ethinyl
estradiol

Estradiol
benzoate

P T 1T 1T T T T T =1

Fig.4 Spectrum of malformations detected in the fetal
offspring of male mice prenatally treated with syn-
thetic hormones and a mutagen ethylnitrosourea
(ENU).

CP : cleft palate, DW : dwarfism, Ot : others(exence-
phaly, open eyelid, limb deformity)

a) . Total number of malformed fetuses versus total
number of fetuses observed

b) : Data from Nagao (1988)

PEFSREIIZINZ T, \IETOBA FLL, I=%T 7
4 b DNA EH OBIEN AL ENE2 52 Twhb, EE &
EB Dk AEIZ O W T Y, Lk L2 f2 5, [
BiC 2R TietErH 2 b b, wWThollTH I,
AR o R B4R (Fig. 3) 13, R"AvE AEHICL B
Mg R X 7 2 & 2 ZDOWHEATIE T 2 55 -3 TUlE
AN, SRR EOREG 2R E G L ko> TERI L
PR GELDTHLI L 2R%T D,

Pl Eodils, AERHN (G5 AERitTE) %2 A kv €
> DBARMN R D —F R L BE L TIT - 72 b DT,
Ko 3 2mE s nflb ) THTAHAL L, Holhgtt
#2515, Table 4 (2R L Tw b & 902, fktbfCAE A
e hs il e & L2 LB (EE @ 0.2 mg/kg/day & EB
7 0.3 mg/kg/day) (FW T REROMALD 5\ (3 FEHE
L7250 THEY, BHTH- 720 (EB D 0.15 mg/

I

Table 4 Testicular toxicity and transgenerational teratogenicity of synthetic hormones

in mice

Synthetic hormones

Dose (mg/kg/day)®

Testicular toxicity Male-mediated

teratogenesis
Ethinyl estradiol (EE) 0.2 + -
1.0 +0 ND
Estradiol benzoate (EB) 0.15 = =
0.3 49 +
Tamoxifen (TAM) 0.5 o= =

a) : Daily administration of synthetic hormones into pregnant mice for 8 days

b) : A few number of atrophic tubules in the testis, and epididymal cysts were observed.
These cysts resembled female-like structures which were homologous to oviduct.
There was a duct along with vas deferens, and which was similar to the uterus

¢) : Unilateral dilatation of seminiferous tubules and epididymal duct were observed.
Marked dilatation of a cyst was also found, and the cyst was lined with flattened

epithelial cells

kg/day ¥ TAM o 0.5 mg/kg/day) T3, Hifattid
AHLNT W, THLDMEL ), FLIKRELED
ORI L LTk B w2 L T 5. i
N1(1999) 545 L T 5 & 9 12, 1B Zoks B oA hiiiie
FHNCIZ AR LR ER A RKL T, KiRUSE
bBEROBEHL T BRI D - T 275, B
B o TR T, A5 ICxT B IEIERERE ST ISR
Bl WoTldeuwh, Thbbilg, AFETEOR
ST ARV E v ORKIHRIEAR R, RREICHE
4 3 BRI ZIREBHIEH L~V L Lo BUE TR
b > MR TII L WL HEZTWD, ZOWREEZ
R E LT, A%OMETERLZW,
& B

BaaEiz T 2 b oy RAB KRV LB E LT
72728, KRNI R i & o 7clEe
Z D KAMA T AN AR IR L~V P OB T L
72, RERFMELRD LN o T2 ROk TII#RE
LS 330 b N o T2, BREES T, HVW AR
R E L RIS B LT ARG & LC/EM L72wT6HE
MY, TURIICFDT ) LTEIEIEILEFF L 2ThE
WLHETEL W, 22 hb b, HERIEEOMAE,
BRI L 22 R AE B 1E 3 L~V DL E o 3% TR IR
bot:tedlc BB EHERAE Lz & T ARG Z 4
BL2 CORBOUEEZMLELICT S LI, WA
BEEAL A O S IR 2 0E L < BT 2 OISR
BEETEIZPLTH B,

E i3
BRI L ) HEL SR niini, B4
W D—i613, Rtk L) KL 7.
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Transgenerational teratogenicity of 2,3,7,8-
tetrachlorodibenzo-p-dioxin, a review

Kazuo Fujikawa

Atomic Energy Research Institute, Kinki University, 3-4-1 Kowakae, Higashiosaka 577-8502, Japan

Summary

Epidemiological studies in USA on the reproductive outcomes of Vietnam veterans exposed to
Agent Orange, a mixture of herbicide contaminated with 2,3,7,8-TCDD (dioxin), have shown no
clear evidence for an association between herbicidal exposure and the risk of fathering babies with
congenital defects. Similarly, experimental evidence for male-mediated teratogenicity of dioxin is
not clear at present. On the other hand, reliable negative data are available for dioxin clas-
togenicity in human spermatozoa in vitro and the clastogenicity and DNA-damaging effect in
germ cells of male mice. However, germ-cell degradation has been reported in male mice exposed
to dioxin, and this has been verified to occur as a consequent of Sertoli cell injury. These results
and other relevant data are reviewed and discussed. Finally, need for further accumulation of
animal data is pointed out so that a final conclusion on the genetic hazard of dioxin can be
achieved.

(This paper, chaired by Kiyomi Kikukawa, was presented to the 10th JEMS Annual Symposium, “Endocrine
Disruptor Mechanism and Posterity Effects-Concern with Environmental Mutagen Research”, organized
by Kiyomi Kikukawa, Tohru Shibuya, and Kazuo Fujikawa, sponsored by the Environmental Mutagen
Society of Japan, and held at The Pharmaceutical Society of Japan, Nagai Memorial Hall, May 28, 1999.)
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N LHR4(1962-1971) DFEM, KEIZX M F LD
EARIC KB OREER % 8 L7, Wik, REICREL 2
Ty, o RERERRIEL ¥ OUEG L R M
BERZ DT, AT, WS P I S M ER
Agent Orange(2,4-D & 2,4,5-T DiRAM) 12 2,4,5-T
B D E Y X L T 2,3,7,8-tetrachlorodibenzo-p-

[

ZAF 1999455 A 11 H 2801999 48 H 27 H
OB ARG 2 B2

dioxin(LL'F, #FA44A XL V)P EENT B &h5bh
- 72(Cadburry, 1997 ZH). Fh3EARIHA s THE - 72
NP FLAEEDTFHICOWT b R M5 I T
WB(FF S, 1999 M), 2o kHic, 2L DRNBE
HWEDOHTTA A F LV ITR- T, LBOWIRITRRA
FTAREMEITBSIN TV EERITIE, N LaS
TOMERDER»H 5.

LBz, BRI A3 2 R %
PEIZ & > TRt RAERE L L THRRT 252
AR A E & v L EEREI T3, Nomura (1975,
1982) D ERIIIFZELIK, S DREDRIENFEAT 5 2 L (T
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Fig. 1 Detection of malformations (m) after paternal treat-

ment (A) or after treatment of pregnant females (B)
with an agent as evidence of the transgenerational

teratogenicity and the somatic adverse effect in devel-

oping embryos, respectively. Dotted mice represent
individuals which are subjected to the whole-body
exposure as a father, pregnant dam, or embryos.

JIRCERBOHLNTETWS, LT, #SEAFEE L Tofk
HEACHE 271t 2 e & L C oMot & iy L 72
%, FAF X v ORHERE & £ DB R 2
T3,

1. MR ESE SRS

TEHR B B N IACEPE DA 1 2 BRI AR
BT 5123, LMz L2M~>7 2 (Fig. 1A) 5 5\ (3
7 v b ZFERHEOME & ZH S THE2 KA 3R UG L
HDVIIHAER) TREROMBIBE 2T S, 2 OHE
A B IR RICARAE L TR DL B N 5 &,
WL E D, (R REE Db L s HET S, o
CCHRBRLL ISR U722 (2008 L 72 A ois 1 %
ZTHENTHERTH D, Ld > T, ZHITEENRE
DT I —ITiFn b, BE, BIEF TS
PRDLENTVEIWEIZWIT NI ENLERIETH B
(Nagao and Fujikawa, 1998). —7, i@ DAkt
BRCUE, iTARME % B LT (Fig. 1 B), #RMABEM 12 ihg L
PRSI A RI O B 2 I3 ERIC L 20255
T, RERPBREIND, I 2 TR LIS RK
Eicm L 22 2% 13, R URNOBERETH 5.
T4bb, LB FEORRT, KlilaEn
AT TN =235, BHUESEEZE T 2 WE (Wb
LA ICIEEIGEEE L LR REEWE A EN
5.

Fig. 1 IZ/RL72 & 9512, AL okt (6 2514 2 7%
NDEBROUIARIZIZ L - 1 E S HEAH ST E
72, TS, MELER T BEER T O U0 T HENE R R BEAGHL

i1
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Fig. 2 Comparative induction of malformed fetuses in ICR
mice by paternal treatment (A) and embryonal treat-
ment (B) with methylnitrosurea (MNU). Data from
Nagao (1987) and Nagao et al.(1991), respectively.

Hirh TR BRI T 2 E R 2 A L 7o RAEREE
DHEZLNENHTH D, B8R, EMFEERICE T 5k
RIS BT 2 RIS HEAR, &) bt~ R0
DFERIM > T B, AROFEICET H|R) 2l
FIETIE W, A4 XL TELNLTWEDIE, B
DRI L 2 KA H T D ¥4 (male-mediated  ter-
atogenesis) ThH 5.

BTHLLABRE D, 744 %2 > okt a3
LM COERBMTLIZ-ED LTWZw, L, 4
A S IEICBI L T, =7 ZADA T A B S A
e 5T % (Birnbaum, 1991 M), —75, Fig. 2 (2
w7z k9T, k2% RIE methynitrosourea (MNU)
(3, =7 R HERCER T RARR 7 kAR 251 & 83 L (A), 4F
i M AL B T ) 7 2 AR S 1 (B) 2 B 5. Xrhod
HHRDEBRL D, HEREE 5 BOHE THAET S
DI FE 7 MNU o BERE N G- (3, HEBLARHE T 125
mg/kg, IFRIELEE TIZZ D) 1/20 TH->722 L Hb
b, L) ICHENTERFTERCTY, HEBUICHIC
£ B WEH IR TR TR L 22hE L) D&Y
AR, BEEIER ORERAY, HEBLCHE T (A Fff
DNA TH 5Dk LT, TR T3 R4 & Lok
BERTHE»HTH 5, WIS NAAREET, A
HRE 2 4 L2236 E o ) 2 7 3R L L TR
ERED) Z 7 L) L350 IECDTH S, AFHIT,
INETTICRBREATH S, Thbb, K- RED
TRNBAR B DN TH 2FEDREREI LR L 72, #ikE
BOFHUT BT 5 IR E OB (3RS o
BT A8 L I12IZHE L TH - 72 (Kondo, 1993 ZH).

. BZHE

1983 4, K®—F I i THIME I NEFR2KRT, X
7 LW TR BE A HC I T - 72 1%, LB IR ficAn

s> T a7 b AR FEGEIC, FEECH IR TR
ST & Et Tt L T B T 1 E RN
FEEDRERENIRE L T D L) FEERS< S
ADWFSEHEIZ L - Tt & 1172 (Constanble  and
Hatch, 1985 ; Sterling and Arundel, 1986 ). (3(Z
% [ L < LT, Operation Ranch Hand, ¥4 b %,
FETE(ERR 12 PESE L 72oKE b 2R o T HEndih
RN 1 WhAiEE i S 7z (Erickson et al,
1984). F0tkb, W ERGKOHERE, 22—, A
EEEDFEEH AT, KEIZBIT 52X LHEEED
HFEIC BT B EEERF SR 3 RAT S, Z DRERAKR 2 el
ENTE72D, FENH (Michalek et al., 1998) (2 £
23T, FHIEAIBNR L RAREORRMMRIIED 51T
Wi, 72750, »2HEOMBREERA 2 DRA LR
KR BB D 5 2 L 2R T H45K (3, Erick-
son et al.(1984) LIK, #E1 K L1554 T w5 (Centers
for Disease Control Vietnam Experience Study,
1988 ; Wolfe et al., 1994). ZOxrUBIL T, KE¥L
BnEE L3, £ 1996 & T, Lo &) Lfbm
F L Tw % (Institute of Medicine, 1996).

[ 3 DD % (224912 £ % Ranch Hand #f%%, B
i+~ % — CDC IZ & % Vietnam Experience Study,
B L ° CDC Birth Defects Study) ($, FhidEH|#e & 1
BEICHEIT A ERICE L THmMLZZY) R 7 ORICEE
BHHIERFHL TS, INHDFZEIR, HERIE
HENDLDTH P, Bl LOEAD D - 72w R,
WMAEICE DER, FrTNFA XHNI T E, BE
VHEBRONE I R 2T HER EORNEAT 5. M2
T, [RlE 7 B A3 A = E R D MERGTE (2D W TR &
N2 2 LR 5, ]

B, YEALIE, NbFLARKEOMERWIRE B
S UM DA HEF B DRSS % AFA S 5 H Y TRl S
NTW3bNTHb., COFALIE, ZHFMUNDIRE
B[R, FRRENAVE, FERESEICBIL TIE, RAEE
RIRE & DBLEED A 2 Jesd 51213, FEATAEY) T
A5y &9 fsi# 2 T LT 5 (Institute of Medicine,
1996) .

3. BYRB—BEDIAFELD

1) ZEFEM & DNA B5%

T2 k) IS, EREW RS2 R
CEDPHLNTWAME I TN TN LERFETH 5.
TAFT XL ORIV 2HW Tl A Ww, ¥l
5, ¥ a7y a3zttt HEBEERE (Zimmering
etal., 1985), =7 Z DG BT 5 /%, Ptk i
B & Ok e fa (R 2 4 % <72 Bk (Meyne et al.,
1985), = 2D Ff A K v b 7 Z b (Fahrig, 1993) %D
n vivo RERT A 4 X 3 v DA ZE BIGE R
DoNLh o2 6ThHD, EE, TARCA997) I3, in

vitro RER, in vivo RER 2 M bH T, @I RIGEERER
DR LESAWNTHWT LT, FA4 A X2 v 2 RREN
PRI LWRIBME L L TW 5,

YA, BIANTO SA F XL v DEREEEZ R
W3 25— % A%, fiwli, Schiestl et al. (1997) 12 & - TH#k
wE NI, B85 13, pink-eye FEN DNA HEHIC & 5 4%
(285 pin 2 RE TR O 2R %, BN 4
XL LTREL, ZFNHPHMETE2DZRE-T, p" D
HIRERIZ L 2HERMEMRRy FOFEET~2, K
LHAEELHE THLERERZAR Y M3, DNA %L
LUADRIORIR L ATRETH 5. L1 L, KD 3 ODH%E
HRLYEZEET DL, A XX oML DA =X L
T, MNLOALIS 2 Bl B R S B TREMEIZEE T R %
W, ORI LEIBERZ Ry b7 A M THXLZ2HEED
polychlorinated biphenyl % 4% G- AR A7 1) 7 B4 %
%7 LT\ 5 (Schiestl et al., 1997). @~ X B (i
HERRER)ZARy PTAMIBWT, FA4 X713
ethylnitrosourea (ENU) & [FRELEE T, AH IR A 5
ZICEBERZAKy FoBEE, ENU BBUCHERELL B
Ihahn & 472 (Fahrig, 1993). @#MIL T A 4 X+
SIFG Tt S ikt R D FE R EE 2 R L 72
(Nagayama et al., 1994 ; Ikushima et al., 1996).

FE kO ARG E TE LW HOEGIE, 74
*XLUE 2T 7 y oz T, DNA
r oG EEALMAIMEEKIIRD 5T wZewh', DNA
MY T ota S DR (IR D AT B L TS B 7 B
EEPBLNTWE25TH S (Tablel). w777
— V%R T N R T L DNA BN 2
##T % (Tablel, Fig.3), &5 & DBMRAFEL <@
RN TATAS L, WY OAERIZIT,
I 7 B AR 5 4, AR (3 LDsofH Y R T
WEWA RO EAEIZT 4w (Fig. 3). LI HEYIHr
BIAAXL L OTRIERI TR E 22 L 2R%T 5.
9, NEHUIWT LA L, S A A X vt Ah LT
g =% LT, P450 BHE(E T DIRT & F8 LR
L7, EERRICERT 5 EFH 2 61T w5 (Trits-
cher et al., 1996 ; Park et al., 1996).

2) DM & EMBIEDR

HFL ORI O W T, 2 ODFRHREH D
3. 20—oIL, WER(©2,4-D & 2,4,5-T) LiRET, ¥
A4%Lv%0.16,1.2 523 2.4 ug/kg/ A DHRERE
T 8 E[E, Heery R INEG L7ctk, FEALELME & KRG
LCHkMRR T, K, BiEB L URRDE
2L DTHA (Lambetal., 1981). b5 —21(3,
HF v M2T AT XL 2% 25 ug/kg BIRES L 721%,
108 c b 720 1[5 pg/kg O FEZE#R DK L72RE
Y, 75 ug/kg &k, RL < 10 R, #1015 xg/ke
D EEE R0 R L 72 BE KR THEAE R & 72
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Table 1 DNA damaging effects of orally applied 2,3,7,8-TCDD in rat somatic cells

Somatic cell Damage Evidence Treatment
Hepatocyte Covalent bond® negative 7.51g/kg
Adduct formation” negative 1xg/kg/day, 6 months
Single strand breaks® positive  25ug/kg
8-Oxo-deoxyguanosine® positive 0.1xg/kg/day, 30 weeks
Peritoneal
lavage cell Single strand breaks® positive 25ug/kg

a) ~e), Data from Poland and Glover (1979), Randerath et al.(1988), Wahba et al.
(1989), Tritscher et al.(1996) and Alsharif et al.(1994), respectively.

(4]
Q@

1

W
o)

3

o ‘ T T T T ! ]
0 10 30 50
2,3,7,8-TCDD ( g/kg)

DNA elution constants (X10%)
|

Fig.3 Production of DNA single strand breaks in peritoneal
lavage cells in female SD rats after oral administra-
tion of 2,3,7,8-TCDD (data from Alsharif et al., 1994) .
Arrow points a threshold dose, and arrow head the
LDso for SD females (Stahl et al., 1992).

b D TH % (Chahould et al., 1991). WTNLDORERT D,
HEBULIR IR 3 2 A RS S e » - 72, [6F
TGN, BEBGEME, Thbb, AhEiie TAe
U7 RITE 2ERBMLDEFEICOWT LT
Hote, HERELHMBL XL TH -7, Lamb et al.
(1981) D=7 ZDFEERTIZ, KGR b~ S
e, COWRECELTOAERLIRGHRIIED LN
T, FAXXL 02 1EZ Y MIHLT, 4H50n
(38 ug/kg/ HNDMEETIMEE6 —15HHETHI0H
MRS L TH2 DT ERDPRAT 50 % -
T, REREN TREL R T, KRR ENEGFEREH
~72HfF%% (Khera and Ruddick, 1973) T 1 EFER 5
IBBDLENT W, INLHDERIIEEOGHEZ &
FTiTbN, FELKHAREEEL 20T, Bon
et T—213, SAFTXFUoaitREBEEEE TS
LI, ZOBENREZ R"ET 2R L 7% 5,

4. &R #BER

PUEATERZEHIZ, EMZBITEZZAAFTL DMk
HACHE A EIZ D Z/ZH S Th vy, FDERIZ» %D
EMLTWwa, Lol, mbERLAMMEICBT25
AxxyroHEEICOWTOMAIE, Fdko k) IcIkEH
TIRHNTW72, LN T 2 A E DR E ZED L
OHFEF DR THREOTERICH S, oD bzb L
¥R, Table2 ITHfEZ L HT BV,
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1) & MEFICHT 21ER

eI 1999) 13, 5HDFF— 6t MEF
%2~ 3FHCHT, 1HESAL XL 0 2ETRIETE,
1% ARG, HDHWIFS HIT 1R RITT, A
ELTHWZ2 DMSO # &k TR L 7214, &
25 —II~IEAE L, S2AEIN B —INEIh I 7 5 0 % £F
5T, b MRAaEOBEREEZFHAL, F4 X2 0
BIIRHRET % 726 T EMHRE (5 5 ug/ml) TIT
SICHEL LT, WTFNDFF—DRFIZLFM+ X
VUM L AP RRFEOREIED SN T,
WroRaEREOFRICELT, £ MERDO IS4 A X
U OR T ARLEI LN LR, KL DHFTERER
32 5.

2) < R&GEMRBRICXTT B YER

FHE5(1999) 13, 30%IHIEHED 2 2Ll Lo
HHEICHYT 254 A%y e RAEENLS %217
W, KRR S IRBEE T TORREBEICH b4
Hiflzic B 2 DNA 5%, AZ8 DNA A L DNA
HGHUIT 2 17212 L TR, W T NORIEICB L T,
AT XL o DIREMRITED e r o7z, 6T,
POEREEDFRICOWT LFANLY, FKICEETH
S72, REBEOEFEMILE 544 X2 o hHEmT 5 2
Lid, FAFXV U ERRRNICEBEALT, Z0bH
FAFTXL L ERHALLT I FMISET I L5,
EPDHTWE, 2D L9 I 513, DNA BHM & e ak
HEHE T3 L TEHETE 2R 2E2. Lz
T, P HAH G 724% 55 (100—300 xg/kg) 1, RIAZGE
HETIEH->TL, HRICBLWTIB /LA ML 22 L25
THEE LTI, BMELUTTHEIL2R%T 2.
ZnTh, FAF XL %5 %, BOEBT 5 L, AR
Mlapsso L7z, St M) BEEDHKETH
5L ESA999 IS 2IC L. COHEIRERS
%24 BEME T TIZEBO LN T WS, &L b flalg,
WS D 5 4 7 4 M L HEHA D S DR IR
ZITT, MHEN THEMBMIEDOARE L EE 2 X2 Tn
LA tE R T 5 (Fritz, 1990 ZH8).

I T

Table 2 Transgenerational teratogenicity of 2,3,7,8-TCDD and related effects in
experimental systems, update of the results by Japanese scientists

Effect Evidence Ref.

Congenital defects in F, offspring of suggestive”  Nomura et al. (1999)
male mice

Dominant lethal mutations in suggestive” Nomura et al. (1999)
male germ cells of mice

Reduced fertility of positive® Kamiguchi and Ishii (1999)
human spermatozoa n vitro

Chromosome aberrations in negative? Kamiguchi & Ishii (1999)
human spermatozoa in vitro

Chromosome aberrations in negative® Inoue et al.(1999)
male germ cells of mice

DNA damage in negative Inoue et al.(1999)
male germ cells of mice

Degeneration of Sertoli cells in positive” Inoue et al. (1999)

mice

a) : Dose-dependent, but insignificant, increase in the incidence of malformed
fetuses ; significant increase in the incidence of fetuses with respiratory distress

syndrome in two different strains

b) : Significant decrease in the surviving fraction of fetal offspring after a high dosing

to paternal mice

¢) : Dose dependent reduction to a 60% level of control at doses up to 2 xg/m/
d) : No significant effect at doses toxic for fertility

e) : No significant effect at lethal doses

f) : Both histopathological evidence and dose-response data are available

3) TORIZET kR EETME
W FE D EkEZ fF4E (Chahould et al., 1991 . Lamb et
al,, 1981) IC B 1T 2 BRI E L (3R L), BH S
(1999) 13 M [al I RN 51k % HE~ 7 ZI2A L TERA L
72, $5REZ 2 BRI B ORI, RS (1999)
PG 7@ R (100 g/kg) LRI LT, W HIEFZD
$oy, HEHRZEORRENIREE X L, KA RosE
B, BB IUPEA 2 BE L, 72, BREMPE
ERIE) 22T HF#E~R, S0, ENU L# %2
TR B~ 7 2 DRI ok § 2 kAU JE TRE
RIN R k8 T & %5 (Nomura et al.,
1990), HatiIcH &2 B R L, O TR DR L
‘Bons, 72720, FORENSBIKFEEIIMS2T
ZTn, HEMEREICOWTIE, BFERAERTEZWY,
WIS REET, AT ENAEATES AL
72, RLERS-BRETIE, EFERRBEDOR B WD
Ao, KTFEROBAITERT % L BN EEHEIKED
AELET LSS RHTEAD LN,

T4 K x v o O RAERE IEWFNCH) ) 5D
% (biological plausibility) ¥ \» 9 fI2BI LT, Ak L7z
KEELFoR B2, TH#H2 T 3E iR RS
Tz L) A% £ LT 5 (nstitute  of
Medicine, 1996). = o @3, B 5 (1999) DFFR T D
SBHHTHY, 7, MEOHEEZRETLICEEES
TWanT, HBEHTLRUTHS ). Kl 34RO
RITHEBL 720,

b. BRSEH

T3, FAAF L o EREEICBELT, wolonid
HE-EN P oTWEDR? S, JRHZ BiE
THADLNTWVWDE L W) ET, HROEHETH D
(IARC, 1997 ), £ RO LI I D EA TS T v b
BT ARHREICOWT, FHE S (1999) DRFFERHER
LI AZTERERZRICELD D,

B8R SRFLAIC T TREP 5D T4 T X2 I
BEINT v PHPERRAT 20EF/-> T, K2
SEICARET L 72 Mably et al. (1992) (3, ¥R TS
AOLNTRERETY, v b il & KRR DB L
DAL IZIFRIL TH oo emE LTS, U, 7
v FeBWTL, F4FF L ik 2RIz
PR EORRETH LI L ER% T S, El
Sebeawy et al. (1998) A% L 72 BEFMF » ML X
27— 13, WTFHERICHTEIA T XL v 0ibGREIC
FHIE 7 Ml 5 2 L 2R L TWw5b, Mably et al.
(1992) D¥EFHEERD T — LR HET 5 &, B
BRI DA DK 1/10 & % - 72 (Table 3). &4
RELMD 80%L NV FETIZTFTFI2DICUELHGE
L, EEMOEOEA L TR —IRFLHLH TI3H
1/10 X e 5 720, WEFHOLIIIF L A 7 =X AT
(FTHbb, L) EoBEELZN L OFEHELEL D
F2bTEHEZTHVn, HRADRE I L 72BEHE
D&\ (Table 3) 5, HARIHRORHO KK ALV b
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Table 3 Dosage effect of 2,3,7,8-TCDD on daily sperm production
in rats in relation to the sexual maturation

Exposure stage

Threshold dose” Dose for 80% level of control

(vg/kg) (vg/kg)
In utero-lactational® 0.01 0.1
Pubertal® 0.1 1
Mature® =50 ND

a) : A dose for single i. p. injection below which no adverse aftereffect
would be seen on the production rate of sperm at the maturing or

matured stage

b) : Days-7 to 21 after birth ; the dose values are for Holtzman female
rats on day 15 of gestation (data from Mably et al., 1992)

c) : Day 21 of SD rats after birth (data from El-Sabeawy et al., 1998)

d) : Probably around 10 weeks as judged form the body weights of SD
rats used, i. e., 300-350 g (data from Johnson et al., 1992) .ND, no
data avialable for the dose estimation

VRN T A A XL L DMER 2L ZIFRT W LR
BIN5,

TAAX L T L DREREHIT, £ M) Sian s
ERNLTHRIT 2 209 5T, B4HER ENU % X 0%
Aﬁ-lé%%%mt&mmhﬁté %ﬁ@@%%m
PED T REENI LT TH 2., G213, BRI
=7 ENU %fi’i‘:’il‘ﬁ:?ﬁx}i}iﬂiw*ﬁﬁf‘ (Z, A=HEHN
HIZIZEAEALN L7205 €Y AL (A 0 A
Wtﬂofﬁﬁ”ﬁﬂtfhémﬁ%béntmwm
etal.,, 1996). 7 v MEEICHIT 2, BEHEIC & 2 54
%@E%ﬁ%%tz5hwmmMM%tlétwa
HEFRE & A L 72 HSER S o hl bk A 4 ¢ 7 2 =
L 3HRIL Lee et al. (1999) 7588 & 212 L T 2,

RIERRFRAREDESR

EREARAL S X AT, AR R A T 2
WE RN T b 28 RIEME R % 51 G, 1989). Z
DREBRAUNTHRIUE, 544 % o hikifEmE+2 463 2
ATREMEIS & DD T, FBE, =7 245kl ¢ DNA 18
#% & L% > 72 (Table 2). ¥HEHEMICE LT, Fi
HCBNILIIS, SAAXL o EREL LTI =
STV REHUIZ . LA L, B 5 (1999) DfZE ¢ 45
b7 —% (Table2) 2 25 &, =9 L8k
HERRD 5, 74+ %2 o DMt ISV TS
KRG Z Y b3 usri v, CoBEIclT 2 K
RS IR A RSSO 5N D 2 CRIT SN D NETH
59, %iTLS, MEBEOHEMIIE F T3 TIRBAIAT
W5, BRI OMIENEEOMRIZ L 5Ty, BN
7 A P RTERIEMEDRD I B ORI D
FKERRIVREHE, KD 2 ODHM» 6 L BEIH 5.

FTE—, AT EDR I OWTHTH<L LY
B, LEOBINZ BT, BEERE ISR LTV 3
ZDI2D, A FNEEED%E %iﬁ%hﬁtféﬁﬁ
DREBRRTIIMETE W, Fa— FHE3% DNA 058
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ZALRWEIEF DA FMED L I LI ED 22 F 4 2
LALLM RN R E LTH 2 2 /AN
W5,

WA, WFERICKRE X 2T I3EHES S 17k
BT, BIGRICIER 200 7%, IE ¥R H) BT L
CLIiT, HEINDINE ) PIZOonT, KriiseiE
HMTH D, IEWKEDOEFMNL RN Z, BRIRE L2
ERTRAEREWKL T, KRICELIEROKEE
CHIZ B HEED i D > T 3 (Walter et al., 1998). %
28 AT DRERREITH L TIE, 22 #lut s
JCATERANC 2 S R 28D B - T 2 (Odorisio et
al., 1998). 216 D% RiikKHE X DNA &184%h5 -,
M LIS T L IEH BRI L TW 208 5 % B
TIE- 3 NIRRT LIL, F4AXL L ICBSE, 45k
i RNDFREAE 20 8 & 1T 2 NS W BT 0 ik
WRFEL 52 244, BELHBEP L2207,

& =

TAT X O RS E b T L ERIMT L
WEZIZE-E ) LTnhwn, 354 28 EROMA
HFRPUETHS, Lrl, 74 E AV A Y -k 1 oA
# U CHEAENZ DNA B2 RE WS L osb o 725
FEIKE O, COBMAIEL, 74432 > kit
7, PlZHDBELTY, 2OHMRERCIIME,H 2
ZEEHZ B,
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5t pi
B YR LATOREKICH2Y), WA, L
MEME, BB RESD Z A 5 R RERR 2 L CIHWL

™

o, AREOMERIZ S 725 TUE, XHOLIE TR 11
‘:E}”"’CTEJL\{:. 0 LCEMRT 2,

2 E XMk

Alsharif, N. Z., W. J. Schlueter and S. J. Stohs (1994) Stimu-
lation of NADPH-dependent reactive oxygen species forma-
tion and DNA damage by 2,3,7,8-tetrachlorodibenzo-p-
dioxin in rat peritoneal lavage cells, Arch. Environ.
Contam. Toxicol., 26, 392-397.

Birnbaum, L. S.(1991) Developmental toxicity of TCDD and
related compounds : Species sensitivities and differences,
In : Biological Basis for Risk Assessment of Dioxins and
Related Compounds (Banbury Report 35), CSH Press, Cold
Spring Harbor, New York pp. 51-67.

Cadbury, D.(1997) The Feminization of Nature, Penguin
Books, Middlesex.

Centers for Disease Control Vietnam Experience Study (1988)
Health status of Vietnam veterans Ill. Reproductive out-
comes and child health, JAMA, 259, 2715-2719.

Chahoud, I., R. Krowke, G. Bochert, B. Biirkle and D.
Neubert (1991) Reproductive toxicity and toxicokinetics of
2,3,7,8-tetrachlorodibenzo-p-dioxin 2. Problem of
paternally-mediated abnormalities in the progeny of rat,
Arch. Toxicol., 65, 27-31.

Constable, J. D. and M. Hatch (1985) Reproductive effects of
herbicide exposure in Vietnam : Recent studies by the
Vietnamese and others, Teratogen. Carcinogen. Mutagen.,
5, 231-250.

El-Sabeawy, F., S. Wang, J. Overstreet, M. Miller, B. Lasley
and E. Enan (1998) Treatment of rats during pubertal
development with 2,3,7,8-tetrachlorodibenzo-p-dioxin alters
both signaling kinase activities and epidermal growth fac-
tor receptor binding in the testis and the motility and
acrosomal reaction of sperm, Toxicol. Appl. Pharm., 150,
427-442.

Erickson, J. D., J. Mulinare, P. W. McClain, T. G. Fitch, L.
M. James, A. B. McClearn and M. J. Adams (1984) Viet-
nam veterans’ risks for fathering babies with birth defects,
JAMA, 252, 903-912.

Fahrig, R.(1993) Genetic effects of dioxins in the spot test
with mice, Environ. Health. Perspect., 101 (Suppl. 3),
257-261.

Fritz, 1. B.(1990) Cell-cell interactions in the testis : a guide
for the perplexed, In : Biology of Mammalian Germ Cell
Mutagenesis (Banbury Report 34), CSH Press, Cold Spring
Harbor, New York pp. 19-34.

HEJHIYS (1989) F4R 125D BIIRER L Eh b7 WIIRE R ©
a7 Y a NIk B, BRETARIGETE, 11, 1-11,

IARC (1997) IARC Monographs on the Evaluation of Carcino-
genic Risks to Humans, Vol. 69, Polychlorinated Dibenzo-
para-Dioxins and Polychlorinated Dibenzofurans, IARC,
Lyon.

Ikushima, T., S. Imai and Y. Ishi (1996) Induction of sister
chromatid exchanges by 2,3,7,8-tetrachlorodibenzo-p-
dioxin in cultured mammalian cells, Environ. Mutagen.
Res., 18, 161-163.

M bHebE, FIEAT, RS, %Hkm1%9¢41#>>mv
7 ZABEHINE A E, BREAS RISRF, 1 197-200.

Institute of Medicine (1996) Veterans and Agent Orange,
Ubdate 1996, National Academy Press, New York.

Johnson, L., R. Dickerson, S. Safe, C. Nyberg, R. Lewis and
T. H. Welsh (1992) Reduced Leydig cell volume and func-
tion in adult rats to 2,3,7,8-tetrachlorodibenzo-p-dioxin
without a significant effect on spermatogenesis, Toxicol-
ogy, 76, 103-118.

FIVSRER, £19F #(1999) 4 * % & > O@fih® b M1
PRI T TREOBE 6, RETERIGHFZE, 21 201-205,

Khera, K. S. and J. A. Ruddick (1973) Polychlorodibenzo-p-
dioxins : perinatal effects and the dominant lethal test in
Wistar rats, In : E. H. Blair (ed.), Chlorodioxins : Origin
and Fate, Advances in Chemistry, Ser. 120, American
Chemical Society, Washington, pp. 7-84.

Kondo, S.(1993) Health Effects of Low-level Radiation, Kinki
Univ. Press, Osaka/Medical Physics Publ., Madison.

Lamb, J. C., J. A. Moore, T. A. Marks and J. K. Haseman
(1981) Development and viability of offspring of male mice
treated with chlorinated phenoxy acids and 2,3,7,8-
tetrachlorodibenzo-p-dioxin, J. Toxicol. Environ. Health,
8, 835-844.

Lee, J., J. H. Richburg, E. B. Shipp, M. L. Meistrich and K.
Boekelheide (1999) The Fas system, a regulator of testicular
germ cell apoptosis, is differentially up-regulated in Sertoli
cell versus germ cell injury of the testis, Endocrinology, 140,
852-858.

Mably, T. A., D. L. Bjerke, R. W. Moore, A. Gendron-
Fitzpatrick and R. E. Peterson (1992) In utero and
lactational exposure of male rats to 2,3,7,8-
tetrachlorodibenzo-p-dioxin 3. Effects on spermatogenesis
and reproductive capability, Toxicol. Appl. Pharm., 114,
118-126.

Meyne, J., D. C. Allison, K. Bose, S. W. Jordan, P. F.
Ridolpho and J. Smith (1985) Hepatotoxic doses of dioxin
do not damage mouse bone marrow chromosomes, Mutat.
Res., 157, 63-69.

Michalek, J. E., A. J. Rahe and C. A. Boyle (1998) Paternal
dioxin, preterm birth, intrauterine growth retardation, and
infant death, Epidemiology, 9, 161-167.

Nagao, T (1987) Frequency of congenital defects and domi-
nant lethals in the offspring of male mice treated with
methylnitrosourea, Mutat. Res., 177, 171-178.

Nagao, T. and K. Fujikawa (1998) Modified susceptibility to
teratogenesis in the offspring of male mice exposed to
mutagens, Cong. Anom., 38, 1-8.

Nagao, T., Y. Morita, Y. Ishizuka. A. Wada and M.
Mizutani (1991) Induction of fetal malformations after
treatment of mouse embryos with methylnitrosourea at the
preimplantation stages, Teratogen. Carcinogen. Mutagen.,
11, 1-10.

Nagao, T., M. Sato, H. Marumo, T. Shibuya and K. Imai
(1996) Testicular development and fertility of mice treated
prenatally with N-nitro-N’-ethylurea at various gestational
stages, Teratogen. Carcinogen. Mutagen., 16, 183-198.

Nagayama, J., M. Nagayama, T. lida, H. Hirakawa, T.
Matsueda and Y. Masuda (1994) Effects of highly toxic
organochlorine compounds retained in human body on
induction of sister chromatid exchanges in cultured human
lymphocytes, Chemosphere, 29, 2349-2354.

Neubert, D.(1997/98) Reflections on the assessment of the
toxicity of “dioxins” for humans, using data from experi-
mental and epidemiological studies, Teratogen. Carcino-
gen. Mutagen., 17, 157-215.

279

— — e S ess———————————



Nomura, T.(1975) Transmission of tumors and malforma-

tions to the next generation of mice subsequent to urethan
treatment, Cancer Res., 35, 264-266.

Nomura, T.(1982) Parental exposure to X-rays and chemicals
induces heritable tumors and anomalies in mice, Nature,
296, 575-577.

Nomura, T., H. Gotoh and T. Namba (1990) An examination
of respiratory distress and chromosomal abnormalities in
the offspring of male mice treated with ethylnitrosourea,
Mutat. Res., 229, 115-122.

BRTRB, ek, SFIE, tGRET, R Baskar, & A7,
BAEWF, F51(1999) 4 4 ¥ & > DBARKI RS [ 5 — kit
RIEIC D W T —, B RIER, 21, 207-211,

Odorisio, T., T. A. Rodriguez, E. P. Evans, A. R. Clark and
P. S. Burgoyne (1998) The meiotic checkpoint monitoring
synapsis eliminates spermatocytes via p53-independent
apoptosis, Nature Genet., 18, 257-261.

Park, J. K., M. K. Shigenaga and B. N. Ames (1996) Induc-
tion of cytochrome P4501A, by 2,3,7,8-tetrachlorodibenzo-p-
dioxin or indol (3,2-b) carbazole is associated with
oxidative damage, Proc. Natl. Acad. Sci. USA, 93, 2322-
2327.

Poland, A. and E. Glover (1979) An estimation of the maxi-
mum iz vivo covalent binding of 2,3,7,8-tetrachlorodibenzo-
p-dioxin to rat liver protein, ribosomal RNA, and DNA,
Cancer Res., 39, 3341-3344.

Randerath, K., K. L. Putman, E. Randerath, G. Mason, M.
Kelley and S. Safe (1988) Organ-specific effects of long term
feeding of 2,3,7,8-tetrachlorodibenzo-p-dioxin on I-
compounds in hepatic and renal DNA of female Sprague-
Dawley rats, Carcinogenesis, 9, 2285-2289.

Schiestl, r. H., J. Aubrecht, W. Y. Yap, S. Kandikonda and
S. Sidhom (1997) Polychlorinated biphenyls and 2,3,7,8-

280

tetrachlorodibenzo-p-dioxin induced intrachromosomal
recombination i vitro and in vivo, Cancer Res., 57, 4378-
4383.

Stahl, B. U., A. Kettrup and K. Rozman (1992) Comparative
toxicity of four chlorinated dibenzo-p-dioxins (CDDs) and
their mixture. Part. I : Acute toxicity and toxic equvalent
factors (TEFs). Arch. Toxicol., 66, 471-477.

Sterling, T. D. and A. Arundel (1986) Review of recent
Vietnamese studies on the carcinogenic and teratogenic
effects of phenoxy herbicide exposure, Int. J. Health Serv.,
16, 265-278.

Tritscher, A. M., A. M. Seacat, J. D. Yager, J. D. Groopman,
B. D. Miller, D. Bell, T. R. Sutter and G. W. Lucier (1996)
Increased oxidative DNA damage in livers of 2,3,7,8-
tetrachlorodibenzo-p-dioxin treated intact but not ovar-
iectomized rats, Cancer Lett., 98, 219-225.

Wahba, Z. Z., T. W. Lawsson, W. J. Murray and S. J. Stohs
(1989) Factors influencing the induction of DNA single
strand breaks in rats by 2,3,7,8-tetrachlorodibenzo-p-dioxin
(TCDD), Toxicology, 58, 57-69.

Walter, C. A., G. W. Intano, J. R. McCarry, C. A. MvMahan
and R. B. Walter (1998) Mutation frequency declines dur-
ing spermatogenesis in young mice but increases in old
mice, Proc. Natl. Acad. Sci. USA, 95, 10015-10019.

Wolfe, W. H., J. E. Michalek, J. C. Miner, A. J. Rahe, C. A.
Moore, L. L. Needham and D. G. Patterson, Jr.(1994)
Paternal serum dioxin and reproductive outcomes among
veterans of operation Ranch Hand, Epidemiology, 6, 17-22.

Zimmering, S., J. M. Mason, R. Valencia and R. C. Woodruff
(1985) Chemical mutagenesis testing in Drosophila 11.
Results of 20 coded compounds tested for the National
Toxicology Program, Environ. Mutagen., 7, 87-100.

v

Environ. Mutagen Res., 21 : 281 - 285(1999)

YURY T A

AR 1999 4F 5 H 28 H, B0 H A2 RIFCSHTHMESALH iifﬁfﬁ.iﬁ’@i%
FHOE 10 MIAB Y » K Y7 ATW WS E DO /E T & f&ﬂfﬁ%ﬁ%‘f—fi’fﬂ:%%lﬁﬁﬂ‘
Kenfmi—] (e IFER, %8 SRS CRESNER D HIIER)

WIHBEEALAZIE D b 72 & TIRIBHIA L E

—HHR 2 RRIE T RAERIZONT—

AR IEF

(ST R 36 ot B B A BIFSE T 48 AR

T 158-8501 HCutARTHH4¥[X F A H 1-18-1

Genomic instability induced by endocrine disruptor chemicals
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Summary

Endocrine disruptor chemicals (EDCs) such as 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD)
have become significant environmental p