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Evaluation of reproductive and developmental toxicity of the rubber
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ABSTRACT Male and femate Crl:CD(SD) rats were fed a
diet containing the rubber accelerator N,N-dicyclohexyl-2-
benzothiazolesulfenamide (DCBS) at 0, 1500, 3000, 6000 or
19 000 p.p.m. (0, 83, 172, 343 or 551 mg/kg bw/day in males and
0, 126, 264, 476 or 707 mg/kg bw/day in females) for a total of
57 days beginning 16 days before mating in males, and a total
of 61-65 days from 16 days before mating to day 21 of lactation
in females. Body weight gains and food consumption were
reduced in males at 6000 p.p.m. and higher and in females
at 3000 p.p.m. and higher. The weights of the spleen at 6000
and 10 000 p.p.m. and of the thymus at 10 000 p.p.m. were
decreased in females. No changes in estrous cyclicity, copulation
index, fertility index, gestation index, delivery index, precoital
interval or gestation length were observed at any dose of DCBS.
Numbers of implantations at 6000 and 10 000 p.p.m. and pups
delivered at 10 000 p.p.m. were reduced. There were no changes
in the sex ratio or viability of pups. The body weights of male
and female pups were lowered at 6000 p.p.m. and higher.
Decreased weight of the spleen in weanlings was also observed
in males at 1500 p.p.m. and higher and in females at
3000 p.p.m. and higher. The data indicate that DCBS possesses
adverse effects on reproduction and development in rats.

Key Words: developmental toxicity, N, N-dicyclohexyl-2-
benzothiazolesulfenamide, rat, reproductive toxicity, rubber
accelerator

INTRODUCTION

Sulfenamide accelerator compounds are widely used in the manu-
facture of automotive compartments and industrial rubber products
such as tires, hoses, conveyer belts, bushings seals, gaskets and
windshield wiper blades (EPA 2001). N.N-Dicyclohexyl-2-
benzothiazolesulfenamide (DCBS, Fig. 1) is a sulfenamide accel-
erator. The annual production level of DCBS in Japan was
approximately 1000 tons in 1990-1993 and 1900 tons in 2000-
2003. Most of this amount was sold and handled domestically
(OECD 2007). DCBS is used as an accelerator of vulcanization and
is completely reacted in the vulcanizing process (OECD 2007).
DCBS is regulated in Germany for use in articles that contact food,
but is not regulated by the United States Food and Drug Adminis-
tration for use in food contact applications (Flexsys 2000).
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Exposure of workers handling sulfenamide accelerator materials is
likely to be highest in the area of materials packaging. During
material packout at the manufacturing site, and to a lesser degree
during weigh-up activities at the consumer site, there is a possibility
of skin and inhalation exposure. Although consumer exposure
should be minimal, the most likely route of consumer exposure is
skin contact with rubber or latex articles (EPA 2001).

Only up to 6% biodegradation has been determined for DCBS in
4 ready biodegradability test, and a measured log Kow value of 4.8
suggests that DCBS may have a high bicaccumulation potential
(OECD 2007). The possibility of such a chemical compound enter-
ing biological systems has aroused great concern regarding its
loxicological potential. Generally, biological effects of chemicals
should be studied in laboratory animals to investigate their possible
influences on human health, and the results of animal tests of
chemical toxicity relevant to humans (Clayson & Krewski 1990).
However, very little information on the toxicity of DCBS has been
published. The toxic effects of DCBS have been briefly smnmarized
by the European Chemical Bureau (2000) and US EPA (2001). It
was reported that the oral LD50 values were 1077-10 000 mg/kg
bw in rats, the oral NOAEL for 44-day repeated dose toxicity was
higher than 100 mg/kg bw/day in rats, and no effects on reproduc-
tion were observed at doses up to 400 mg/kg bw/day in rats (EPA
2001). The oral LD50 value was 8500 mg/kg bw in male mice, and
repeated daily inhalation exposure of male rats for 15 days at
2 Wday and 350400 mg/m® caused mucous membrane irritation
(Vorobera 1969).

The Japanese Govermment (MHW 1998) conducted toxicity
studies for DCBS, including acute toxicity, in vitro genotoxicity and
repeat dose toxicity combined with reproductive/developmental
toxicity as a part of the Safety Examination of Existing Chemical
Substances and Chemical Safety Programmes. These toxicity
studies are summarized in the TUCLID Data Sets (EPA 2006),
OECD Screening Information Data Sets (OECD 2007) and the
Hazard Assessment Sheet (CERI 2002). We previously reported the
results of a screening lest for repeat dose toxicity combined with
a reproductive/developmental toxicity in rats, where DCBS at
400 mg/kg bw/day had a deleterious effect on reproduction and
development and caused a marked decrease in the number of live
pups as well as a total loss of pups by postnatal day (PND) 4 (Ema
et al. 2007). The primary effects may be on the gestation index for
dams and live birth index for pups, both of which appear to be
affected at multiple points along the female reproductive process.
The viability of neonatal pups may also be affected. To examine the
adverse effect of dietary DCBS on survival and growth of pups, a
reproductive and developmental toxicity study was performed in
rats given DCBS during an extended administration period up to the
weaning of pups.
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Fig. 1 Stuctural formula of N.N-dicyclohexyl-2-benzothiazolesulfena-
mide.

MATERIALS AND METHODS

This study was performed in 2005-2006 at the Safety Research
Institute for Chemical Compounds (Sapporo, Japan) in compliance
with Law for the Humane Treatment and Management of Animals
(Law no. 105, October 1, 1973, revised December 22, 1999,
Revised Law no. 221; revised June 22, 2005, Revised Law no. 68),

Standards Relating to the Care, Management and Refinement of

Laboratory Animals (Notification no. 88 of the Ministry of the
Environment, Japan, April 28, 2006) and Fundamental Guidelines
Jfor Proper Conduct of Animal Experiment and Related Activities in
the Testing Facility under the Jurisdiction of the Ministry of Health,
Labour and Welfare (Notification no. 0601005 of the Health Sci-
ences Division, Ministry of Health, Labour and Welfare, Japan,
June 1, 2006).

Chemical and dosing
DCBS (CAS no. 4979-32-2) was obtained from Quchishinko
Chemical Industrial (Tokyo, Japan). DCBS in the form of off-white

to tan granules is very slightly soluble in water and methanol but

soluble in oil. Its melting point is 100-105°C, density is 1230 kg/m*
and molecular weight is 347 (Flexsys 2000). DCBS (Lot no.
508001) used in this study was 99.7% pure and was kept in 4 sealed
container under cool (1-8°C) and dark conditions. The purity and
stability of the chemical were verified by analysis using high-
performance liquid chromatography before and after the study. Rats
were given dietary DCBS at a concentration of 0 (control), 1500,
3000, 6000 or 10000 p.p.m. Males were fed a diet containing
DCRBS for a total of 57 days beginning 16 days before mating.
Females were fed a diet containing DCBS for a total of 61-65 days
from 16 days before mating to day 21 of lactation throughout the
mating, gestation and lactation periods. Control rats were fed a
basal dict only.

The dosage levels were determined based on the results of a
previous study in rats that were given DCBS by gavage at 0, 6, 25,
100, or 400 mg/kg bw/day for a total of 44 days from 14 days
before mating in males and a total of 40-51 days beginning 14 days
before mating to day 3 of lactation throughout the mating and
gestation periods in females (Ema et al. 2007). In that study, toxi-
cologically significant changes were observed only at 400 mg/kg
bw/day. Three of 10 females died during parturition. An increased
incidence of females showing decreased locomotor activity, soil of
the lower abdominal fur and reddish tears was observed. Decreased
body weights were found in males and females. Decreased weight
of the thymus in both sexes was noted. Decreases in the gestation
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index, numbers of corpora lutea, implantations, pups born and pups
born alive, live birth index and viability index were detected.

Dosed diet preparations were formulated by mixing DCBS into
an appropriate amount of a powdered basal diet (CRF-1; Oriental
Yeast, Tokyo, Japan) for each dietary concentration. Chemical
analysis showed that DCBS in the diet was stable for at least
21 days at room temperature and the formulations were maintained
in a room temperature for no more than 21 days. Generally, the diet
was replaced once a week.

Animals and housing conditions
Sprague-Dawley (Crl:CD[SD]) rats were used throughout this
study. Rats of this strain were chosen because they are the most
commonly used in reproductive and developmental toxicity studies
and historical control data are available. Male and female rats at
nine weeks of age were purchased from the Tsukuba Breeding
Center (Charles River Laboratories Japan, Yokohama, Japan). The
rats were acclimated to the laboratory for six days prior to the start
of the experiment. Male and female rats found to be in good health
were selected for use. Rats (FO) were randomly distributed into five
groups of six males and six females each, and all animals were
assigned a unique number and tattooed on the ear prior to the start
of the experiment. Animals were housed individually in suspended
aluminum/stainless steel cages except during the acclimation,
mating and nursing periods. From day 17 of pregnancy to the day of
weaning, individual dams and litters were reared using wood chips
as bedding (White Flake; Charles River Laboratories Japan,).
Animals were reared on a basal diet or a diet containing DCBS
and filtered tap water ad [libitum and maintained in an air-
conditioned room at 22 * 3°C with a humidity of 50 * 20% and a
12-h light (8:00-20:00)/dark (20:00-8:00) cycle. The room was
ventilated 10-15 times/h.

Observations

All rats were observed twice a day for clinical signs of toxicity. The
body weight was recorded once a week for males and once a week
during the premating period, on days 0, 7, 14 and 20 of pregnancy,
and on days 0, 4, 7, 14 and 21 of lactation for females. Food
consumption was recorded once a week for males, and once a week
during the premating period, on days 0, 7, 14 and 20 of pregnancy
and on days 0, 7, 14 and 21 of lactation for females.

Rats were euthanized by exsanguination under ether anesthesia.
Males were euthanized at 17 weeks and females at 18 weeks on day
21 of lactation. The external surfaces of the rats were examined for
abnormalities. The abdomen and thoracic cavities were opened and
gross internal examination was performed. In females, the number
of implantation sites was recorded. The brain, pitvitary, thymus,
thyroid, liver, kidney, spleen, adrenal gland, testis, epididymis,
seminal vesicle, ventral prostate, ovary and uterus were weighed.
The thyroid and seminal vesicle were weighed after fixation with
10% neutral buffered formalin.

Daily vaginal lavage samples from each female were evaluated
for estrous cyclicity for two weeks of the premating period. Females
with repeated 4-6 day estrous cycles were judged to be normal.
Each female rat was mated overnight with a single male rat of the
same dosage group until copulation occurred. During the mating
period, daily vaginal smears were examined for the presence of
sperm. The presence of sperm in the vaginal smear and/or a vaginal
plug was considered evidence of successful mating (day O of preg-
nancy). Copulated females were checked for signs of parturition
three times a day on days 21-23 of pregnancy.

The females were allowed to deliver spontaneounsly and nurse
their pups until PND 21. The day on which parturition was
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completed by 13:00 was designated as PND 0. Total litter size and
the nambers of live and dead pups were recorded. Live pups were
counted, sexed, examined grossly and individually weighed on
PND 0, 4.7, 14 and 21. On PND 4, litters were randomly adjusted
to eight pups comprised of four males and four females. No adjust-
ment was made for litters with fewer than 8 pups. Selected pups
were assigned a unique number and tattooed on a limb on PND 4.
Unselected pups were necropsied on PND 4. Weanlings were
necropsied on PND 21 and the brain, thymus, liver. spleen and
uterus were weighed.

Statistical analysis
Statistical analysis of the offspring was carried out using the litter as
the experimental unit.

Body weight, body weight giin, food consumption, length of
estrous cycle, precoital interval, gestation length, number of
implantations and pups delivered, delivery index, organ weight,
organ/body weight ratio (relative organ weight) and the viability of
pups were analyzed for statistical significance in the following way.
Bartlett’s test of homogeneity of variance was used to determine if
the groups had equivalent variances. If the variances were equiva-
lent, the groups were compared by one-way analysis of variance

(anova). If significant differences were found, Dunnett’s multiple
comparison test was performed. If the groups did not have equiva-
lent variances, the Kruskal-Wallis test was used to assess the
overall effects. Whenever significant differences were noted, pair-
wise comparisons were made by Mann—Whitney U-test. The inci-
dence of females with normal estrous cycles, copulation index.
fertility index, gestation index and neonatal sex ratio was analyzed
by the % test or Fisher's exact test.

The 0.05 level of probability was used as the criterion for
significance.

RESULTS

Clinical observations, body weight and food consumption
(FO males and females)
No deaths were found in FO males and females. In males, there were
no compound related clinical signs of toxicity at any doses. Hema-
turia and soil of perigenital fur were each observed at 10 000 p.p.m.
in one female.

Table 1 shows body weight gain in FO males and females during
dosing. In males, body weight gain on days 0-7 of the dosing period
at 6000 p.p.an. and higher was significantly lowered. In females,

Table 1 Body weight gains of FO parental male and female rats given N,N-dicyclohexyl-2-benzothiazolesulfenamide

Dose (p.p.m.) 0 (Control) 1500 3000 6000 10000
No. males 6 6 6 6 6
Initial body weight {g)7 367 £7 367 £ 6 366 7 366 £ 8 366 =7
Body weight gain during dosing period (g)7
Days 0-7 48.0* 104 368 £ 14.5 363+ 48 26.7 £ 8.5%* 252+ 6.5%
Days 7-14 382*+92 337 X134 34587 352*56 205*x55
Days 14-21 21792 273 %71 24352 23.0+x 126 21.8 £ 3.1
Days 21-28 26.8 * 102 257 =83 223+ 105 23.5* 6.7 25250
Days 28-35 212+ 177 208 £ 6.5 285 * 126 24.0 + 3.7 192+ 4]
Days 35-42 148 £ 6.9 133 %65 203 £ 6.9 173+ 6.3 205+ 52
Days 42-49 13.8 +83 195 42 135+ 2.7 198 £ 55 172+29
Days 49-56 148 7.6 195 + 6.3 167+ 5.0 20562 170 %35
No. females 6 6 6 6 6
Initial body weight (g)7 238 %6 239 *7 2375 238+ 6 237+ 7
Body weight gain during premating period (g)7
Days 0-7 65*+77 88 + 8.8 68+ 46 —6.5 +6.7% -19.3 £ 9.3%
Days 7-14 157x85 163 £ 69 142 %59 122 £ 8.0 13.0 £ 8.7
Body weight gain during pregnancy (g)+
Days 0-7 453 %65 425 x4.2 328+ 54% 312 + 8.6% 19.5 * 12.0%*
Days 7-14 383 % 6.0 35754 368+ 7.0 352%£62 312+ 86
Days 14-20 76.7 = 14.6 683 43 758 £ 124 68.7+77 625+ 122
Body weight gain during lactation (g)¥
Days (0-4 280+ 157 10.8 £ 243 28.0 £ 157 82 %187 -25* 1467
Days 4-7 65%2.7 120 9.0 10.0 = 102 53%£73 0.5 % 109
Days 7-14 1.3 107 102 173 42 * 8.1 142+ 111 6.0+ 12.5%
Days 14-21 -19.0 = 147 -31.7*99 -170+ 83 -8§8+908 2.6* 143%*

*Significantly different from the control, P < 0.053: **significantly different from the control, P < 0.01.
T Values are given as mean * SD; fdata were obtained fromn five females because one female was excluded (total litter loss on day 9 of

lactation).
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body weight gains were decreased on days 0-7 of the premating
period at 6000 p.p.m. and higher, on days 0-7 of pregnancy at
3000 pp.m. and higher, and on days 04 of lactation at
10000 p.p.m. Body weight gain on days 14-21 of lactation was
significantly increased at 10 000 p.p.m.

" In FO males, food consumption was significantly decreased
during the first week at 6000 p.p.m. and higher and during the
second week at 10 000 p.p.m. In FO females, food consumption was
significantly decreased throughout the premating, pregnancy and
lactation periods at 6000 and 10 000 p.p.m., except on days 7-14
and 14-20 of pregnancy at 6000 p.p.m. A tendency towards
decreased food consumption was observed on days 0-7 of preg-
nancy at 3000 p.p.m.

The mean daily intakes of DCBS were 83, 172, 343 and
551 mg/kg bw in FO males, and 126, 264, 476 and 707 mg/kg bw in
FO females for 1500, 3000, 6000 and 10 000 p.p.m., respectively.

Estrous cyclicity (FO females)

Al FO females showed normal estrous cycles in all groups, and the
length of the estrous cycles was not significantly different between
the control and DCBS-treated groups. ‘

Reproductive and developmental effects

(FO parents/F1 offspring)

The reproductive and developmental parameters for FO parents/F1
offspring are presented in Table 2. In FO parent animals in all
groups, all pairs copulated, all male and female rats were fertile and
all females delivered live pups. All rats of all groups mated within
four days. There were no significant differences between control
and DCBS-treated groups in copulation index, fertility index, ges-
tation index, precoital interval, gestation length, delivery index, sex
ratio of F1 pups, or viability of F1 pups during lactation. Signifi-
cantly lower numbers of implantations at 6000 and 10 000 p.p.m.
and pups delivered at 10 000 p.p.m. were observed. Body weights
of male pups were significantly lowered on PND 4, 7 and 21 at
6000 p.p.m. and on PND 7, 14 and 21 at 10000 p.p.m. In female
pups, significantly lower body weights were observed on PND 7, 14
and 21 at 6000 p.p.m. and higher. No malformed pups were
detected in any groups.

Necropsy and organ weights (FO males and females)

Atrophy of the thymus was found in two females at 10 000 p.p.m.
No compound-related gross lesions of the reproductive organs were
noted in FO males and females. In males, significantly increased
relative weights of the liver and kidney were observed at
10 000 p.p.m.

The organ weights of F0 females are shown in Table 3. The body
weight at the scheduled terininal sacrifice was significantly lowered
at 6000 and 10 000 p.p.m. The absolute weight of the ovary was
significantly lowered at 10 000 p.p.m. Significantly increased rela-
tive weights were found for the pituitary at 3000 p.p.m., the liver
at 6000 p.p.m., and the brain, kidney and adrenal gland at
10 000 p.p.m. The absolute and relative weights of the thymus at
10000 p.p.m. and the spleen at 6000 p.p.m. and higher were sig-
nificantly decreased.

Necropsy and organ weights (F1 weanlings)

No compound related gross lesions were observed in F1 weanlings.
The organ weights of Fl male weanlings are presented in

Table 4. The body weight at the scheduled sacrifice was signifi-

cantly reduced at 6000 and 10 000 p.p.m. The absolute weights of

the brain at 6000 and 10 000 p.p.m. and the liver at 10 000 p.p.m.

were also significantly reduced. The relative weights of the liver at
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1500 and 6000 p.p.m. and of the brain at 10 000 p.p.m. were sig-
nificantly increased. Significantly decreased absolute and relative
weights of the spleen, except for the relative weight at 3000 p.p.m.,
were noted at 1500 p.p.m. and higher. .

The organ weights of F1 female weanlings are presented in
Table 5. The body weight at the scheduled sacrifice was signifi-
cantly reduced at 6000 p.p.m. and higher. Significantly reduced
absolute weights of the brain at 6000 and 10 000 p.p.m., the liver at
10000 p.p.m.. and the vterus at 3000 p.p.m. and 10000 p.p.m.
were also observed. The relative weight of the brain was signifi-
cantly increased at 10 000 p.p.m. The absolute and relative weights
of the spleen were significantly reduced at 3000 p.p.m. and higher.

DISCUSSION

This study was designed to assess the effects of DCBS on continu-
ous paruneters such as body weight and food consumption, as well
as endpoints for reproductive and developmental toxicity.

Significant decreases in body weight gain and food consumption
were observed at 6000 p.p.m. and higher in FO males and females.
In females at 3000 p.p.m., body weight gain was significantly
decreased during early pregnancy. Food consumption also
decreased, but not significantly. The data indicate that changes in
body weight gain were associated with changes in food consump-
tion and that DCBS adversely affects body weight gain and food
consumption at 6000 p.p.m. in male rats and 3000 p.p.m. in female
rats. The higher relative weights of the liver and kidney at the
highest dose in FO males seem to be due to secondary effects of
lowered body weight rather than direct effects of DCBS on the
organs. More pronounced effects on organ weights were noted in
females. Lower absolute and relative weights of the thymus at
10000 p.p.m. and spleen at 6000 p.p.m. and higher were detected.
In our previous study, histopathological examination revealed
atrophy of the thymus and spleen at 400 mg/kg bw/day (Ema et al.
2007). Other changes in female organ weight such as the relative
weights of the brain, pitvitary, liver, kidney and adrenal gland, as
well as the absolute weight of the ovary are unlikely to be due to the
toxic effects of DCBS because the degree of changes was relatively
small, no dose-dependency was shown and no changes were noted
in absolute or relative weight. These findings suggest that the
immune system may be a target of DCBS toxicity, and that female
rats have a higher susceptibility to the toxicity of DCBS than male
rats. These findings are consistent with our previous study (Ema
et al. 2007). The higher susceptibility to DCBS toxicity in females
may be explained by the stress of pregnancy and lactation. DCBS is
likely to be not reproductively toxic in male rats because DCBS
caused neither pathological changes in male reproductive organs
nor changes in male reproductive parameters.

In our previous study, DCBS given by gavage to rats at
400 mg/kg bw/day from 14 days before mating to day 3 of lacta-
tion caused significant decreases in the gestation index, number of
corpora lutea, implantations, pups bomn and pups born alive, live
birth index and viability index (Ema et al. 2007). This dose also
caused severe maternal toxicity and a total loss of pups by PND 4.
No maternal or reproductive/developmental toxicity was detected
at 100 mg/kg bw/day in our previous study. In the present study, no
serious reproductive difficulties were noted even at the highest dose
of 10 000 p.p.m., and necropsy of the reproductive organs revealed
no evidence of reproductive failure. Although decreased numbers
of implantations and pups delivered were noted at the highest dose,
the viability of pups until weaning was not significantly decreased.
In the present feeding study, the mean daily intakes of DCBS at the
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Table 2 Reproductive and developmental findings for FO parents/F1 offspring of rats given N.N-dicyclohexyl-2-benzothiazolesulfenamide

Dose (p.p.m.) Control 1500 3000 6000 10 000
No. pairs 6 6 6 6 6
Copulation index"

Male/female (%) 100/100 100/100 100/100 100/100 100/100
Pre-coital interval (days)? 22*08 23+12 32+08 3.0 £ 09 27+12
Fertility index® .

Male/female (%) 100/100 100/100 1007100 100/100 100/100
Gestation index (%)¢ 100 100 100 100 100
Gestation length (days)® 222 *+04 22+04 222 +04 220+ 0.0 222 %04
No. implantations® 160 = 1.8 150 0.9 163+ 12 135 £ 2.0* 12.8 + 1.2%*
Delivery index (%)"* 958 * 8.0 96.7 £ 3.7 958 £53 95.6 + 8.1 86.7 + 21.1
No. pups delivered® 153222 145*1.0 157+ 138 13.0 %26 112 £3.4%
Sex ratio of F1 pups’ 0.467 0.448 0.564 0.526 0.463
Viability index (%)*

PND ¢ 100 %0 100 £0 100 0 100 £ 0 912+ 129

PND 4t 99.1 + 23 979 = 3.3 959 + 53 90.6 + 122 72.1 =408

PND 2¥ 979 *+ 5.1 979 5.1 100.0 £ 0.0 89.6 * 255 833+ 408
Male pup body weight during lactation (g)*

PND 0 6804 6.7 0.7 6304 6.2 £ 0.6 6.5+ 07

PND 4 10.6 £ 0.9 10.3 £ 0.8 9.6 * 0.6 9.1 £ 0.7%* 9.1+ 22

PND 7 187 *+ 1.3 177 £ 13 176 = 1.3 14.5 = 2.2%* 13.3 = 3.7

PND 14 392 %30 362 £ 3.0 37329 33.0x 40 26.3 £ 7.20%x

PND 21 67.0*46 61.1 £6.1 628 32 55.7 + 7.6* 44.1 & 9 gixx
Female pup body weight during lactation (g)*

PND 0 6404 6405 6.0+ 03 58*06 6205

PND 4 101+ 1.1 99 £0.7 2.0+ 0.6 8707 8519

PND 7 182 + 2.0 174 0.7 16012 13.8 £ [.3%* 11.7 £ 4.2%

PND 14 386 %35 36.1 2.1 35024 31.5 + 4.9*% 25.3 & 7.2k

PND 21 65.1 x52 60.1 3.7 58233 53.5 * 9.0* 42.5 £ 9.k

*Significantly different from the control, P < 0.05; **significantly different from the control. P < (.01,

“Values are given as mean * SD; "copulation index (%) (number of animals with successful copulation/number of animals paired) x 100;
“fertility index (%) (number of animals that impregnated a female or were pregnant/number of animals with successful copulation) x 100;
dgestation index (%) (number of females that delivered live pups/number of pregnant females) x 100; “delivery index (%) (number of pups
delivered/number of implantations) x 100; fsex ratio (total number of male pups/total number of pups delivered); eviability index on PND
0 (number of live pups on PND (/number of pups delivered) x 100; Pviability index on PND 4 (number of live pups on PND 4/number of
live pups on PND 0) x 100; 'viability index on PND 21 (number of live pups on PND 2 I/number of live pups selected on PND 4) x 100;
idata were obtained from five litters because one female expetienced total male litter loss by day 4 of lactation; and *data were obtained from
five litters because one female experienced total litter loss by day 9 of lactation.

PND, post natal day.

highest dose were 551 and 707 mg/kg bw in FO males and females,
respectively. One possible explanation for the discrepancy in the
degree of reproductive and developmental toxicity between the
present and previous studies may be the difference in administra-
tion method. Some studies have shown that gavage and feed admin-
istration result in different toxicokinetics for various chemicals
(Yuan et al. 1994, 1995). Further studies are needed to clarify the
difference in DCBS toxicokinetics between gavage and feed
administrations.

Regarding the development of offspring, decreases in the
numbers of implantations and pups delivered and lowered body

weights of male and female pups were noted at 6000 p.p.m. and
higher. These findings indicate that the dose level of 6000 p.p.m.
used in this study was potent enough to adversely affect the survival
and growth of pups. Reduced weight of the spleen was also
observed in inale and female weanlings. These findings also suggest
that the immune system may be a target of DCBS toxicity. Other
changes in the weights of organs, such as the brain and liver in male
weanlings and the brain, liver and uterus in female weanlings are
unlikely to be due to the toxic effects of DCBS because the degree
of changes was relatively small, no dose-dependency was shown,
no changes were noted in the absolute or relative weight, and also
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Table 3 Absolute and relative organ weights of F) female rats given N,N-dicyclohexyl-2-benzothiazolesulfenamide

M. Ema et al.

Dose (p.p.m.) Control 1500 3000 6000 10000
No. females 6 6 6 6 5
Body weight (g)+ 331 £ 18 316 = 16 320 £ 11 306 + 14* 274 * 0=
Brain (g)+ 2.10 £ 0.05% 2.11 £0.08 2.10 £ 0.05 2.06 +0.10 2.06 * 0.03
0.63 £ 0.03§ 0.67 * 0.04 0.66 * 0.02 0.67 + 0.04 0.76 + 0.05%
Pitvitary (mg)¥ 13.3 £ 1.6% 134 +£24 154+ 09 139+ 19 129+ 26
4.03 * 0.44§ 424+ 0.65 481 + (0.32% 4.53 £ 046 4.70 * 0.66
Thyroid (mg)+ 18.3 £ 3.6% 176 £ 3.5 177+ 43 18827 17.5x36
5.52 + 0.87§ 555+ 0.99 551+ 1.18 6.15* 094 6.39 + 1.02
Thymus (mg)+ 255 + 47% 205+ 63 237 £ 45 186 *+ 89 116 £ 60**
77.1 £ 14.4% 65.0* 19.6 742 * 13.1 60.1 * 26.5 41.7 + 19.9*
Liver (g)7 13.03 £ 0.83% 12.51 = 0.71 1342+ 118 13.69 * 0.68 12.18 * 1.60
394 * 0.21% 397+ 023 420+ 0.27 448 * 0.09%* 446+ 0359
Kidney (g)+ 234 + 0.16% 238+ 0.13 2.35%0.10 220+ 0.12 2.51 * 041
0.71 £ 0.04% 0.75 £ 0.05 0.74 £ 0.04 0.72 * 0.03 0.92 + 0.18%"
Spleen (mg)+ 682 + 74% 589 * 68 600 *+ 89 493 + 24 459 + 465
206 * 208 187 £ 19 188 * 31 161 + 5% 168 + 15%=
Adrenal (mg)+ 75.5 £ 11.0% 81.8 + 129 770+ 8.8 720+ 838 88.2+ 83
229 + 3.2§ 260 * 39 24.1+27 235+ 28 32.4 x 3 8%=
Ovary (mg)+ 109 * 18% 11317 101£5 101 =10 75 & 23%=
329 * 3.8§ 36.1 = 6.8 316 £ 24 329*39 271+ 64
Uterus (mg)+ 513 + 683 465 + 73 489 *+ 101 414 £ 71 369 * 183
156 + 24§ 148 *+ 26 153 + 32 13522 132 = 56

*Significantly different from the control, P < 0.05; **significantly different from the control, P < (.01,
+Values are given as the mean * S.D; Zabsolute organ weight; §relative organ weight (organ weight {g or mg)/100 g body weight).

Tabled Absolute and relative organ weights for F1 male weanlings of rats given N,N-dicyclohexyl-2-benzothiazolesulfenamide

Dose (p.p.m.) Control 1500 3000 6000 10000
No. males 6 6 6 6 5
Body weight (g)7 67.1 = 6.7 625%45 63.8 42 553+ 89* 43.8 + 10.6%*
Brain (g)+ 1.70 £ 0.05z% 1.63*0.12 1.59 % 0.04 1.51 x 0.05%* 1.45 3 (.1]%*
255 0.218 261 024 250+ 0.15 278 *0.42 3.44 * ().74%
Thymus (mg)+ 257 * 44% 219 = 33 265 £ 45 246 * 36 190 + 65
382 + 50§ 351 + 57 415+ 59 449 + 60 424 + 50
Liver (g)* 256 * 0.35% 2.65*0.29 2.69 * 0.38 2.37 £ 0.38 1.72 £ (0.49%*
3.80 £ 0.178 422+ (0.20* 420 * 0.37 4,30 £ (0.33* 390* 022
Spleen (mg)+ 372 *+ 63% 276 * 53%* 296 £ 32% 250 * 45%* 148 + 36%*
556 * 84§ 442 + 80* 466 *+ 56 452 * 32% 337 + 3]

*Significantly different from the control, P < 0.05; **significantly different from the control, P < 0.01.
+Values are given as mean * S.D; ‘tabsolute organ weight; §relative organ weight (organ weight [g or mg)/100 g body weight).

because the changes seem to be secondary effects of the lowered
body weight. In the present study, external and internal morpho-
logical examinations of offspring were performed, but no skeletal
examinations were conducted. To accurately evaluate prenatal
developmental toxicity including teratogenicity, it is necessary to
interrupt pregnancy 12-24 h before the expected term either by
hysterectomy or the necropsy of maternal animals (Wilson 1965).
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The adverse effects of DCBS on reproduction and development
noted in the present feeding study are almost consistent with the
findings of our previous gavage study (Ema eral. 2007), which
showed decreased numbers of implantations and pups delivered and
decreased body weight of the pups at higher doses. These endpoints
appear to be affected at multiple points of the female reproductive
and developmental process. The decreased number of implantations
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Table 5 Absolute and relative organ weights for F1 female weanlings of rats given N,N-dicyclohexyl-2-benzothiazolesulfenamide

Dose (p.p.m.) Control 1500 3000 6000 10000
No. females 6 6 6 6 5
Body weight (g)+ 657+ 72 61.1 £34 599 46 54.0 + 9.6* 42.8 = 9.6%*
Brain (g)+ 1.60 £ 0.09% 1.56 £ 0.07 1.53 £ 0.03 1.50 = 0.05* 1.37 = 0.08**
2.46 * 0.25§ 2.56 * .16 2.57 £ 0.18 284 039 334 = (.78%*
Thymus (mg)+ 272 * 463 253+ 33 252 27 243 + 5] 216 + 82
415 * 56§ 415 + 57 422 * 37 456 = 101 491 + 92
Liver (g)+ 2.58 +0.31x 247 +027 242 £ 042 227043 1.71 £ 0.49%*
3.93 + 0.14§ 403 +0.22 4.02 * 041 419 * (.13 396 = 0.29
Spleen (mg)+ 360 * 57x 296 = 16 267 + 60* 247 * 50%* 163 = 59
548 * 66§ 484 £ 9 442 + 72% 456 * 37+ 371 = 58%=
Uterus (mg)+ 447 * 6.6% 413 £ 6.1 357 £2.1* 420+ 69 324 + 4.8%
689 * 14.0 Temp.§ 67798 60.0 74 785+ 10.8 773+ 103

*Significantly different from the control, P < 0.05; ** significantly different from the control, P < 0.01.
TValues are given as the mean = S.D: absolute organ weight; §relative organ weight {organ weight [g or mg}/100 g body weight).

was the most striking effect in the present study. In our previous
study, a decreased number of corpora lutea was noted in female
rats given DCBS (Ema ef al. 2007). Therefore, it is likely that
the decreased number of implantations can be attributed to the
decreased number of corpora lutea. The present study does not
provide complete information on all aspects of reproduction and
development due to the relatively small numbers of animals in the
dose groups and selectivity of the endpoints. To further evaluate the
reproductive and developmental toxicity of DCBS in rats, a two-
generation reproductive toxicity study should be performed.
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Reproductive and Developmental Toxicity of Organotin Compounds

Makoto Ema

Organotin compounds are chemicals widely used in agriculture and industry. Widespread use of organotins has
caused increasing amounts to be released into the environment. Organotins show many-aspects of toxicity, such
as immunotoxicity, neurotoxicity, and reproductive/developmental toxicity. However, the reproductive and devel-
opmental toxicity of organotins is not well understood. The findings of the studies on reproductive and develop-
mental effects of organotin compounds in mammals were summarized in this review.

Keywords: Organotin, reproductive toxicity, developmental toxicity, implantation failure, teratogenicity

1. FL®IC

A XCEWITBEPCTEDSBTLESEbh T
B2 [WED R X(LEMILEIMMOEHA (LA AE
EOoFRMEL LTEASNR TS, ZEOF#ER XS
MITBREDEREF L TRY, BHRA, ¥=ERdh#, *x
X IEREAl, REBHERAISE L LT, 72, RERE
AL LTESLAWLGRTWS, Bz, FJ7z=A2X
(TPT) & Y TS 2X (TBT) iZHEEEERESH, #{EE)
YIERERAI L LT, BHBARIEGPIC LS EbhTE .
HOFRA X CEMIFELTRLEELHFEETH
V, FXT AT 4 v LEOHHFTRY ~—DE{bE
BT 27dicR UL =L (PVC) 52T 4 v
DE, KEEEE L THELALTWS., —E0OHFER XL
EYIIPVCORER & LTHEREL TS, HEX XL
BHOLEERETable IR LT,

IREOHBA X LEHOILERERIC L) AR XL
AHIZ L ABREFLROBREPBEE>TWS, BELLT
DERLUSN DA XY OBEF LR ORKIL, PVC
TITAT A v DERERE LTEDN- B L&YW
DKRF~DEHTH VY, T, WREFERAL LTOE
APKBEBLROERE 2->TW3Y, @EEw” 2

EWH? HhLTBTRTPTARE ISR TRY, 39, B

H= A=A HAY FX—sH—x.9 4i1p,
< 7RO A7 28T 2 BMESEIC X ATBTO A
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Table 1. R X{LEHOLER
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W B3 £ CAS EERE (b))
Dibutyltin dichloride 683-18-1 10,000 - 15,000
Dibutyltin dilauratc 77-58-7 1000 - 5000
Dibutyltin maleate 78-04-6 500 - 1000
Dibutyltin oxide 818-08-6 1000 - 5000
Dibutyltin bis 10584-98-2 (7,500 - 12,500
(2-cthylhexylmercap-acetate)

Dibutyltin bis 25168-24-5 | Not available
(isooctyl mercap-acctatc)

Dimecthyltin dichloride 753-73-1 1,000 - 5,000
Dimethyltin bis 57583-35-4 [5,000 - 10,000
(2-cthylhexyl mercap-acetate)

Dimethyltin bis 26636-01-1 | Not available
(isooctyl mercap-acetate

Dioctyltin dichloride 3542-36-7 15,000 - 10,000
Dioctyltin bis 15571-58-1 {7,500 - 12,500
(2-ethylhexyl mercap-acetate)

Dioctyltin bis 26401-86-5 | Not available
(isooctyl mercap-acetatc)

Monobutyltin trichloridc 1118-46-3 10,000-15,000
Monobutyltin tris 26864-37-9 |2,500-7,500
(2-ethylhexyl mcrcap-acctate)

Monobutyltin tris 25852-70-4 | Not available
(isooctyl mercap-acetate)

Monomethyltin trichloride 993-16-8 1,000 - 5,000
Mcthyltin Reverse Ester Tallate |201687-57-2 [ 7,500 - 10,000
Monomethyltin tris 57583-34-3 15,000 - 10,000
(2-ethylhexylmercap-acetate)

Monomethyltin tris 54849-38-6 | Not available
(isooctylmercap-acetate)

Mono-octyltin trichloride 3091-25-6 1,000 - 5,000
Mono-octyltin tris 27107-89-7 (2,500 - 7,500
(2-€thylhexylmercap-acctate)

Mono-octyltin tris 26401-86-5 |Not available
(isooctylmercap-acctate)

Tributyltin chloride 1461-22-9 12500 - 3000
Tetrabutyltin 1461-25-2 10,000 - 12,500
Tetraoctyltin 3590-84-9 2,500 - 7,500
Tin Tetrachloride 7646-78-8 20,000 - 25,000

{88 : ORTEP Association. 2004. Global production data
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B, Thaqs O RUIT I H=" LT 3 R8HERK
L BTPTOAEHBH/HBEEINTWS. b MNIBEEDS
BUTHBAXZERLTEY, WERADTIBTOIRE
BE134.7-6.9 pg (19914) , 2.2-6.7 ug (19924), TPT
D1 BEREF4.7-6.9 ug (19914F), 22-6.7 pug (19924)
THY'", i, 1998ED MN—FAF 4Ty FEFRABEE
LD BARADIBEERER, TPT: 009 yg, 7==1
A X (DPT) : 0 ug, TBT: 1.7 pg, P7FAL 2 X (DBT) :
045 ugt BEEINTWAY. 21 b DEIZFAOWHOS
FEBEEEMELBICL ATPTOHFAIBERE (25
pg) 2® B Utributyltin oxide (TBTO) DiF NIRZEISeHE (18
ue) P XV BIEL, BENPOERAXBEIRE FoR
RICBERBERETIES&GE RV P LE2 N3
28, Belfoid> (2000)? 1%, b P ORERBOAGEMEIC
DNWTHFRE T - DICIIBEDFOTBTS EIZONWT
DERZDHAEBMETH D EBRTWS,

B, BREFEMECLANDUROEEDORSE, 5
EBMOEFEIIN T 2EREPBLE SN D WIS
ERTW32, TBTR CTPTIHAAMEIIEA SR bH
ZMELENATEYY, BRETEADA L HEy s R
(imposex: HEIZR=R LBFENTERENLIHELR), &
DICEHEERFI R4 b, WEEIEBITS
EREBEBEEDPBSINTWA.

A EMO—REBEEIZ DO TIEE L S8
I<monTnar ! B8 58 ARERAEROBIT+
L3 THRVy. AFETiX, Ema M and Hirose A (2006) 2
Reproductive and developmental toxicity of organotin com-
pounds. In Metals, Fertility, and Reproductive Toxicity,
CRC PressD ERBMICRBIT A AMRABHOEL KT
BREOF MR EMA T, HEALAMDOEMRBAE
BT OVWTHEESL L.

2. JxZNNAX{LEMDEESY
2-1 PUZzZIIRX (TPT) DERESMH

TPTIZR ROFRIEAF & LTHSRTVS . Table 2
WIPTOAEEERBROBRET L. BlIIXT 28
2 L T, 100F 7 i%£200 ppm®triphenyltin hydroxide
(TPTH) % &tefA% %264 B 5 % /= fSharmans v k%
EOEBEMT v PRV IRLSEIRRBE®/-L25, kB
EMRUEEEOELWET L L bz, $HE, HEAE
RERURELH-V OERZOETERD LR, &
HREOBEE L LBIIEBREPEE LI EBBEINT
233", HoltzmanZ v k{220 mg/kg Dtriphenyltin acetate
(TPTA) ¥ 7= iZtriphenyltin chloride (TPTCl) % 19H Rl
EHRELLE, FERUVRREE~DEENEET
bot-. BETIE, BRTORLEBRBOEY, R
T — I OET LI ERAR OB R USSR O/
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LEDOEROBITHEABA LN, TPTAREE L=
FILLVEVEEREREINA TV R, B, 20 my
kg DTPTAE 72 iXTPTCI®Holtzman 5 ~ k ~ ™20 B fH 15
ERECLVEFERSEESNEL, 70BBEEHEE
2EZDERTRANELREEN AL LN, ICR/Ha
Swiss¥ 7 AIZTPTA (2.4,12 mg/kg) ¥ 7=XTPTH (1.3,8.5
mg/kg) #HEEEEANRSE, U< IITPTA (6mgkg) *
ToHITPTH (11 mgkg) #5HMEFHAFEORE L-%
2, ELEHETESY, HRIBBICHBRL-EE, &
HEFERITRD bRz ho723,

TPTOHBPIZBIT 5EBEERIC SOV THLHERERH
5. 20 mg/kgDTPTAE 72 iZTPTC1®OHoltzman T ~ b ~
DARRREEREIZL D, RABBORLD, WHSRED
BRI, BEEDOE LVEIRBESL T EY, -
DX D RBRZIIHIPORL, ENTHEZBREOETOE
RE&25.

7 v FOERGIBIZTPTCIZ R E Lz & 2 DEEDR
MR ORI T 2 ERRFT SN TV, WistarT v
k DEEYRO-3E 1231, 4.7, 6.3 mgkgE 7= 12 FIRA-6H IT
6.3, 12.5, 25.0 mgkg OTPTCIZ REE O/ E LA L =
5, REERFHLERAENSSIZE &h, $4E0-38 0
4.7 mg/kelh b, $E8R4-6 8 D12.5 me/kgll £ TIHEROE
THBREIN. BRIEETROEMIIEE-3A 047
mgkgh ETH LN, TPTCHRGBEDIEIRMS RS LT
MEIT T BERY, £EFREE, BERITRUCERZOR
LRI FEThH o7z, Zh b DR RITELIES
&G UTPTCUIE R EEA 2R L, BERANICE
ELEFPBNEEERITTILEZRLTVA.
FERBROEELRBEIREFOLDICEETHY,
FEOBREBECIIER 2 BRKROBBIERK, £OHROE
BIHROMRICLATH 5. BITIRESYIZ BT 5 NIES
BRIDTFERNECELIZ, BOBRICLI-TERIN
DEIRFEICRITDMEERG LRHETH T ¥, Fxk
WCBE L BEOEBZNEOTT ALY 5 337,
IOFEERCTHRERRICEFRT DI LICE 0L
MEDETERAEZH R BB L MR & o TR
DI EMNEEEE 725, TPTCIOERMEERDOERE
FHLDIIT R0, FEBEICHT S ERANBITIE
Wistar7 v hZ AV TREEATVE?, S ro@iiE
#0-3BIZTPTCI (3.1, 4.7, 6.3 mgkg) ZHREEDHS
L, A1FiR48 D11:00% 513:000 B2 BREL T CLAIELE
Sy NOFERBEREETAZ LICL Y BEERG 5
2L, BERIBOFEEEY* TEREBE(LOEEL L
TRELEY. 20RR, FEERBOET (FEREME
fbom4), BIEHEARUIBOME R n 4/ 25 o g
T 2347 mgkgbh LD ETHONTZ. ZORERILE
ROBRICHRE L- L 2 ICRBRIERELI &R T
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Table2 7= = VA X{EPIZ L 5 AFAEME

YE4L e BER #5A8 B5E% AT 5E
TPTH Sharman 5 v k 100-200 ppm 64-238 B &no () Gains &
| EFROH 5 BiEE Kimbrough (1968)
: | PR IR Sy3m
TPTA Holtzman 7 <~ b 20 mg/kg 19 B #£0 (B | BEYA X Pate & Hays
TPTCI T REOBEBFHEL (1968)
TPTA Holtzman 5 v b 20 mg/kg 20 A #0 (IR€E) 1 RTHRBBROMEE Snow & Hays
TPTCl (1983)
TPTA ICR/Ha Swiss 2.4-12 mg/kg 18 fidadgl EHBFEERALRL Epstein et al.
v 6 mg/kg 5H Ertf e 3a) EHESEERZ L (1972)
TPTH 1.3-8.5 mg/kg 18 BN EHBIEEAZ L
11 mg/kg 58 EHEED EHERFEERAL L
TPTA Holtzman 5 v b+ 20 mg/kg 4-24 B &0 (BfE) | FEEIRka% Newton & Hays
TPTCI] T FIMISRRa oD A (1968)
| B
TPTCl Wistar 7 » b 4.7-6.3 mg/kg iR 0-3 B KRR LEERE, | BRIRGEE Ema et al. (1997a)
12.5-25 mg/kg iR 4-6 B kRN | iR
TPTCI Wistar 7 » b 4,7-6.3 mg/kg AR 0-3 B EHED | FENEREE L Ema et al. (1999a)
| g 7a s 25a
DPTCI Wistar 7 > b 16.5-24.8 mg/kg YR 0-3 B AN | SRR, FRRIERELT Ema et al. (1999b)
AR
33.3 mg/kg 8% 4-7 B wHEO BlE, THKRERET
DPTCI Wistar 7 v b 4.1-24.8 mg/kg AR 0-3 B O | FERNBEEERE L Ema & Miyawaki
I b a=T k= (2002)

TPTH: Triphenyltin hydroxide, TPTA: Triphenyltin acetate, TPTCI: Triphenyltin chloride, DPTCI: Diphenyltin dichloride.

WTHo7Y. ZhbHOFRIE, TPTCHI 0¥ 25 o
VETERME) TENEORERLMEEZELZL, 2hb
WTPTCUZ L 2 FRMAERCEE L TWAZ LEREBLT
W5, TPTCIOFE O R EBAL G R UEKMEERIC
ST BIPRFNECOERERMLIEEZS, TuiR
Tulltr Ao rDgERTPTCIZIRE Li- SR
T v POBEBEILEHESE L, 4.7 mgkgbl EOTPTCIE 7
B FRF o BHBERE LS v FORBERRUERK
BTPTCIZ BB E LTy XV b@Ehoi*. Zh
bOFERM S, TPTCUZ X 35T ENEDREBCMEL,
D7 L LI, BRFAALECVEMNLTED, £
T a s A5 a L ITPTCIC K5 EFRMELZBSHE T3 2
EWRRENTE.

22 P71 )VARX (DPT) DETESN

Z v MZBAERENZTPTIE, 7 2 =/VA X (DPT),
FE) 7 2= VAX (MPT) SLICEBEBAXICRHINS
“4 . DPTILAW D AFEZHRBRORE R % Table 31T L
7. Diphenyltin dichloride (DPTC1) D#EHERR L &k VTR
MR TIEBIISVTT v FERBOVTHRELE®.
DPTCl% Wistar 7 »» b D#EHR0-3 01241, 8.3, 165, 24.8
mg/kg, #EHR4-THIZ8.3, 16.5, 24.8, 33.0 mg/keg% HHl
BOkELEEZA, HIREOETHEIK0-3H D248
mg/kg, FHIR4-THE D33.0 mgkgD %5 TH L. Eik
0-38 ?D16.5mg (48 pmol) /kgbh LD & THEEKA DR

BBEAS NN L7228, TESRODER S L 7 DS RBIARIE T 8
IIAREE L R ThH oz, BFREWET RIIEIES-TH
D330 mg/kg ETEH LK. ZThoDBERML, &
IRMERICHR S UEDPTCUIF R ELSIEEZ L, BFK
HOBREIERTROBEREROBEE LY L IERR®K
KRBT LEBHELMIC -7, HIR0-3EDRE T
IXDPTCIOH AL &4 T& ATPTCIH4.7 mg (12 pmol) /
kel E CEERAMBHEEREZRTY. A BEBOHE
L0, TPTCIOEANBDPTCIE ¥ LW T & 2385 5 s
22DT, DPTCIE = ix % OB B TPTCIO BRI E {E
BoFERMETHLTREEREVEEZLNRS. Lk
L7gis, TPT{LAWIZDPTCIZ R E L2 v hOFT
EBENDT OT, H#ESNDPTILAMDO—EHBTPT
ELTHEEREZRIALTCWAHEHELNRHY, DPTOE
HRROBIZIEZDZ L2 ERTHLERHSD. TPTE
DPTIC LA AEREMOERTHALMIL, TOREYWE
EHONCTEDICERDIHRLZETS.

DPTCIO FEBEEICH T2 HEBIZ OV THREIRT v b
FROTREERTWS. Wistar7 v hOHBEIR0-3 812
4.1, 8.3, 16.5, 24.8 mg/kgDPTCIZ#HHIR O FEE L=
#ER, 165 mgkgbl Lo 5 T ENEREE(LORH,
BIERAARUIHOME Ao F 27y OETHEES
hiz @ ZhboDBRERIES v FOERE3BIZHRE L
72 L X IRERIEBREERETTETH- 1P, Zh
LAY, DPTCHI o X RAFu BT 45 FEN
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BEoORZEBEAODHZEEL, Zh 52A8DPTCHI L 5EK
AEDBERTHHZ LEFELTND. DPTCIOFEN
BEEEEMG R CERBEERAICH T EFLE Y
DERAERFILEZE Z A, DPTCIZ 5 2 /- SIBREES v
MBI BAFEREELS S ATtz bny
DEETHBFEINES. ¥/, 16.5 mgkgll EDDPTCI
T FRTFarERRRELET v FOERERUE
RERIDPTCIZ EMBE LTy PEY bEMNoT-. 2
NHORERMS, DPTCUZ X 5 7B NER KB OHE
1, e EbESRICIE, SRRFAALECEMSLTEY,
TuF A7 e iEDPTCHC L A EKRBEEZHBETHZ &
BRBE N,

3. JIZIRXLEMDORESN

Table 37 = = VR XL EHOREBEHEAROBERE
AT, $E4R6-15BDSDF » MZTPTA (5, 10, 15 mg/
kg) #EHEBEOEE LAEBRTIE, 10 mgkgll ETF
EEMIE, 15 mgkg CERERET OHEM, 5 mg/
kgbhA E CRRIROBBIEDOEMBBEEZIN TV, B
LI RBEEE T RERT IREETHLEFEMEIRE S
nTnieny @i, $3FIR7-178 OWistar S v b ~0
TPTA (1.5, 3.0, 6.0, 9.0, 12.0 mg/kg) DEHFEDH
52X, 9.0 mgkgbl EOBRE CREERMMNE, &
KERFECED ERRUVBRROBBIERD LN T
BH, BEBEITERD bR TV, TPTAD AR
BEICL D ROEHDITHRELPHBRESNL TV S. CFY
S v b DEFE6-14 B IZ6 mgkgDTPTAZ RHIR ORS L
TR, 87 v MORAMLREERERS SN o188,
RO B FEEO— @M OEMKR UHESLRTOFE LD L&
REBREINTWD®. 14R6-208 IZTPTA (4, 8 mg/kg)
ZWHHR O#® 5 L7-Tokai High Avoiders (THA) T v b
DRTIX, ¥ v oERETRER TOREREE, BRIK

Table3 7 ==NAAX{LBPITLHRERME

KBREERBROVERRTOIT—HEMEBELAT
TOHBOERENDFERER~OEEREEILTY
5% ZOEBRTRIBEET R CEERMDSIEE my
kgTHLNEN, ROFHIVTROBEECHEE
Ehighotz.

SDZ = biZVancide KS (TPTH) % 3&#EORE L~
ER T, #IR1-7TR D20 mgkgi¥ 5 TIIRILFE DI
BEohRdo7ond, EiRS-148 D15 mgkgD & T
BEMBHETLAERBELNT, FiR14-20BD15
mgkgD R E CIX6BEPIFETCERB /LN Z & 28
FEINTWE®. Lal, ZOERTER LS
372, ERFEOHELVEERREIR TV 2. &
IR6-158 MSDZ » MITPTH (13 mgkg) % &HI&EO#H
HLU-ER TR, BEERINMEEVERZIERT OH
ma@Eooh, BESHEEREERVIE/AERET X
L OMBBMERZ LR, TPTHIC L 2B REHORE
37 h o759,

Wistar7 > b DB ERRBICTPTCIZBHAEO®ES L
TeEBTIE, B2y FOBELEBHEOKTSERT-I
H?3.1 mgkgbh b, $F4R10-12 8 £ 7= 13648 13-158 06.
3 mgkgh ETCHR LN, BEREEETEDO LR NFER
7-9H ™6.3 mg/kgbd £, #FIR10-12H ¥ 72 i35E4R13-158
D94 mgkgbl ETH LI, BEHERBOEVEIIT L
MEFEANH BB T 2EMBIHON. &6i,
#R10-12 B D12.5 mygkgE 7-135ER13-15H 9.4 mg/kghl
ETEAERREIBD NN, WTFhoRE5 R RO®
EBTHHEHRROREERD LRIIH LT RN,

YE% Lukok s BER ®BER B EE8 ETARAEBMYE =
TPTA Wistar 7 > + 5-15 mg/kg iR 6-15-8 EwEED T FREARFET, LM EIL  Giavini etal (1980)
TPTA Wistar 7 v b 9-12 mg/kg fEiR 7-17 8 mEED T BHRWIEFET, | BIEEIL  Nodaetal (1991a)
TPTA CFY 7 v b 6 mg/kg MR 6-14 B HWHIZO T AE%REREL, Lehotzky et al
TROBRES (—Bit%) (1982)
TPTA THA 7 v b 4-§ mg/kg TR 6-20 B AR DO | Ro=BHEE Miyake et ai (1991)
TPTH SpDJ v bk 20 mg/kg g 1-7 A EHZED | SRR Winek et al. (1978)
15 mg/kg 4FiR 8-14 B EHIED T BEREFRET, | BIREER
15 mg/kg 4R 14-12 B EEED Bk
TPTH SsDJ vk 13 mg/kg R 6-15 B MEED T FREAIET Chemoff et al.(1990)
TPTCl Wistar 7 > b 6.3-12.5mgkg ER 798 AEED T B KRB Ema et al. (1999¢)
94-125mghkg 4E4R 10-12 B - 13-15 B #&I&D 1 FEREERET, | BREE

TPTA: Triphenyltin acetate, TPTH: Triphenyltin acetate, TPTCI: Triphenyltin chloride.
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4. TFNAX{LEMDOLEESM
41 FYTFIRX (TBT) O4ESH

Table 4IZ T FARX(LEYDEEERERBRORERSL T
L. HICR=™ RIZTBTO (2, 10 mgke) #2EAED
HECTIARMBARORE L5, BFORIDEU
AN VHEBOERIEABDONTVE® . WistarF v
EBW2HREFERBICEB VT, FODOEIROE 5
FIDOBERE T, I OICKERT, XEF, HiET, BT
%218 LU TF204 %91 B £ TDtributyltin chloride (TBTCI:
5, 25, 125 ppm: 0.4, 2.0, 10.0 mg/kgiZ# %) DiEEE
BEICLY, BRICHTAEESGESA TS,
125 ppmDF1 R UF2HECTHREEMAHAH S, BREVY
FREREEROERET, BTHBECRETHRORBY 5125
ppmTH LI, S I, EHASREREETRUSF
HEARE DSF1D125 ppm, F2025K 1025 ppm THE &
n, R2EHRICIT 32 E8EFIHRI Y b kEho7-. @
WTR RTUA— L DETHI25 ppmTH LN Z & ps
b, EELRINLOEIXT vy —ENFICE 5%
E2ThHY, TBTCUIHET v MZBWTHW T o F—+¢
PHETFE LTER LTS ERRTV 5,

LREOEREERPUICBITIHERT v h~DEERN

Tabled TFNLRX{EEWIZE DEFEN

|EINTWVWBY. 125 ppm OFOK UFIHEEI#HIZ 351>
T, B OEE, HEABROEN, SRPOEREREM, R,
REERCAERGBEROBRTREZIRLTWS. T4
FEZSERIEERE (AGD) DEEIZLAHEMET 13, 5 ppm
UEDFIOE%LIA, 125 ppmDFI DA %4H R UF20
ABIBRU4B TEN-T-. ZhHDBRIT, £EICh
7= 3TBTCERENHET v b OMERA & ATl Ic BB
SAREHEEZRLTEY, FELIIMDAGDEEIITBTCI
OBHERAEREL T3 RTINS,

IR O R UHERFIC X T B TBTCID E &2 DT
Harazono & (1996;1998ab) *® © *  Harazono & Ema
(2000) ¥ iz L D WistarF v FEAVTHELSFARDN
TW5. E4#R0-7HIZTBTCE (8.1, 122, 163 mgkg) %
MEREORE LI 25, 122 mgkgll ECREED
Binms, 8.1 mg/kegll ECEERBRTRAON, BIK
PFREITBAEENEOO5N712.2 mekgll ETHESH
7o B, BIROMS UH#EIs BV Tt BRI, SREE
CIRECEICTBTCIOEEBIIR D 5hish-7=2. 111
FHEMNTBTCIZE D S DIT L 2 0h, BEOEERETIC
LD L ENERERRIZILDL O HERT S
Wi, T« T 4—5F 47 (PF) BB%2ITo/mL

WE% B BEE #EA BE5R% EFERAE B E 3
TBTO ICR = '77<v 2-10 mg/kg 48/ EEIRO | BTEHYK Kumasaka et al.
(2 =/A8) T4 Y HkaZERa{t (2002)

TBTCI Wistar 7 » b 25-125 ppm 2 A% &N (B |HBR-MELEEE Omura et al. (2001)
I EFHkag, | AE=2 S 2F—n
| #EIR ot E M

TBTCI Wistar 7 v b 5-125 ppm 2 % &0 (BE) |£Notes, | R RokE Ogata et al. (2001)
i mEEn, 1HEAGD
| MR OB M

TBTCI Wistar 7 v k 12.2-163 mg/kg  §F4& 0-7 B KRN | iR Harazono et al.
AR (1996)

TBTCI Wistar 7 » b 163-32.5 mgkg #Fi& 0-3 B D L iEeR, | BIRGE Harazono et al.

16.3-65.1 mg/kg ¥R 4-7 A EHIED RE, T&EREERET (1998b)

TBTCI Wistar 7 » b 163-325 mg/kg {48E4R 0-3 A HEEIRO | FENIER EEL Harazono & Ema
| WETe 2570 (2000)
TMFETA NFVF—

16.3-65.1 mg/kg ATk 4-7 8 N | FENERBEN L

| T s 27ar

DBTCI Wistar 7 v b 7.6-152mg/kg  §F4E 038 - 4.7 8B HEmHIRO | iRE Ema & Harazono
T BERETEMEL, | RIRGEE (2000)

DBTCI IRC<¥ WX 7.6-304mg/kg  #FKO0-3 B - 4-7 H HHEN | iR
T BRABEET, | BLGE )
|BES e SR 70 Ema et al. (2007a)

DBTCI Wistar 7 b 7.6-152mg/kg fAFEIR 0-3H + 478 H“EEQ | FENEBRER Harazono & Ema
lETe ¥ 27a (2003)

MBTCI Wistar 7 v b 903 mg/kg ik 038 -4-78 A& N | ig IR k= Ema & Harazono

(2001)

TBTO: Tributyltin oxide, TBTCI: Tributyltin chloride, DBTCL: Dibutyltin dichloride, MBTCI: Butyltin trichloride.
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5, TBTCHR S OERAFIITBTCIZO HDILL 5 b
DTHY, BEOERBRRIZLEDLOTRWVWI EBFRE
N7 wiz, TBTCIDREBEHICL 28 BL AR~
DIZEIR0-3H124.1, 8.1, 16.3, 32.5 mg/kg /- I3HEE
4-781Z8.1, 163, 32.5, 65.1 mgkeZHHIROBRE L=
R, #5%0-38 016.3 mgkgtl £ B UEIR4-7TH D65.1
mg/kg CHIEZEDER TR GERANRE T OBMARD 5
N=®. ¥1-, 11E4-78 ©16.3 mgkegll EOB 5T
%%?’ﬁﬂl\ﬁtﬁmtﬁﬂiaﬁ I, TNHDRERIE,
TBTCHZ K 2 ERICH T 5 BEEITHR S U EiREEHIC
EVERD, FRAMCERELZEEIZEIERBAER, &
KPR UOEREZIIRE L& 2B RLEZBEOER
WEEEBZRIZTZILEERLTWS, TBTCUZ L 5EK
FAEDERZFARD DT, FEBREICHTEEEMR
BERS v FEAVWTRFE STV S, BIFIR0-38 O
163 mghkeDRFIROREIZLY, FEERET (F5
PIEDBRIEE L OHIE) R UYAIERI A R U9 R O g+
FuyFR7ForOETRABD LY. BIFE4TE O
16.3 mgkghl EDFEIZ L VW BIFRIB O MBS 70 b
2T rOETRALNT. BIERETy FOFEERIE
TROUTu 270 AEKTE2EEITRERIZ, IR
Zy MEBWTEKRNRUEREORREC 2 FET 5%
SE8EFUTHoT. ZNbDOERBERIT, TBTCUTZF
ERBEOREECMHA E e A5 o B T3
L, TNOMNTBTCUZ LB EFRBEQCER L/2-> T3
ZEEFRBLTND.

42 CTFNAX OBT) RUE/TFIAX (MBT)
DEESM

Zyv MRS ENAETBTIEHDBTR N E /) JF LA X
(MBT) cR#t&h, £#HE5 SNDBTIIMBTIZ &
HEh3® Y TBTOAFEMREFIC BT Sdibutyltin
dichloride (DBTCl) D&&ZHRETT 272D, DBTCID
RS R UHERRIZ X T B BB DV T Wistar 7 » b %
AVWTHARLATHE®, F4R0-38 £ 213 ER4-7THIZ
3.8, 7.6, 152 mgkeZ 5B OHF S L. 3.8 mgkegll
LTEEREOERTIBEESNED, PFELZRIT-. T
IRO-3B OBRE TIE, FIREIIT.6 mgkg TXBEL VI
<, 152 mg/kg CHIBHERUPFEL D LIEho . &
PR 1% BRFE TS RITEIRS-TH D7.6 mgkghl E TRIBREER U
PEEEL W @< o7, ZTHhHHEDHRANE, DBTCUS
L AMPBEOF T IIRARDOETICLBEB TIIRL,
DBTCHZ X AEEMZERTH I ¢ EX LN, FHIE
DEEELERZb7E0THRLEVDBTCIOR EE137.6
mg (25 pmol) /kgT¥ 7. DBTCIOHLEHDTBICI
1316.3 mg (50 pmol) /kgll LDFETERMEEEZEL
&7, DBTCUITBTClIL ¥ HIEV R 5B CHIHED
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L5 EI3Z L5, DBTCIE 2T K8 A
TBTCUL L 2R COFEENE CHATMEENRHD. &
KREEZ3IEE - TREEODBTCIZ HHEOHBE LT
BIEIRT v TR, 7o X R T o KT #-7F8E
REOBREBEEMERHZ LN, FuFfr7aroks
W2k n, < EHEAMICE, DBTCHZ X 5 EKMRE
BREEERET. ChoDI LR Fa AT rDET
BDBTCUZ L 5 EBRBEEDE—DERTHDIZ L 278
LTW3. Wistar7 v FDEIR0-38 T/ 13HIE4-7H I
903 mg (3200 1 mol) /kg D butyltin trichloride (MBTCI)
R ORE L TOEFERMRUBERE ORI RO L
FiIBRbon2ro1=? ZEhb, MBTCIE HIZF 0
KRR T FARAXC L ZBERMEOFRRHETHS &
HEZEY, REERISOBETATV T o 25 a &
T#%%7- 5 3DBTCHIEAEE CTBTCIL ¥ bRV - &
i, TBTCUC L5 I bHDBEEICDBTCIAEE LT3
TEERBLTWVWS. BER0-3BICTBTCIZHE L7
EEWIIMBTR FF A —ABET LES 23, DBTC
ORETREIOXIS>RIETRBEES NP2 0
5, TBTCI&DBTCIDSRRBHEI RIETEEBOFIT
BERoTWVWOHEEGHD. IRFED TRIEOHNS W
R4 ATBTCI EDBTCIOEBIZ DWW TITE A2 25t
PETS. £/, ICRU ARDBTCIZ BEROEBE L
TERMEMEALBBRET SN, FIR0-3 8 D304 mgkgD
BEC LV IEEORTRUOERIEECEROLS, £
#R0-3 A 115.2 mg/kghd £ R UHEIR4-7H 7.6 me/kgil &
DEEIL WV ERGEBRETCRO LEBED L. &7
#R0-3A F /I ER4-TH 2304 mgkgd R E LA L %1
1, k7 vy MABEF 2/ RF e OETERLNT
ZeEhh, v URIIEITADBTCUC & B EKRBEERIC
BWTHL7 o /A7 a AETHRERER->TEY, S v
b EERROBFIC LD BERAESERL I NS ATEEMENR
®Ehi.

5 FFNRXEMORESN
51 TFIRAZXDin vivoREFNH
TFNAXORLEBHRBROER % Table 512 L7z,
TBTODRAEBHIZ DWW TRV ARTT v hE2HWT
RETINTW3A. NMRI= 7 2 DEHE6-158 IZTBTO %
BmERORE L-L X, BEKERTR23I2EZTKD
EVWHEEIZILT mgkgTH D, 35 mgkg TR
S59%DEETH LN, KIBREELBRIRLTWLB™,
OEHN11.7 mgkgT7%, 35 mgkg TA8% DK CTHIE
EN7=2%, Davish (1987) ™ 13, OEZIITBTO 4%
BOREBRTHY, TBTORX L BREATIIRVEERL
7=. Swiss ¥ U7 2 DIFIE6-15H CTBTO® B O &
L7=EBRTiZ, 40 mgkg TREFEER K EKREIRT,
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Table 5 FFARAXISHITLDRETYE

YE% EVhTE &5 & #45H BER% L£RMREDME EE
TeBT Wistar 5 v k 1832 mg/kg 4% 13-15 B HWHED T OER Ema et al. (1996a)
TBTO NMRI <7 R 11735 mgkg iR 6-15 8 MEED [ HREMET, | BREE Davis et al. (1987)
1o
TBTO Swiss ¥ 7 X 40 mg/kg % 6-15 B BEREN T HREEELT, | BEGE Baroncelli et al.(1990)
TBTO Swiss ¥ V& 10-30 mg/kg iR 6-15 8 aEn | AR | REE Baroncelli et al.(1995)
HRPMOEL, | ERITEB R &Kk
TBTO Swiss = 7 X 5-20 mg/kg #4R 6-15 B RO T IERRMDEFHEL Karrer et al (1995)
TBTO HaNMRI< T X 27 mgkg 1R 617 B mERn | REKE TO0ER Fagi et al. (1997)
1 EREE
TBTO Long Evans 7 v b 2.5-16 mg/kg 4% 6-20 A mEREn | R% - REE Crofton et al. (1989)
T RER, | HERGEEEMN
| mBAn, | NER, | RME (—iBi)
TBTO THA 7 » b 5-10 mg/kg 1R 6-20 A MmnlEn 14£REC, | 28ES Miyake et al. (1990)
TBTA Wistar 7 v k 16 mgrkg iR 7-17 8 HMEEO  TEEREEEC, | OER Noda et al. (1991b)
LislRkE
TBTCI Wistar 7 » b 5-25 mg/kg #iR 7-15 B WAL T ERGMET, | BEEL Itami et al. (1990)
TBTC] Wistar 7 & b 25-50 mg/kg g 79 B EHEN T HERZICET, | BBEKE Ema etal. (1995a)
50-100 mg/kg 4% 10-12 B MERN  TERBREET, | BREE, T oER
25-100 mg/kg R 13-15 B mEED | MREE, 1 oEH
TBTCl Wistar 7 & k 100-200 mgrkg 4R 7-1SHD 1A BHED I HFEBRREC, | KRGS Ema et al. (1997b)
TOER (I 8,11,12,13,14 BOKE)
TBTC] SDZ v bk 02520 mgrkg WEHER 0-19 B HEREO 1 EREEET, | RBRKE Adeeko et al.
T # AGD, | B8R &1k (2003)
| mEFoxy - MY 3—FFu=r
2.5-10 mg/kg iR 8-19 B [Nk a=E g
TBTC! SDZv b 0.025-2.5 mgkg $E4% 8 A A HBETL WEAEO | BTER - R MREE Cooke et al. (2004)
|mEsLF7F=> PYZURY K
| 735—¥ - Fuxr
BERTaT7 7 A4 NOEL
TBTCI SD v b 025-2.5mgkg RS AN LREL RN T MBIRERE, T NK ARl Tryphonas et al.
T1gM - IgG (2004)
TREBT Y > 5k%, 11gG2a
TBTCL SDF vk 1-5 mg/kg iR 6-20 B MERD 1 GRES) Gérdlung et al. (1991)
| R SR RN T AR N S
1d-Tv7 2 # I T L BESTE
TBTCI ‘Wistar 7 > b 40-80 mg/kg ik 78 B AL 1 BREGEET, | BREE Ema et al. (1995b)
TBTCl Wistar 7 v b 54-108 mg/kg R 13-15 8 BHRO | RREE, | oER Ema et al. (1996a)
DBTA Wistar 7 v b 15 mg/kg 4% 0-19 B MHEEED 1 FREMET, | BEGKE 1 THREE Noda et al. (1988)
1ERE - FH, 1BERER
DBTA Wistar 7 » b 5-15 mg/kg g 717 B WERED I FREEETC, | REGE Noda et al. (1992a)
T FEEL- TIEH - ThE - 5%
TRRE - MBERUHEOHE - BRER
DBTA Wistar 7 v b 15 mg/kg ik 7-9 B WHERED 1 HFREGMEET, | RIEKE Noda et al. (1992b)
22 mg/kg 4% 8 A HHEED I THR- TER - SR - 3%
1RER - WERUHBOFY - BRER
DBTA Wistar 7 » b 28.1 mg/kg ik 8 8 HHED 1 RLEOFE Noda et al. (1993)
DBTA Wistar 7 > b 10-22 mg/kg iR 8 A HHEN TRLoOFW Noda et al. (2001)
DBTC! Wistar 7 v b 5-10 mg/kg iR 7-15 B HWHIED T FREWEET, | BREGHE Ema et al. (1991)
T THH - n&ER - 866 - B~ =7
TRER - WBERUHBONE
DBTCI Wistar 7 » k 20 mg/kg A48 7-9,10-12,13-15 B HHEED | BRGE, | FEEHEEL Ema et al. (1992)
’ 1REDHE (EHE 79 BORE)
20-40 mg/kg % 6,7,8,9 B MEER | RIEGE, T FREEET (iR 6,7,8 BORE)
1ELOHFR (R 7,8 BOHEE)
DBTCI Wistar 7 » b 24.3 mg/kg R 8 A HWHEED REKE 1 TRE - TER - 588 Noda et al. (1993)
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42 B " = 8 % 125 % (2007)
DBTCI Wistar 5 » b 10-15 mg/kg ik 7-8 B #EZED |ERE&EE 10ER Ema et al. (1995b)
DBTC1 Wistar 7 » b 50-100mgkg  $HiE& 13-15 8 HERn | REE Ema et al. (1996a)
DBTCI Wistar 7 » b 1-10 mg/kg #i% 6-158 HEEO EE2L Farr et ab. (2001)
DBTCl SD 7 v b 15 mg/kg iR 615 B EEED |HBREE, [ FREERT Thullen & Holson (2006)

TABYE - THER -4 - BB - 0&=R - 268 - 85
DBTC! NZW T4 ¥ 5 mg/kg 2z 6-19 8 ERED | BRRER, | FREEETC Thullen & Holson (2006)
0.4-1.0 mg/kg % 6-28 B mEED | HE
DBTCl = A4¥Fn 2538mghkg R 20-50 B BR(ER ) | BEEERET Ema et al. (2007b)
DBTM Wistar 5 » kb 27.8 mg/kg HE 8 B BEEO 1 THER- TBE - 564, Noda et al. (1993)
188 - B~V =T7 - WERHER O
DBTO Wistar 7 v b 19.9 mg/kg ik 8 B AFEn TRLoFE Noda et al. (1993)
DBTL Wistar 7 v b 50.0 mg/kg Az 8 B BHED TRLOHFF Noda et al. (1993)
3-OHDBTL Wistar 5 & b 100 mg/kg R 8 B EEIED | BIRKE TATH Noda et al. (1993)
MBTCI] Wistar T v b 50-400 mg/kg iR 7-17 B BEED EgL2L Noda et al. (1992a)
MBTCl Wistar 7 > b ‘ mERDn | BBREE Ema et al. (1995b)

1000-1500 mg/kg #HiR 7-8 B

TeBT: Tetrabutyltin, TBTO: Tributyltin oxide, TBTA: Tributyltin acetate, TBTCI: Tributyltin chloride, DBTA: Dibutyltin diacetate, DBTCL: Dibutyltin dichloride,
DBTM: Dibutyltin maleate, DBTO: Dibutyltin oxide, DBTL: Dibutyltin dilaurate, 3-OHDBTL: Butyl (3-hydroxybutyl)tin diaurate, MBTCI: Butyltin trichloride.

METEOLENL BN, BEREITIED AT
fi‘/‘n).

ROEZBEICET 5 ERTIL, FIR6-158 OSwiss
T UA~DOTBTODMEHR AR EIZL Y, 20 mgkgll &
TREDETFTRGEOCEEE, 10 mgkgtl E TR~
ADEBITHARE, 5 mghkell L TIREEREK, ke
HoOIANDBRD oD, ROFEREBINA TV AR
. FEHEIZ, Swiss ¥ ¥ A DEEYE6-158 ICTBTO (5, 10,
20 mg/kg) ZEBIBEAHKE L-E 5, R HERRE
MIMEFEEL, RERERVEBEECETHED LN
" Han:NMRI< 7 X DFEHRE6-17 B IZTBTO % 34 Hi% 0 &
ELERTIE, 27 mgkgTlH 4%D8EETOZENE
g2Xxh, 26I0KRECIIEESH, 8FIDKBRTEE, 5
FIORR CHBEFHENA LN, 135 mgkg Fo
BETHBERUBRICHTIEREIRDLNL -
™. 5y FEAVEERTIE, F486-208 (CTBTO
(25, 5, 10, 12, 16 mgkeg) % HEHR OK S Li-Long
Evans7 v F 2 BRASH I, HEEORZHALZ
A, 10 mgkghh £ CRMKEE MG, VB, REERV
EHIBRUI3EDREFEDOERET, 12 mgkg TI%DHE
ETOEZE, 10 mgkgTEBNEBE, £ToREETE
BUBOROEBRETHAEESATWSY, ¥7-, HHE
6-20H IZTBTO%# BAIE N&Z S5 L/ZTHAS v DRI,
10 mgkg TITAEBIAFE TIZTTHETL, 5 mghkgTiE
VR EEEERER, BAAXRRFERBOYERR
BT AFEBRESEES R TNWEY.

Noda® (1991b) *? 1%, #H4E7-17H OWistarT v ki
tributyltin acetate (TBTA: 1, 2, 4, 8, 16 mg/kg) #* ¥
BO®EL-LZ 5, 16 mgkg TFENETRUOEEZ
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DIREEN, BFAEERERZ LN, ZORSETIIRKE
BELHEGEOELVWET, 4 mgkgbll ETHIES » b
MIREBOERTRALNTZERELTWS. H5H1,
DEBTBEINZKROFHiIDaivisb (1987) ™ 12
LIVBEENELOLFEHETHBZ &5, TBTAIC L
DREEMNRER TRV ERR L.
TBTCHZ DWW TIIHEBBM I K HFREIN TV S, Wistar
7o P OEET-ISETBTCIZ BHE AR E L E 2
5, 9 mgkgbd ETREEME, 5 mgkell ETHREDEL
BESZ NN, BMEFRIIBEREINL 2725,
DEBRBERELVFELIANDI DI, BEFRSS
=48 LT, JIRT9HIT2S, 50 mg/kg, iF4E10-12A
t250, 100 mg/kg 721X #E4R13-1581225, 50, 100 mg/
kgZWistar 7 v MIBHEIREOEES L TRAESHE TR L
7P BERZADLTREERMDEARD bh,
EREEFETEDO LRI, FIR7-98 D25 mgkgbh L&
THEHR10-12B 0100 mgkg TH & 728, F4E13-15
B S TIZI00 mgkgTHRDENZ o7, BHEE
R IRITEEIR10-12H 050 mgkghl £k OHEHR13-158
100 mgkg TH L. FEEEORBEEIIER0-12
H 100 mgkgk CEEHRI3-15H D25 mgkgi ETER
L, PEEPELEFETERESINEZ. bR,
TBTCHZ K 5 REFHITREROEDOBAREIZ L » T
#7220, TBTCIORGFHEICINHEREER L L %
FALTWS, EFEHORSHZERHELIANS D
2, Wistr7 v FOBEERFAONTAHAABICTBTCIZ
HHEIRO®/EG LicE 25, TBTCIOEAHMDOREEE
W20t E R L, EIR8H @100 mgkgh k, EiRLLA,
128, 13BE713148 D200 mgkgPBE THARTE O

-
~—

-
—
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RBEBEEN LR LE®. SDF v FOEE0-198 (0.25,
2.5, 10, 20 mg/kg) F7/-i3EHR8-198 (025, 2. 5, 10
mg/kg) WTBTCIZBHERARE L& =25, H4E0-19

HD20 mgkeD 5 CREEEMING], MRFET, &
KEBRECR EARVERERRABDONEY. Z0
WwERIX, HEOHOT v MITBTCIZREL 7= L £12.
2 mgkgih ETERBR UERERETED LERED
Siviz, LS Harazono © (1996, 1998a,b) % m#sL
EPXETHHATHS. Adeekob (2003)® DHETIL,
WTENOTBTCHE S #THHFERIZORFFEED LRI
B BTV, 10 mgkgh ETIXME OB LEE
NEBDHENER, EELIZZOBBREEDCE T2 bk
WEBICIZ AR P RRBRAVEVETAESE L TVWS
HHEMEN B D Ll T B,

WHWILEOMSMEREE (BEH) IRV E U EEYE %
BETHENEHEBRUNATERICEELZE 2D 8
mohTHBE®, 59 LTk, E4816-178 Hifinasteride
) $24%15-17 B H3dibutyl phthalate * 2 X %2 k& B MM
b (HERDOAGDEHRE) T LEBFHTH D Z LBH
HERTWHD, INBEDI LT, AGDIZHTHEHED
HEITIEREIICH D L E2TRLTWVAS. LsL72ess
5, 0.25 mgkgil EOTBTCIZ E4R0-19R & Lz &
EFWHIROAGDEE N A b EWIFRA L, 10 my
kg CHIFIRS-19B I 5 Lz & ZIZIZAGD~DEER I
ot WHFTRY, &6i0id, 2HABERR
TIIMEDAGDIEENRD ST LW AR Olicix
FENRHY, TBTCIOAGDIZR T AR, +hbb,
ST BB ERAONNITE-DIITE 255
B9 5. TPTRUTBTIXin vito CIERLEMIRIZIB VW TER
BEEALTT v FulrSakzEmies ™, TrTC,
TBTCIX U'DBTClIZ & FEIBREMNAKILMBRICI T
Tuwy—E@HlEslsRITY ZengEshTy
5. T T T7FNALAX (TeBT) EMBTCliZE h5a -8
JLEESR type 1K Uttype 2IZMER &R & 2%, TBTClE
DBTCliZt F5o-BRBRT A VA AMEERPRITT
0 DBTCHIHTSIIRS o -BTEEE type 2IZEAETIT,
RIS o -BITBER type 12MFI$ 545, TBTCUX
W7 A YA LEMET5. £, EFEEEEERRE
Itype 2I2 X > TEEIND. ZH 5 Din viroDE R,
in vivoCBEINTAHEBEBUTREZERTI0ICE
ALBbhah, BERZ2BAOEESLETHD.

SDT v b OERS A A5 RO EEE F TTBTCI (0.025,
0.25, 2.5 mgkg) THRABOREL, RLVELKREER
PR E CHARDERE LEER P TR, 80
HE, BEE, FRR FE BBRUOEHOFREMER
FHFRICEEIIAONT, RO, i, £77F, HiE,
BIERUEBRORBEGEMFTRICHERIGSIE s

ol 25 mgkg THIEOMBEF a % L ET, #I2
DmMEI/ VT F=, bITTEY FRETTRIT A
&TF, 0.25 mgkghh L CHERDRIER CHERORIROE
BIET, 0.025 mgkgih ECHEDIRORE T2 774
N~DEE, HROFBEECKETALLNEY. Zh
LORT v NORBFHFBIZIONTHEARE? L5,
2.5 mg/kg THABREENE, NKARE KL FIgMDEN, 1gG2aik
THRZH LI, 025 mgkgll b TROCTHIRIGGOEMAS
FBH BN, 0.025 mgkg THHTMREENBEEIRE.
Tryphonas > (2004) 2 %, {ER BOTBTCUTHRME K 4B
RAMRBEICEEE 5 X5 L EERE Y A VARSI
THRERICODDAIE L. DHIOBEICFESY 525
LRBRLTWS.

TBTCIR BT v MRS Lz b &i12iE, BREHO
ETRCANBHOERN, FHEEERIEOETHALN
B EBRFEER TS ™, HIR6-208 DSDT v b
KTIBTCIZ AR OBRS Lz 25, BEZSMESREHAL
WG R (14T mgkg) THEEZD RO B REEEM,
KB TOEBBBORBIE, &7 725 I L HIEE
TLEDHHEMNBE SN TV,

TBTO EEAR#YW CTHADBTEREFALICERE L
T2 OMMEROFBEIZHTIRENIFZLBEEN
T v %. Dibutyltin diacetate (DBTA;1.7, 5, 15 mg/kg)
ZWistar7 > b DEIRO-19B IZEFHIFENTE LEER,
15 mg/keg CRAEBNMLMWREENET, BERERER
UHEBRRORBEED LA B H 5N TS, DBTA
(17, 5, 15 mgkg) ZEIRT-17TH OWistarT v I
BOFELAZLZA, 15 mgkg TRAESEMIME, 10
mg/kglh ETTHRA, TEH, &8, &%, /M, BRE,
ERUVHBORESOHK, REKELATHIRERED
BTABRESNET. DBTAIC L AWK RRBEOBRS
PEIEIRS B B b E o1 2 LB BRE STV BRSO,

DBTCUZ DWW T b WistarF v + DR BRI @GR
RS L TREBEPRFENATVS. EIRT-1SHO#
5T, 7.5 mgkell ECEAREMNDS, HEEEKT
RUOBRERFECOEMNBA LN, Eiz, 5 mgkebl
ET/RAE, THHE, HEE EE~LV=7, BEE,
THRE, WERUVHBOREZEOHRALATHIRED
REHEEOLAN A LN, NMEESRLERE TALN
7' CHhOOREIY, BESEHORELRVESET
HDBTCIOE AN RBHTHZ LERLTVS. —F,
Farr & (2001) 2 j2#886-15H 121, 2.5, 5, 10 mg/kg
PHRELLEZA, 10 mghkgTIIRAEREM, BHER
VHIREEDRTAALNEDN, BAEBRIRDOLNA
Nolm b BELTWS. L, FHORRRIIFEEE
[ o= b 00, 262H60KBEON, 4FICEHEE, T
PERE, EEFRUCHBEEVSBEINTEY, Zhb
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iINoda® (1993)%® RUHK & o0 10 199 gy I
DBTCUZ L > TEREINEFELRBETH /. Farb

(2001) '? 3P HEME L EET 5B 58T L2DBTCD .

BEBHIRBE LRV EERL TWEY, X DERE
REFHTEZ 3L, DBICIOR&EM, RETERR
CRESHEEDERBNRERITEREIZE> TWVWAHEE
#2155, SDT v b DIFHR6-158 IZDBTCI (15 mgkg)
PRHEHEORE LEERICBWTY, BEE3S08E&
BELEREEECOBM, KEERIE L HKIC, HEHE
HHEEREBRAEWistar7 v b2 HAVW-ERTEELh
TEARTFRORBHEED LERH LN TS,

DBTCUZ L 3 HHERBORZMEFRD oI gay
BVWESEZBVTREBITbATVS. Wistar v b
OEYRT-9A, 10-12B £/-1T13-15BIcBE L= 25,
BEHIZEH L T20 mghkg CEKREEECRE MERRIR
GEIREINLY, FEBEORTEE O LRITTR
TIORDHEETLIRBO N7 BEWRY D
WA BICEERE L THERROBRSH 2 H -
LA, HIR6H OB E TIXMEFE4ERA SRS, 1TIR7
BTN REE L, TR BB HIEDOBEHAS
EbE<72Y, SHRIADFRETIHBETHMITER DO
7o' EHEeFIIDBTCIZ RS B 713 iHR
T8EICHRE LI X IZHBBESh TN E™ 1,

New Zealand White V ¥ ¥ D#E#&6-19 B IZDBTC1 (0.5,
1, 5, 10, 15, 20 mg/kg) ZHBHEEOTEL-KS5ER
EDOT=HDFHRRTIE, 10 mghkglh LOHREBETEL
WRESESRDOONTZED, FIRIIEETICERS
i L72'%. 1R US mghkgTH FTH, SEEMLVE
EEEDETEOREEELND NN, 10 mgkg THE
ENFEIZEEE TR 27, 5 mghkg TidBRE I
TOENEBHREBRRILALNT. ZhoDBEEZ B E
12, &#5E%0.1, 04, 1.0 mgkgt U T—E£250CDNew
Zealand White 7 ¥ ¥ OEIR6-28 BIZBEIBR ORE L TH
HBREIT-o L2 A, 04 mgkgT3H, 1.0 mgkg T4
DOBETRERLONED, BRETETE, BEEE
ERBEEVCAEFREEICHTIEEBIIBD LN o
7z. 0.1 mgkg TREARVBE~OEBIBESL
ot ThLOFRIR, THFICBWTIREREE
REREORMBIEICHN T IREERERETH IV LIER
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DBTA, DBTC, dibutyltin maleate (DBTM), dibutyltin
oxide (DBTO) B Urdibutyltin dilaurate (DBTL) % (DBT
& LT 80 umolkg) %, DBTAR UDBTCID{& &t
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NEY. TFNR B OB TAED ERWE & e
Tétbt,m@ﬁybtnm:manmait
IIMBTCl% 5 flfE O 5 LTIV IR ~DE B % 30~ 7=
19 TBTCIOME AL DS H Th S 1HR13-158 12
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1832 mg (5280 umol) /kgTH HH, TBTCITI154 mg
(165 pmol) /kghh ETREHZ U108 mg (330 1 mol)
kg TERGBERIEP A b, DBTCIO®E T1350 mg
(165 wmol) /kghl ETIRMAERRIESBEI N, 100
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EBEMIZBEE L TWARVWEEZLNRS,



