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and LeGall, 1983). Co-localization of TBT with PMF in ganglia suggested
that PMF release through TBT’s neurotropic action induced masculinization
in females (Bryan et al. 1989). Other studies indicated increased testosterone
levels detected in female dogwhelk exposed to TBT, and that testosterone
injection without TBT induced penis development in females (Spooner et al.
1991, Stroben et al. 1991). The later studies suggested that TBT disturbed the
P-450-dependent aromatization of androgens to estrogen, and a nonsteroidal
specific aromatase inhibitor-induced imposex similar to TBT (Bettin et al.
1996). However, the PMF has not been well characterized, and the role of
vertebrate sex steroids is not known in gastropods to date. A recent study
proposed that the combination of changes in the neuropeptide (APGWa-
mide), which is considered to be a PMF in mud snails, and steroid hormones
would lead to imposex induction at extremely low doses of TBT (Oberddrster
and McClellan-Green 2002).

Effects on Fish

TBT or TPT exposure in early life stages induces altered embryonic devel-
opment, and delayed or inhibited hatching in fish. Exposure of TBT or TBT
to minnow eggs and larvae at concentrations of 0.2 to 18 pg/L in the water
in which the fish lived induced dose-dependent morphological effects on
larvae. Marked body axis deformations were observed at more than about
4 pg/Lexposure, and incomplete hatching occurred at similar concentrations
in 10 to 30% of larvae. At 15.9 ug/L of TPT exposure, hatching was delayed
and the hatching rate was reduced significantly (Fent and Meier 1992, 1994).
Developmental defects, such as skeletal abnormality and retarded yolk sac
resorption, occurred in zebrafish larvae at more than 25 ug/L of triphenyltin
acetate (TPTA) exposure, and hatching delay was found at more than 0.5
ng/L (Strmac and Braunbeck 1999). These developmental effects in fish were
caused not only by organotin compounds, but also by a variety of contam-
inants (i.e., heavy metals, chlorinated hydrocarbons, altered pH), suggesting
that such alteration would be classified as a nonspecific reaction to organic
toxicants (Fent 1996, Strmac and Braunbeck 1999).

Some reproductive effects (i.e., reduced fecundity and sperm counts) in
fish were reported. Reproductive success of three-spine stickleback with TBT
exposure were examined over a 7-month period; no effects were detected in
relation to fecundity, number of hatched fry, or frequency of malformed fry.
However, no changes were found in the gonad somatic index (GSI; ovary
weight ratio to total body weight); by the 7-month TBT treatment (2 ug /L)
despite increasing GSI in controls, which suggested a lack of maturation of
egg tissue and consequently a potential reduced fecundity (Holm et al. 1991).
In sheepshead minnows, reduction in both total and percent viable eggs was
found at more than 1.3 ug/L of TBT exposure, although the reductions were
not statistically significant (Manning et al. 1999). TBT exposure to Japanese
medaka at 1 mg/kg body weight caused a reduction of the spawning frequency
(Nirmala et al. 1999). Additionally, environmentally relevant concentrations of
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TBT induced significantly decreased sperm counts in guppies (11.2 to 22.3
ng/L for 21 days), and decreased sperm motility at concentrations less than
1 pg/L (Haubruge et al. 2000, Kime et al. 2001).

Effects on Other Organisms

Despite a great number of studies on imposex in snails and a comparable
number of toxicity reports on fish, there is little information on development
and reproductive effects on other species by organotin compounds. It was
reported that imposex has not only been found in gastropods, but also been
induced in Japanese freshwater crabs by TBT (Takahashi et al. 2000). In crabs,
imposex has also occurred in males, which is characterized by dual-gender
imposex (either a female genital opening or a single ovary occurred in males).
Malformations during limb regeneration occurred in fiddler crabs (Weis and
Kim 1988) and in axolotl, induced by TBT (Scadding 1990).

Summary of Effects on Aquatic Organisms

TBT or TPT causes the imposition of male sex organs (imposex) on female
mud snails above the concentration of about 1 ng/L (Sn) in seawater, but
DBT or MPT does not induce imposex. The intensity is characterized by a
classification system based on the VDS, and advanced phases of imposex
and sterilization with gross morphological changes are irreversible. The
biochemical mechanism studies suggested that the induction of either neu-
rotropic hormone or androgen titer would lead to imposex at an extremely
low dose of TBT. Also, TBT or TPT exposure in the early life stages of fish
causes altered embryonic development, impaired morphological develop-
ment, and delayed or inhibited hatching, and reduces fecundity and sperm
counts. Such reproductive and developmental defects were also found in
other species. The impaired reproduction and subsequent population decline
in a variety of aquatic organisms by organotins are an important issue in
aquatic ecosystems.

Effects on Experimental Animals
Reproductive Toxicity of Phenyltin Compounds

Reproductive Toxicity of Triphenyltins
TPTs have been reported to be insect chemosterilants (Kenaga 1965). Repro-
ductive studies on TPTs are presented in Table 3.1. Several reports on male
reproductive toxicity have been published. Male Sharman rats were given a
diet containing triphenyltin hydroxide (TPTH) at 50, 100, or 200 ppm and
then mated with untreated females repeatedly five times (Gaines and Kim-
brough 1968). Reduced fertility, such as decreases in the total number of
matings, total number of litters born alive, and ratio of number of litters to
number of matings, accompanied by a marked reduction in food consumption



29

Chapter 3: Reproductive and Developmental Toxicity

(z002)
DeMBATA
pue ewg uonezIenprap auLsin jo uoissarddng  s8eaen) jo g0 skeq 3/3w gHT-1¥ JeI IeISIpM DIda
ssof uoneyuejdumsod ‘aaoqe se speyy  o8eaen) Aoueudard jo /- skeq 8y /8w ¢'¢g
(q6661) ‘}M 13 PSSEaIdsP ‘SSOT
e ewyg uoneerdunaid ‘ejer AoueuSard posearweq  o8esen) Aoueudaid jo g0 sheq 3q/3w gHT-G91 yel Ie}SIp D1dd
(e6661) AoueuBazdopnasd
‘Te 1@ vuag uonezienpoap suuyn jo uoissarddng  a8eaen jog—osheq /3w go-L¥ Je1 IeSIp DIAL
(e/661) arer AoueuSaid paseadsq o8eaeny Aoueudsid jo 9 sheq  3/S8w g7-6CI
‘e 10 BWy }M [e39] pasearsp ‘ayer Aoueuded paseama  o8eaeny AoueuSerd jo ¢-psheq /3w ¢9-/F JeI IBISIM DIdL
ean] e10d10D JOo'Ou paseada(]
y3moi13 ad1110]
(8961) sAeH AJres Ul e1saije JO SDUSPIOUT Paseaidu] DLAL
pue UoIMaN SS[OI[[OF SIMNJEUI JO "OU PaseaIdd(] PIa sAep ¥7-¥ /8w g7 3e1 uewizijoH 10 V1AL
103130 [eyId] Jueurwiop oN  a3eaeq) shep g Sy/3uw 11
1D9J33 TeUIS] JUBUTWOP ON] dr Aep1T  3/Bwgg<¢T HLJAL
(zz61) joopa [eyss] Jueurwiop oN]  d8eaen) sAep g 8y /3w 9 asnow ssimg
Te 30 uasdyg 103J33 [eU33] JUBUILOP ON dr Aep . B/Bw TIHT eH /M1 VIdL
(g861) sAery DIdL
pue moug ssan01d orusdojeurrads jo juswnireduuy PRI sAep oz /8w g7 11 URWZIOH 10 VIAL
(8961) sAeg ASoroydiow remonss) ur a3ueyD) DIJAL
pue ayeJ 9ZIS Ie[NDIS3) Paseana(d sEirg| sAep 61 Sy/Sw gz 11 urwzZI[OH 0 VIdL
s3ugew jo .
(8961) "OU 0} SINI] JO "OU JO Oljel Paseards(d
ySnoiquuiry SAI[e UIOq SISPI] JO "OU PaseaIds
pue sureo) s3ugews Jo ‘ou paseadsd iE g sAep 9¢7-¥9 wdd goz—001 eI URULIRYG HILIJAL
(slioyny  spopyg reyusurdopas pue aanonpoidey 3oy UONBISIUNIPY JO sAe(] aso(] sfewuy  spunodwo)

spunodwo unfusy  jo A3pixo], aanonpoidsy 1°¢ 21971



30 Metals, Fertility, and Reproductive Toxicity

and weight gain, were observed at 100 or 200 ppm for 64 days. At these
doses, food consumption later improved, and with it, fertility. Dietary expo-
sure to triphenyltin acetate (TPTA) or triphenyltin chloride (TPTCl) at 20
mg/kg for 19 days produced marked effects on body weight, testicle size,
and testicular structure in male Holtzman rats (Pate and Hays 1968). Micro-
scopic examinations revealed degenerative changes, such as a decrease in
the number of layers per tubule, a depletion of the more advanced cell forms
from the tubules, and a closing of the tubule lumina. Effects were more
pronounced in rats treated with TPTA. TPTA or TPTCI at 20 mg/kg in feed
for 20 days was reported to cause an impairment of the spermatogenic
process in male Holtzman rats; complete recovery of the spermatogenesis
was observed after feeding a normal diet for 70 days (Snow and Hays 1983).
No mutagenicity was detected in dominant lethal assay in which male ICR/
Ha Swiss mice were given a single intraperitoneal injection of TPTA at 2.4
or 12 mg/kg or TPTH at 1.3 or 8.5 mg/kg, or given TPTA at 6mg/kg or
TPTH at 11 mg/kg by gavage on 5 successive days and then mated with
untreated females, and pregnancy outcome was determined on day 13 of
pregnancy (Epstein et al. 1972).

Adverse effects on female reproductive toxicity were also reported.
Dietary TPTA and TPTCl at 20 mg/kg for 4 days produced significant
changes in the ovarian tissue, including a decreased number of mature
follicles, an increased incidence of atresia in early follicle growth, and a
pronounced decrease in the number of corpora lutea in female Holtzman
rats (Newton and Hays 1968). These effects were regarded as a decrease in
ovulation, and thus decreased fertility. The adverse effects of TPTCI on the
initiation and maintenance of pregnancy were determined after administra-
tion to the mother during early pregnancy (Ema et al. 1997a). Following
successful mating, female Wistar rats were given TPTCl by gavage on days
0 to 3 of pregnancy at 3.1, 4.7, or 6.3 mg/kg or on days 4 to 6 of pregnancy
at 6.3, 12.5, or 25.0 mg/kg, and pregnancy outcome was determined on day
20 of pregnancy. TPTCI totally prevented implantation in a dose-dependent
manner. The pregnancy rate was decreased after administration of TPTC
on days 0 to 3 at 4.7 and 6.3 mg/kg and on days 4 to 6 at 12.5 and 25.0 mg/
kg. Preimplantation loss was increased after administration of TPTCl on days
0to 3 at4.7 mg/kg and higher. In females having implantations, the numbers
of implantations and live fetuses, and the incidences of pre- and postimplan-
tation embryonic loss in the TPTCl-treated groups were comparable to the
controls. These results indicate that TPTCI during early pregnancy causes
failure in implantation and has greater antiimplantation effects when admin-
istered during the preimplantation period than the periimplantation period.

The function of the uterine endometrium is one of the principle factors
in embryomc survival. Uterine decidualization is reqmred for normal
implantation, placentation, and therefore normal gestation in rats. The uter-
ine growth induced by endometrial trauma in pseudopregnant animals mim-
ics the decidual response of the pregnant uterus that occurs after embryo
implantation (Cummings 1990, Kamrin et al. 1994). The decidual cell
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response (DCR) is a model for maternal physiological events that are asso-
ciated with implantation (Cummings 1990). This technique can distinguish
between the adverse effects of chemical compounds in the maternal and fetal
compartments, and has been used to evaluate the reproductive toxicity of
chemical compounds (Spencer and Sing 1982, Bui et al. 1986, Cummings
1990, Kamrin et al. 1994, Ema et al. 1998). The effects of TPTCl on the
reproductive capability of the uterus, as a cause of implantation failure, were
evaluated using pseudopregnant rats (Ema et al. 1999a). Female Wistar rats
were given TPTCI by gastric intubation at 3.1, 4.7, or 6.3 mg/kg on days 0
to 3 of pseudopregnancy. Between 11:00 and 13:00 on day 4 of pseudopreg-
nancy, induction of DCR was performed via midventral laparotomy under
ether anesthesia, and experimental decidualization was initiated by scratch-
ing the antimesometrial surface of the endometrium with a bent needle. The
uterine weight on day 9 of pseudopregnancy served as an index of the
uterine decidualization (De Feo 1963). A decrease in the uterine weight,
which indicates suppression of the uterine decidualization, was detected at
4.7 and 6.3 mg/kg. TPTCl at 4.7 and 6.3 mg/kg also produced a decrease in
the serum progesterone levels in female rats on day 4 and on day 9 of
pseudopregnancy. These doses caused an increase in implantation failure
(preimplantation embryonic loss) in female rats given TPTCI on days O to 3
of pregnancy (Ema et al. 1997a). These results suggest that TPTCI causes the
suppression of uterine decidualization correlated with the reduction in
serum progesterone levels, and these participate in the induction of implan-
tation failure due to TPTCL Protective effects of progesterone against sup-
pression of uterine decidualization and implantation failure induced by
TPTC1 were examined (Ema and Miyawaki 2001). The hormonal regimen,
consisting of progesterone and estorone supported decidual development in
ovariectomized rats given TPTCL The pregnancy rate and number of implan-
tations in groups given TPTCl at 4.7 or 6.3 mg/kg in combination with
progesterone were higher than those in the groups given TPTCl alone. These
results indicate that the TPTCl-induced suppression of uterine decidualiza-
tion is mediated, at least partially, by ovarian hormones, and that progest-
erone protects against TPTCl-induced implantation failure.

Reproductive Toxicity of Diphenyltin Compounds
Oral TPT is metabolized to DPT, MPT, and further to inorganic tin in rats
(Kimmel et al. 1977, Ohhira and Matsui 1993 a, b). Reproductive toxicity
studies on DPTs are also published (Table 3.1). The adverse effects of diphe-
nyltin dichloride (DPTCI) on the initiation and maintenance of pregnancy,
and the role of DPT in the implantation failure of TPT were evaluated.
Following successful mating, DPTCI was given to Wistar rats by gavage on
days O to 3 of pregnancy at 4.1, 8.3, 16.5, or 24.8 mg/kg or on days 4 to 7 of
pregnancy at 8.3, 16.5, 24.8, or 33.0 mg/kg (Ema et al. 1999b). The pregnancy
rate was decreased after administration of DPTCl on days 0 to 3 at 24.8 mg/
kg and on days 4 to 7 at 33.0 mg/kg. The incidence of preimplantation loss
was increased at 16.5 mg (equivalent to 48 pumol)/kg on days 0 to 3. In
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females having implantations, the incidences of pre- and postimplantation
embryonic loss in the groups given DPTCI on days 0-3 were comparable to
the controls. The incidence of postimplantation embryonic loss was increased
after administration of DPTCI on days 4 to 7 at 33.0 mg/kg. These results
indicate that DPTCI during early pregnancy causes implantation failure, and
that DPTCI has greater effects on reproduction when administered during
the preimplantation period rather than the periimplantation period. Follow-
ing administration on days O to 3 of pregnancy, the increased incidence of
preimplantation embryonic loss was induced by TPTCI, a parent compound
of DPTCI, at 4.7 mg (equivalent to12 nmol)/kg and higher (Ema et al. 1997a),
or DPTCI at 16.5 mg (equivalent to 48 pmol)/kg. If, on a mole-equivalent
basis, a metabolite is as, or more, effective than the parent compound, this
is consistent with the view that the metabolite is the proximate toxicant or
at least an intermediate to the proximate toxicant. Thus, it seems unlikely
that only DPTCl and/or its further metabolites can be considered the agents
responsible for the antiimplantation effects of TPTCL. As for the metabolism
of phenyltin, however, Ohhira and Matsui (1993b) showed that TPT com-
pound was formed in the liver of the DPTCl-treated rat by metabolism of
DPTC], and suggested that part of the administered DPT compound has
some harmful effect as the TPT compound in rats, and this must be taken
into consideration in toxicological research on DPT. Further studies are
needed to clarify the difference in the reproductive toxicity induced by TPT
and DPT, and to identify the proximate or ultimate toxicant of phenyltins.
The effects of DPTC] on the reproductive capability of the uterus were
evaluated in pseudopregnant rats according to the procedure described
above. Female Wistar rats were given DPTCI by gastric intubation on days
0 to 3 of pseudopregnancy at 4.1, 8.3, 16.5, or 24.8 mg/kg (Ema and Miyawaki
2002). Suppression of uterine decidualization was observed at 16.5 mg/kg
and higher. A decrease in the serum progesterone levels in pseudopregnant
rats was also found on day 4 and on day 9 of pseudopregnancy at 16.5 mg/
kg and higher. These doses induced an increase in preimplantation embry-
onic loss in female rats given DPTCI on days 0 to 3 of pregnancy (Ema et
al. 1999b). No changes in serum estradiol levels in pseudopregnant rats were
noted. These results suggest that DPTCI causes the suppression of uterine
decidualization correlated with the reduction in serum progesterone levels.
These are responsible for the DPTCl-induced implantation failures. The hor-
monal regimen consisting of progesterone and estrone supported decidual
development in ovariectomized rats given DPTCI (Ema and Miyawaki 2002).
The pregnancy rate and number of implantations in groups given DPTC] at
16.5 or 24.3 mg/kg in combination with progesterone were higher than those
in the groups given DPTCl alone. These results show that the DPTCl-induced
suppression of uterine decidualization is mediated, at least partially, by
ovarian hormones, and that progesterone protects against the DPTCI-
induced implantation failure.
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Summary of Reproductive Toxicity of Phenyltin Compounds

TPTs caused a decrease in male fertility due to degenerative changes in
testicular tissue, which were associated with a marked decrease in food
consumption. Complete recovery of fertility and impairment of the sper-
matogenesis was noted following withdrawal of treatment. Female repro-
ductive failure induced by TPTs is more prominent. The harmful effects of
TPTs on the ovaries were present after 5 days of treatment, before any
significant effects on body weight gain. TPTCl during early pregnancy
caused implantation failure at relatively low doses, and TPTCl had greater
antiimplantation effects when administered during the preimplantation
period. The implantation failure due to TPTCI might be mediated by sup-
pression of uterine decidualization and correlated with the reduction in
serum progesterone levels. Implantation failure and suppression of uterine
decidualization accompanied with decreased levels of serum progesterone
were also observed in rats given DPT, a major metabolite of TPT.

Developmental Toxicity of Phenyltin Compounds

Table 3.2 presents the developmental toxicity studies on phenyltin com-
pounds given to female animals during pregnancy. Several reports on the
adverse effects of phenyltins on development of offspring following mater-
nal exposure have been published. Female SD rats were given TPTA by
gavage at 5, 10, or 15 mg/kg on days 6 to 15 of pregnancy (Giavini et al.
1980). TPTA caused a decrease in maternal body weight gain at 10 mg/kg
and higher, an increase in postimplantation loss at 15 mg/kg, and a reduction
of fetal ossification at 5 mg/kg and higher. Teratogenic effects of TPTA were
not found even at doses resulting in clear maternal toxicity. Depression of
maternal body weight gain and food intake at 9.0 mg/kg and higher, and
increase in postimplantation embryonic loss and decrease in fetal ossification
at 9.0 mg/kg and higher, but not teratogenic effects, were observed in Wistar
rats after administration of TPTA at 1.5, 3.0, 6.0, 9.0, or 12.0 mg/kg by gavage
on days 7 to 17 of pregnancy (Noda et al. 1991a). Behavioral effects of
prenatal exposure to TPTA were reported. A transient increase in spontane-
ous locomotor activity and increased mortality during the lactation period
were found in pups of CFY rats given TPTA by gavage at 6 mg/kg on days
6 to 14 of pregnancy (Lehotzky et al. 1982). In this study, maternal rats were
free of any overt signs of toxicity. Disruptions of learning acquisition, as
evidenced by low avoidance rate in the Sidman avoidance test, and pro-
longed swimming time to the goal, and an increased number of errors in a
reversed test in the water E-maze, were observed in postnatal offspring of
Tokai High Avoiders (THA) rats received TPTA by gavage on days 6 to 20
of pregnancy at 4 or 8 mg/kg (Miyake et al. 1991). Maternal deaths and
decreased weight gain were found at 8 mg/kg, no maternal toxicity was
observed at 4 mg/kg, and no malformed offspring appeared in any group.
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Winek et al. (1978) noted that (1) SD rats given Vancide KS (TPTH) by
gavage at 20 mg/kg on days 1 to 7 of pregnancy did not produce pups nor
did they exhibit any resorption sites, (2) that only two of the six rats given
TPTH at 15 mg/kg on days 14 to 20 of pregnancy produced viable pups,
and (3) that four of the six rats given TPTH at 15 mg/kg on days 14 to 20
of pregnancy produced viable pups. Their study was conducted on only a
small number of animals and the design of the study was not described in
detail. Chernoff et al. (1990) observed a significant decrease in maternal body
weight gain and an increase in postimplantation embryonic loss, but not
fetal malformations, after administration of TPTH by gavage on days 6 to
15 of pregnancy at 13 mg/kg in SD rats. They stated that there was a
correlation between maternal toxicity and fetal weight and/or lethality.

Following administration of TPTCl by gavage to pregnant Wistar rats,
the maternal body weight gain and food consumption were decreased at 3.1
mg/kg and higher on days 7 to 9 of pregnancy, and at 6.3 mg/kg and higher
on days 10 to 12 or on days 13 to 15 of pregnancy (Ema et al. 1999¢c). An
increase in the incidence of postimplantation embryonic loss was found in
pregnant rats given TPTCI at 6.3 mg/kg and higher on days 7 to 9, and at
9.4 mg/kg and higher on days 10 to 12 and on days 13 to 15. A decreased
fetal weight was observed at 12.5 mg/kg on days 10 to 12 and at 9.4 mg/
kg and higher on days 13 to 15. No increase in the incidence of fetuses with
malformations was detected after administration of TPTCl regardless of the
days of administration. These results indicate that TPTC] is developmentally
toxic and that TPTCl has greater embryolethal effects when administered
during earlier than later stages of organogenesis.

Summary of Developmental Toxicity of Phenyltin Compounds

Maternal exposure to TPTs caused embryonic/fetal death and suppression
of fetal growth at maternal toxic doses. TPTs may cause reduction of fetal
ossification at doses that are nontoxic to the mother. TPTs did not induce an
increased number of fetal c:alformations even at doses producing overt
maternal toxicity. Behavioral changes were reported in postnatal offspring
of maternal rats that received TPTs during pregnancy at doses that did not
cause overt maternal toxicity.

Reproductive Toxicity of Butyltin Compounds

Table 3.3 shows reproductive toxicity studies on butyltins. A decrease in the
sperm head count and vacuolization of Sertoli cells were found in ICR mice
gavaged with TBTO at 2 and 10 mg/kg twice a week for 4 weeks (Kumasaka
et al. 2002). The male reproductive toxicity of tributyltin chloride (TBTCI)
was reported in a two-generation reproductive toxicity study using Wistar
rats (Omura et al. 2001). FO females were fed a diet containing TBTCI at 5,
25, or 125 ppm (estimated to be 0.4, 2.0, or 10.0 mg/kg) from day O of
pregnancy to the day of weaning of F1 rats. Feeding of TBTCl was continued
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throughout the premating, mating, gestation, and lactation periods, for two
generations. TBTCI affected the male reproductive system. The effects of
TBTCI in the F2 generation were greater than those in the F1 generation.
Body weight gain was consistently suppressed at 125 ppm in F1 and F2
males. The weights of the testis and epididymis were decreased and homog-
enization-resistant spermatid and sperm counts were reduced mainly at 125
ppm. Ventral prostate weight and spermatid count were decreased at 125
ppm in F1 males and at 25 and 125 ppm in F2 males. The serum 17-estradiol
levels were decreased at 125 ppm in F1 and F2 males, but serum levels of
luteinizing hormone and testosterone were not decreased. Omura et al.
(2001) note that these changes corresponded with those caused by aromatase
inhibitor and suggest that TBTCl might cause a weak aromatase inhibition
in male rats.

Regarding female reproductive toxicity, the results with female rats in
the above-mentioned two-generation reproduction study were reported by
Ogata et al. (2001). Decreases in body weight gain during pregnancy, total
number and average body weight of pups, and live birth index were
observed at 125 ppm in FO and F1 dams. Body weight gain was consistently
suppressed at 125 ppm in F1 and F2 females. Delayed vaginal opening and
impaired estrous cyclicity were found at 125 ppm in F1 and F2 females. The
normalized anogenital distance (AGD) was increased at 5 ppm and higher
in F1 females on postnatal day 1, and at 125 ppm in F1 and F2 females on
postnatal days (PNDs) 1 and 4. These results show thata whole-life exposure
to TBTCI affects the sexual development and reproductive function of female
rats. They noted that TBTCl-induced increase in female AGD seems to sug-
gest that it may exert a masculinizing (androgenic) effect on female pups.

Female Wistar rats were administered TBTCl by gavage at 8.1, 12.2, or
16.3 mg/kg on days 0 to 7 of pregnancy, and the adverse effects of TBTCl
on implantation and maintenance of pregnancy were determined (Hrazono
et al. 1996). Decreases in maternal body weight gain at 12.2 mg/kg and
higher, and food consumption at 8.1 mg/kg and higher, were found. Implan-
tation failure was found at doses that also produced maternal toxicity. The
pregnancy rate was significantly decreased at 12.2 mg/kg and higher. In
females having implantations, the numbers of corpora lutea, implantations,
and postimplantation loss, were comparable across all groups. To examine
whether pregnancy failure was the result of the effects of TBTCI or maternal
malnutrition from reduced food consumption, a pair-feeding study was
performed. The results show that the pregnancy failure observed in the
TBTCl-treated group is due to the effects of TBTCI, not to the maternal
malnutrition from reduced food consumption (Harazono et al. 1998a). The
adverse effects of TBTCI on implantation and maintenance of pregnancy
after administration during the pre- or periimplantation period were evalu-
ated. Female Wistar rats were given TBTCl by gastric intubation on days 0
to 3 of pregnancy at 4.1, 8.1, 16.3, or 32.5 mg/kg, or on days 4 to 7 of
pregnancy at 8.1, 16.3, 32.5, or 65.1 mg/kg, and pregnancy outcome was
determined on day 20 of pregnancy (Harazono et al. 1998b). TBTCl on days
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0 to 3 at 16.3 mg/kg and higher and on days 4 to 7 at 65.1 mg/kg caused a
decrease in pregnancy rate and an increase in preimplantation embryonic
loss. TBTCI on days 4 to 7 of pregnancy caused a significant increase in the
incidence of postimplantation loss at 16.3 mg/kg and higher. The results
show that the manifestation of adverse effects of TBTCI varies with gesta-
tional stage at the time of maternal exposure, and that TBTCI during the
preimplantation period causes implantation failure, while TBTCI during the
periimplantation period adversely affects the viability of implanted embryos.

Female Wistar rats were given TBTCl by gavage on days 0 to 3 or on
days 4 to 7 of pseudopregnancy, and the effects of TBTCI on the uterus, as
a cause of implantation failure, were evaluated according to the same pro-
cedures described above. After administration of TBTCIl on days 0 to 3 of
pseudopregnancy, a decrease in the uterine weight was detected at 16.3 mg/
kg and higher (Harazono and Ema 2000). Decreased levels of serum proges-
terone occurred on day 9 at 16.3 mg/kg and higher and on day 4 at 8.1 mg/
kg and higher, and increased levels of serum estradiol at 32.5 mg/kg were
observed after administration on days 0 to 3. Following administration of
TBTCl on days 4 to 7 of pseudopregnancy, uterine weight and serum proges-
terone levels on day 9 decreased at 16.3 mg/kg and higher. The doses that
induced decreases in uterine weight and serum progesterone levels in
pseudopregnant rats are consistent with those that induced pre- and postim-
plantation loss in pregnant rats. These results indicate that TBTCI suppresses
uterine decidualization correlated with a reduction in serum progesterone
levels, and suggest that the decline in uterine decidualization and serum
progesterone levels participate in the induction of implantation failure
induced by TBTCI.

TBT compound is reported to be metabolized to di-and MBT derivatives,
and DBT was metabolized to MBT in rats (Fish et al. 1976, Kimmel et al.
1977, Ishizaka et al. 1989, Iwai et al. 1981). The adverse effects of dibutyltin
dichloride (DBTCI) on the implantation and maintenance of pregnancy, and
the role of DBT in the reproductive toxicity of TBT were evaluated after
maternal exposure during the pre- or periimplantation period (Ema and
Harazono 2000). Female Wistar rats were given DBTC by gastric intubation
at3.8,7.6, or 152 mg/kg on days 0 to 3 or on days 4 to 7 of pregnancy. The
pair-feeding study was also performed. After administration of DBTCI on
days 0 to 3, the pregnancy rate in the 7.6 mg/kg group was lower than in
the control group, and that in the 15.2 mg/kg group was lower than in the
control and pair-fed groups. The incidence of postimplantation embryonic
loss in the groups given DBTCl on days 4 to 7 at 7.6 and 15.2 mg/kg was
higher than in the control and pair-fed groups. Early embryonic loss was
considered to be due to the effects of DBTCI, not to maternal malnutrition
from reduced feed consumption, and the lowest dose of DBTCI inducing
early embryonic loss was conservatively estimated at 7.6 mg (25 umol) /kg.
An increase in the incidence of implantation failure was observed after
administration of TBTCI, the parent compound of DBTCI, at 16.3 mg (50
pmol)/kg and higher on days 0 to 3 and on days 4 to 7 of pregnancy,
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respectively. The doses of DBTCI that caused early embryonic loss were
lower than those of TBTCI (Harazono et al. 1998b). Thus, it is likely that
DBTCI and/or its metabolites can be considered the agents responsible for
early embryonic loss induced by TBTCL. Suppression of uterine decidualiza-
tion accompanied by reduced levels of serum progesterone was found in
pseudopregnant rats given DBTCI at doses that caused implantation failure
(Harazono and Ema 2003), and administration of progesterone protected, at
least in part, against the DBTCl-induced implantation failure (Ema et al.
2003). These results suggest that the decline in progesterone levels is a
primary mechanism for the implantation failure due to DBTCL. Administra-
tion of butyltin trichloride (MBTCI) on days O to 3 or on days 4 to 7 of
pregnancy did not cause pre- or postimplantation loss, even at 903 mg
(equivalent to 3200 pmol)/kg in Wistar rats (Ema and Harazono 2001). It is
unlikely that MBTCI and/or metabolites are actively involved in the early
embryonic loss due to butyltins. The dose levels of DBTCI that suppressed
the DCR were lower than the effective doses of TBTCl on a molar base. The
similarity of effects and equivalent or greater effectiveness of DBTCI may
suggest that DBTC participates in the inhibition of DCR and in the decrease
in serum progesterone levels associated with TBTCL Although increased
levels of serum estradiol on day 9 of pseudopregnancy was observed in rats
given TBTCI on days 0 to 3 (Harazono and Ema 2000), administration of
DBTCI did not affect serum estradiol levels. Thus, the mechanisms of TBTCl
and DBTCI adversely affecting ovarian function might be different. Further
studies are needed to determine the effects of TBTCl and DBTCI on the
maternal endocrine system, including ovarian function.

Summary of Reproductive Toxicity of Butyltin Compounds

In a rat two-generation reproductive toxicity study, TBTCI affected the male
and female reproductive system. TBTCI caused decreases in weight of the
testis, epididymis, and ventral prostate, and spermatid and sperm counts in
male offspring. The serum estradiol levels decreased in male offspring, but
serum levels of luteinizing hormone and testosterone did not decrease. Total
number and average body weight of pups, and live birth index decreased.
Delayed vaginal opening and impaired estrous cyclicity were found in
female offspring. The AGD increased even at 0.4 mg/kg in female offspring.
TBTCI during early pregnancy caused implantation failure in rats. Implan-
tation failure due to TBTCI may be mediated via the suppression of uterine
decidualization and correlated with the reduction in serum progesterone
levels. Implantation failure was also observed following administration of
DBTCI, at lower doses than TBTCI, during early pregnancy. Suppression of
uterine decidualization, accompanied by reduced levels of serum progest-
erone, was also observed in pseudopregnant rats given DBTCI at doses that
induced implantation failure. Administration of progesterone protected, at
least in part, against the DBTCl-induced implantation failure. Administra-
tion of MBTCl during early pregnancy did not cause pre- or postimplantation
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loss even at 903 mg/kg. These results suggest that DBT may be responsible
for the TBT-induced implantation failure, and that the decrease in serum
progesterone levels may be a primary factor in implantation failure due to
butyltins.

Developmental Toxicity of Butyltin Compounds

In Vivo Developmental Toxic Effects of Butyltin Compounds
Studies on developmental toxicity of butyltins are shown in Table 3.4. Several
studies concerning the developmental toxicity of TBTO have been conducted
in mice and rats. Davis et al. (1987) reported that an increased incidence of
resorptions, reduced fetal weight, and an increased incidence of cleft palate
were accompanied by a marked decrease in maternal weight gain after
administration of TBTO by gavage to NMRI mice on days 6 to 15 of preg-
nancy. TBTO at 11.7 mg/kg was the lowest dose resulting in reduced mater-
nal weight with no indication of decreases in litter size and fetal weight. At
35 mg/kg, the incidence of resorptions was 59% and fetal weight was mark-
edly lowered. Doses lower than 11.7 mg/kg did not cause clear-cut terato-
genic effects, and the incidences of cleft palate were 7% at 11.7 mg/kg and
48% at 35 mg/kg. They concluded that cleft palate might be a nonspecific
toxic effect and not a teratogenic effect of TBTO. Swiss albino mice received
TBTO by gavage at on days 6 to 15 of pregnancy (Baroncelli et at. 1990, 1995).
In the prenatal study, a decrease in maternal weight gain and fetal weight
were found, along with high embryolethality, but no increased incidence of
fetal malformations were found at 40 mg/kg (Baroncelli et al. 1990). In the
postnatal study, reduced litter size and pup weight at 20 mg/kg and higher,
increased percentage of dams that had not built a nest at 10 mg/kg and
higher, and decreased maternal weight gain and increased number of early
or late deliveries at 5 mg/kg were detected. No malformations in pups were
observed (Broncelli et al. 1995). Nonspecific alterations of hematological
parameters and thymus or spleen weights were noted in dams and offspring
of Swiss mice after administration of TBTO by gavage at 5, 10, or 20 mg/kg
on days 6 to 15 of pregnancy (Karrer et al. 1995). A high incidence of cleft
palate (11.4 percent) was found at 27 mg/kg in Han:NMRI mice given TBTO
by gavage on days 6 to 17 of pregnancy (Faqi et al. 1997). At this dose, two
fetuses exhibited a bent radius, eight fetuses were observed with a short
mandible, and five fetuses showed a fusion of the occipital bones with their
basal parts. In this study, no signs of toxicity in maternal and fetal mice were
detected up to the dose of 13.5 mg/kg. Long Evans rats were given TBTO
by gavageat 2.5, 5, 10, 12, or 16 mg/kg on days 6 to 20 of pregnancy, allowed
to give birth, and pups were examined (Crofton et al. 1989). Maternal body
weight gain, and pup litter size, weight, and viability on PNDs 1 and 3 were
decreased at 10 mg and higher. A 3% incidence of cleft palate was detected
at 12 mg/kg. There were no pups born with malformations at 10 mg/kg
and lower. Vaginal opening was delayed in females exposed to 10 mg/kg.
Motor activity was decreased on PND 14 at all doses. Adult brain weight
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was reduced at 10 mg/kg. THA rats were given TBTO by gavage at 5 or 10
mg/kg on days 6 to 20 of pregnancy and allowed to deliver spontaneously,
and pups were examined (Miyake et al. 1990). All pups died by PND 3 at
10 mg/kg. In pups at5 mg/kg, prenatal TBTO disrupted learning acquisition
in the Sidman avoidance test and a reversal test in the water E-maze.

Pregnant Wistar rats were given tributyltin acetate (TBTA) by gavage at
1,2, 4, 8, or 16 mg/kg on days 7 to 17 of pregnancy (Noda et al. 1991b). An
increase in incidences of intrauterine deaths, cleft palate, and low fetal
weight were found at 16 mg/kg. This dose level also induced severe reduc-
tions in maternal weight gain and food consumption, and TBTA at 4 mg/
kg and higher lowered maternal thymus weight. Noda et al. (1991b) con-
cluded that the observed teratogenic effects may not be a specific action of
TBTA because their results were similar to those of Davis et al. (1987).

No live fetuses were obtained in Wistar rats treated with TBTCI at 25
mg/kg by gavage on days 7 to 15 of pregnancy (Itami et al. 1990). Maternal
toxicity at 9 mg/kg and higher, and skeletal retardation in fetuses at 5 mg/
kg and higher were observed, but fetal malformations were not found. An
increase in placental weight was found at 5 mg/kg and higher. To obtain
more precise information on the effects of TBTCl on fetal development,
Wistar rats were given TBTCl by gavage at relatively high doses during a
shorter period, at 25 or 50 mg/kg on days 7 to 9, at 50 or 100 mg/kg on
days 10 to 12, or at 25, 50, or 100 mg/kg on days 13 to 15 of pregnancy (Ema
et al. 1995a). A decrease in maternal weight gain was observed in all groups
regardless the days of administration. An increase in incidence of postim-
plantation embryonic loss was found in pregnant rats given TBTCl on days
7 to 9 at 25 mg/kg and higher, and on days 10 to 12 at 100 mg/kg, but not
in pregnant rats given TBTCI on days 13 to 15 at up to 100 mg/kg. A lower
fetal weight was observed in pregnant rats given TBTCI on days 10 to 12 at
50 and 100 mg/kg, and on days 13 to 15 at 100 mg/kg. An increased
incidence of fetuses with malformations was detected after administration
of TBTCI on days 10 to 12 at 100 mg/kg, and on days 13 to 15 at 25 mg/kg
and higher. The most predominant malformation was cleft palate. These
results indicate that the manifestation of abnormal development induced by
TBTCI varies with developmental stage at the time of administration, and
that TBTCI has teratogenic potential with developmental phase specificity.
The most susceptible day to the teratogenicity of TBTCl was determined by
a single administration on one of the days during organogenesis (Ema et al.
1997b). An increase in incidence of fetuses with external malformations was
detected when TBTCI was given on day 8 at 100 and 200 mg/kg, or on day
11, 12, 13, or 14 at 200 mg/kg, and the most pronounced effect was seen
after administration on day 13 of pregnancy. Cleft palate was mainly
observed after administration of TBTCL. These findings indicate that TBTCI
has a biphasic teratogenicity on day 8 and on days 11 to 14 of pregnancy.
Pregnant SD rats were gavaged with TBTCl at 0.25, 2.5, 10, or 20 mg /kg on
days 0 to 19 of pregnancy, or at 0.25, 2.5, or 10 mg/kg on days 8 to 19 of
pregnancy, and pregnancy outcome was assessed (Adeeko et al. 2003). A
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reduced maternal weight gain, decrease in pregnancy rate, increase in
postimplantation loss, and decrease in fetal weight were found after admin-
istration of TBTCI at 20 mg/kg on days 0 to 19. These findings support the
previous results (Harazono et al. 1996, 1998a, b) in which TBTCI during early
pregnancy at 12.2 mg/kg and higher caused increases in pre- and postim-
plantation loss. The incidence of fetal malformations was not increased in
any TBTCl-treated groups. An increase in normalized AGD of male fetuses
was detected at 0.25 mg/kg and higher on days 0 to 19, but not at any dose
on days 8 to 19, even at the highest dose level. Hormonally active agents are
known to affect mammalian internal and external genitalia when adminis-
tered during sex differentiation (i.e., the perinatal period) (Schardein 2000).
It is reported that days 16 to 17 of pregnancy were the most sensitive for
finasteride-induced feminizing effects, including a decrease in AGD in male
rat offspring (Clark et al. 1993), and that the period of days 15 to 17 of
pregnancy was the most susceptible for dibutyl phthalate—induced decrease
in the AGD of male rat offspring (Ema et al. 2000). There are discrepancies
in the effects of TBTCI on the AGD between outcomes after exposure on
days 0 to 19 and on days 8 to 19 of pregnancy, and between this study and
previous reports in which whole-life exposure to TBTCI caused increase in
female AGD in rat two-generation reproductive studies (Ogata et al. 2001).
In vitro studies showed that TPT and TBT had an ability to activate androgen
receptor mediated transcription in mammalian cells (Yamabe et al. 2000).
TPTCI, TBTCI, and DBTCI caused aromatase inhibition in the human ade-
nocortical carcinoma cell line (Sanderson et al. 2002). Although TeBT and
MBTC1 had no effect on either human 5-reductase type 1 or type 2, TBTCI
and DBTCl influenced the human 5-reductase isozymes (Doering et al. 2002).
DBTCl specifically inhibited brain 5-reductase type 1 with no effect on pros-
tate 5-reductase type 2. TBTCI inhibited both isoenzymes. Doering et al.
(2002) noted that the inhibition of the TBTCl inhibited both isoenzymes. Type
2 could potentially disturb normal male physiology. These in vitro findings
may explain the in vivo reproductive and developmental outcomes induced
by organotins. Adeeko et al. (2003) also noted that reduced fetal ossification
of the sternebrae was found at 10 mg/kg and higher, for which fetal weights
at 10 mg/kg were in normal range, and TBTCI at 10 mg/kg and higher
during pregnancy decreased maternal circulating thyroid hormone levels
and increased the weight of the placenta. They noted that the TBTCl-induced
disturbances in maternal thyroid hormone homeostasis could contribute to
the reduction in fetal skeletal ossification.

Pregnant SD rats were gavaged with TBTCI at 0.025, 0.25, or 2.5 mg/kg
from day 8 of pregnancy until weaning, and offspring were gavaged with
the same dose of TBTCI given to their mothers until adulthood (Cooke et
al. 2004, Tryphonas et al. 2004). No effects of TBTCI on body weight, food
consumption, or histopathological findings in the thyroid, liver, adrenal or
colon were observed in maternal rats. No effects of TCBTCI on litter size,
sex ratio, postnatal survival rate, or histopathological findings in the liver,



